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o ABSTRACT

*froductién and Evaluation
of .a Topdown Structured .
“Some Mathematical Pre-Requisites to Cybernetics”

Xuan® Le

This study deals with the design, development and eval-

~%nation of a Structured Text, "programmed” according to the

‘methods and techniques of INFOSTRUCT: A pedagogy using struc-

o

‘tures instead of isolated facts, concepts, rules and princi-

ples to presént knowledge (information) to the learner.

\\
v

The structured text (SeelAppendix IV) is called:
SOME MATHEMATICAL PRE-REQUISITES TO CYBERNETICS

“and is designed for Educational Technology graduate students

at Concordia University. The pre-test was administered one
’ \

week before the subjects took the course, and the posttest
o ‘. ,
and evaluation questionnaire were administered one week

after the subjects had completed the course.

Both formative and summative g;aluations vere per-
formed to assess the strengths and veaknesses off the struc-

tured text as well as the methods and techniques of Info-

4 !
struct and Topdown Conceptual .Analysis.

¢

The results were that a statistically significant

dain in factual knowledge occurred and that the students
i [
expressed satisfaction with their use of this structured

~ A

s§3¢y materaal. >
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INTRODUCTION

Educational Problem :

>

It was found that graduate students in Educational
Technology frequently lacked the mathematical background

to properly study Educational Cybernetics (G.Boyd, personal

communication, 1949). Since there was no time nor resours-’

-

es availabe for an extra course in this area, it seemed ad-

visable to consider the provision of self-study materials,

The logical and mathematical nature of the problem
suggested that textual materidls might prove adequate if

4

properly designed.

The author's longstanding interest and experiencb,é, in

" the design of instructional materials led to this Thesis-

equivalént as a means to preparé students to study Educa-

tional Cybernetics.

S O
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'hlgh fidelity. To have a good hi-fi, you need a good per-

it, a good pickup and amplifier; you néed a room vith good

'THE_PROBLEM_OF DEVELOPING
C
, / HIGH QUALITY INSTRUCTIONAL MATERIALS -

[

T
“Education, Professor Jerrold Zacharias of MIT had

suggested in a 1956 memorandum wh1ch led to the creation

‘of the Physical Sciences Study Commlttee (pssc), is 1like
former on a good‘day, a good recggdiné. a good préssing»of

acoustical qualities and a person with the intent to 1lis-

» . 4
ten. *‘But most important of all,’'Zacharias argued, 'is the

composition itself; without a great composition, everything

-

else is pointless." .Silberman(1970)

e

To have a good learning system you need high quality

Q o - .
instructional materials or knowledde base and to have high

N
. quality instructional materials and knowledge base you need

first class subJect matter specialists (SMS) or domain ex-

perts (DE) and first class instructional designers (iD)

\li—") ¥ ¢ - 1
cOogerat1on Between SMS and ID

The planning of good learning systems development .
projects”ideally provides for close cooperation between

. x
subject matter specialists (SMS) and instructional design-

ers (ID). In this study the term subject matter specialist

(SMS) or domain expert (DE) is a person who normally earns,
or could earn a living as a vorker in a field of speciali-

zation, and in a higher level positioﬁ than the level for

-2-~ : . '
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vhich the system is to be bilt. S/he should know the fubject
matter or domain of her/his field thoroughly and the prob-

lems encouﬁierea at various levels within her/his speciali-

zation. ‘ ' ~

The term Inst ructifnal designer'(ln) or\applied educa-
tional psychologist refers to a peréon vho ha? learned to
apply learning theories to the practical task of learning
and teaching. Ideally s/he should have also\?cquxred the
methods and techniques of topdown conceptuol analysis (TCA).

The process of developlng learning systems involves close

cooperation between SMSs.and IDs.:

Allocation of Responsibilities

Although a module or course can be‘developed x/one
SMS working with one ID. or by one personvﬁcting both as
' SMS and ID, it is often better to have one 1D vorking with

(f‘

'several SMS, progra ’ edltors, and wvord processor oper-

ators. Based on this author's exper1ence it would be a vaste
of talents for SMS and IDs to perform each of the steps for

the development of a system of any length.

Set of Steps

—

Whlle designing learning systems, the SMS and the ID

\

go through a set of such steps ass

2

1. Determining the needs

2. Identifying the problem
1 s '\

5, ” . \
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(_. . ' s o -
3. Specifying the target population . ':’
‘4, Specifying”gye entering bqﬁéviour

. 5. Specifying the terminal behaviour e

6. Generating the knovledge base (KB) ‘ . -

a4

7. Converting the KB into teachxng sequences

8a Decxdlng on the type of 1nstruct10n pd

P

9. Testing and revising until thg materials

-
- -

meet their specifications ) E
1 ’ * 8 . . .

10. Vvalidating the materials

11. Impleménting'the programs ' ° .' ‘.' Ty

o

12, Evaluating the system, and so forth.

Some. textbooks expla%p quite clearly how to perform
all the steps except one Generat1ng the knowledge, base.
From experience the author believes that theﬁsugcess of a
- learning system depends on tpe.quality of theakﬁﬁwlnge. .
base. It is the raw material vith which vé build the compo- ' .
‘sition of a system. o . c ’ —

3
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SURVEY: OF THE LITERATURE' - . o

!

4 .
Introduction o,

£s

;/ ‘'The *author believes that generating the knovledge‘base
is a: fundamental step in the desxgn and development of any
system ¢ learning systen, expert system, and" so torth. Up
upt11 now several methods and techniques have been de-
veiopéd wvhich indféate how the instructiooal designerxgh?uld
accomplish this task, Each method»aﬁd technique presents 'in-
teresting vays(of performing the task but suffers from a
lack of precision and concreteness (See examples belov) in
the way the procedure should be conducted, as in 1ts capac- .
ity to,exhaust the capabilities which have to be presented.
In ‘developing the procedure which will be described in this -
study the author has attempted €b combine the advantages of
all the methods vhile avoiding their defects., Basically the

procedure relies on the methods and techniques of topdown

conceptual analysis (TCA) which are explained on page 19,

'An .ever increasing.number of instructional designers

7

- ‘ N . ~ :
“‘-"@ have become avare of the challenge of educational technol-

ogy and have searched for more ways of improving methods and
techniques which will assure the most efficient and effec-
tive acquisition of capabilities and knovledge on the part

of the learners.

qute often, hovever, despzte the perfectly wviitten
6bjectives and the undouﬁﬂed recognition that wve kno;“Vhere

~

«Ha
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ve vant to go, we feel unsure of héving found methods and
. -

« teéchniques to generate - without involuntary omissions or

repe&%tions/- the knovledge base to build the “bridge"” vhich

will take our learners from where they are to where ve vant

[
‘them to go. ’

, !
Searching the literature on this important step of the de-

sign process the author has found interesting methods and

. A ¢
techniques but they are usually not easy to follow.
.

Exemple 1

Robert Ascroft (1981) recommends the following pro-

_cedure ) ‘

l. General objéctive &
2. Terminal objectives
3. Content description
4. Audience characteristics

PR Emabling objecfives o o -

" 6. Posttest !
7.» Media selection and so forth.' SN 3

To generate the knowledge base for,the develbpnent of
:a learning system, one performs step 3 (Content description)

as fallovws:s

A}

" 1. Ftrom .the general objective ask:
2 .
What subskills and knowledge will the student

need to reach this objective?

i . -6?
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2. Haviﬁg identified the major components of the .
4 main- task ask: ©
whag subskills and subconcepts must the student
~., o 'poségss in order to master the ﬁain component?.
A complete content description specifies, in or-
der, the sequences, skills and knowledge the leamer will
hbé experiencing as s/he is successfully pefforming the task.
You will eventually trace back\to skills and knowledge that
the student enters the already knoviqg. This is the point at

. which to stop the apalysis.

r

Limitations: Though the method and technique ig quite ef-

fective, it does not provide an automatic check against in-

voluntary omissions or repetitions.

Eiemgle 2 p
" ’ Paul A. Friessen (1971) of Friessen, Kaye and Associ-
ates Lgdz. prescribes the, folloving gtepst ‘
1. Problem identification T
.2. Classification of proplem
'By Analyze the ﬁerformance component :
4. Population description 4 ‘
5. Entering behaviour
6. Subject gnalisis )
7. Levels of‘learning (po?nition. motor, praoblem

Y solvingf
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8. Method of measurement

9. Measurement criteria

10.. Instructional objectives

11.5 Teaching points °

12, Sequencing, etc.

According to Friessen, to generate the knovledge~base.
.one' performs step 11 (teaching points) as follows:

Now, it is necessary to list, point by point, what

has.to be learned in orher for the learner to meet

the measurement criteria already stated. _—
Key Questions: What éeaching points must be covered in or-

3

der that the learner will be able to answer the sub-criterion

queétion?
Comment: The method .and technique is purely intuitive because

~it does not- provide an automatic check against involuntary

omissions or repetitions.

Example 3

Robert Brien of Univergité Laval and Silvio Lagana
(1978) of Florida State University give the following pro-
cedure to generate the knowledge base which they call "learn-

ing hierarchies" after Gagné (1965).

"If capabilities can be thought of as a computer pro-
gram and subprograms, the problem of developing .learming

hierarchies may be seen as the recursive analysis of a main

k]

EaY - |



pfogram into cdmponents. In the ABL language, as an ?xample,

the analysis of the main program in its subprograms A, B and

C is represented schematxcally in the flgure beﬁ?v&,vhere the
execution of the main program is dependent upon. the execution
of A, B and C, whose execution is in turn dependent upon the

execution of programs a, b, and c for A; d, e, and f for Bj;

and g, h, and i for C,

"By analogy, such a schema may bé considered as a
'1e$rning hief&rchy' vhere M is the higher-ordei concept )

or rule; A, B, and C are sub-higher-order concepts or rulesj

| and a, b, ¢, d, e f, g, h and i are first-ofder_concepts or

s

rules.” . .

This method and technique is one of the several ver-

-

sions of topdown analysis.

4

Comments It is very effective when the learning hierarchy

_is made up of less than 10 concepts or rules, because a tree

of 20 concepts or rules does not fit on a page.
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Limitations: When the learning hierarchy contains more than

10 concepts or rules, another model should be used before

one can represent it by a tree diagram.

Example 4

Sivasailam Thiagarajan (1971) gives the¢ following pro-

cedure to generite the skills and specifications:

Main )

/ TT " \
sub- sub- sub-
task task task

sub- sub-
sub- sub-

task task
1 2

/A.\ /B\‘ /c\ - \

«
This another version of topdown analysis.

Limitations: * When the hierarchy contains more 10 sub-tasks,

another model should be used.

Examéle 5

Robert E. Horn (1976) of Information Resources Inc.

14

gives the following procedure:

[} *

Task 1. list job procedures, : . -
Examine each of the job reSponéib{iities and
specific objecthes listed in.the‘descrip-
tion of objectives. For each of the objec-

tives ask yourselfs

-10- ®



"Are there any procedures which a student/yés

to learn that are connected with this j09

7

responsibility?" , //
Ex.s Given twvo binary expressions, students Y}il be
able to ) ‘ // .
* add them ‘ S //
* subtract them them,etc -/
. /
Task 2. .List the knowvwledge topics found in th ob—§
— \
. jectives, job responsibilities, and fpro-

cedures. '///

/
/ ,
Examine each of the job responsibilities,

gpecific‘objectives;/;nd proceduref listed
- ' - in the descriptiqn/of ob jectives. Make a

list of /

* the major tééhnical items which will be

introduced to the student

¢

* the mijor‘piecqs of equipment and the

maﬁor parts of this equipment

* the names of other major physical struc-

tures . >

, .
* the names of any major processes

-~

Ex.1 -Objectives

—

1. to be able to tell the difference between

"

positional ané)non-posiﬁioﬁal number numer-

ation systems

TN



Comment s

—

2. given a binary expression, to be able to
* convert it to decimal expression

* convert it to octal expression

" _1list of knowledge topics

1. Positional number éystems
2. Non-positional number' systems’
3. Radix,etc.

y
In a way this also a version of topdown analysis.

Limitationsi This procedure is less effective than the
s ;

method using the tree diagram, because it does not provide

an automatic check against involuntary omissions or repe-

tions.

Example 6

-

Walter Dick & Lou éarey (1978) prescribes the follov-

_ ing procedure:

1.
2,

3.
S
5.

6.
-,
8.

9.

&

a

Identifying an instructional goal

Conducting an instructional analysis

- Identifying entering behaviors

Writing perfofmance objectiz?x'f

Developing 'criterion-referenced tests

1) .
Developing and selecting instruction

Develdping an instructional strategy
Designing and conducting the formative evaluation

Revising instruction ¢

-

- ——
a2
6;(
,

-12- * r v
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10, Conducting summative evaluation, and so forth

To generate the knowledge base, Dick and Carey suggest

twvo approachess . Lo

’
©

1. The procedure approachs
S semcmmnne- IR ¢S cmremeea 9 R, and so forth

2. The hierarchical approachs _
KA

N - D' E F G _
How does the designer go about identifying the criti-
cai subordinate skills a student must learn in order to
achieve a higher level intellectual skill? The proce;s
, suggested by Gagné is one. of asking the question, “what °
does the student have to already'know how to do, so that
with a minimal amount of instruction this task can be learn-

ed? and so on and so forth. - o

Comment and limitations: The same as aboye,

Example 7 ) ‘

The following are some of the approaches, suggested by
. ‘ o
Romiszowski (1986) to gen?rate lesson contents (knovledgg

base, tasks, skilis,etc)for the development of instruction-

o

P

al materials: -

T +



1. The task analysis'approach:

No.

J

Steps in performing the task

O ® 9 00U b w N

Note the plug location relative to the cylinder
Remove all spark plugs o
Identify the type of plags

Decide whether to adjust or replace plugs
Clean plugs, if necessary

Adjust plugs, if appropriate ‘
Replace spark plugs in engine >
Connect ignition wires to appropriate plugs
Check for\rerformaﬁce '

2. The topic analysié approachs ‘' ,
)

Low precipitation ~——pLlower «—- 3 More ——3 High
cloud’ solar temper-
cover radiation ~ature

Rap i3/

Lov soil
moisture evaporation
[a]

Decreased cell Increased
enlargement & ¢———— Water stress 'y, °
differentiation in the tree
meristematic
tissue . P
Decreased Decreased Increased Desreased

terminal needle stomata transpira-
growth | elongation osure - tional cool-
_ ring ing

p ] day

Decreased
concentra-

tion

s of

growth hormones



- , ’

3. The Nathetics hnalysis approachs / : s
SI—'—'—-le [ * Sz————’Rz i 0“ 83 oo e
Telephone Identi-. External Connent Connection
rings fy, light > the made
‘2 — - the ~ is on ,red
n o line /cord
e P 4. The Clarke ahalysis approachs

)Procedﬁreh 1¢ Identify the key concepts/rules/principles.’
4 - that are included in the subject.

2. Write them on a large sheet of paper,
wvell spaced out.

3. Write, round each key topit, the subsidiary
topics of which it is composed, Use arrovs
to indicate: sec';uence/dependency.etc. (Be
consistent as regards the meanings of ar-
rovs,) .

4. Continue until all key concepts are inter-

-1inked by a network of subsidiary concepts.
S 5. Check for corrections/completeness/consist-
- ' ency/usefulness. ‘ '
, S 7
) , (> Graphical

representation ”

o

’ ‘ ‘ *  pictograms

&

. o bat‘charts

block graphs

* , statistics \ d
: . : e probability
. ; . ¥ v
: ‘ - mappinﬁ\
-15-‘
‘ -15-




Comment: The approaches suggested by Romiszowski are all

very effective. However, the examples ve?haw examined are
very short ones - perhaps requ’iting at most a few hours to
deveIop.. This is a very far cry indeed from an operat\:ing
syétem or a database management system which may reguire
ten.s or even hundreds of thoué.ands of instmétiéns. Further-

more, the end-products of these approaches are not collec-

N\ :
tions of propositions bu:) collections of terms and phrases.

<Q
.Tentative Conclusion > . -

, , ,
The examples we have examined provide good models for

.generating knovledge bases for simple subject matter con-

tents. For Subject matter contents requiring many learning
hierarchies and procedxirés, they do not fuliy specify what

needs ‘to be done. The author has been using a method and

technigue called Topdown Conceptual Xnalysis (Le Xuan,1981)..

»

It is another version of, the topdown approach using the tree

diagram last, vhen all concepts, rules and principles hawve

been generated.

-

According to Ramamoorthy (1974), a pionnér in Topciovn
Analysis‘. *not only was the softvare alwvays late and expen-
sive but also the final delivered product vas very unrelia-
ble. Many éoftvare systems vere released wvith thousands of
bugs stfll in them. Each nev release of the 0S/360 cpntainéd
Youghly 1000 new software errors. Even after E;e program vas
considered t;o be thoroughly tested, there were 18 discrepan-

v

~ =16~ .

-



S R
e
e

P

{i

ciés found in the software ‘during the 10-day flight of Apol-

10-14. This becomes more scary when we, K consider the complex-

ity of the program for national defence and air traffic con=-

=g

" trol.

Py The”need for better techniques is illustrated in some
- - A ,

of the quotations from design authorities:s

i
s

\ We build systems like the Wright brothers built
airplanes - build the whole thing, push it off
a cliff, let it crash, and start:over.again.

Professor Graham (1969)
s’

The atg?ypt to build a discipline 6f software engsrf,
neering on” such shoddy foundations must surely be '
doomed 1like trying to base chemical engineering

on the phlogiston theory, or astronomy on the as-
gumptipn of a flat earth.

Hoare (1975), Professor of Computing

-

1,
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TOPDOWN CONCEPTUAL ANALYSIS

What is Topdown Conceptual Analysis?

—-

Topdown Conceptual Analysis (TCA) is a rigorous pro-
-+ cedure to generate - without involuntary omissions or repe-
titions™~ the knovledgé base for the development of learn-
ing systems. wﬁat is really important in TCA is tHe idea
that a concept, rule, principle, or objective can be broken
down into meaning pieces, and that these pieces can be bro-
ken into yet finer pieces, and so on, until we finally reach
a stage at which the detailed writing of line after line of
a "program" or system is appriopriate. Topdown analysis' is
an important Rpase in information science, and it implies a
progression from the abstract (‘top') to the particular
(*bottom' ). The tree diagfams we have examined are one way

to visualize TCA. C “

-
t

An automobile engineef? who starts his work by drawing’
_sketches and then blue-prints for a propose car is using the )
topdown approach, vhereas an engineer vho starts by consult-

. " -~ ing a tire catalogue is not using the topdown approach. In )
' o the same manner, an inst ructional designer vho Bstarts her/
_‘\“\—\\\\\dz/ﬂf;—?qu by writing a.line here and a line there is not us-
'. ‘ ing the topdown approach but the bottom-up approdeh vith the
‘ ' conéequence tth her/his materials are full of errors (bugs),
and that is exactly what most instructional designe{s are

nov doing, . . /

» -
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While it ma& sound incredible that a ;opdov; analyst '
can assist a:éﬁbject matter specialist in analyzing the ’
latter's owb’argas‘of knowledge, it is true that, by work-
in close cooperation and harmony with the subject matter
specialigt, the/analyst can help the subject matter special-
ist organize the sﬁbject matter in sugﬁ a way that it lends

itself readily to any strategy appropriate for the target

population or user.

In the course of performing tHe‘TCA the analyst may C
ask the subject matter specialiit such questions asi

1. Why is the concept so important?

2. What are some positive examples of the concept?

3. What are some negative examples of the concept?

4, wWhat are some facts that must be presented to
support this principle?

.5. What are some subordinate concepts of this concept? '

6. What are some related rules of the concept? and so
forth.

Kll the material trthed in the TCA is contributed by
the subject matter specialisF. the analyst functioning mere-
ly as prober or prompter. S/ﬁe neither)adds or subtracts
anything from the domain of knoéledge as it is, construed by

the supject matter specialist. o ’

-

The Idea of TCA Is Not New - ‘

The term topdown conceptual analysis (TCA% may be new

but the idea of TCA is not nev. We ,all have use* it in-some

»
E=4
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form or other without realizing that it is called TCA.

>

1. In his "Discourse on the Method", gené Descartes
(1657) vas certaiély using the method and technique of TCA
_when ﬁe wrote about dividing each problem into as many pafts
as ?easiblg anq requisite for the solution of the problem.
Unfortuﬁ;tely, Descartes never showed us exactly ﬁow to go

about such division.

£

2. Robert Gagné (1968) was certainly referringd%o TCA

v vhen he said'vith regard to the problen’ of learning. “Ensure

** that the learner has acquired the pre-requisites and he will

be able to learn. When he is capable of tasks d and g, he is
capable of learningltask b3 when he is capéﬁle of tasks f
and g, he is ready to learn c; and when he is capaﬁie of
tasks b and ¢, he is ready to learn a. This situation can’

.be visualized by the following tree diagrams

e e 6 6 -

3. Henry E. Hatfield (1914) used TCA techniques (with-

N

out so naming them) to breakdown the concept of proprietor-

ship account into component parts:
. :

- 1
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. ’Criginal

' ‘

Pro- Frofit

pri- - &
etor- Loss
ship

3

A\

2
Contributed by A
[1] by B
" by C
, Surplus
Accumu- Reserve for A
lated Reserve for B ﬁ@ ,
etc
A -
{ Accretions J O Sales é&,
(Frofits) Interest. X
Other gains
Current ’
' General Expenses
. Deductions ( Business losses ¢
L . (Losses) etc.

4. Ken Crr & J.D. Warnier (1981) gave a qéi?namg to

the tree diagram

_grams
(
[}
In
Subscrip-
tion <
System )
out

Some Uses of TCA

that we have introduced: Warnier/Crr dia-

In .{Unedited Transacgions
Transact ions )

Cut _{Edited Transations
Subscriber Master File

Updated Subscriber Master File.

Bills/Refunds

[

The methods and techniques of TCA are one of the most

Kl

poverful tools for instructional designers, systems desig-

ners and students. Here are some of the.uses of TCA:s

1. Teachin

N, .
> of text

g oneself any subject matter vith the help
books, manuals and encyclopedias.

-2



2.

3.
.4.

5.

P

Measuging the level of difficulty of term, eéx-

pressions or text.

F
Discovering subordinates of ‘any concept.
Generating knowledge bases for the development

of learning systems, expert systems, and so forth.

Generating raw materials for the construction of
testss pre-requisite tests, terminal tests, per-
formance tests, and so forth.

\
A
o

£
.
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STRUCTURED TEXT & INFOSTRUCT

- &
The Problem
¥

. %echnical handbooks, procedure books, technical train-
ing manuals, ;extEg?ks, and 56 forth, are usuaIiy_too"iordy
or too cbndensgd (abstract). Some authors lose track of.vwhat
they wvere talklﬁg about, in the previous page, because they .
include too ﬁgny concepts, examples, rules and prxncipIes in
a single page, with the consequence that readers spend tco
much time sorting out and reorganizing the materials to get
the essential information they need. Other authors use‘words
without rigorous defin}tions and/br fail to supply sufficie?L
facts and exa;ples to support Fheir theories. But is it pos-
sible to present essential yet understandable information

r

in a form that will commuQ&?ate more in less time and space?

A Solution: Infostruct

Jean-Claude Chassain and the author (1975) have devel-
oped a method and teﬁhnlque vhich we call INFOSTRUCT (or
STRUCTURED TEXT), which abandons the conventional paragraph
form 6f ﬁriting and replaces it with functionally designed

and labelled Information Structure and Informat ion Elements.

"The information glements, of which there are an infinite

number, define fhemsélves by the kind of information they
presents "definition eiements," for instance, contain only
definition, "example elements" contain only examples, and

so férth..Fitted into one of the struqtureé (netwprks, mesh-

s A
[
T
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" tems and expert systems. .

-

es, and so forth), the elements which may contain diagrams,

tables, photographs, and formulas vwhere necessary, allow a

'S

reader to qqéorb the information through scanning.

A

What Is It For?

Learning and reference work are the primary applica-

tions anticipated for Infostruct.

©

How Is It Used?

Infostruct materials must be produced in book form or

organized into knowledge bases for intelligent tutoring sys-
> : N +

3

4 'y

In books designed for initial 1earning and reference,
the information is carried in clearly labelled information
elements, arranged in an order prescribed for the kind of
information involved. Other features of these self-instruc-
tional pooks include feedback questions and a;swers, special
structures to facilitate learning and retention, charts and
displays for easy retrival of topics for review and refer-

ence purposes. h S

For multi-purpose computer systems, an information
[

strudtured database would be composed of separable labelled °
elements of information together with their interconnections.
Only those parts of the elements tequired for a specific pur-
pose need be called up. This flexible system would permit the

user to organize sequences of elements and to dﬁgpiay them in

!

-25-
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“the order best serve her/his purpose, vhether it be learning}

reference, or browing.

Main Pr"oduct : -

Most of.,the research and development vork so far has
been involved book versions of topic! in matﬁématics. basic
science, ‘educa.t‘ional' technol;ngy,, and artificia} intelligence.
One of thf_' product of this new system fort,vhic;im wve have éx'-
perimentai data is a self—instfuctional text on Relatiors
and rela_\ted concepts for educational technology graduate

students with minimum preparation in mathematics.

' HSw Was It Developed

I/"

One of the main\t_eﬂets of Infostruct is thit the most
reiiable way to obtain material effegtiveness is to make
impirical teétingrand revision an integral part of the de-
sign and development process. Thus the text on Relations and
related concepts was shaped, corrected andlimproved by tr.y-

out-and-revisipn cycles. .

S}

—26-



INFORMATION STRUCTURES & INFORMATION ELEMENTS

Int roduct ié;n

All the ﬁatexials used in. INFOSTRUCT are organized
’ into a grand structure made up of the followings

- 1st information elements .
« 2nd information structures

3rd chapters or parts

4th modules or course

Y

Definitions

_ An information structure is a collection of related

4
information elements. In other words, an infgrmation struc-

Ry, N
! ture is a collection of relevant information elements about
a topic. ,

)
An inform# ion element 'is a component part of an in-

formation structure. It consists of

1. One or more sentences - With diagrams, tables,
photos, drawings, and so forth - about a ldgical
coherent fragment of subject matter, and

2. A label which describes the function or content
of the element.

Types of Elements & Structures

The number of types of information structures and

pr—

“« information elements seems to be infinite. Bu the author
has used such types of structures asi '

» 1. Conceptual structures vhich define and provide
positive and negative examples of concepts.
2. Procedure structures which Lexplain 'hov to do
\ things and in vhat order t6 do thenm.

’

> 0 ~ . -27- » 2 .
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3. Overview structures o ° -
4, Preview structures- ) ' . .

5. Recap structures, and so forth.

The follovmg are some of the types of information
ele\ments the author has used: Introduction, definition, *
posn:J.ve examples, negative examples';"description. procedure,
flaw charts, flow diagrams, use, notatzon. symbol, axiom,

connectrf?e summary, pattern, feedback, 1nput, output, his-

torical antecedent, and so forth.

Y
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- ORIGINS CF TOEDCWN CONMCEPTUAL ANALYSIS & INFOSTRUCT

Introduction - | ' -
‘ In an effort to develop more efficient materials ‘for.
learning and reference, I have drawn upon accumulated Know-
¢ ledge in science and technology. Research éindings, gener-
alizgtions. érinciples, rules and-procedures‘f;om many do-

mains were considered with a view to their poésible practi-

cal value for instruction or reference.

Domains Drawn Upon
_Gradually I evolye the set of guidelines and rules

' for.generating, organizing and displaying the knowledge

~

that has been referred to as INFOSTRUCT. These guidelines

»

have: their origin§ in such domains as: -

1. Information processing theories
- T2, Applicatidns of cognitive science to instruction

3. Schemata and conceptual networks ‘ ’

4: Content of secondary memory Y

5. Representation of information in second memory

6. Llogical analysis of subject matter-

7. Llearning research findings

8. Teaching practice L

9. Commuication technologies, and so forth.

The 'implications of the various concepts vere trans-
lated into practical form and vere documented-gs rules and
procedures for developing information structures.

;ﬁﬁ: Some Theories-Behind The Techniques | )
! 2000 "0 158 Fealnc She Sechniques ) N

Although Infostruct and TCA mathods and techniques

29
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GENERALIZATION AND DISCRIMINAT ION

Introduction | &

Ao
/&_,\j Generalization and discrimination are the two most im- .
! : ;

A
portant concepts in the field of education. In fact, the aim
of education is to create éit&%tions which will allow the
student to generalize ;ithin a ckfss and to discriminate
betveen ‘that class and other classes. In other words, to /44///
‘design materials which viiiL;;low the learner to generalize
and to discriminate is the goal of instructioﬁalAéesignt Yeé.'
not many teachérs and instructional designers are capable of’
\exﬁlaining in a clear and simple language vhat these concepis
\ .

<

mean ’ ¢
. , s

5

Definitions . : : "

. | ; B ¢ \ P
1. To generalize within a'class is to make the same
response to different stimuli. ¥ behave  in the

game manner in front of different situations is

also to generalize within a class of situations.
To go beyond what is given is also to generalize
within a class of objects and events,

2. To discriminate betveen classes is to make diférﬁ

ent responses to qﬁfferent sfﬁmuli. To behave,in . :
different manner ,in front of different objects or
events is also discriminate between classes of .4

objects and events. ’ . , . )

-

Negative and Positive Examples

1. To‘sakA"fruit“ in the presence of bananas, oranges, . -
_pears, and lemons is to generalize vithin a class cf stimuli
(objects). To-visualize this we can' drav diagrams like theses

-~

[8

v ? ) N
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Ba"n‘n‘s —----b;'fr\lit.s Bananas ~cececew * e

oranges -----» fruits -oranges =—eeee=d4
_pears ~------3 fruits pears ——cecee- -~ fruit
lexonsy, ------3 fruits " lemons -—-—e—-

2, ‘'To say "bird" at the sight of herons, pelicans,
ducks and eagles is to generalize within a class of stimuli
(objects). ‘ .

3. To say "foxes" in th® presence of foxes but not

in the presence of dogs“is to discriminate between the class
of 'foxes and the class of dogs. To visualize this we can
drav a diagram like this:

FOXES =cmmecacaa=d £OXOS
A DogS ~=-cmccceu-w-3 dogs

4. To run away from cobras but not from water snakes
is to discriminate between two classes of objects.

!
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WHEN CAN WE .SAY THAT AN INDIVIDUAL __
HAS LEARNED A DESCRIPTIVE CONCEPT?

2

- Introduction
When can we say that an individual has learned a con-
cept? In other words, what must an individial do to showv that

s/he has learned a concept?: ;

1. S/he must be able to generalize within a class
of objects, events and relations, and
2. discriminate between that class ‘and other

classes.
Example 1 _ K
Consider the following class of objects:
- : | B g
re und llie .
@ (1) 9 yr.‘o CO’ . Mv\dcg‘ ::
: spaniel . terrier g (= 3
-~ b
e IR+ B
angora maltese
: ’ . p~~~cat 9 © *
mouser siamese E

n Generalization within )
> - Classes
- o |
When an individyal makes the same response “dog" to
each of'_the animals of class (1), v the same response
“cat" to each member of class (2), he is generalizing with-
in a class of dogs and a class of cats;‘s/hg is also dis-
’criminating between a class of dogs and a class of cats,
‘The psychologist would say that the individual has learned

the‘conceﬁt of dog and the concept of cat.

-
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Example 2 ' o/ . ‘ .
Consider the following classess . '
é}'\ N
A c\ 2
1l L~ Triangle g
N AN .
£§8
o T4
(xz) ' Mectapgle 14 4]
O 2

Generalization .
within classes )

" When an individual is capable of generalizing within
a class of triangles and a class rectangles, and of dis- .
criminating between a class of triangles and a class of
[+

rectangles,  we say that s/he has learned theuconcept of

triangle and the concept of rectangle.

Negative Example 1
Paul said "square" in the presence of square figures

and also "square" in the presence of figures vhich resemble

i

squarés but are not square. Paul has learned to generalize
within a class of squares but he has not learned to discrim-
inate between the class of squares and the class of non-

squares. We say that Paul has not lgarneé the con?ept of

7

square.

e

_ Negative Example 2 . ;o ?
A dog has been trained to dgtec£~th;,enemy. After

three months® training the dog was still unable*to dis-—



a ~ r

criminate betwveen friends and foes. We say that it has

not learned the concept of enemy.

-~

Negative Example 3

When a person is capable of givin the definition of
a term but is unable to give or recognize an example of the
concept represented by the term, s/he has not learned the

concept represented by the term.
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HOW TO TEACH A DESCRIPTIVE CONCEPT

Introduction

In\fhé’preceding structure the behavior of the learner
vas analyzed to see what he does when he learns a concepts
S/he generalizes within a’class of objects (stimuli), and
s/hé discriminates between that class and other classes.

Now we are going to analyze the behaviq; of the instructor
to see whaé‘g/he does when s/he teaches a concept, that is,
how s/he goes about teaéhing the learner to géneralizé and

L
to discriminate among things..

Procedure

Suppose we have to teach'the concept of c;rgan-ism. there
is how we could proceed:

1. Show the learner one positive example of the
concept "organism'"s

"
Y

YA dog is aliving thing and it is independent:
a dog is an organism.”

2, Show h/her a negative example of orgaﬁism:

"The "heart of a dog is a living thing but ‘it is
not independent. It is part of a dog. The heart
. is not an organism. In fact, it is an organ.

3. Show h/her another positive example:

%A cat is a living thing that can live by itself.
The cat is an organism.” ' '

Give h/her another negative examples

°*

"The lung of an animal cannot live outside the
body of that animal. The lung is not an organism.

1]

3 ¥
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‘S, Give h/her a test to see whether or not s/he has
learned the concept; that is, whether or not s/he
can generalize and discriminate among organisms
and non-organisms,

Summar
In addition to responding to simijlar things in the

_same manner in different situations, an individual also
‘1eaFns to make apprbpriate respyﬁgés'tO'different st imulus
situations. For instance, s/he learns to discriminate be-
tween regular verbs and ﬁrregular verbs. When s/he calls

a strange animal that s/he has ;1ever seén before by the
right name or wvhen s/he says the word "dog"'té the picture
of a pekinese or to the barking‘of a dog, s/he has learned

the concept of dog.

fv
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POSITIVE AND NEGATIVE EXAMPLES -

Introduction
[ )

wé have seen that:

' N »
1. To teach a concept we must” teach the learner to
generalize within a class of things and to dis-
criminate between that class and other classes,
and

2. To teach the learner to generalize and to dis-

| discriminate, one must present h/her at ;ea'st .
tvo positive examples and two negative examples
of- the éoncept. The number ‘of*posit'ive\ar;d nega-
tive examples necessary for these two operations
depends on the pre-requisites of the target audi-
ence and the complex,@rgof the subject matter.

Now, where do these positive& and negative examples
come from? 'Usually\, it is the subject matter expert who

has to supply them, ‘

Refinitions

1. The positive examples (or simply examples) of a
- class or concept are the members or elements of
that class or concept. '

2. The negative ékamples (or non-examples) of a

4 class or concept are the members or elements.
of a class which is similar to but different
from the class or concept under study.

Positive and Negative Examples |

1. A foxhound belongs to a class of objects called

dog. A foxhound is said to be a positive example (instance,



N _
- examplars) of the concept (class) dog. A fox which looks

-

somevhat like a dog but is not a dog, would be a good nega- .
tive example of the concept dog. An elephant which has very ’
few common characteristics with a pekinése, would not be a

.good negative example of the concept dog.

EY

] -
2. Chair is an. excellent negative example of stool,
'‘because chair and stool both possess the same attributes

(properties) except ones a chair has a back whereas a stool

does not.
~ .

3. The following age some negative examples - in
descending order of subtlety - of the concept dogs

.1 Jackals or foxes are negative examples of
high subtlety.

! ) ‘
.2 Cats are negative examples of average .
subtlety.

.3 Black and vhite are negative examples‘of
obvious irrelevancy.

-40-
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ORGANIZATION OF INFORMATION IMPORTANT FOR LEARNING

Int.roduct ion

Some important features of Infostruct ove their ori-
gins to a topic of current theoretic#&l interest among
learning theorists - naﬁély. the logical and psychological
structures of knowledge and their-impact on learning and

retention.,

Theoretical Discussions

1. Piaget had long ago speculated that "learning is
facilitated by presenting materials in a fashion

J amenable to organxzatxon" (Flavell, 1963), but it
is‘only in recent years that learning theor1sts
have actively taken up the problems of how know-
~1edge structures develop and of the role of or-

D

q .
ganization of learnlng and retentlén.

2. In a symposium on "Education and Structure of
Knowledge" P.H. Phenix (1964) remarkeds "It is —
difficult to imagine how any effective learning
could take place without regard for the inherent
patterns of what is to be learned. ‘

3. Bruner (1966) asserted that the teachiné/learning
process is facilitated by STRUCTURE because it
affords systematic means of organizing facts,’
events, things and relations. Structure fosters
understanding, retention, and transfer by ena-
bling the learner to more clearly discern rela-
Pioships among otherwise inert facts. "Grasping

- the structure of a subject is understanding it
T in a way that permits many other things to be
related to it meaningfully. To -learn structure,

-qla- 5
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"in short, is to learn how things are related," -

Bruner concluded, ‘ !

.David Ausubel (1960,1963,1964,1968) has developed

a logical and psychological case for believing
thatnlgarning and long-term retention are facili- =

tated by ‘organizers' which provide an ideation-
al scaffolding.’ l

The relation of organization of materials to ease
learning also finds support. in the domain of ver-
bal learning research (Underwood, 1966).

Implications for Infostruct

’ Infostruct is a method and technique df'organizing

concepts, rules, principles, facts, and so forth in STRUC-

TURES. Everything that is interesting and meaningful is
i)

.coherent or structured. A STRUCTURE is more than the sum

of its parﬁ&T'and therefore can bnly make sense as a vhole.

This wholeness derives from structures-.or systems.

-

&
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FEATURES TO AID IN ORGANIZATION

Int roduct ion

A ]

The folloving lists of features designed to promote.

e

organizatlon of concepts and relationships contams some
that I have already adopted in organizing ?he content of
tl';ié study. For instance, the guidelines called for practice
questions and ansvers throughout the structured text because
learning research suégested their vaiue- in several ways; but

=

questions can also be phrased to encourage organization of

concepts and rules.

k2

List of Features S T R,

1. Reviews an _inev:.ews to- take stock of the concepts
developed;up to that point and to prepare the
ground for relating them to new concepts about to
be encountered. )

2.  Introduction to each structure to relate new-con-
cepts to previous concepts or to the leamtt ‘why
s/he has to learn such and such concepts or rules.

3. Recaps to sumarize succinctly .t‘ﬁ? essential ideas
or rules or principles in nushell form.

4. Diagrams to visualize the concepts, rules or pro-
B@Cures of a topic to show the role of each and
its links to others.

5. Summary tables to chart in easy reference. form
. the main concepts of a domain.

6. Review tests to promote the integration of several
concepts and to practice using them in problem
.'solving, and so forth. ‘




A MODEL FOR MEASURING DESCRIPTIVE CONCEPT ACQUISITION

Introduction

How do we know that an- indiﬁdual has "acquired" a
concept? S/he must be able to'generalize and discriminate
among things, concepts, facts:,' and events or relations and
this involves at least ten things s/he must do to show that

s/he has "acquired" a concept. >

List Of Things One Must Do To Shov That One Has Acquired

—?

A Concept v ¢

AN

1, Giwen the name of an attribute value, s/he pust
be .able to produce an, example of the attribute

a value, n
2, ‘Given the name of a concept, s/he must be able
to produce an’ positive example of the concept.
3. Given the name of a concept, s/he must be able
to produce a hegative example of the concept.
4. Given an example of a concept, S/he must be able
to give the name of the concept’. -
5. Given the definition of a concept, /s/he must be
able to give the name of the concept.
© 6. Given the name of a concept,, s/he must be able
to give %he definition™f the ‘concept.
7. Given the name of a concept, s/he must be able
to produce the  pame of its subordinate.
4T

8. Given the name of a concept, s/he must be able
to give the name of xits supraordinate.

¥

\
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Given the name of a concept, s/he must be able to
produce its coordinates. )

Given the concepts of a hierarchy, s/he must be
able to identify the relations connectmg these
conoepts, and so forth,

>
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PRIMARY, SECCKDARY & NTH-ORDER CONCEPTS

/w,« el 3 0
Introduction

Most instructiéna} designers I~ha§e met- never héard ;}
such terms ass primary, secondary, nth-o}der concepts; sub-.
ordinate; céordinate and superordinate Foncepts, fet the"
concepts represented. by these terms are very important in

instructional design and knowledge acquisition.

_ Definitions »

1. According to Richard R. Skemp (1971), concepts
that are derived from our sensory and motor
experiences of the oqtside wvorld are called
primary concepts and’toncepts that are derived
from parimary .concepts are called'secondagz
concepts.

2. For the sake of clarity we willuse the term
"1st-order concept" for "primary concept," and _
"2nd—6rder. 3rd-order, ... , nth-order concepfs.“
as the case may require, forg"secondary ancepts.”
(There is nothing absolute about this "1st-order".
In some other'analyses it might be 7th-ordez);

Example ) ' : -

Belov is a diagram of a conceptual structure:;

Healthe-ww-- -====3rd-order
: , -1 - /,!

‘ a | T
Property Money--- 2nd-order

r,“v !

oo N -
Furniture  Building---~-=-- -Ist-order
- -46-
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In this exémple. furniture and building are "lst-order

concepts. Furniture would become a "2nd-order concept”™ 'if

it is brokcn down into chaxt. bed, stool. But in general;
2nd-ordcr concepts are thoae that are derived from lst-order
conccpts; 3rd-order concepts are those that are derived from

2nd-ordér concepts, and so forth.

Supra-ordinate or superordinate concepts are concepts

that are of the highest order or level .in a conceptual
-tfucture. s

Coordinate concepts are those that are of the same

rank or order in a conceptual structure. ‘

Subordinate concepts are those that are of lover-order

- A 4

,or rank in a conceptual structure. - ,

- » .

LW



CHAINS OF BEHAVIORS

Introduction

We have seen that a conceptual structure (or concep-
tual hierarchy, or hierarchical set) is a structure in which
the lover-order concepts are prerequsites to the 'hi‘gher-ord-
er coricepts. In this structure ve will shov you another type '
_of structure, known as a S.‘E!‘.; It is a sequence of ordered |
actions, that is to say some actions must precede others.
For example, thé action, "putting on socks,” must precede

the action, “putting on shoes,"” and so forth.

Any task that is to be taught efféctively should be
exphcitly described before the instructional material is

designed. In describing the task, we are interested first

N
of all in hov a really good specialist wvould perform in a
given situation. Based on the description of the "best work-

er’ s behavior, we detemzne oxactly vhich steps make up

. the task. (Thomas Gilbert, 1961)

~y
Definitions

1. To psychoiogists, a chain is a sequence of alter-.
nating stimuli and responses vhere each responsé
produces the stimulus for the next response and
so on. (Francis Mechner, 1964) .

L3

2. A logical seguence of stimuli and response
folloving the other, is called a chain.
(Thomas Gilbert, 1961)
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3. A sequence of reflexes in wvhich each R produces
the S for the next R and so forth, is called a
-chain. (Keller & Schoenfeld, 1960)

\ "
1st Example

., If we vere to describe the behavior of a person vhen
s/he buys a metro ticket from an automat, ‘we might come up
with something 1like this:

S; Having money in~hand and facing the automat,

Ry S/he checks to see if the mjchine. is owkring.

S2 S/he presses the button next to the station
vhere s/he vants to go,

R2 S/he putsiifzzgfganf‘coips as necessary untiil
a“ticket is—€jected, ’

S3 S/he sees thi§>l ticket is ejected, ’
7 v
R3 S/he removes the tic from the automat.

2nd_Example N
The followving is vhat one usually does before going
to bed. ' i
S; Takes off coat R; Takes off shirt ,
S2 - Takes off shoes Ry Takes off socks
S3 Takes off trousers R3 Washes
S4 Brushes teeth R4 Puts on pyjamas,etc.

This sequence of stimuli and responses, one follow-
- ing the other, is called a chain.

3rd Example

We have all had the experience of telling a stranger
how to find his way to a certain part or address of a city.
Our instructions could be the folloving:

o
\
[

-49.
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"Go south to the first stop light. Then go east
unt;l you reach a bridge. If the roat south from
that point is open, go south three blocks, and

the place you're looking for is on the south-east -
corner. But if the roat is blocked off, you will
have to proceed one block further east, then three
blocks south, then one block wvest.,”

These instructions can be described in a more picto-

rial (graphical) way in the folloving diag}m. vhich is an
\\

example of a chain with decision points, comsonly called ’

decision flow chart or algorjithm.

o=

Proceed south to the
first stop light - ) .

Go east until you
reach a bridge

I .
, i
LEAE

Is road south open?

Go south three block‘;l Go east one block, t.hcn‘
: P south three blocks, thcn

\" ' | vest one block ) ‘

Go to building on
sout h-east corner

=50~
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ALGORITHMS AND HEURISTICS

Introductxon

In the study of problems, plans and operators are di-,

vided into tv° typesa algorithms and heuristics. In gon-AI

programing. the programer first develops a step-by-step

method, called algorithm, for solving a certain class of

problems. ¢

)

There are unfortunately, tvo difficulties with this

approachs ) ® «

1. There are some types of problems for which theke
is no algorithm that will solve them, .

2. And vhen there is an algorithm that will solve a
g certain types of problems, the algorith may be
practical only for the smallest examples of the
_problem, and so inefficient as to be out of the
quest ion for practi?ally sized pnoblemg. A

Definitions

An algoriihm is .an exhagstive and resultative set of

“rules which, if folloved, will automatically generate the
. correct solution. A heuristic is any rule of thumb or prob-

abalistic procedure that holps us discover a solution to a
problem. '

Positive and Negative Examples .

1. The rules for multiplication constitute an algo-
xithm: if you use them propcrly. you alvays get the right
ansver. :

2. Chess manuals do nof give a prescription guaran-

teed to lead to success. Rather, they contain such rules as:

51—



. % A bird in the hand is vorth two in the bush.
¢ A stitch in time saves nine.
+ Look before you leap. -
Note that each proverb is a good advice. That is, each
is certainly worth considering in the appropriate situation.
Jinfortunately, no proverb is‘guaranteed to always yield de-
sirable results, Nevertheless, heuristic search is the prin-

cipal problem-solving technique of Artificial Intelligence.

' Measurement of Procedure Acquisition

To show that one has acquired the concepts of algorxthm
and heuristics, one must be able to:

1. discriminate between algorithms and heuristics.

2. determine if the task is well-defined: If the de-
fining terms are yague, one cannot apply the ;1-
gbrithmic proceduré.

3. determine if the task is manageable, that is, one
must be aware of combinatorial explosions. For
instance, the 10120 possible moves of a chess game:
the fastest computer operating today could not ex-
plore them all in the time that remains before the
death .of our Sun. -

4. Kknow wvhen to use algorithmic procedures and when
to use heuristics.

- - O
E]
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KNOWLEDGE AND SKILLS IN A GIVEN DOMAIN

Introduction .

What are knowledge and skills i.n a given domain or
field? Dictionaries give such definitions as: "knowledge in a
given domain is what we know in this domain,* and *"skill is
the ability gained by practice,” which are quite vague. In
this structure ve will tryé}t.o define and explain these two

temms in a more precise and concrete way.

L8}

Definitions and Explanations

ke

P Knowledge in a given domain consists of descriptions,
relationships, and procedures in that ?omain. In short,
knovledge in a given domain consists of (1) the symbolic
descript ions and relationships in that domain and (2) the
symbolic descriptions of procedures for manipulating these
descriptions. The descriptions in a knovwledge are sentences
in some language vhose elementary components oon*siit of
concepts, rules, principles, and procedures for applying
and interpreting descriptions in specific applicationms.

To have skills is to have knovledge and use it correctly
(Frederick Hayes-Roth et al, 1983). N.B. Keep in mind des-
criptions of concepts, rules and procedures are not knovl-
edge, any more than an encyclopedia is knovledge. We can
say, metaphorically, that a book is a source of knowledge,
but without a reader, the book is just ink on paper. Simi-
larly, data structures in an.AI database are knovledge
when they fepresent concepts; rules and procedures when
used by’ a certain program to behave in a knowledgéable way.

A

!xan‘glos of Knowledge . '

The folloving are some examples of knowledges

~53-
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1. Symbolic descriptions of concepts, rules or pro-

cedures used to infer situations from observables.

2, Symbolic descriptions of rules and procedures used

infer likely consequences fron given situations. _ .

3. “Symbolic descriptions ‘of rules and proé;dures used
to infer system malfunctions from observables.
4. Symbolic descriptions of concepts, rules and pro-

cedures used to prescribe remedies for malfunctions.

Examples of Skills

1. A mechanic who can repair an engine in two hours .
instead of ten is said to have acquired great skill.

2. A person vwho is capable of applying knowledge to
produce solutions, both efficiently and effectively, is said
to be very skillful. ‘

‘54w
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USING TCA TO GENERATE THE KNOWLEDGE BASES R

The knowledge base is the raw material with which we
build 1ea{ning sytems. It is made up of two componentss the
declarative knowledge base which contains concepts, rules
and principles, and the procedural knowledge base which con-
tains pk?cedures to perform such tasks as doing an experi-

ment to illustrate scientific concepts, starting a car in

the morning, or changing a tire,
iy ‘

The following is the TCA the author has performed to
genérate Fhe kﬁowledge base for the development of the struc-
ture, RELATION?, one of the component parts of the structured
text, "Some Mathematical Pre-requisites to Cybernetics”. The
kﬁg;ledge bases for the rest of the text have been generated
‘in the same manner. This TCA hasiseen performed froﬁ a term‘

_ (Relations) but a TCA can also be performed from any symbol,

phrase, sentence, or text.

: TCA s_RELATIONS
Part As Input & Output Inventory

4T

================:::E::::::288288238::88:83:8888====8888-’l3l
Input Outputs ~

1.0 Relations-——ﬁ 2.0 Introduction

. The concept of relation is very
important both in everyday life
and in sciehce. Without the con-
cept of relation we will not be
able to describe or explain any-’
thing.

«56-
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TCA § RELATIONS

. Part A: Input & Output Inventory

1.0 Relations —

r:ll. xaz:c:cvss::zz::s=lc=zz:::zzs‘z::====-=:===-:========:a-:q

3.0

4.0
4.1

4.2

Positive Examples

. The verdb “loves" which relates

Definition )

A relation is something that con-
nects%bbjécts;'lt can be likened
to cement or glue which holds
things together, but it- is not
something that we can see, ‘touch™
or pﬂotog:;ph. It can be repre-
sented by a verb or verbal phrase.
Other ‘names for relation ares link,
dependénce, association, function,
correspondence, and so forth.

Consider the sentence:
"Paul loves Jane."

Paul to Jane states a relation.
The following are some other exam-
Ples of relationss . ‘

+ees i8 north of ... > .

«e. depends on ...

<K. borrows ... “

.. borrows ... from oo

«es 15 equal to~ ...

... is between ... and ...

««+ has the same address

© A8 see
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1.0

TCA 1

RELATIONS

Part A jInput & Output Inventory

Relations —>

:}};5

F=============:g========

’l6.0

6.1

-
-

==8====’8.8883828.83:8::8::8:38 2 2% 3 3 J

Negative Examples

Consider the following group of
wordss .

“Paul Jane."
We cannot say anything about Paul
and Jane because of the absence of
such verbs and verbal pﬁrases ass

++s is in love with ...‘

ve. likes ... ‘

.+« hates ..., etc.
vhich expresses a certain 1link

between Paul and Jane.

Consider the sentence: ﬁ

?thn borrovs money from the bank.
Now, if we strike out the verb
“borrows“, this group of vords
véuld be meaningless. In other
-words, vithout the concept of '™
relation we cannot describe or
explain anything.

Arrov Diagrams

Consider the relation ... is the
brother of ... in‘a set of people:
»John is the brother of Helen."
We can represent (visqarf:é) this
- relation by drawing an arrov start
ing from John to Helen like thiss

., John — Helen
or like this Helen® ~John.

-%-
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TCA 3 RELATIONS

Part A s Input & Output Inventory

1.0 Relations —>

'....I.IB‘.‘B"BS!SWB EI.IB'..-l.BI'8.==Il~-'8883B.--II3-8-88..

6.1

6.2

7.0
7.1

~

The important thing here is that
the-arrov goes from John to Helen.
No arrows go froh Helen to John
because Helen is not 'the brother
of John,

Consider the relation "is the
brother of" in a set of tvo maless
.*John is the brother of Paul.”
To répresent the relation "is the
brother of" in a set of tvo males,
ve drav double arrows like thiss

John; 3 Paul or likenthiss

John¢&——» Paul., ﬂ
Some Relatediéhles

7.2 ° Two unrelated terms cannot exclude

¥

One cannot be conscious of one
thing only. In order to have one
thing, ve must have at least three:
a thing, a relation, and another
thing. To explain vhit "uncle® is,
for instance, we must have three
thingss )

1. Uncle (the thing to l:e;')xplain-{
ed),

2. Is the brother of (a relation)

3. One's ‘father or mother (anoth-
er thing).

each other (Hamelin, 1859-1907).In
other words, the excluded thing
must also be present before we can

L]
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_TCA s _RELATIONS

Part A :+ Input

-Output Invento

9

.
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1.0 Relations-———J7.2 have an exclusion. To suppress one
term, the otﬂgr will disappear
just as’'shadov vill disappear vhen
light vanishes. .

-
B

v
9.0

8.0 Exerciges :
(1) Unde/rlirfe:gahe relations in
theftollowingt

"a. Mark is as tall as John.
b. 4 is the square . root of
16.

€. 16 is the square of 47

d. oOttava is west of Montreal
(2) wWhich'of the following is/are

- true? S

a.’

d.

Ansvers

(1) You should have underlined:
" is as tall as, is the square
root of, is the square of,
is wvest of. '

. (2) All are true.

~ -60-

the concept of relation.

‘that holds things to-

o

We cannot describcfor ex-
plain anything without

Relations are something

gether.
A relation can be express-
ed by a verbe.
A rélation can be express-
edﬂby a“verbal phrase.

-




TCA 1+ RELATIONS

4 Part A 31 Input & Output Inventory

2.0 Introduction

hd

BA Short for Not To Be Analyzed.

This means that by convention

r..'l..'...I'.'lcﬂ:lﬂ]zac:lI...:t‘s838888:88:"888:28882:’."
Ve .

ve will not analyze the content

of the introduction.

-

S

.

3.0 Definition —

<

PR

Short for Pre-Requisite, by
vhich ve mean that this item
contains no coﬁcepts vhicb
call for further analysis.

4.0

—r

’ l

Positive Ex. N
4.1 Consider ... PR
4.2 The ... PR
5.0 Negative‘éx.
5.1 Consider ...—j{PR
5.2 Consider ...—«PR .
6.6' Arrov Diagrams A
6.1 Consider ...—yPR
6.2 Consider ...-—PR
— n P,
7.0 Some Related .
Rules .
7.1 e ... —m»PR
7.2 Two ... — /PR «
8.0 Exercises -——-»'PR

9.0 'AQIUCI? F;————4

|

PR

-bl-
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TCA 3 RELATIONS
Part B s Representation of TCA

‘6

RBESEIISEB282:3:'!888.8‘!8.‘8.88::2‘2!:.!g!t:S.IBIE":IB:I-I'q

NTBA PR

10

2°

. "TCA s_RELATIONS
Part C 1 Sequential Index

T===:-:388!.8:'888388:.’:‘.-..’.8.-3.."8.".‘.8-8‘8a".....-q

(2.0 - 1.0) Introductiont The concept of relation is
very important both in everyday life and in science. "
Without the concept of relation ve will‘ﬁpt be able to
describe or explain anything.

(3.0 - 1.0) Definitiont A reiaéion is something that
connects objects. It can be likened to cement or glue
vhich holds things together, but it is not something .
that we can see, touch or photograph. It can be repre-
sented by a verb or verbal phrase. Other names for .
relations irec 1ink, dependence, association, function,
correspondence, and so forth.

(4.1 - 4.0 - 1.0) Positive Examples
Consider the sentences " Paul loves Jane.” The verb

:loves" vhich relates Paul to Jane stath a relation.

-62-




40

50

60

8‘8.88‘88:88II=====8===83:233\8.828%5888:888==8=B======8=B‘:ﬁ

(5.2 « 5.0 - 1.0) Negative Examgle

JMe can represent (visualize) this relation by drav-

TCA 1+ RELATIONS
Fart C 1 Sequential Index

(4.2 - 4.0 - 1.0) Positive Example

The following are some other examples of relationss
vee 18 north of ... , ... depends on ... , ... bor-
YOWS ... .'....hOrrovs ees from ... , ... is equal
tO ¢ec 4 ¢e. is between ... and ... , ... has the

same address as ...

(5.1 -5.0 - 1.0) Negative Example
cOns%der the following group of vords: “Paul Jane."”
We cannot say anything about Paul and Jane because of
the absencé of such verbs and verbal phrases ass

«+. is in love with ...

ees likes .,. , l

«+. hates ... , etc,
vhxch expresses a certain link betwveen Paul and Jane,

Consider the sentence: K -
*John borrovs money from the bank.*

Now, if we strike out the verb "borrows", this group

of words would be -eaninglesé. In oth;r vords, with-

out the concept of'relation we cannot describe or

explain anything.
(6.1 - 6.0 - 1.0) Arrow Diagrams

Consider the relation ... is the brother of ‘... in
a set of peoples "John is the brother of Helen."

ing an arrow starting from John to Helen like this:
John ——— Helen, or like thiss Helen® “<ohn.

The important thing here is that the arrov goes from
John to Helen. No arrows go from Helen to John because
Helen is not the brother of John.
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TCA 1 RELATIONS
Part C 1 Seguential Index

F:E:BIB::B:::=8=8§=l::IIIﬂ8'.88.--8.'.2....'..233.’8--.'-I-.-

8° (6.2 - 6.0 -~ 1.0) Arrov Diagrams.

) Consider the relation "is the brother of" in a set of -
two males: "John is the brother of Paul." To repre-
sent the relation "is the brother of" in a set of tvo,
mles, ve drav double arrows like this:

/—\ . .
Johny __ Paul or like thiss John &——> Paul.

99 (7.1 - 7.0 - 1.0) Some Related Rules
One cannot be conscious of one thing only. In order
to have one thiﬁg, ve must have at least three thingss
a thing, a relation, and another thing. To explain

what “uncle" is, for instance, ve must have three
things: iy

- »
1. Uncle (the thing to be explained),
2. 1Is the brother of (a relation),
3. One father or mother(another thing).

10° (7.2 - 7.0 - 1.0) ‘some.Related Rules
Tvwo unrelated terms cannot exclude each other (Hnmelin,.
1856-1907). In other wvords, the excluded thing must
also be present before wve can have an exclusion. To
suppres one, the other will disappear just as shadow
vill disappear when light vanishes.

11© (8.0 - 1.0) Exerciges.
(1) Underline the relations in the followving:
©  a. Mark is as tall as.
b. 4 is the square root of 16.
c. 16 is the square of 4.
d. Ottawva is west of Nontreal.
(2) Which of the folloving is/are true?
a. We cannot describe or explain anything with-
out the concept of relation. | °

’ b g
-64-
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(1)

(2)

-::------:-:---z’::--n-:--C----m::la-:'--s::-C---xx-,--_cn-u:c-a

b. Relations are something that holds things

c. A relation can be ‘expressed by a verb.
d. A relation can be expressed by a verbal

11© (9.0 - 1.0) Ansvers

. L]

TCA ¢ RELATIONS

———

Part C 1 Sequential Index

together. .

phr‘seo '

You should have underlined: is as tall as, is
the square root of, is the square of, is vest
of.

All are true,.

How Was Part A Generated?

Each input is wvritten on the left side of the page.
It generates one or more outputs which appear(s) on the
- right side of the page. Each of these outputs will in tum
become nev inputs._for further outputs and so on, until wve
reach outputs which call for no furthér analysis: these
are the pre-requisites.

In general, each newv concept gdnerates a structure
vhich is composed of such elements as the folloving:

1.
2.
3.

4.
5,
6.

7,’

2 ’

A introduction

A definition .
Some positive examples (or some experiments if
it is a science concept)

Some neg tive examples

A proc.&urt (if necessary)

Some related concepts

Some related rules

An exercise with answers,etc.



How Was Part A Generated?

Rules Each ouput (except those that are followed by

the symbol PR) is transferred to the left to become a nev

input which will generate one or more outputs.

_ To generate Part A of the analysis I proceeded as

followss

1.

4.
5.
6.
7.

8.

‘I divided all the pages into two parts, forming
tvo columnss one for inputs and the other for
outputs.. n '

1 recorded the material to be analyzed (in this
case, the concept of relation) in the input col-
umn and numbered it 1.0. -

[}

Input 1.0 produced eighi outputs:s 2.0, 3.0, 4.0,
5.0, 6.0, 7.0, 8.0 and 9.0. ‘

Input 4.0 generated outputs 4.1 and 4.2,
Input 5.0 generated 29tputs 5.1 and 5.2,

Input 6.0 generated outputs 6.1 and 6.2.

~Input 7.0 generated outputs %.1 and 7.2.

Last, all the outputs were transferred to the
left side, qheré they became inputs for further:
outputs. As they contained no nev concepts vhich
called for further analysis, the symbol PR vas
vritten in front of each one of them, in the
output column. This completed the analysis.

How Was Part B Generated?

\

To reorganize the input-output inventory into a

conceptual hierarchy 1 proceqded as follovss '

66=
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How Was Part B Generated? -

3.

4.

1.

€ €

As inpui 1.0 ‘produced éight outputss 2,0, 3.0, 3.0,

4.0, 5.0, 6.0, 7.0, 8.0, and 9.0, .I drev a partial

N\
tree like this:

t

@.@@00@@

As input 4.0 produced outputs 4.1 and 4.2, I added
4.1 and 4.2 to the above partial inverted tree .
wvhich now looks like thisu

I proceeded in the same manner until I exhausted
all the inputs and outputs of the inventory and
obtained the final tree. ‘

!

The symbols 1°, 2°.' 39, ... , repiesent the order
in which the items should be presented. The order-
ing begins with the first branch, from left to
right, and the bottom upwards.

As showvn, the TCA begins at the top t;.': moves down-
vards., But the concepts and rules (repremted by
the nodes) are ranked from the bot tom upvards.
This means that the ana ysis proceeds from the
highest order concepts to the lover order concepts,
and the preaontation of the concepts and rules pro-
ceeds from the lower order concepts to the higher
order concopts. , i '

b
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Hov Was Part C Generated? -
To generate Part C 1 proceeded as follovss

1. I picked out Item 1°© on the tree diagram, then
"looked at the inﬁbt-outpu; inventory, and copied
the content of 1° on a separate sheet of paper.
.This is the first element of the structure.

2, Next, I picked out Item 2° and copied its content.
I proceeded in the same manner until the last item
had been disposed of. The end result is the sequen-
tial index or knovledge base I seek to develop. It
is the raw material vbich I used to develop the
structured text for this study.

Sources Used --

In developing the structured text for this study;\i\

used both domain experts and printed documents.

«68=
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USING TCA TO GENERATE

THE KNOWLEDGE BASE FOR "ORDERED PAIR"
F

The following is the TCA that I performed to génerate
the kngvledge base for the Qevelopmﬁ?t of the structure,
ORDERED PAIRS. This TCA was performed from a terminal test.
TCA :+ OPDERED PAIRS

Part A 3 Input & Output Inventory

(1) To symbolize—»|2.0

ordered pairs wve
use braces or
parenthese

ordered
pair?

Ordered pair.

4

«69.

Introduction ¥

' tween the pair (a,b) and the

. ordered pair. "

In many places in mathematics
ve need to distinguish be-

pair (b,a). The usual tvo-
dimensional graph represents
these pairs by distinct
points unless, of course,

a = b. When the order of a
pair is of importance the
pair is referred to as an

Definition
An ordered pair of objects is
a set of two objects in which

it has been decided which is
the first & which is the 2nd.

N

‘ i




TCA s ORDERED PAIRS

Part A1 Input & Output Inventory

2.0 Ordered pair—

5.0

BSESS::============‘88=8=8=Bé==8388-88=888":“'I:B‘SSSIBI--Q

Positive example

)
On a road map, one is often direc-

ted to find a location by scanning
the area designated by the pair of
numbers 4 and 2, for instance.
This means that one can locate

the area one is looking for by
following the horizontal boundary
until one reaches section 4 (see
diagram below); then follows the

il

= LI L B A Ca

BESERERE]
vertical boundary until one reach-
es section 2. Thus the girection
(4,2) locates a position on a map.
Nov suppose one is trying to find
another position by scanning the
area designated by (2,4), what
would one do? One would have to
follov the hogizontal boundary
until one reaches.section 2; then
the vertical boundary until one
reaches section 4. This dingction
(2,4) locates another pesiti‘on on
a map.

«70-
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TCA s ORDERED PAIRS
Part A 3 Input & Output Inventory £

F-.-.----'--II.SQ‘CBCSﬂ..‘.-.I.I-'ﬂ."'.Iitﬂﬂsll‘.--B..-.'I.I'.-

2,0 Ordered pair—)|5.0 Positive example

\ ) These pairs of objects
(4,2) & (2,4)

in which the first object does
not have the same meaning as the
second are called ordered pairs.
Note that (4,2) & (2,4) repre-
sent different squares on the /4
map. '

-y

6.0 Negative Example

A set vhich is composed of two

element a and b, for instance,

’ is called a pair and is wvritten
| . {a,b} or ({b,a)

because the order in which we

* 1list the elements of a set is
'not important.

.|7.0- Notation ’ .

Two objects, a and b, separated
by a comma or semi-colon and
vritten within parentheses:
(a,b) or (a3b)
in vhich "a" occupies the first
place and "b* the second, is
& called l~n ordered glir.

8.0 Exercise
(1) To symbolize ordered pairs

do ve use brances or pa-
theses?

'-71—



. TCA s ORDERED PAIRS :
Part A 1 Input & Output- Inventory
. =======8=======:==8==F===8-==88.82.88!8.&:2‘8888283888888'.8

2.0 Ordered pair——w 8.0 Exercise

(2) what is a pair? ]
(3) What is an ordered pair?

9.0 Answvers

(1) To symbolize ordered piirs
ve use parentheses.
(2) A pair is a set containing
tvo elements. '
® (3) An ordered pair is a set
consisting of tvo dbjects
. : " in a special order.

’

S T E R S S T S S N S E S S T E T R S e N e N e T E E R EE S E R R EEREE

L]

Important Remarks

1. The end-product of a TCA is a non-empty class or
collection of structures; that is, a class consisting of at
. least one structure which contains enough materials for the
analyst to say sbmethjng about “ordered pairs.”

2. This structure also contains enough materials for
the analyst to measure the level of difficulty of the text;
‘that is, to list the number of subordinate concepts con-
tained in the texts graph, pair, and class. To obtain the
list of the subordinate concepts of the structure, one’ just
counts the number of tlechnical terms used to define and
explain/the supra-ordina e (highest-order) concepts ordered
pair. ‘

, 3. With this structure, ve can develop a lesson_to
teach a person something about "ordered pairs.”

4. This structure is the knovledge base for the .de-
velopment of a short intelligent tutoring system.

<

-72-



Ptodut;t jon Activities .

CHOICE OF INSTRUCTIONAL MODE

-

To develop the Structured Text I proceeded as follows:

l, Determined the needs
2. Identified the problem ’
3. Specified the target population
C 4, Specified the entering behavior
. //‘-A\\ 5. Specified the terminal behavior
-/ ~6. Generated the xnovledge base ¢
\ 7. Converted the KB into teaching sequences
8., Decided on the mode of instruction, and so forth.
' Why Structured Text?

The folloving are some of the reasons why I have chosen
the paper booklet rather than the CAI method and technique: ‘

1.

I vanted to see how Educational Technology graglu'-te
students vill react to the methods and techniques
of Infostruct. '

And then, Infostruct is a very effective tool for
learners and teachers, because it is derived from
such learning researches and teaching practices as:

(a) Active responding generally aids learning.
(Lumsdaine and May, 1965; Briggs, 1968;
Glaser, 1965) v

(b) The act of writing responses helps some
learners. (Edling, 1968)

(c) Feedback or knowledge of results (or re-
inforcement often facilitates learning by:

) * confirming or correcting learner's

- underst anding

.

»
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¢ (c) ﬁia&iding'a motivational effect
.* improving scanning behavior
- , (Lumsdaine & May, 1965; Smiik, 1964;
Gagné & Rohver, 1969; Glaser, 1965)

a (d) The insertion of questions, "test-like

' ' events,” after text segments has a positive
effect on learning. Giving knovledge of
results further increases the effect.
(Gagné & Rohwer, 1969; ﬁgxeachie. 1963) -

(e) self-tests, pretests facilitate retention. j&
(Glaser, 1965; Briggs, 1968, Lumsdaine, 1963) '

(f) In concept learning, a variety of examples
promotes learning.

(Gagné & Rohver, 1969; Lumsdaine, 1963) :

() Instructions are useful in calling learner's
attention to important features,
(Gagné & Rohver, 1969; Gagné, 1965)

(h) Judicious use of underlining ofteén helps to
_ focus attention on key elements.
| (Hershberger & Terry, 1963)

(i) Labelling appears to aid by alerting learmer
to nature of upcoming information and inform-
ing him what his learning task is. 'y
(Briggs, 1968) ' ‘

%

(j) Pictorial materials often help learning.

¢

(Briggs, 1968) ¢ ol

~ ' (k) For some kinds of materials, charts of the
information are valuable. (Feldman, 1965).
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INTRODUCTION TO THE FORMATIVE & SUMMATIVE EVALUATION STUDIES

Introductioﬂ .

With the advent of any nev educational product, ques-
txons of its usefulness and of its attractiveness to poten-
tial users must be dealt vith.,gp‘ansver such questions for
Infost;uct my approach has been primarily to seek perform-
dnce data from subjects using structured text (Infostruct) ¢
to tab subjects’' reactions to the materials through tty-outs

and questionnaires.

Background . #

-My approach to the evaluadtion problem may be :mnﬁed up
by saying that I consider that: by ‘
‘ 1, "Media comparisons* .are to be avoided.

2. Developmental testing with.tryout-and-revision
cycles is the key method for producing effective
learning materials. L i

3. Pretest-posttest differences can be meaningful. -
evidence for judging wvhether or not a given
instructional system has achieved its objectives.

I; actval practice this means that I will evaluate
specific Infostruct products against explicitly stated
learning objectives (terminal tests).
The spurxousncss of "media comparisons" vhich lbound
in the literature of programmed inst ruction has been fre-
quently Qiscusged. In 1962, for-instance. Stolurov (195%) | 3 "

detailed his reasons for judging media comparisons inap{

N
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propriate and he expressed the "prediction and fimm hope ...

that the comparative study will become extinct.” |
In their 1965 reviev of the educational field, Lums-
daine and May (1965) summarize the shortcomings of media
comparisons vith *conventional®’ instruction, and a corre-
sponding increise in the proportion of studies which at-

o

tempt to manipulate spfcifiable variables."

My General Approach

The evaluation program addresses itself to two issues:

[

1. The practical one of validating the strcutured
texts, and . N

2. The more experimental one of investigating certain
key parameters of these ;tmctund materials and
of detemming their influences on instmctional
outcoues. ’

A/ttitude .0f the user tovard the nev method is recog-
nized as bein? a very important facet of the evaluation
program. It 'nttcts little 4f a program is strikingly ef-
fective in teachmq, yet repcls students from further con-
nct vith the subject matter. Many educators are now turn-
ing to attitude and user~preference data as being even more
informative than performance data in aspessing the ﬁluc ‘of
instructional techniques and methods. In my evaluation I use
both performance dat,;,and attitude quutionnaire.

v The !valuation Study

The instructional materials evaluated during this

i
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study dealt with nodern‘nnthcmatics t the uni(i vere cntﬁtlcd
“Some Mathematical Pre-Reéuisitps to Cyb;tnetics“. The text
vas aimed primarily at Edﬁcational Téchnology graduate stu-
dents of Concordia University and the intention was to make
the topic understandable even to students vith minimal mathe-
matical backgrouﬁd. ThQ -atetiais vere to be self-instruction-

al.

L3
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THE EDUCATIONAL TECHNOLOGY TRYOUT

Introduction

‘ The first planned formative and sumatiye evaluation ,
study of learning from an Infostruct text took place in
September 1981. The instructional trxt v;s entitled Some
Mathemat ical Pre-requisites to Cybernetics (See Appendix 1V), ‘

and it consisted of some 40 pages of structured texts and of
\

ﬂ
feedback questions coverning the folloving topics: )
1. Understanding and Learning - ~
v 2. Some Pre-requisites to Relations, Punctions and
’ Transformat ion

"3, Ordered Pairs - ,f,
4. Relations ,
5, Cartesian Products o
6. Binary relations '
7. Functions

- 8. Mappings
9. Correspondence

10. Transformagions N
: " 11, Closed Under the Transformation
k“ ' 12, Graph Theory s Undirected Graphs '
* 7 13, Degree of a Vertex :

The first tryout vas a simple, short-time one designed
o mainly to explore the effects of the structured text vhen
used in a “natural® mode of use in ,'noo study.

¥

a ‘ . R

. Basic Purpose , L

The Ed. Tech. formative & swmative evaluation was coAn-ﬁ

ducted to enable the author tos

P ’ ~
\ // )
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1. Estimate student achievement as a result of the
learning material under one condition only: in
\ home study over a week's time. .
| 2. Discover students' assessment of the Infostruct
I text as a communication technique and of its
value in self-instruction. :
3. Locate areas of .the text that requires revision.
4, Obtaxn est imates of the time zequirod to study
the text.

Subjects
The 35 students for this study wvere members of

courses: one in Cybernetics (BT 606) and one in Systems Anal-

'ysis (ET 654) given in the Ed. Tech. Graduate Pregram of Con-

- cordia University.

General Plan

The tryout of the Infostruct text vas planned to con-. "

- sist of a non-superv@sed home-study of one week. Pretests

(See Appendix I) were administered to the.subjects. Foliovq
ing that phase of the tryout, the subjects were to take the
texts home, vork on them during the week and return to the

next class period prepared to take a final exam (posttest)

(See Appendix 11).

‘

The plan to have students studyﬁft home vorked out _
quite well. According to their notes and comments, tﬁi’535b>——f~—‘§¢',
test given after the intervening veek vas for many a test of '
their gr;sp of the new material. The results section will

reproduce the relevant data,

L d
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1.

. Data Collection Form

Pretests and posdttests are used to measure the
subjects* understanding of the topics before and
after a home-study period.

A post-study attitude questionnaire tapped subjccts'
reactions to learning from the Infostruct text, to
the presentation methods of the structured text, the
specific format features and tovard the possibility
of further study from such materials.

3, The instructions ask subjects to write criticisms
and comment throughout the text vhenever they wvish.
Procedural Details v ‘
1. Otientationc General explanation of the plan for

<n

Lo

the tryout and the range of the material to be cov-
ered wvas é}Ven. Students already familiar vith the

topic vere encouraged not to take part in ‘the try-

out. .

PretesttT This wvas administered under conditions

vhere each subject's time was recorded.
Study Instruction: Texts were distributed and in-

structions vere to ansver feedback questions and
to vrite criticisms as thoy“study the texts.
Home-study: The class vas instructed to finish

to finish studying the text during the coming week
and to record time spent; they vere to prepare for

the post-test a veek later. i
Post-test (See Appepdix II)s This vas administered

under conditions where each subject’s time wils re-
corded, - ‘ '

Post-study attitude questiohnaire (See Appendix III)
vere filled out.

Texts were returned to students vhd requested them.

, g




Data Aﬁalysis Methods

Because this is simply an evaluation of learning out-
comes and attitudes tovir this kind of instructional mate-
rial, the data an;lysis methods consisted of t-tests of the
difference of the means of the pre- and post-test scores

given a veek later after possible home study.
— ' - .
Attitude data vere simply summarized to indicate the

'strength of subjects' opinion about various fatures of the

learning material,

Formative evaluation: comments recorded in the texts

vere compiled as a guide for further revisions otlthe na-

]
terial.

8
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TRYOUT RESULTS

\

- Achievement Scores (Summative Evaluationz ! A

Scores on the subject matter tests vere stated in

. terms of percentage of items successfully plsged. These are

A
given in the table be?ov for the total result of this study.

Posttest vas ‘the test given a veek later after the -«

possibility of home study.

Pretest Posttest
Text (N= 35) (N= 35
T Mean Score | Mean Score
47% 86%
Whole Text
SoDo SOD’
23,95 12.96

From, insbectionave can see that the mean .i)mprovement ;

is quite large.

A t-test of the ditfe‘rence in mean scores between pre-'
test and posttest is statistically significant "with P < .001
(tq = B.75, df = 33).

The central point of the achievement score evaluation
is simply that the leaming material has made a significant
impact on the subjects' knovliedge of the subject domain.

If the total time spent with the learning ulatcrial is

-83. ]



divided by the total number of pages the subjects covered in
the period, we have the first estimate of howv long it. takes .

to study the Infostruct pages. : L ®

The total number of minutes divided by the total number
of pages completed gives 15 minutes as the estimate of mean

time for a page.

Attitude Results

Of;en the most importan; effects of an instructional
system lie in its capacity to attract and sustain students‘/
interest. For this reason th; author vas particularly con-
cerned to learn the subjects' reactions to the Infostruct

material. ¥

Items in the attitude survey consisted mainly of ques-

‘tions which can be answérs by YES or NO. .

Summary of Attitude Test Result

g

Rather than réproduce the questions verbatim (for ex-
act text see appendix III), I shall give the gist of them
more tersely alongﬁeith the percentage of subjects express-

ing given views:s - o

1. 70% of subjects completed the module, because of
the section on directed graphs vhich they found
too difficuilt, :

2 Sub jects spent about 3 hours to complete the module,
or about 15 minutes for each structure (as reported
by students).

¢ toe

T e o n 3
¥ '-k}?;é;'w -84- - N
. /"'_l ‘ ) . .



4.

9.

YAl

11.

. 12.

13.
14,

15.

17,

18.
19,

*i0.

!

a & -
97% said that the material is organized to promote
learning. - ' g

85X said that the text gives a clear picture of the
sub ject matter. |

97% said that the language used is clear and easy
to understand,

*

. 82% said that positive and negative examples are

helpful in illustrating the concepts to be learned.

88X said that the format of the structure favors
scanning. ’

82% said t/gat graphic cues enhance learning.

'giX said that they prefer the format of this module

to that of the traditional textbooks.

94% said that the module is helpful as a self-
instructional material.

100% said that the module gave them an idea of

vhat new mathematics is.

91% said that the module is easy to learn.
76% said that the module is well-structured for

beginners.

88% said that the module provides a good progres-
sions from simple to complex materials.

79% said that the. method of presenting information
givas contidence to the learners.

.67% said that the module helped them learn Cyber-

netics.

/

'85% said that they like structured lessons.

61% said thcy vould like to see some of the courses

. convortcd int.o st ructured lcsson; like those in the

nodult.

-J
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| ATTITUDE RESULTS s OTHER COMMENTS & REMARKS

Introduction

Though subjects had very little time while sthdying
Cybernetics (which is c?nsidered by most students as very
fascinating but difficult) some have taken the trouble of

1riting a comment ., !
|

. {
Types of Comments or Resiarks

l

1. I think it is a very important educational nateriai
ang?m looking forward to subsequent modules. Thank
you very much. v

2. I believe that I spent too little time on the module,
because it vas a lot of vo:ﬁ to assinilate the mate- .
rial even though it was quite simple.

3. 1 feel that the material is a good instroduction but
there is not enough practice or applxcag}éh to pro-
mote long term retention. g

‘ 4. 1 wvas alqeady familiar wvith nost of the material pre-
£ sented, but I found the module helpful and vell-st
tured for revievwing it. It vas easier to understand
than the text I had used vhich is a Discret@ (matlfe-
matical) Structure course given on undergraduate
level (not at Concordia),

5. COngratulation'
' Perhaps I will not have to remain an algebraic moron
for the rest of my life,

6. I liked the vay the material vas presented, but in
some vay it bothered me the negative examples. The
v last unit I could not understand. 1 think it vas

unclear. ° / ’ , P



7. Did not understand undirected graphs and degrees
‘of a vertex. All in all, I enjoyed doing this
module. ‘

\

.8. I feel quite comfortable with this material and I
do have an antipathy tovard math. The section on
Functions vas the one vhich gave me the most trou-
ble, perhaps a little more explanation there would
be helpful. 1 appreciate the opportunity tp par-
ticipate in this. It hls defnitely helped .

Experimenter®s Observations

Most of those vho did not complete, actually did com- .
plete everything except the section on directe,df?‘ighs.

‘\_./\
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* OVERVIEW OF THE EVALUATION STUDY

Introduction . :

' 3

First of all, two points abou; the evaluation study in

genérain

. The expgrimental data bear on the speéific product and
;nli_indirectly on thelgethod (though‘ie can alvays infer the
quality of the method from the qual&ty of the broduct).,aust
3s one given textbook cannot be considered as rcgfz;ent tive ‘
of a so broad category as “textboéks in gengtal“ﬁso the In-
‘fostruct text the au;horﬂdevgloped anﬂltestod is only one

sample of the poSsible products of Infostruct methods and.

techniques.

Achievement Data 2

w

The evaluation study has shown some of the effects of

vhat can be expeéted from the use of this Infostruct text
/yndﬁr conditions of home-study. After some hours of study in
a s;tting free from the usual educational pressutes. sub jects
showed significant evxdence of 1earn1ng. The fact in itself
‘is no§ surprlsing i viev of the empirical trxouts and revi-
sions that tﬂe text undervent through its Qeveloppent.'
Attitude Data . o ' } Y.

N . The difficulty of trying to estibiish an.objective
standard for coﬁparing e&ucational mate 11151::>10d rdsearch-
ers t6 turmto attitﬁde data as b;ing hEbhly }ivval§nq abédg'~

tﬁe'ﬁé}rac@ive pover of a learning system. }

N . -
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.
{\r



%

4

\\ The reaction of our sub, jectd to Infostrl‘ct \t!exts vas

genetally quite favorable; they rated the 'T:teri‘ls as ef-

'fectlve. sak‘,they would recommend them o others, and sin-

" gled p_ut- many of the special features for favorable mention.

) A -
.
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CONCLUSION AND RECOMMENDATIONS .

o

v T <
.

( 'The Structured Text S —

\ ]

The Structured Text has been revised several times to
improv; its effectiveness. This experiment showed that sub-
jects diﬂ learn what the text, vas supposed to teach. The

‘time factor appears to be the main one which determines the
"~ success of students' performance. Based on the learning out-
come of the learners, their observed attitudes and other
parts of the formative evaluation,'i; is_concluded that the
text has reached a high level of succéss in terms of its ,

effectiveness,

Cost Effectiveness

The cost effectiteness of an iﬂstructional material is -
the analysis of its cost and achievement (Haller, 1974; Har-
mon, 1970; Hartley, 1968). It provides a décision tool to
select the best choice among the feasible alternatives on’

. the basis of ‘the least cost and the greatest effectiveness.
—‘\o"‘ . PO - -

Hence, to determine the cost effectlveness of this‘structured

text, two factors;haveéto be examined’

\
s

1.‘ its cost as compared with that of others, and

‘2, ‘vhether it has achieved 143 behavioral obJectxves « ©

or not. *
. _ .

The estxmate cost in producing this structured text 1§
' about '$9, 000 00 (which covers the expenses for the de51gner.

»
domain expert, research. developing costs and phqtocopyxng) T

o~

i



wpile the market price would be about $5.00. It would be ful-
ly ecornomic if two thousand copies were sold to recover the

14

cost and make a reasonable profit.

Recommendat ions -

Bruner has shown that the learning and teachihg of
structure is an effective instructional technique and the
method has bgen'implemented‘to develop a variety of instruc-
;ional'materéals. In this present study the technique is al-
so rated favorably because of its capacity for increasing
learning, retention and transfer. Nevertheless, further re-

" search is recommended to compare Structured Text with other
éypes of programmed’texts.to determine re;ative effectiveness,
Other types of guéstions,ghich can be asked in the future
studies are: When is Structured Text most appropriately used?
Aré there any undérlying factors that determine the use of -
Structured Texts? How can Structured Text methods and. tech-

niques be further improyed? | .

—
4
A}

And on the basis of the observation that most of those
subjects who did not complete the text, actually did complete
eQerything excépt the section on directed‘graphs('it s clear =

that the section on directed graphs needs to be revised and

g}panded.

?

. =91~



v

<Al ..
L5

- v
REFERENCES CITED IN.THIS STUDY

L)

‘Ascroft, Robert. (1981). Int ructional Design. Montreals Edu-|'
cational Media Center, McGill University.

Ausubel, D.P, (1960). The Use of Advance Organizers in the

learning and Retention of Meaningful Verbal Material. Jour-
‘'nal of Edugational Psychology, 1960, 51,  pp. 267-272.

Ausubel, D.P. (1963). Psychology of Meaningful Verbal Learn--
ing. New York: Greéen & Stratton, 1963,

Ausubel, D.P. (1964). Some Psychological Aspects of Struc-
ture of Knowledge. In Phi Delta Kappa, Education and the
Structure of Knowledge. Chicagos Rand McNally, 1964.

Ausubel, D.P. (1968). Educational Psychology, A Cognitive
View. Nev York: Holt, Rinehart & Winston, 1968.

Brien, Robert & Lagana, Silvio. (1978). Flowcharting:\h Pro-
for the Development of Learning Hierarchies. PLET,
14, Np. 4, November, 1979. ’

cedu

eslie, J. (1968). Learning Variables and Educational-
Media. Review of Educational Research, Vol. YXXXVIII, No. 2,
April, 1968, :

L4
Briggs, Leslie, J. (1968). Sequencing of Instruction in Re-
lation to Hierarchies and. Competence. Pittsburg: American
Institute of Research, 1968.

Bruner, J.S.' (1966). Tovard a Theory of Instruction. Cam-
bridge, Mass.i Harvard University Press.

Chyssain, J.C. & Le Xuan.  (1975). Theorie Structurale de
1'Enseignement, Pariss Enfance Inadaptée.

‘Dick, Walter & Carey, Lou. (1978). The SysteMatic Design of

Instruction. Dillns, Texas: Scott & Foresman & Co.
2 - o

’DesClrtes. René. (1637). Discourse on the Methods. Londoni

Nelson's University Press.

-92-



-

Edling, Jack, V. (19294. Educational Objectives and Educa-
tional Media. Review of Educational Research, Vol. VIII,
April, 1968.

Feldman.'M.E. (1965). Learning for Progiammed Text Format
of Three Levels of Difficulty. Journal of Educational Psy-
chology, 1965, 56, pp. 133-139. '

Flavell, J.H. (1963). The Developmental Psychélggz_of Piaget.
. Princetonj§.J.: Van Nostrand, ‘ ~

Friessen, Pau A. (1971). Designing Instruction. Ottawa,
Canadas An F Publication.

Gagné, R.M..(1964). The Impddcations of Educational Objec-
tives for Learning, in Lindvall, C.M. (ed). Defining Edu-
cational Objectives. Pittsburghs University of Pitisburgh,
Press, 1964, pp. 36-47.

7

Gagné, R.M. (1965). Conditions of Learning. New York: Holt,
Rinehart & Winston. ) ‘iy

Gagné,” R.M. & Rohwer, W.D. (1969). Instructional Psychology.
Annual Review of Psychology, 1969, 20, pp. 381-418.

Gilbert, T.F. (1961), Matheticsfirhe Technology of Education.
The Journal of Maghétxcso 16 2, : .

15

Glaser, R. (1965). Training Research and Education. New
Yorks Wiley, 1965, ' ‘

Graham, A.M. (1969). Panel Discussgion on Software Engineer-
ing, ed. Naur, P. and Randall. Brussels: NATO Scientific
Affairs ‘Division. '

Hatfield, H.R. (1904).- Modern Accounting. New York s Apple- *
ton & Co., 1914, '

Hayes-Roth et al. (1983). Building Expert Systems. Reading,
Mass. 1 Addison-Wesley Publishing Co.

-'9 3- ———



T, v ‘ -
S
. .
~
(2}
‘ -
' . *

A

Hershbefger and Terry. (1963). Complexity of Txgggraéhical {

. Cueing in Programmed and Conventional Texts. Personnel and
Traxning Branch, Office of Naval Research. Department of

the Navy, Technical Report No. 7, COntract No. "Nonr-3077
(00), December. 1963, ‘ "

Hoar, C.A.R. (1975). The Engineering of Softwares A Start-
ling Contradiction. Computer Bulletin, British Computer
Society, December, 1975. <«

Horn, R.E. (1978). How to Write Information Mapp1ng. Lexing-
ton, Mass.: Information Resources, Inc. .

Keller, Fred & Shoenfeld, William., (1950). Principles of
Psychology. New York: Appleton-Century-Croft, Inc.

Le Xuan & Chassain, J.C. (1981). Topdown Conceptual Analysis.
Montreal:; Pedagogical & Technological Innovations.

Lumsdaine, A.A. (1963). Instruments and Media of Instruction,
in Gage, N.L. (ed). Handbook of Research on Teaching. Chica-
got Rand McNally, 1963, :

Lumsdaine, A.A. and May, M.A. (1965). Mass Communication and
Educational Media. Annual Review of Psychology, 1965, 16,
pp.~47‘5-534l ' | [») ’ |

McKeachie, W.J. (1963). Research on Teaching at the College
and University Level, in Gage, N. L. (ed), Handbook of Re-
search on Teaching. Chicagos Rand McNally.

_ Mechner, Francis. (1964). Behavioral Technology and Manpower
. .

Development.. Nev‘Yofka Basic Systems, Inc.

Orr, Ken. Structured Requirements Definition. Topeka, Kansas: .
Orr, Ken and Associates, Inc., 1981,

Phenix, P. H. (-1964) . Realms of Meaning. New York: McGraw-Hill.

Ramamoorthy. C.v. (1974) Reliability’ and Integrity of Large
Computer Program. Infotech State of the Art Paper 20.

i A
4

-94.



/

!

of
¥

RoQiszgwski. A.J. (1986);]ﬁ§velopingAuto-Instgéctional Ma-
terials. New York: Nichol's Publishing. {/ '
Classroom: The

Silberman, Charles.E. (1970. Crisis in the
- Remaking of American Education. New Yorkufondom House,

Smith, ;.D. (1964). Knovledge of Results of Various Tech- -~
niques in Presenting a Filmstrip on Factd}s in Immedijiate
Learning and Retention. U.S. Office of Fducation, NDEA .
Pitle VII, Préject No. 719, Greenville,/ South Carolina:
Bob Jones University, 1964.

Stolurov, L.M. (1962). Implications of Current Research and
Future Trends. Journal of Educat ional Research, 1962, 55,
- pp. 519=527,

Thiagarajan, Sivasailam. (1971). Pfro ramée‘gur le Processus-
7
de Programmation. Montreal:s Lidec, Inc.

Underwvood, B.J. (1966)., Experimental Psfﬁ;élogx. New Yorks
Appleton-Century-Croft, 1966,

L



APPENDIX I Yoo

-

)

¢ SLIL PATLLCATICAL PRC-12tar 1STTLL TO CrrL!'I'LTICS

Appendix 1 [re-Test Circle the right answer B"u’ zuﬂﬂ‘ﬂ—
Lfre-Test Lircle \ i,

1. Which of the following symbolizes (represents) an ordcred pair?

a. Ja,b) b. la,b] c. (4,5) * d. (4&5) \
N 2. Which of the folloving represents a binary relation? '
a. (a,b)R b. aRa c. R(a,b,c) d. f{a,p) €R
EY Ay

3.. The folloving is an incomplete arrow diagram of the relation R

*is the brother of" in a set of boys: AsThp .
Hov many arrows are missing? )
5. 4 “b. 5 ©c. 6 d. 7 4o, \
’ Q™
p : 4. The dﬂail&ot the relation R = ((1,2),(2,3),(3,4)}) is
' " a. [1,2,3) b. {2,3,4) c. (1,2,3) d. (3,2,9)
: _ S W The co-domain (or range) of the relation R = ((1,2),(2,3),(3,4)) is
.0 [1.2'3] bc (2.3.4] C. ‘1.2'3) dO (3.2l4)
6. Wyhich of the folloving arrow diagrams describes aw of A .ih
Bl As l.'b'c) .nd B - ‘[1.2.3]0
a’ 1 ISJ. @ =] I—N—bl "
a De—=2 | b b 2 c bZZ a f————y2
. * gm—y3 - 7' e—M * . 3 * c——13
7. Which of the folloving arrow diag}mdescribes‘a mapping from a set h
'S . of people to a set of subject matters? .
) ;‘ A—>x A i Am——apx - . A x :
’ . & B—— b. B-—2)y . ¢. B y ° d. B Yy
: c"/g e c”/, c::
8. what is the operator or rule of the folloving L’ranstoﬂrmagion?
T 2 3 4 ~
- 5 6 7 8 - : S
a. Add 2 - b. Add 4 C. Md S 4. Subtract 2
9. Which of the folloving does not describe a function'}
a. £ 1 X——ax + S .
be g 8 X———mex* \ , :
. €. ht X——x =5 Y, :
. 8. j s x all y less than x '
. B \ )
lo. which of the folloving symbolizes an unordercd pair? -
a. fa,pl . . o -
b.  (a,b) . ’ . L
c. (a;zb) ' ) '
, d. (agb), :
\Y
2‘2\ , . X
+ 1] ' ~ ° ~
‘ =96~
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Pre-Test-2
Appendix 1 R e —

11. A graph G consists of three things. What are they?
a. A set of points, a set of nodes, and s set of vertices.
- S § t of points, a set of unordered pairs, and a function.
c. A met of nodes, a set of ordered pairs and a relation.
d. A set of points, a set of rules and a relation.
12. Hov many vertices has the fo.ilovipg graph?

“

a. Tvp
b. Three
c. Four N o

4

Five

d,
13. Qﬁ‘ow many nodes has the fonovi‘ng‘ undirected gra -

a. Mo . °

* b, Three
c¢. Four ﬂ{

d. Five
- = T .
14. How many edges has the following undirected graph?

»

-

a.” Four : { . . .

b. Fiv. " '

c. Six ‘ .

d. Seven °

. : | .
15. .What i« ‘the sum of the degrees of the vertices of the folloving
undirected graph? | -

)
o -
LB . . - <
o

a. 8 b. 9 c. , 10 - cd. 11
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‘Appendix 11 - ° .
SOME MATHEMATICAL PPE-REQUISITES TC CYEBERNETICS

Your (Code) Name Post-Test ' Circle the right answer

1. FKov many vertices has the folloving aqraph?
a.5 b. 6 c.7 d. 8 D .
2. Hov many edces? ' s
a, 5 % 6 ¢. 7 d. 8 '
3. Which of the following transforrmations is closed? 1 - .
12345  |4567 ABC ... % tcdef
a. ':'L b. L  Ge l ¢ 9 l
bcde 567 4367 ...9 aktcdh
4. A transformation is & kind of a

a. Relation b. Function c. mapping d. All of the above
‘S, Which of the folloving ir an ordered pair?

2., :4,H) b, 4,8 c. (4,B) d. (4&H) . 4
6. what is the set of operands of this tranformation?
T 11 2 3 4
s .
a. i1, 2, 3, 41 k. ir, s, t, u'
7. A relation can be . .
’ a. Cne=to-one correspondence k. Cne-to-rany correspondence
c, Nany-to-one correspondencé' d. All of the above
8. uhich of the follovino traneformation is sincle-valued?
~-112234 A kc 1 k) 1.2 3 A4
S MG SR SV VR S B v
9., The transform gion .
-]l 23 ' ‘ - - -
"6 72 8 9
a.n——n+6 E.Ne—=sn+5 con —s-n+ 4 d. n == n ¢ 2
' 10, ihat is thf rule of this function £? VAN
e
1——-—-04
2 ——p § , &, add 2 'b. add 3 c. add 4 d, add 5 _
* 3 ——at ' ) '
11. UVhich of the following dercribes a function? 5.
2 2 l——ar a 2 .
S s 2%t 2——pr te—p q t\ ]
\ . . C. d. e
3—>c 3—3t c—s5 "
. 4—d \4-—-9\; ‘ d/ d
~98- - A \ .
| ‘ .
o
L
Fy “x



12.

13,

14.

15.

le.

' 17.

(ot

Appendix T1

Which of the followino describecs a rapp:n*?
i—,-ﬂ

a. lFeter, Tor, Albert!.
b. {raris, Rome, Madrid!

What IS the range of the above relation? .

a. leter, Tom, Albertl

i -

iFaris, Rore, Madrid)

S = N

vhat is u'.s domain?

What is the co-domain of the relation represented by the Zolloving

diacrams .

[
o

a, {a,p?

b.

{1.'21

what ic the difference betveen a rolaixon and_ a rapping?

»

.
’ -

a. In a relation each merber of the dorrnn rav’zero. one or more than
one imaces whereas in a mapping each merber of the first set has
exactly one-element of the second set paired with it,-

b.

In a relation each merber of the first ~et may not have more than
imaoces vhereas in a marpinc each member of the domain rnav have zero

one or several imaces,

The folloving is ap incorpletc arrov diagram of the relltxon.

sister of," in a set of boys and cirle.

“ohn

*ary

How rany arrowvc are rigssinc?

a. 1 b, 2 c. 3 d.

4

Jane

“je tm s

A relation I! is described by the follaving =ct o7 ordered paire..
P = {(raris,France), (ione,Italy),(: adnd Spnn)’

+1ts domain iss

L Y8 {larxs,
A relation

A got A
and a rule,

b, 4\ sot S

Rore, 'adrid!

i3

callod the co-dormair, a se'.

C. A first eet. a dorain and a rule.
d. & co-dorain, a second set and a rule.

~99-

b. 'F#ance. Jtaly, Spain!
'}"f composed of three t/hmg.. 'hat are they?
called the dormain, a =et P called the co-dcnnn or rance,

v

7 called tho ran-e.

and 3 mu)e,

———
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. Appendix III .

QUESTIONNAIRE. * Your Name:
l. Did you complete the course? —_—
2. Hov much time did you spend on the course? R
3, How much time did you spend on each sequence? : !
4. Is the material organized to promote learning? .
5. . Does the text give a clear picture of the subject? . -
6. ~Is the language iused clear & easy to. understand?
7. Are tha’'positive and negative examples helpful
in illustrating the concepts to be learned? P S
8. Does the format of the sequence (the organization
of the sequence into elements) favor scanning? .
9. Do the graphit cues (arrov diagrams and. under=-"ow.
linings) enhante learning through emphasis an
attention focusing? . ]
10. Do you prefer the format of this course to that
_ of the traditional textbooks?
i1l1. 1Is' the course helpful as a self-instructional
- material? - ——— ’
12. Does the course give you a clear idea about .
Instructional, Design is?
13, 1Is'this course easy to learn?
14. Is this course vell-structured for beginners?
15. Does this course provide a good progression from
simple to complex materials? . . ‘
16. Does this method of presenting information give .
confidence to .the learners? .
17. Does the content of this module give you any
‘help in studying nev subjects?
18. On the whole do you like this method of presenting -
information?
19, Wouldfyou-like to see all textbooks converted into
structures lessons like those presented in this
course? :
20. Other cpmments or remarks are velcome’ )
1 \
. \\ '
- & .
~ R Tamunnd
“ee - kY
» \\ »
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Appendix IV 1 Some Mathematical Pre-requisites.te. Cyh-m:tics

/_\

4

L

' DERSTANDING AND LEARNING

The Problem,
{

1

" A Solution

&

an

3.

.
a4

1

There is a close relationship betveen understanding and
learning. When there is no understanding there is no
learning, except perhaps rote learning. This viev has

been clearly expressed by many educstors and education-
al technologists. :

According to Skemp /1/, concepts of highu order than
those vhich a person already has cannot be communicat-
ed to him by a definition, but only by arranging for
him to encounter a suitable collection of examples.
And since in mathematics these eximples are almost in-
variably other concepts, it must first be ensured that
these conCepts are already formed in the mind of the
learner. In ¥ words, the lover-order concepts must
be present be the next: stage ofy abstraction is poss
ible. In Buil :? hierarchy (or structure) of suc-
cessive abstractiodis] if a particular level is imperfec
ly understood, everything from there on is in peril.
This dependency is probably greater in mathemétics
(and related subjects suc bernetics and information
theory) than in other mb}eu. One can understand .the
_geography of Africa even if one has missed that of Eur-
ope; one can understand the history of the nineteenth
century even if one has misséd that of the eighteenth;
in physics one can understand heat and light even.if
one has missed sound. But to understand algebra with-
out ever having really understood arithmetic is an im-
possibility. To learn csflculus vithout analytic geom-
etry and trigonametry i‘ not possible. .

Gigrié /2/maintains that readiness to learn is essential
ly a Junction ¢f the presence or absence of pre-requi-
site sinQ.igg/ "Ensure that the learner has acQuired
the pre-refuisite capabifities and w will be able to
learn. ¥When he is capable of task d and e, he is by

definition ready to leagn task b, and vhen_he is capab)
of t.Asxs P and ¢, he is ready to learn a:.

_ @ _@
L IRCHNC

What Skemp and GCagné vanted to say is: Before we can
understand and learn 4 nev concept, ve have to find
out vhat its contributory (or related concepts) are
and learn them first. 1In this book you vill find some
pre-requisite concepts to Educational Cybemetics. Get
acquainted vith them and look them up vhen you meet
them again in your textbooks /¥ .

.
k]
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Appendix 1V
2 E

Set and Element

Complement

Union & Inter-

section

Inplica“tion

Qulnu‘ﬂcr:

vy

~

~REQUISITES TO ﬂéLA'!'IONS' NCTIONS /& TPANSFORMATIONS

e start vithothe concepts of 'F" t and element taken as
understood. What is essential {s that given an object
ve must be ableé to tell vhether this object belongs
or does not belong.to the collection under study. This
fact vill be written as x € Sor as x ¢ S. If the set
is described by the naming of its individual elements,
it will vritten vithin braces {curly brackets), for
example as {1,2,3]. .Repetitions of an element vithin
a set vill be iqnond The empty set, that with no
elements, vill be npnuntﬁ E i or oy g,

Ir Evo sets are such that every element of A is also
an element of B, ve vrite A C B (read, "A is a subset
of B). 17 A and B are composed of the same set of ele-
ments ve vrite A = B,

Given tvo set A and B, the set A - B (read, “"A not-B)

is defined as consisting of those elements that are

in A.tut not in B, If A is some basic set that can be

taken for granted, B’ vill gignify.the set of elements
not in B ("but in A" is understood). B' is the comple-

2ent of B.

Given two sets A and B, their un o Written A U B
(read,"A union B” or "A cup B”), 18 the set of elements
that bslong either to A.or to B or to both. "

Their intersection, vritten A N B {read,”A inter B"
or "A cap B"), is the set of elemencs that belong to
A and also to B.

If statement p Mjﬁ statement q, that is, if p's
being true implies thatq must be true, ve shall vrite
p——q (read,”if p then q"). When both p—-q and q —p,
ve shall write pe——q(p if and only if q).

Phnsn that convey the idea of quantity are called
. For instance, “for 311 x" (¥Yx),“there
oxun ap x such that"(ix:) are examples of quanti-
fiers. The quantifier is called the unin!g
n » the quantifier exigts is called the
@, tia an » An alternative eapression for
there exists™ 1is “for. some.” N

1.  Say in your ovn vords vhat a set is.
2. Vrite in symbols, "P cup Q0" and "R cap Q."

3. Symbolize, "a is an element of A” and "if-p then q¥

1. A set is a collection of distinct objects.
2. PUQanda P N Q, . "
\30 a ‘ A .M p—.q- )

. =104~ : _
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3t OFDERED FAIRS

Introduction

Definition

Notation

Positive Example

‘g

In many places in mathematics ve need to distinquish be-
tveen the pair (a,b) and the pair (b,s). The usual tvo-
dimensional ‘graph represents these pairs by distinct

poO1ts unless, of course, a = b, Nhen the order of a pair

iz of importance the pair is referred to as an ordered
pair. .,
Lad )

An grdered pair of objects is a set of two objects for
vhich it has been decided which.is first in the pair and
vhich is second.

Two objects, a and b, separated by a comma or a semi-colon
and vritten vithin parentheses:

(a,d) ‘or (a;b) 1

iri vhich' 3 occupies the first place and b the second place
is called an ordered pair. . o

On a road map, one is often directed to find a location
by scanning the area designated by the pair of numbers
4,2, for instancg. This means that one can locate the
area one is looking for by following the horizontal boun-
dary until one reaches section 4; then follovs the verti-
cal boundary until one reaches section 2. Thus the di-
rection (4,2) locates a position on a map. Nov suppose
one is trying to find another position by scanning the
area designated by (2.4), vhat would one do? One would

R, 4

4,2

Ol=inv]w]lalw

212 {3lals
have to follov the horizoptal boundary until one reaches

- section 2; then follov the vertical boundary until one

reaches section 4. This direction (2,4) locates another,

' position on the map. These pairs of objects

(4,2) and (2,4)

in vhich the first object does not have the same meaning
as the second are called grdered pairs. Note that (4,2)
and (2,4) represent different squares on the map.

pu——
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+_ORDERED PAIRS-2 .t

-

Negative Example A set vhich is composed of tvo elements a and b for inst-
ance, is called a pair and is written

{s,b}] or (b,a)
tecause the order in which ve list the elements of a set
is pot important.

‘Exercises (1) To symbolize ordered pairs ve use_ braces or paren-
e thases? N\
¢ (2) 'what is s pair? / ‘
(3) %hat is an ordered ‘plir'l ) 4/.
Ansvers T - 1) vTo symbolize ordere8 pairs ve use parentheses.

(2) A pair is a set containing tvo elements.

« :
(3) An ordered pair is a set consisting of two objects
in a specified order.
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-4 1 RELATIONS

Introduction

Pogitive examples

‘a

Negative examples

The concept of RELATION is just as important as the
concept of SET. Relations are present noc only in
science and mathematics but also in everyday life.
We meet the concept of relation .vcryday vhen wve use
such phrases as: ~ .
iz a friend of ‘iz a colleague of vas born at
is in love vith live at vent to,etc.

&
Relations are very much in use in all scientifsfieldd
social sciences, physical sciences, and so forth. We
are familiar with such phrases as:

cost more than has the same income as feed oOn
has the same 1.Q. as has the same density as
has the same ethnic origin as belong to the same
race as weans the same thing as * etc.

Elementary mathematics makes tioqu.nt use of such
relations as: .. *

is a subset of
is greater than

is less than
is equal to,etc.

belong to set
is congruent to

The concept of relation iz so important in science -
that if ve had to summarize the goal of science ve
vould not be.vrong in stating that

Science is the study of relations.
1. Consider the sentence:
"Paul loves Jln.."

The verd "loves® which relate Paul to Jane in
a relstion. -

2. The folloving are some other examples of relation:.
«+. has the same age as ...
«ss is north of ...
+., depend oOn ...
ees is parallel.to ...
L3 WY iR ht’mn sle o and see

1. Consider the following groups of vords:
' "Paul Jane” : . ) -

" We cannot say anything about Paul and Jane because
of the absence of such verbs or verbal phrases as
*... is in love with,...,” "likes,” " hates",atc.,
vhich express a certain rolation betveen Paul and

Jlnc.
; A
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N
_ Negative example 2. Consider the sentence:
- (cont.) . .
“John borrows money  from the bank for his sister.”
Now, if we strike out "borrows”, this group of
vords wvould b.'ucarunquss. In other words, we
~ cannot describe or explain anythmg wvithout re-
’ lltIOﬂl.
~ Arrov diagrams J 1. c:maidqr the sentencet
o "Jo)hn is the brother‘of Helen.™

&

' ' We can represent (visualize) this relation “is
the brother of” in a set Of tvo people, a broth¢r
and a sister, by dr¥wving an arrov diagram starting
from John to Helen like-this:

John ———tﬂohn o‘r like this Helene—— John,

or like this John
A N ] B

Helen

/

from John to Helen. The arrow here means “is the

| . brother of". No arrovs have been dravn from Helen /
. to John because Helen is not the brother of John. Y

The arrov diagram here is complete vith one arrow. /,’

/

The important thing here is that the arrowv starts /

2. Examine the following sentence: /

s

*John is the brother of Peter." /

To represent this relation "isg the brother of* in
a set of tvo boys, we can drav an arrov from John
to Peter and as Peter is also the brothgr of John,
/ ve can drav another arrov from Peter .t John and

obtain the folloving diagram:

- John I —P Peter

i H:;c the diagram is complete vith tvo arrovs.

Definition At the elementary levpl wé@ can think of a relation
' as smthiﬂg vhich relates objects. It is like “Glue”
. ‘ * or "cement” which holds things together. It cannot
- be seen, touched or photographed but it can be repre-
k sented by. a verdb or verbal phrase.

Related concepts Function, correspondence, mapping, transformation,etc.
Some related rules 1. One cannot be conscious of one thing and one thing

-

. ’ &
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Some related rules * only, In order to have one, ve must have at least
(cont.) threet a thing, a relation, and another thing.
. For instance, to explain what "uncle” is, we must
° have three thingss (1) uncle, (2) a relation: is

the brother of, and (3) another thing: one's
father or mother.
v , 2. Two unrelated terms cannot exclude ¢ach other
. , (Hamelin). For instance, ve alvays something
- - froh something else. In other words, the excluded
thing must also be present beforeve can have an
exclusion, To suppress one term, the other will
disappear just as shadowv will disappear when light
/ vanishes{Hamelin). -

;o R «3. Without adding or subtracting any of the factors
n - in the composition of a thing, wve may utterly
v change the characteristics of that thing by chang-
7 ing the relations of :the_ vyarious factors to each
/ . other. For instance, coryvdcr'thé three names,
- "Ronald,” "Arnold,” and /“Roland“; they contain
J/ ] exactly the same letters, but the relative posit-
g ions of these letters - that is to say, their ,
o mutual relations of "before,” "after,” or “right"
K o and "left” - are different in each case, and utter-

, ly different wvords result(langer,1937). -
, &
 Exercises (1) Underline all the relations in the folloving:

a A

a. Mark is as tall as John.
b. 4 is the_gquare root of 16.
16 is the square of 4.
- d. “Animal~ is a subordinate of “"Living thznq.
e. Ottawa is vest of Montreal.

(2) Which of the followving statements is/are true?
. a. Without relations we cannot explain and des-
: cribe things and events.
b. We gcan describe and cxplain things and events
vithout relations.

. 2 €. Relations are something that relates objects
. ' <, T and are usually represented by verbs or verb-
. al phrases.
N : . d. Relations can be likened to “cement” oOr "glue”

which hold things together.

Ansvers to exercises (1) You must have underlined the following phrases:

»

. is’as tall as - is the square root of - is the
K ) square of -~ is a subordinate of - is v'sg of.

(2) (a), (), (d). )
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8 { CARTESIAN PRODUCT
u

Introduction We must understand the concept of a CARTESIAN PROD-
UCT to understand the formal definition of a rela-

p tion. Cartesian products (sometimes called simply
product gets) are so named in honor of the famous
French mathematician, René Descartes (1596-]650)

Positive and negative 1. COnsidor the fonoving situation:

examples
Paul is going to eat his lunch. He has the choice
of hamburger, sausage, or vegetable. After caung
the hamburger, Or sausage, or vegetable, he will
drink either tea or ¢offee. What are all the com-
binations of dishes and beverages he may choose?

¢ Remember, he is going to eat one of the dishes
. first, then drink one of the beverages.
8B

Here are all the pos:ibi.litiuf

i (hamburger, coffee) (hamburger,tea)
a . (sausage, coffee) (sausage, tea)
{(vegetable, coffee) (vegetable, tea) .

We may think of all these possibilities as forming
a set. This set has pairs for its elements, and
he Bet has six of these purs. For example, the
pair (hamburger, coffee) is an element of the set;
the pair (hamburger,' tea) is another element of
the set,etc.

What is the mat.hlmat.xcal significance of the above
situation?

We are given twvo sets: A and B,

Co A = [hamburger, sausage, vegetable)
. * @ T Bs coff... t'.‘
From these tvo. sets ve construct a third set of
six pairs whose first components are from A and
vhose second components are from B. This nev set
of ordered pairs is called the Cartesian product,
- orcrossg product, Or product set of A and B, denoted
| , ‘ by A x B (Read "A cross B*). A is the domain and
- B is the go-damain or gange of this Cartesian
* product. Note that the cross symbol x is also
- ‘ used to indicate the multiplication of tvo numbers.
< Hence ve may also vrite 4 x 5, read "4 times 5"
. ~ and not "4 cross 5",

There are several devices vhich make it posnble
to write out - without repetitions or omissions -
. ) all the ogder pairs whose first component is an
) clcngent of vhose second component is an e€le-
‘ nng% of B.

- -110- ' '
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Positive & negative
examples (cont.)

£YJ

\

Below is the first dovi}gc called arrov diagram:

coffee 7

tea

From each element of A leave tvO arrovs: one
tovard coffee and one tovard tea. We see six
arrovs altogether. To each arrowv corresponds

- an ordered pair whose first component is an
@lement of A and whose second component is an
element of B. The’ totality of these six ordered
pPairs is vhat wve have found by the intuitive
method. We can summarize thus:

A xBe= [(hoC)p(hot)u(l-C). (s,t), (v,c), (Vot)]

vhere h 'represents hamburger, ¢ represents
cotffee, etc.

Belov is a second device called Cartesian diagram:

@-h. (th) (hot) '

s |(s,e)|(s,t)
v {{v,e) (v, t)

Wl e t ks

LY

We can readily see the six ordered pairs vhose
1st camponent is an element of A and vhose ucond
component is an element of B.

Note the little arrov emanating fram the domain A
and tcmmaung at the co—dmun or range B.

Belov is a variant of the above dhgnm

AY [h}
E 3 7

c t B

Each star + is thew s vertical
line and a horizontal\l « There are as many

stars as there are ordered pairs vhose lsgt
component is an element of A and vhose 2nd
component is an element of B.

-111- - o
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. positive and negative 2. Consider the followimg Cartesian diagram:

_ examples (cont.)

Definition

Exercises

Y
FAE)

Ao ey SN

The set of ordered pairs' {(1,3),(1,4),(2,3)])
does not represent (constitute) the totality -
of the Ordered pairs vhose lst component is

an element of D and vhose sesond component is
an element of R. .

This set of ordered pairs is not the Cartesian
product of D cross R. Note that the arrov hére
goes from D to R.

o

3. Examine the following table: .

-1— 1xl | 2x1 .

1x2 | 2%2 3
e — .

LCE1-e

'n@ above four elements (objects) (1x1),(1x2),
(2x1), and (2x2) are pot ordeired pairs. They are
the-products of two numbers of a multiplication
table'and do not represent (constitute) the
Cartesian product of N cross N. Note that the
symbol x here is read "times"”. °

The Cartesian product or cross product or product
set of set A and B, denoted by A x B (Read "A cross
B* in that order) is the set of all ordered pairs
vhose lst component is an elemept of A and wvhose

2nd components is an element of,B. A is called the
domain and B, the co-domain OF range Of the Cartesian
product. Note that A x B and B x A are equal if and
only if A = B. .

(1) which of the following statemens is/are true?

a, The domain of the Cartesian product R cross
- .S is the set of the first components of the
ordered pairs that define it.

b. The co-domain or range of the set product
R cross S is the set of the second components
of the ordered pairs that define it.

€. An ordered pair is. a pair vhose first compo-
nent isg"from the domain and whose second com~
ponent is from the co-domain or, range.

)

hd -112-‘ - . N R [l
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Exercises (cont.). “42¥ which of the following thcnu iz/are true?
a. .Given two gets P and §, in that ordér, the -

totality of the ordered pairs whose 1st
N . o components are from P and wvhose 2nd compo-
.- nents are from Q, is called the cross prod-
' uct ‘-or Cartesian product of P and Q. °

b. The term "component™ is.used for*ordered
pairs and the term "element” is used for

. ilts.’ .
(3) Let A = (1,2 and B = {a,bl. Determine
a. A xB, and 2 ‘ .
b. B xA

(4) In vhat case are A x B and B x A equal?
o - | (5) lLet C = (m,n] and D = (1,2} -

a. Write the roster symbols for C cross D.
b. Drav an arrov diagram for D cross C.

Ansvers to exercises (1) They are all true. .

(2) Both are true.

. (3) a. AxB= ((1,a),(1,b),(2,a},(2,b)1 .
b. BxAs=s [(!Ol)l(.pz)l(sgtl)i(biz)]

(4) ¥When A = B. : ‘
(5) a. € xD= ((m1)y(m2),(n,1),(n,2))

’b. @_E]X@-,,@ . ',

° SR -113-
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Positive examples 1. A farmer inventi?ating the wdy in which the:growth
. of young chicks is related to their age veighed
a chick every month until it has reached the prop-
er size. The folloving table records the veights
. # in xilograms. . "

' @ Age 1 | 2 3| 4 s | 6 | 7
" (@~ weight|.371.0 |1.5]| 1.8 | 2.0[3.0]3.5 '

This table specifies a set of ordered pairs of
numbers, the first number in each pair being
the age, and the second numbér, the weight of
the chick. \

: : This set .of ordered pairs [1;.3),(2;1.0), ... }
- . is called a bin elation from A to B. The set
. - of all the first components of the ordered pairs
- 1- the domain of the relation, A in this case;
- and ‘the set of all the second componnnts or co-

. ordinates of the ordered pairs is the co-domain
or range of the relation.

o . 2. Consider a sef of countries C and a set of capi-
tal cities N

-

c = (Canada, France, Laos!
r = {Paris, Ottawva, London}

the relation "... is the capital of ..,", and
its arrow and Cartesian diagrams: .

- @-. Paris .---©
: Ottgvi .
London

Canada
France
Laos

—,

. (:} Paris (Paris,France)

(OtLawa,Canada)

. Canada France __ﬁLaos

- & o)

To each arrov of the arrow dxaqrtm corresponds

* an ordered pair and to each filled-in Rlock of
Z thé Cartesian diagram corresponds an ordered
: . . pair. We therefore have a set of twvo ordered
pairs in all, (Paris,France),(Ottava,Canada).

N
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1

Positive examples This set Of ordered pairs x: a subget of thc
(cont.. ) Cartesian product of F cross C (F % C)l.At i ;
: the binary relation *.. is the capital of ...‘/
: from F to C. ,

3. Nowv consider the relation ~... has visited ..."
[ from P to C and the «rrov diagram of this rela-
. tion:

° * . -

~ 0

(©~+| canada Paull...(®
s oh e} sonn
N

On the diagram ve sée four arrows vhich corres-
Py pond to four ordered pairs (Paul,Canada),
(P.ul. UOSOA')' (JOhﬂ.U-s.A-)o ("lrk."’xi@o).
. This set of four ordered pairs is the binary
- -~ relation ",.. has vilitcd vee™ from P to C,

. 4. Consider the following diagram of the toxatxon
®.ve. is greater than ..." in a set N.

The three arrows correspond to
three ordered pairs (4,2),(4,3)
and_(3,2). This set of ordered
] paits is the binary relation
0 ".e. is greater than ...™ in
i Nl

Negative ex l;lcs ?g. Examine the folloving sentence:

"Anatole teaches philosophy at the University.”

The- verbal phrase "... teaches ... at ..." re-
lates three Objects: Anatole, philosophy and
University. It is not & binary telation but a

‘ternary (d;igd;h ar th;g ary) gelation.
2. The verbal phraso ‘.a‘ borrobs wer TEOM oo
for ... " in the sentence
=John borrows money from the bank for a friend.”

relates four obJectss Johﬂ. nonoy. bnnu and friemdy
I\\f) a guaternyry of four-ary relation.

3. "Parisusis noisy."

£

. - The verb "is™ here rclat;;-ncx:y {vhich is not
] an object) and Paris. This type of rolatiou X °

is a unary relation. |
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o

Definitions i, 1.

Bingry relations may be denoted by upper-case
letters such as R, G, T or any other symbols.
1f tvo objects x and y are in the relation R,
G or T vith each other, this vill be denoted

by
xRy x Gy or xTy.

If the letter R represents the relation “is less
than", then the notation , .
1.

w xRy

means "x is less than y.™ Note that instead of
writing x R y wve can also vrite

R(x,y) or (;:.y) €R

Three~ary, four-ary and n-ary relations may ablso
be denoted by such letters as'R, G, T or any other
symbols.

1f three Objects X, Y and z are in the relation R, ‘
then we can vrite

R(x,y,z) or (x.y'l.z) € R

It four objccts'v. X, ¥ and z are in the relation
R, then we can vrite

R(v.x.y.z)ﬁor (v,x,y,2) €R

etc.

At the elementary stage we can think of a binary ™
relation as a relation relating two objects; a
ternary or thrce-gry relation as a relation re-
lating three oObjects,etc.; and a unary relation

as a relation connecting an object with itself.

i’y R More sophisticatedly

2.

A relation R on a set S is the subvet of S x S}
that is, a binary relation isx a et of ordered
pairs. The set of the 1st components of the pairs
is called the domain of the relation and the set
of the 2nd components of the pairs is called thc

' co-domain Oor range of the relation R. . N

~

A relation R betveen sets A and B (or a relation
R from A to B) is a subset of A x B. Set A is the
domain and B is the co-domain or range of R.

[

.
0

[#e]
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-, Exercises

s

Ansvers to exercises

)

~

;

57

(1)

(3)
(4)

(5)
(6)

(7)

(1)

(2)

(3)
(q)
(5)
(6)

(7)

What relations are suggcsted by the following
sets of ordered pairs?
)

2

a. {(France,Paris),(Japan,Tokyo),(Spain,Madrid)}
b. [(ntpp.go).(slow.fast).(clcver.stppxd)i
Which of the following statements is/are true?

a. A binary relation is a relation relating
tvo Objects. " .

b. A binary relation is a set of ordered pairs.
c. A binary relation is a set of objects.
Binary relations require how many objects? ‘

t
Ternary relations?

N-ary relations? .
Find the domain and the range of the relation Ri
R={(1,2),(2,3),(3,4))
What does the notation-

~ aRb

mean if R represents the relation ... is north
of ..."?

a. "... has for capital ...".
b. "... is opposite of ...".
They are all trve.

Twvo objects.

Three objects.

N objects.

B
The domain of R is {1,2,3) and the range of R”

is {2,3.4).

“a is north of b, ‘o
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Introduction-

Positive axamples

) function is a special relation. In the classical

o,

‘sense it vas a rule that assigns to a number, another
number. In the modern sense, it is a rule that assigns

toO an element Of one set an element Of another set.

1.

Is

2-

Consider the collection of students vhom we shall
call set S, and a collection of chairs in a class-

room vhich ve shall call set C. As each student
enters the classroom he is assxgned a chair by

the teacher.

s (',10”-';. s ,ln}

We @an see that each student is a:nxgned ong and

!

C‘ 2C30Cap oo .Cn]

one (tyn.u. unigue) chair.

" Here the ddnuin is the set of student S and thc

cn-dc-ain or range is the set® of chairs C.

When this information is written as a set of
‘-ordered pairs, the result is a {ungt;on.l rela-
sion or sinply fu gg;xo .

The rltc of postagc on first class mail’ vxthxn

Canada is giveh in the dxagram belowvt

PR——Y

&

17
27
42

R

P\

W being the set of weights in ouncesx,
P being tho set Of "amounts” in cents.

To each olcncnt of W (the domain) there corres-
pords a unigue element . of P (the co-domain or
. range), and ve say that the voxght determines

poctago' lnd ve write

u-—-—a P or

T4

The precise relation«hip i< given if wvn write
down the set of corresponding ordarad pairs
{(2317),(2527),(3:42)). This set of ordered
Pairs describes (defines) a

or function.

Congider the relation rcproscntcd by the follov-

ing dxagtln:

Weight —* Postage

functional gelatxén
- e
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Positive examples

27

- (cont.) .
. o / » o
. & 4.
@ ) F‘ »
»
Negative examples 1,

¥

A @ B

1l =l *l1'-is the square root of *1°

2 |———b] 4 '2° is the squire root of "4’

3 pP—r9]-: '4' is the square root of '9'
To each value of A there corresponds a unique

value of B. The set of ordered pairs ((1,1),(2,4),

(3,9)] is a functional relation or function from
A to B.

2}
@

The ollowing diagrams represent functions:

@ ¢ 2 @ O

1 |— a 1 ] 1 S !I
2 A v 2 b 2 P :
c

A unigque arrov leaves each slement of the domaing
that is, every element of A has exactly.one ele-
ment Of B paired vith it. This can also be trans-
lated by the following scntoans (statements or
propositions):

.,a. No element of A can be the tirst component

of more than one pair; 7

b. Each element of the domain is associated
with one and only one element of the¢ range;

c. No tvo distinct ordered pairs have the same
first component.

Note that tho above statements describe some of
the critical properties of functions.

The following diagram represents the relation H
®.s+ is the husband of ..." from A to B in a -
polygamous community:

TwO arrovs leave each point of the domain; that
is, each element of the domain is associated vith
more than one.element in the range. The relation
H here is not a funct:on.

u

¢
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Meaative examples 2. Exomine the relaiions represented ty the follow-
{cont.) ina diasgrame: . ,
®» ©® 6 6 ® @
> .
(1) |1 (2) ——;b (3) .
N - ﬂd
. ’ ! In (1) three arrows leave the only element of A.

In (2) one element of \ is firet component of
tvo ordered pairs as shown hy two arrovs eranat-
’ ing fram A. .
: . In {3) no arrovs leave point *1‘ of A; that is,
: one alement of A is associated wvith no element
' of D.-

They are all ordinary rolations and not functions.

‘Notation 1. It ix a common practice to reprerent a function
- . ' ty the letter f. Fut any letter or symbol will
do and the most popular ones are f, ¢, h, %, G,
and H. 1f x is an clehent of the domain of a
‘function-f, then the ohject which f aseociatex
vith x igc denoted bty f{x) (read “the value of
f at x* or simply f at x", or "f of x").

- Consider the function of §.
[ @
Wy s-2x + )

’ In functional notation, this would're vritten as
£(x) = 2x + 3
In other vords y = f(x).

, ‘ ®  Functional notatfon i« expecially advantacicoux
o . vhen we wich to indicate the value of the funce
tion y vhen x take< o specific value, <ay x = 1.
' For the akove exomple, v =ns that vhen x s 1,
y=2x+3
rx - s 2(1) + 3
= 2 ¢ 3
s 5 ——
/ Rather than vrite this , wve cun u<e the «impler
: notation ' ‘
£(1) = § "



Appendix IV
7 s+ FUNCTIONS-4

Notation' (cont.)
*

Some definitions

2.

L

3.

1.

3.

“~

Find g(2) if g(x) is the function defined by
Lthe formula

gix) = % «2x &

Solution. Whenever a formula is givnn‘for 9(x)

.and ve vant to find g(2), ve wmerely replace

x by 2 in the formula and compute in accordance
vith formula. By definition

"pix) = é ¢ 2x3 hence g(2) » g e 2(2) = 8

The above function
gix) = 5'4 2x

may be written in any of the following vnst'
' 2
a. ye=g3 ¢ x

b. gt X——sY (Read "The set X is mapped, by means
of g, onto the set Y). It is the
function vhose values are given

gix) = % * 2x

c. gi(x,y) is the function vhose ordered pairs
‘ are (x.% + 2x) —

d. ((x,y)/y -&i + 2x
but the most uselul notationskart
ys 5 +2x & gix) = g * 2x
A function f is a relation betveen twvo sets:’

a. a set X called the domain, and

b. set ¥ called the co-domain or range, and

€. a rule vhich asgigns to each element of X a
unique element of Y.

A function £ is a'set of ordered pairs (x.y)
such that

a. x is an element of a set X,
b. y is an element of a set Y, and
€. NnO two pairs in f have the same 1st componcﬁt.

I1f, in a relation, to every elegment of set Called
the damain there is assined exfctly one @lement of
ailct called the range, then relation) is a func
tion. :

[



Appendix IV

7 1 _FUNCTIONS-%5

Exercises (1) State vhether or not each of the followving arrov

L . diagrams describes a function of A = (a,b,cl into
‘ \\ (B L (h.2.31.

(a) (b) - (c) s R
2
| Eu b

(2) 1In each of the folloving, decide vhether or not
the given set of ordered pairs describe a func-

. tion.
- a. [(1;0).‘2.2).(3|1)]
‘ b; {(1.0).(1'1).(1'2)1
) (3) Which of the following does not/do not describe
a function/functions, vhen x R y? N

8. £t Xommwaax ¢ 5 ¢

D g 1 Xewoeaax®

€ N1 Xecoauwax - § T\
d. f 1 X-=-=-=-sall y less than x.

o

(4) Specify the domain and range of the folloving
functions vhere X, f(x)¢e¢ R (real numbers)

8 ) X=mcesduX
b f | Xewewoux?
Ce £t XeemameeuiXx

h N ' : (S) Read the following notation
f § Xeomeocasesf(Xx)

(6) Determine if the following relations are func-
tions. If so, indicate the domain and range.

a. (#q.z).(x.S).(1.4)l-
bo [(2.1).(3.1).(‘.1)‘

(7) If f(x) = x® = 1, £ind £(-1), £(0), and £(1) and
complete the following table: .

x J -1 0o 1 :

e tx) |

(8)  what is a function? 4

. 4 ]

1 B L

Ly ’ P
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_ 7t _FUNCTIONS-6

Ansvers to exercises

™~

(1)

(2) -

(3)

{4,

(s)
(6)

(7

(8)

-

- -

v

a. No, because to element b of A is assigned
no element of B. »

b. '‘No, because to element c Of. A are assigned
tvo elements of By 2 & 3.

C. Yes, bacause to each element of A is assig-
ned a unique element of B.

a. Yes, because different ordered pairs have
different first components. )

b. No, becaause all the three ordered pairs
have the same first components i .

d. Because it is a multiple-valued relation;
that is, to every x of the domain X “are
assigned many elemerits of Y,

a. R (real numbers) .

b. R . -

€. Non-negative R , .

“f takes x into f at x” or "f takes x into ¢ of x".

a., Not a function, because the distinct ordered
pairs (1,2),(1,3), and (1,4) haﬁiiEE:/samc
first camponent.

b. Is a function, since no two distinct ordered
pairs have the same first component. The
domain of the function is [2 3,41 and the
range is (11. ’

Since f(x) = x* - 1.
£(=1¥s (~1)? = 1.« 0
£0) a 0 = 1 = =} .
£(1) = 22 = 1« 0
The completed table is
x -1 o 1 ' .
y = f(x) O a1 0

A function f is a relation betveen tvo sets:

‘a. & set X called the domain,

b. a set Y called the range, and

€. a rule vhich assigns to each element of X a
unique element of Y.

-123-
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Appendix IV

8_MAPFINGS

Positive examples 1.

Q

2.

3.
Negative examples 1.
~ 2.

o

Introduction A mapping is another type of relation and is a synonym
. : of function. -

Consider a set of chhdrc'n C, a set of adults A,and
a relation f ... is the sonof ...” fraom C to -
A represented by the following arrov diagram:

c 4 — A

Peted ——>| Dupont]

John | ———ee——uq| ROger
Mark | —~————————] Wilson

From each element of C leaves One and onlv one
arrov. The relation f here is a mapping of C into
A. This can be symbolized as -

f 1 C——sA (£ maps C into A) .

" We see that it behaves exactly like a function,

except for the vocabulary used to describe it.

The relation ¢ represented A—
by the diagram on the right .

is a mgpping. Each element g x 1
of A has a unique image. It ; 2
is also a gunction. _u—-

The relation h represented A
by the diagram on the right

-—_—h—.a
is a mapping. x| ———six
—_—x
x
h

x

One-and only one arrov orig- |
inates from each element of
A. It is also a function.

Look at the relation h repre-
sented by the diagram on the
rights The element *1* of the
danain A has no image. Thi« :
is ;t\:ovniby ;.hc absence of an | 2 | ~———a{ b
arrov going fram “1™ to an ele —y)

ment of the range B. 3 S

A ———B

The relation h here is neither -

a mapping or a function. ; a

Examine the relation R represented by the following
set of ordered pairs:

Rs=s [‘1.2).(1.3)'(1.4)1

e
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' _B 1 MAFPINGS-2 [

Negative qunples
(conto )

{’l..

e

Definitions -~

3.

We notice that the three ordered .pairs have the
same first component. This is neither a mapping

or functjon.

The domain pf ‘the relation *... is the mother of"
is a set of all pecpla of boeh« sexes. 1s this
relation a mapping?

No, btcauao there exists at lilst one element
in the domainfvho is male and a male cannot be
the mother of anybody.

The folloving are some of the acceptable definitions
of a mapping.

1.

3.

4.

A mapping m from a set A int.o,a set B'is the
relation or rule that associates a unique ele-
ment Of B vith each element of A. Such a mapping
may be denoted by m 1 A——>) B vhere the rela-
tion is written m(a) = b. The element b is called

- the image or correspondent of a under the nuppxng

®m. This implies that i
1. If & is an element of A, then there is exact-
ly one element b of B such thatt b = m(a);

2. Every elament in the image set B does not have
to be used under the mapping m; and

3. "3t is possible that. two or more elements of A
will be paired with thc sare element b of B.

'A relation £ from a set A into a set B is said to

be a mapping from A onto B, denoted by
£ 0 A onto »B

if every element of the set B is the image of -ﬁ
elemant of A.

A mapping g from a set B into a set D is said to
be one-to-one, denoted 111, if distinct elements
of ' B (here the domain) have distinct images in
the range D.

This third definition implies that:

1, If g is a one=to-one wapping from B into D,
then each element of the domain B is associa~
ted with a unique element of the range D.

2. A one-to-oOne mapping must be both into & onto.

A mapping £ is a function if to each element of

its domain there corresponds a single (unique
element of the range. o

-125- ‘ : ‘
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8 1t MAPPINGS-3

Exercises

o

MAPPINGS-3 "
.
(1) The folloving diagram represents a rklationr

a. Explain wvhy this h% mapping fram P to »g%\
b. What is the domain?
c. What is the co-domain or range?

(2) The folloving arrov diagram does not represent @

~ a mapping because two requirements have not
been fulfinod. what are thnso requi rements?

{3) which of the tollowing disgrams nptcscnt a v
one-to-one mapping? Explaln.

A B A B e

—— .
a. -— =3l b b. ,_:‘_'_—a]}
—3\ < at/ )

(4) which of-the following statcments is/are true?

a. Function and mapping are :ynonyms.

b. A mapping is a set of ordered pairs vhoee
first caomponents are elements of the domain

. and vhose second components are elements oOf
the co-domain or range, and no two distinct
ordered pairs have the same first components.

{(5) what is the difference betveen s mapping .na
a simple ulation? .

(6) 1s a wmany-to-one relation a l.ug'ﬁbinq? 8

(7) 1s a one-to-many relation a mapping?
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8 3 MAI'T'INGS-4 MAPPI!\‘Cﬁ-ﬂ

Ansvers > (1) a. A single arrov leaves each element of P.
b. The domain is the set P.
. ¢. The co-domain or range is the set S.
) (2) Two arrovs leave the element "Albert" of i:o
: domain and the element "Susan® of the domhin

has no images. .
(Or equivalent ansvers)

(3) The diagram (b) represents a one-to-one mapping,
because each element of A is associated with g

¢  unique element of B and each element of B is
associated vith a unique element of A.

- (Or equivelent ansvers)
(4) They are both true.

-« -

(5). The difference betwveen a mapping and a simple
relation is that in a mapping “each element of
the domiin has one and only image.™

. ‘ (0r equivelent answvers)
. (3) Yes. . .
-, . ‘6) Noo
’ L]
L4
t -
" Al
', N, . .
) S
>

n
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9 3 CORRESFOMDENCES i .
Introduction We have seen that the elements Of One set may usually

be assigned arbitrarily or by some rule to those of
another in various vays. The resulting set of ordered
pairs is, of course, called a relation. A ccrrespond-
ence is another kind of special relation. To scme o~
avthors correspondence, function and mapping are
synonyms and others they are not.

Positive & negative 1. ‘m\‘r;lations represented by the diagrams below

" exanples areunctions or mappings:
‘ A———»B o
n ?
o a ——t | 171
, : b ——————2 b 2
-, C=———s] c ; 3
Q
. " o Each element of the damain corZsponds to exactly
. one elements of the co-domain or range. They are
! also gorrespondences.
2. The diagram in t.hc‘figun A D -
. . on the right represents a . ‘
relation that is pot a, a =]
. . correspondence, since some 2
of the elements of set A, R
) in this case “a" and "c", C = >3
a are assighed to'more than 4 ) .
one elements of the range.
. - 3. In the figure on the right, A-Cy +B
. each element of A is paired - .
N ) vith exactly one element of a ¢ . >1
. . B and .each member of B is b .2 .
‘ ’ \ paired with exactly one ele- * .
ment of A, as shown by ce -3

+o—rdouble-headed arrovs. This
is a one-to-one correspondence or mapping, denoted

1:1. v »
. ) 4. The diagram on the right A |
. . represents a many-to-one .
l correspondeance or mapping. a .
. A is the domain and B is b 1 '
) the co-dokain or range
. : o — LT of the cofrespondence. c o
| ) ; S. The diagram on the right A — B -
. does not rcpresent a cor-
. respondence but a one-to- /1
. 5 many relation. a2
, 13
e -128‘
- . { ‘ .- ' ’
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. & .
9 1 CORRESFONDENCES-2 . ’ o .
- ‘ ﬁ
Positive & noqati{ro 6. The diagram at the right A -l
‘ exanples (cont.) - does not represent a 7

y : correspondence, since “c"_~—wa -1

’ of A is not paired vith 5 2

' . any celement of -B. This . ¢

+ is a simple relatjon. ‘e

Dcfin;tion.s * o, Lat T and U be non-empty sets. A correspondence

R in T into U ig & rule or lav that assiqnR~to
LT each element t of T one and only one element
I ) . of U. This correspondence R is denoted by

t-—-n—ﬁu. t'€Tand u €V

. - . .
[ P
PN a

[

% ¢ . ' i If "t of T corresponds to *u* of U, then “u~
‘ is called the image of’“t” and "t" is called
3 the pre-image of *u~. &

. 2. If each element of A is paired vith exactly one
element of B and if each element of B is paired
with exactly one element of A, then R is said to
be a one-to-one corrnpondcnco. tfunction or

. nppim- ) .

. 3. 1If more than one element of A is pair#d vith
. ., : one elament of B, then B is said to a3 many-to-
one co"cspondcgtcc. function or mapping.

Exercises . (1) The function £ = ((1,2),(2,3),(3,4)) is a cocres-
pondena. ) i
o
~ . a. What is its domain? . o
- , B b. What is its co-domain or range? ~ _ .
c. Is it a one~to-one correspondence? Why?
‘ ‘ (2) Drav an artow diagram to 'nprcunt the followving
g . . relation R » (‘lhtz’n‘203)0(312)0(4o3”
} a. Is it a function? why? ' , -
" F - " b. Is it a one-to-one corréspondence? Why?
. < . (3) Which of the folloving diagrams r"cpr_ogonts a
) onc-uPo\c correspondence?
by .
t & , b. ‘Q———'—'x
o N 1 ?
o t,>» 2 y
g
[ 4 .
L 4 ~ “ «
\ s ! ? .
- e . [
-129- . ,
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Answers to exercises
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9 3 CORRESPONDECNCES- C e

(2)

w 3 {

.x, — -
. . )

| . .
! (l)'}{) &. (10203'
b (2.3.4}

c. Yes, since each first component occurs only
’ once in the set of ordered pairs. and each -
- second coponent occurs once in the set of
ordered pairs.

(0r equivalent answers)

b»z . )

cns—— Y

—_—

-

a. It is a function, because One and only one
+ arrow leaves each slement of the damain (the

first set). . ,

b. It is not a one-to-One correspondence, because
some second camponents occur more than once
in the set of ordered pairs.

..{lor equivalent answvers)

(3) ' (b) represents a one-to-one correspondence, since
. each first component occurs only once in the

e set Of ordered pairs, and each second compo-
nent occurs once in the set of ordered pairs.
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“20_1_TRANSFORMATIONS L : o

Introduction To have a relation, a function, a mapping, or a

correspondence, we need tvo sets Of objects (which
may actually be the same), and a rule or lav which
associates each element of the first set vith an
element of the second. To have a transformation we
heed tvo sets Of Ob ects and a rule Or lav. The only
difference here iz that the domain here shall be
Called the set Of operands, the co-domain or range
the set Oof transforms, and the: rule or lav shall be
called the operator vhich we borrov from Ashby*®s®
famous book "An Introduction to Cybernetics”. 2

Pogitive &L negative 1. Consider a set Oof operands O = [pale skin, cold
exanples 2011, unexposed film!, a set Of transformsg T =

]

{dark skin, warm so0il, exposed filml, and the
Operator R ... is changed to ..." which relates
esch element of O to exactly one element of T,
. giving the folloving set of ocdered pairs wvhose
. first components are element of O and vhose second
. components are elements Of T»

i(puo skin, dark skin), (cold soil,vamm soil
(unexposed film, exposed film)} ¢
&

Another vay of .xh‘ibi‘t.inb the relationship here

‘is to write o
Operands >Transforms
, Pale ¥kin — » Dark skin
° Cold soil > Warm g0i)
) Unexposed film = » Exposed film

The symbOl ~———s can be read in a variety of wvays:

"under the influence of sunshile, pale skin is
changed to dark skin”, or “under the influence

of sunshile, pale skin is transformed into dark
.Kiﬂ-..tq. .

; The above set of ordered pairs is called a Lrang-
. fommation. or function, magping or correspondence.

2. Congider the set of letters of the’.lbha’bot and
the operator T "... turns to the One that follovs
it ...", and the set of ordered-pairs:

A vr———— 13 ' o5
!——-—-——’c

e———p A

131
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10 ¢ TRANSFORMATIONS-2 c ;o ——
Pogsitive & negative The above set of ordered pairs vhose first compo-
sxamples (cont.) nents and vhose second components are elements Of
. ., the same set Oof the letters of the alphabets:
{(A.B).(B.C’. (C-D’. see ‘
is called a transformation, function, mapping, or
- . ) correspondence
For convenience of printing, such a transfogrmation
. can also be written thus:
A ] e 4 , " !
) U .
. P c e A
3. If the operands are 1,2,3, and 4, the transforms
4,5,6, and 7, and the operator is “add three to
( | it", the transformation is the set of ordered pair .
; _ o 1 2 3.4
/ d 4 5 6 7 o
4. The transformation .
- } A B ¢ D
B A A D
o vhich converts each operand to only one transform
‘ ; . is called a single-valued transformation, or
) . function or mapping.

S. The transformation
P ' . ¢ D
BorD A BorC D
vhich converts some of its operands into more than
~ ’ one transform, is called a multi-valued tranxforma:
: tion or relation but not function or mapping.

6. In the folioving single~valued transformation
the transforms are all Hifferent from one another:

lAacn'z‘r
B ¢C D E F G

.1t is a one-to-one transformation or function,
mapping, or correspondence.

o ' -132-
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N 10 + TRANSFOPMAT1ONS-3

Notation

&

When it is not convenient to write transformations in
full, ve use three dots ... to represent the transform:
that are not given individually just as we do with sets
For example, the set Of positive integers can be writt:
(1.2.3. eeow ].

Often.the description of a transformation is made simplt
by some relation or rule that links all the operands to
their respective transforms. Thus the transformation

1 2 3 4
-] 6 7
can be replaced by the formula
Operand ——eOperand plus three
or by
Ne—bn ¢ 3
vhere n represents an operand.

We can also use another symbol which resembles the one
we use for functionsz. If n is the operand, and trans-~
formation T is applied, then the transform is repre-
sented by T(n). For example, .

The transformation

ll 2 3
7 8 9

can be condensed into .

oy ¢ 6

The transform f is Noter We must first find theruls

1 2 3 vhich in this case is
4 nl n + 6,
6 12 18 ' ,
f can be condensed into
i n—n x6 5
Note that the rule here is n » 6. .

-133- .- .
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" 10 | TRANSFOR'ATIONS-4

Notation (cont.)

\

TRANSFORMATI ONS~4

Instead of vriting .
n—s?f + 3

We can also vrite \t ' R
n s ne+l

Similarly

> ‘Can also be vritten

,
i
a4

Dc!;nltion

‘' n* e nx6, etc.

Let O be a set of opcunds and T a set Of transforms.
A transformation G is a set of ordcud pairs (o, t)
such t.hat -

a. © is an element of get O, ——
b, tis an element of set T, and ?
c. an op.ntor which assigns to uch element of O

at least an elament of T.

A one-to-one t.unsfoma'tion is a function, mapping or
correspondence.

A many~to-one transformation is also a function, mapp-
ing or correspondencs.

-

K one-to-many- transformation is not a function, mapping

r

or correspondence but a relation.
A transformation can be symbolized by such formulas as
Operand ——>0Operand plus four

.0r by n—en ¢+ 4, vhere n represents an operand.

or by n* ‘aneaq.
A transformation can also be symbolizcd ty the notation
we use for functions:

G 1 Do G(n)

(Read “G takes n into G(n). ~ ,

=134~ o
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310 s TRANSFORNATIONS-S

Exercises (1)

(2)

(3

N : @

(s)

(6)

A function consists of three things:

1. The domain ——
2. The co-domain or range, and
3. A rule

A transformation also consits of three things. What
are they?

What is the operator of each of the fcllowing trans-
formation?

a. T ,1 2 3 4
s bs & 2 8 .
b. T 11 2 \3 4
3 6 9 12 .
c. T ll. 2 3 4
1 8 27 64

“

Condense into one line each of the folloving transe-
formations:

a. 1‘11 2 3 a

5 6 7 8

b. 'rlx 2 3 4
. 31 6 9 12 .

c. T Jx 2 3 4.,

1 8 27 64

d. T ‘1 2 3- 4

¢l 14 21 28

Write out in full the trnﬂgfornltion in vhich‘thc
operands are 1.2{ and 3 and in vhich n* s n - 3,

Given the set of operands O = (4,5,6! and the rule
{or operator) "subtract 3 from it". Write out the
transformation in full, .

Which of the folloving transformations is/are
single-vajued?

a. T |A B C D E
B C D E F

~-135-
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10 3 TRANSFORMATIONS-6

tx;rcius
(cont.)

Ansvers

(7

(1)

(2)

(3)

(4)

(s)

(6)
(7)

n.i'ra B € D E
BorC A D E A

Construct and describe the transformation in R
determined by the following mapping:

X f(X) @ X * 3
A transformation consists of three things:

l. The set of opennés
, 2. The set of transforms, and g
3. The operators

a, "add 4 to it"
b. "multiply it by 3"
€, "raise it to the 3rd pover”

a. n" = na+'4 ,

b. n' = 3n
c. n' «n?
d. n'= 7n
11 1 2 3
-2 «1 0
T 4 L 6
1 2 3

(a) is single-valued.
T l 1 2 3 4
4 5 6 7

"
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11 1 CLOSED UNDTR THE TRANSFOPMATION

Introduction
Definition

Positve Examples

Negative Examples

When an operator acts on a set of operlndc it may happen
that the set of transforms obtlxned contains nNo nev ele-
ments. When this occurs, the seét of opcrands is glosed.

under the transformatjon.

1f a binary operation (addition, multiplication, grans-
formation,etc) on any tvo elements in a given set pro-
duces a result that is also an element dn the set, the

set 1: sazd to be closed under that gg!ratig e M
1. Consider the transformation

l:'n C ... Y2
C D...2ZA

. Every element in the lover line occurs #l=o in the
upper. When this occurs, the set of operands is

closed under the t.rlnsfog_natxgn.

-~

"t
-2« When ve add two nat@rll numbers, the sum ve get is

also a natural numbers 4 + S =« 9, .
To express the fact that ve do not have to go out-
side of the natural number system to find the sum

of two natural numbers, ve say that the natural num-
ber system is closed under the operation of addition,
or simply that "addition is a glosed operation”.

3. Consider the operation

-

4 x5S =20

The product of two natural numbers is also a natural:
nunber. To express this fact ve say that multipli-

cation is a closed operation. ’ 0w
1. Consider the transformation

12 3 4 -
, s 6 7

Here the set of operands has produced three nev elo-
ments (5,6, and 7). To express this fact ve say that
the set of operands is gg_ t closed undcr the trans-

formation.

2. While ve can.subtract 2 from S in the natural number

system (5 - 2 = 3), ve cannot subtract 5 from 2 in
that system. The latter subtraction bccomes possible

only in an expanded number system that contains the
negative integer (vhole number) -3, a number that is
outside the natural number system. To express this
:act ve say that subtraction is not a closed operate-
on.

’ ~-137~
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SED UNDER THE TRANSFORMATION-2 . ! .
Exercise 1. Is\ the folloving transformation closed? Explain.
s ' a b c d
¢ 1 2 3 4 \
2. In A belov the operands are odd numbels from 1
- onvards to 7, the transforms are their squards.
. A l 1 3 5 7 .
1 9 25 49 .
» Is A closed? Explain. A -
3. 1s the transformation I below closed? Explain.
1 a P e d
i a b c d
Angvers 1. It is not closed, for the transforms are entirely
. different from the operands: the transformation
has created a set of nev elements.
2. No, for the transformation has created a set of

:

nev elemants.

Yes, for the transformation has created no ney
elements: the set of transforms is the same ‘as
the set of operands.
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12 3 UNDIRECTED GRAPHS

Introduction

b:finitions

Descrption

Diagrams

The theory of graph deals vith -the analysis of certain
structures called linear graphs. These are not graphs
of functions (vhich are defined as sets of ordered
pairs), but rather are structures such as the edges
and vertices of a polyhedron (a solid bounded by plane
polygons called the ) that is, structures made
up of points joined line segments. -

The study of graphs may be divided into a number of
vayss

Undirected versus directed . In a directed graph,
each line segment has direction assigned to it. Such
graphs are useful for the analysis of structure invol-
ving flowv such as flowcharts and PERT djiagrams. 'Undi- .
rected graphs have no such assignment on their edges.
They relate to more static situations, such as the
study of data base structures:

A, .
Dum i |

PERT diagram

Data base structure

Finite-versus Infinite Graphs. It is possible for a
graph to have infinitely many vertices and edges, hut
we shall consider only finite grapns.

b

~ e pemim

We }hgin with the study of finite, undirected and un-
labelled graphs.

let G = (V,E,f), vhers V = ["1-"2-"3- cee sVl is the
set of vertices of G, E = (e;,05,@3;, ... ,0p ? is the
set of edges of G, and £ s E—V @ V is a corrupond-

‘ence mapping edges into unordered pairs of vertices.

Then G is called an undirected aph. Por ¢ € £, irf
f(e) » (v,v), ve say that e is in to v and to v.
For edge f(e) = (v,v), ve also use notation e =

(v,¥). Note that to each edge @), is assigned a pair
(vi{,vy) of vertices, but gcnoru}y there are vertex
pair Jhieh are assigned to no edge. Vertices vy and

v2 are said to be adjacent if there is an edge {v1.v2]

A graph G consists of three thingss

1. A set V vhose elements are called vertices, points
or nodes.

2. A set E of unordersd pairs of vertices called edges.
3. A correspondence, function or mapping f.

We represent graphs by diagrams in a plane., Each vertex

v in V is represented by a dot (or small circle) and
each edge @ s {vy,v2} is represented by a curve vhich

f
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- Appendix IV ' /

12 3 UNDIRECTED GRAPHS-2 ..
\

Diagqrams (cont.) comnects its endpoints v; and v,. For example, Figure
(a) belov represents the graph with vertices (v3,Vv2,
vq,vq), edges E = {e;,¢7,83,e4,@85), and £ defined gy
d?n folloving table . . .

; ™ f(e)

e - (viev2) !
- o2 (v2,v3)
. . e; (va,vg) -
o4 (vi,v3) ,
e (v2,vy) -

(b) Multi Vi
graph

It consists of four vertices andfive edges. In draving
graphs, the incidence of edges to vertices is the im- ‘
i ; portant consideration. An edge need not be straight,
5 . nor of any particular length or direction. -

A,
] The diagram of Figure (b) above is not & graph but a g
A multigraph. The reason is that e4 and eg are multj-
le eg, i.e. edges connecting the same endpoints,
and eg 1s & Joop, i.e. an.edge vhose endpoints are the
same vertex.

* Exercise ) Drav the diagram of a graph vhose
. V = {vy,v2,v3,V4) and vhose E = [{vl.vz .Evl,wq} {va,v3}
\ V2:V4321V3:V4 j R
’ Ansver : vy v2
- ' ’
- va Ve
. ’ Drav a-dot for each vertex v in V, and for each edge
: ) T {x,y} in E drav a curve from the vertex x to the vertex
L f, ‘ \’Qt. as shown in the above figure.
r\» .‘\.., s
;o N
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Appendix 1V '

13 s DEGREE OF A VERTEX

o

Introduction I1f v is an endpoint of an edge e, then wve say that .
e is incident on v. The degree of a vertex v, vritten
deg(v), is equal the number of edged vhich are inci-
dent on v. Since eich edge is counted tvice the de-

o ‘ ) W“' of a graph, ve have the folloving |
. .~ simple but important. gresult.
. Theorem Lo . The sum of the doqtn:\of the rtices of a graph is

- equal to tvice the number of éd
- "

J Example /xn m ov' ve have
a

deg(vy) = 2 d}o(\vz)\- 3  deg(vy) = 3 deg({vgi=2
N .

. {
, ' ! |
- Vo v ) \7 ‘
S \ ’ 4 . (5
- 4 i A ’
. N

4

o

Vz VK“ '!
The sum of the degrees oquhl\s ah expected,
& is twice the number of edges. A is said to be

n or 9dd according as its degree is an even or an
: number. Thus v; and v, are even vertices vhereas . '
P "va and v3 are odd vertices. kY

- . ) o Notes The theorem also holds for multigraphs wvhere a
loop is counted tvice tovards the degres 0f its end- _ .
point, For example, in the figure beloy;"ve have

+ ) (\) s
. ‘ ) dcg(vq) . 4

since the edge eg is counted twice; hence v4 is an
/ even vertex. .

o/
o O
v 3

v2 V3
. . A vertex of degree zero ?l called an igolated wvertex.

-

©
Exercise Look.at the figure on the right. v2
\ Find the degree.of each vertex v
and v;rify th; Theorem above 1 3
for thi aph. '
. or this grap ‘ . Ve
Angver deg(vy) = 3 “deg(vy) = 3 deg(vy) = 4 deglvq) e 2 ‘
| deg(vs) = 2. The sum of the degrées of the vertices
b is 37+ 3+ 4 +2+ 2 = 14 vhich does equal tvice the

number of edges. : '
< ‘ . L] \ ) ' ) '

vV
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" Appendix IV

13 G OF A

Introdyction If v is sn endpoint of an edge e, then ve say that
“‘1\ e is *ncid-nt on v. The degree of a vVertex v, vritten
deg(v), is equal to the nunber of edged vhich are inci-
dent on v. Since each edge is counted tvice the de-

%‘ grees of the wvertices of a graph, ve have the followving
simple lut important result.

Theoren _The sum of the degrees of the wvertices of a graph is
- equal to tvice the number of edges.

N

’

Example . In the figure beslov we have
deag(vy) = 2 deg(vy) « 3 deg(vy) s 3 deg(vq)e2

3

- Vl i V4

vy 3 . )
The sum of the degrees equils ten vhiéh. 88 expected,

¢ ‘ is tvice the nusber of edges. A vertex is said to be

haut

Lt e PN
sk L - DS B
PRI M AT /R TONIVIIIL SR RS Y [ T

ﬁ*ﬂ or 9dd according as its degree. is an even or an
number. Thus v; and v4 are even vertices vhereas

v2 and vy are odd vertices.

Notes Ths thecram also holds for multigraphs vhere a

loop is counted tvice tovards the degree of its end-

point, For exmmple, in the figure belov, ve have
deg(vy) = 4

T since the edge eg is Counted tvice; hence vq is. an
' even vertex. = & ‘

F —m ,

i V2
. LR :
e 5
A vertex of- degres zero ?z called an igolated vertex.
Exercise Look.at the fig’un on the right. ve
Pind the degree of each vertex v v
and verify the Theorem above 1 3
for this graph. "
) ' " s Vva
Answver doq(vl) = 3 dlg('lz) a3 dcq(V3) = 4  deg(vyg) « 2
’ N - deg{vs) = 2. The sum of the degrees of the vertices

is 3 ¢ 3+ 4 ¢2+ 2 «al4 vhich does equal tvice the
mumber of edges. '

[+]



