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ABSTRACT

“  This study 1§ ;oncerﬂed with the problem of teaching mathematics
to thé adolescent mentally retarded student. By using a n;twork approach
to curriculum planning, It describes how Individualization of instruc-
tion.in mathematics Is provided for a large number of retarded students

attending a vocational school in Edmonton, Alberta.

The study Is further concerned with an evaluation of thls approach
by making comparisons of students' achlevement in arithmetic compu;étlon-
al skills with their achievement during previous_years'whén a .traditionpgl

approach to teaching arithmetic was used.

Five groups of students were identified. Comparisons were made
of gains made by students at similar year levels In.the two programs.

No differences were found to exist:.

* Additionally, gach of the five groups‘of'stadents werekédb;"
divided into students of relatively high or low 1.Q. C&hparlsons"of
: . .

gains in computational skills between students of similar 1.Q. and -

similar year levels in the two programs were made.

§

In one éompariébn between higth.Q. groups a significant diffpr-
énce was found to exist sqggesting that with these Qtudenté the n:twork
“approach was marginally mo}e:efficient»than the traditional brogiam in
terms og gains made. - No di?fefences were noted between the low 1.Q.
groups.  Subjectively, teachers perceived the program to be effective
and were qnaﬁimous in their preference for fhe organizational approach“

of the network program over the traditional program prevf%us]y in effect.

iv
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I. INTRODUCTION

" The concefn of educators and the general public with the problem
of children in need of special edu¢ation has grown over the lést decade
as an increasing number of childrén are being identifled as unable to
profit from the education available in the-regular grades. The result -
has Been a profiferation of special claﬁfes,_learnlng,centres, éfigxaf///
tion classe%, remedial progra's, resource.roomsi speclal sqbong, etc.,

depending on the current phi osophy of the perlod/gs/t6/whether Integra-

e

tion or segregation of mentAlly retardgd chTTafen should be practiéed.

These have all been set up at gfeat expense with the express-intention

of providing an effectivgé education for these children. It |s unfortun-
ately true that many of these programs are not justiflable in terms of

educational achievemept and where they are, there is little objective

evidence to show that progress is occurring.

In a review of'the research In 1964 Kirk reported that thevalue
of special programs‘for the mentally handicapped was»'dléappolntlng'.
Similarly Blackman (1967) cited studies by Blatt (1958), Ellenbogen
(1957) édd Thufstone- (1958) which confirmed the superior_ academic pef—
formance of children retained in regular classes. A longitudinal study
(four years) by Goldstein, Moss and Jordan (1965) confi:méd[;hag~fdr
tﬁe_majority of children w{th‘learnlnb problems speclial classes h;d not

sucdeeded in producing significantly better achievement thaqgfgguiar

classes, .
O

LIt Tor S
The situation was summarized by Johnson (1962); &k.
] B L J s /_‘n‘.:' " ) »
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-

children, having teachers specially trained, having
more money per caplta spent on their education and
being dfj;gned for their unique needs should be accom-

"It is indee:ypéfadoxical that mentally handjcapped

plishing &t the same or ¢ a lower level than
similarky handlcapped children who have not had
these jadvantages and have been forced to remain
in tHe regular grades." (p,. 66).

lt}1g a surprising fact that in spite of the trend toward account -
abili}y{/lt i§ impossible to discover from the literature, whether the
si ’étion existfng today Is any different from that c:scribed by Johnson.
1though shorf term‘speqlflc.research hascbeen carried out with small
numbers of students, there Is a dearth of longitudinal large scale

studies %ade of children reteiving special education within an estab-

lished system of public education.

T

This present paper attempts, in a small way, to partially‘flll

this void by presenting a longitudinal study of the arithmetic achieve-~.
ment of two hundred adolescent mentally handicapped students enrolled
in a special school.

p)
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Trends In Special Educatloﬁ

The © sppéar to bé two divergent trends in special education. One
school of thbughtvtakes the attitude that the problems of the mentally
handicapped child akrge from a basic deficiency in such areas as reten-
tion, attention, ability to generalize, form abstractions and see re-
lationships, problems, which in the eyes of the InQestfgator héve'arison
as learned bgha{ioé. Treatménf, therefore, hinges upon Ignoring the
etiology of the problem and concéntrates_upon‘manifest behav%or?éaad
attempting to bring about changes by‘using conditioning techniques that
cubstitute hehavior that is compatible with Tearning for the previous

incompatible behavior. - @
' ‘ : !’ : A
Exemplifying this approach is.the work of Das (1972), Ellis "1983),

Mcintyre and Dingham (1963) and Spivach and Levine (1962).

An alternative approach is-repfesenfed by such wc . as Zigler
(1969) who views the pfobleﬁ of mental retardation’as-on. that arlises
from slowness o} cognitive development with the c;use ~f the delay beir
either organic deficlts giv}hg risg to problems in the central process-
- ing sy§tems or to perceptual problehs that affect cognitive development.

" Problems in learning from this viewpoint arise because of the immature

nature of the intellectual structures available for the retarded child

-

in relation to his chronological age.

For the teacher of the mentally retarded child, these hypotheses
are not mutually exclusive, and in practise he may use teaching
strategies that may have a theoretical basis in.either of the two -

approaches. Particularly with the older student for whom 'time is



running out' an empirical approach may well be followed, that makes no
attempt to remedlate but concentrates on working within the limits of
the student's functioning to bring him to.a level of academic achievement

which is compatible with an Independent adu!t life.
DR : X

\ . i

- l .
Trends In Instructional Practlices
For Teaching Mathematics

-

The tw? divergent ?reéds prZ%E%usly mentioned have given rise to
a variety of instructional practices for teaching mathematics to mentélly
retarded children. Compatible with the first trend are those methods
.which stress language aad verbal lnformgtlon processing, such as the
'Distar' program Englemann and Bruner (i969), Englemann and Carmine (1969).
Programs such as Hewl;t‘s”Englneered classroom (1967) whicﬁ utilizes ’
principles of behavior modlfication also fall into this category. Pfecis-
ion teaching (Lindsley, 1965) and programmed instruction (Bijou, Birnbrauer,
Kidder and Tague, 1966) similarly look to learning theory as the basis for
« . their technfques; ‘
‘ Thevéfternative or developmental approach has adoptéd arithmetic
programs'that recogniz: the r;tardcd cognitive development of the mentally
retardedlchlld and aftempt to remediate this by aadl#covery or manipulative
approaéh to‘teachiﬁg concepts of number. Plagetlan theory is the basis
for many of“theseAprograms. Example§ are, 'Mathematics for Schools',
““Fletcher (1971), 'Investigating School Mathematics', Addison Wesley (1973)
and ;ﬁath-Actlvlty'; Stott (|97k). The Stern (1958).and Dienes (1959)
programs may also be categorfzed as developmentally based.
of rec;nt years a potentlally'valuable model for teacﬁing arithmetic

'tp mentally.retarded children has been that advanced by Cawley and Vitello



-

(1972) who havc attempted to pfovide a framework within which varied

aspects of the arithmetic curriculum may be accommodated.

In essence, four integrated units form the basis for the related
instructional system. A 'learning to learn' component forms one

learning unit and is concerned with types of learning, retenthp.and

‘factors which influence learning such as meaningfulness. The inter-

lactive unit is divided longitudinally Iinto input from the instructor,

&

- and output from the learner. Vertical division Is Into modes of

interaction between the learner and teacher, thus providing for a
variety of responses at differing levéls of difflculty. The third
unit is that of verbal information proces;lng, and Is Qoncerned wlth\
verbé} problem solvihg strategies. It attempts to specify the various
comp;ﬁents of verbal problem;, and suggests that monitoring of the |
language structure [s necessary so tﬁgt there Is a sequentlial prog-

ression from simple to more complex constructions.
Q

The cognitive procéssihg unit is composed of two sub-units:

.)(l)' those behaviors which apbear to be influehced by

instruction, interest .and experiment, and

(2) Those behaviors in which maturation seemingly

v

cannot be enhanced by direct intervent%on, that
is, the developmental stages postulated by
Piagét.

Related;ﬁo these units is an instructional system delineated

into four areas. The first is concerned with suggested instructional

materials, e.g. audio tapes, etc. The second unit consists of the



arithmetical strands to be included in the program. These are (1).
patterﬁs, (2) set identity, (3) set operations, (4) number operatlons,
(5) measurement, (6) geometry, and (7) fractions. The third unit Is
concerned with the nece;sary cognitive processes, e.g., classifylng and
synthesizingr The final unit Is conterned wlth evaluatlon required
for planning a particular wlldﬂs program. The authors suggest that ln'
addition to the more cus:~r 'y forms of objective evaluation, an.
'analysls should be made of the child's developmental level In Plagetlan
terms, that is determining whether his cognitive development fs stil]
“at the pre-operational stage er has advanced to the concrete‘or formal
operational ‘level. Many programs could be structured around this
model and it Is probeble tha; most would succeed In Improving function- .
ing In arithmetic. Most eXperlenced teachers appear tc use a varlety
of different approaches to cater for the wide dIEparltles seen (n the
special class. The aspect thar Is lacking In them ls the solutlon to
the practical problem of how to provide a program at meny differing
levels.of achievement to many different students each with his own par-
ticular learning style and his own Idiosyncrasles. It Is this aspect of ‘

Individualization that gives the network approach which will be

described, its unlque quallty.
Background to the Present Stidy

In the 1960's the trend in special educatlen In Canada was to
establish segregated schools and classes for the retarded chliid. |In
1968 Edmonton Public Schoo! Board opened a vocatlonel school catering

for some 450 studen;s of Junlor and Senior High school age (12} to 20)

!

T . !



‘to 85- )

all of 'whom because of intellectual retardation, could not benefit from
the programs offered in the regular school system. On the Wechsler

Intelligence Scale, the students ranged from 1.Q.'s of approximately 50

v

~ In the spring of 1970 annual administration of the Wide Range

Achievement Test (W.R.A.T., Jastek & Jastek, 1965) was instigated and

this has been continued on a yearly basis. This ‘test is a brief indiv-

idual test of word recognition, spelllng and arithmetic. It yields a
Grade level scg}e for each section that ranges from kindergarten to
Grade 12. The arithmetic section is a written test that takes approxi-
matély fifteen minuces for low achieving students to combiete. For
students scoring below Grade 1.8 an oral section Is ;dmlnlstered. This

test was selected for use for reasons of ease of administration, time

and because it was seen as less threatening to the students than tests

used previously. Wechsler Intelligence scores were also availabl:

v

each student.

»

In 1973, the Edmonton Public School Board funded an Innovar i~
curriculum development program in academic areas which became known as

the 'network' system. By 1976 there thus existed a considerable amount

of objective data on educationally retarded children and also an

experimental program that had been in existence for some three years

that had not been objectively evaluated.

F
The present study Is an attempt to Investigate objectively the

value or otherwise of the network approach to teaching mathematics by

examining the chanées that have occurred over time in the student's

’



computational skills, that Is the four basic operations of addition,

subtraction, multiplicatlon and division, both with whole and fractlonal
numbers.
Comparisons will be made between comparable groups of students

prior to, and after, the introduction of the network system. Comparisons .

will be made of the progress students achlieved before and after they

were placed on the network program.



Organization of the Study

The study consists of two sections; these are: ,
]. A description of the development and content of the network
curriculum as applied to mathematics, together with an outline of the

. ¢
day to day organization of the program.

2. An objective evaluation of thé p}ogram. _ ¢
a..‘When compqrispns are made between groups.of students at
the same year level of the school program, Is there any °
evidence to indicate that the network program produced N
greater mean galns in érithﬁetlc computational skllls?
(This involves examining different groung‘bf students at
"* the same year levels in the school program) .
b. 1Is there any evidénce to show Fhaf the program is more

effective with students of relatively higher or lower

1.Q.7

This study is therefore presented with a dual purpose. ~ The
description of thegnetwork approach._to—eurriculum planning demonstrates
a practical method of individualizing programs for large numbers of

students whose fpnctioning and intellectual level vary widely and
suggests a methodology that can be applied in many areas. The statis-
tical study illustrates that such an-approach can be successfully

applied by classroom teachers working in a conventional school system.



I1. REVIEW OF THE RELATED LI TERATURE

Chapter Il consists of two sections, organized as follows:

Section 1+ . ' \ ~

N [ad

Research related .to mathematics teaching and khe mentally
-

P

retarded child.
i. Studies related to arithmetic development and studies
of specific methodology,
ii. Studies related to general characteristics o% arithmetic

{

ability in the mentally retarded’ child.

Section 2
Research related to the concept of a network approach to

curriculum development.

HATHEMATICS TEACHING FOR THE MENTALLY RETARDED CHILD

Specific Methodology and Arithmetic Development

Goldstein, Moss and Jordan (1965) as part of a study designed to
evaluate the efficacy of specaal classes for mentally retarded children,

used arithmetic achievement as one criterion. The progress of children
. ] s .

retained in regular grades was compared‘wlth that of children asslgned to

t

special classes. Those retained in regular grades received a trad-

‘a

itional approach to number whilst the special classes received either a
readiness program stressing rote counting, reéognition of symbols and
roabulary, or a p}ogram that stressed understanding, rafher than compu-
~tational skills. Number was stressed in its context rather than in a

formal setting. -

10
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VI‘\J . . ‘ =
After four years, only those children with I.Q“ below 80 appedred
to have benefited from the special class program, being slgnlficantly

. L
superior to the control group in computatlonal skills and problem solving.

Klausmeier (1955; 1962), supports the contention that retarded
children can learn reasoning skllls If the curriculum Is geared to their
level, G|V|ng an arithmetic learning task appropriate to the child's n\
achieyement level, he found ;hat whilst the retarded child took londer to
acquire tne loarning, over a period of eighteen weeks; the rate of‘reten-
tion and ability to transfer to a similar task did not differ from that of
the normal orMhigh 1.Q. child. He concluded thaf‘around the chrono]oélcal’“
age of nine or ten years, the child with an 1.Q. of between 55 - 80, can
acquire arithmetic Iedrning quite efflclently? providing the materlal is

s

'potentially meaningful'.

The School Mathematics Study/Group; has developed materials for the
low achieving Junior'Hidn School pupil. Devenney (1972) evaluated fne’pror
gram with students achieving at least one year below gradévlovel, WUsing
those aopects of the S.M.S5.G. Secondary School program thch‘it &as“felt
the,under-aopiever could/handle;‘the Iesooné were presgnted in.workshéét

format, with reading and computation kept to a minimum.

-

After two years there were stlll-serious deflclencies in achleve-
ment (2. 5 years below dgrade level) and no slgnlficant dlfferences were
'found on appllcation skills between~the experimental and control groups,
the control made greater gains on computatlonal skllls The experimental
group made significantly greater gains on scales designed to measure other
mathematical concepts, and perhaps more importantly, now 1iked

mathematics, whereas the control group was even more negative



.than at the start of the study®

o Bradfield (1973) investlgated the efficacy of precision teaching
b‘fdr retarded children returned to reqular grades. Both normal and
retarded children received the individualized approach pf precision
teaching. The study fnvo]ves a very small sample\(three retarded
children in each of two classes). Significantly greater gains in
arithmetic, were made by one group of retarded children when compared
with snm|lar chlldren retained in a special class. »The report does not

state in what area gains were made, nor provide evidence as to the

comparability of the teaching procedures.

A problem that occurs In many studies Is to determine the teaching
methods used and the content of the programs. 'Teacher designed material,

that meets the student's need and evel', is not particularly helpful.

:tﬁr‘ln the area of teaching techniques and Instructlonal programs,
there is little empirical evidence for their value, although they are
~ei.ted readily enough in many general texts for teaching retarded

children. The follownng two studies are of specific methods, commonly

used with normal chlldren, evaluated as to thelr usefulness with

mentally retarded chr]dren.

Usihg 'Cuisenaire' rods, Callahan and Jacobson (1967) wqufng with
subjects of low 1.0. (57 - 80), considered that the chlldren had learned

to recognize inverse operations and the commutative propertj of addition,

\ ——
=

<

they better understood the use of signs, and there was trans?bc\go oral
arithmetic. The authors suggest that' these results show that retarded

children are capable of making mathematical 'discoverles’.
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~
Ives (1962) used the Stern Structural Arlthmetic\rrogram (1958)

with retarded children and compared it with a 'meanlng' approach. Both

approaches were equally successful. .

Perhaps because no one reports unsuccessful programs, the research
does little to indicéte which are the programs and méthods of choiée for
teaching ménta]ly retarded children érithmeth skills. However, it does
appear that given favorable circumstan;;s, the retarded child can make
] progress in afithmgtic. In a poorly reported study of 'Systematic
Instructional Proceﬁures' used wltﬁ‘mentaljy retaraed dlsadvantaged
children, Haring, Maddox and Krug (1971) claimed a mean gain jn one year
using W;R.A.T; scores of 1.61 grades compared with a gain of .48 In a

regular disadvantaged classroom. Not stated are the ages or 1.Q. level

of the students concerned.

Pointing again to the wide variety of methodology which appears to .
be successful with retarded children is the report by Armstrong (1968;
1969) in which comparison was made between a 'deductive'! and an -
"inductive' style of presentation. Whilst a véried form of repetition
‘appeared to be more successful with the induetlve mode, and an exact
form of repetition more successful with the deductive mode, the mode

itself did not appear to have an effect on the final results.

g

In the network approach to be discussed, a wide variety of self-
instructional teaching machines are used. The research appears to sug-

1

gest that this is a valid approach. Blackman and Capoblanco (1965)
- 0 ’
evaluated programmed instructlion with the retarded utllizing teaching

machines. Greater gains were made In arithmetic by mentally retarded
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children when this method of instruction was employed. Improvement in
deportment and geTeral social behavior was also shown. They suggest
that the hierarchical structure of arithmetic lends Itself to this form
of instruction whilst reduction in frustration might account for

behavior improvement.

-

Price (1963) found that whilst there was 1ittle dlfference in
achievement between students taught by machines and those taught more
. K
-

conveniionally, the former took considerably less time to cover particu~

lar topics.

Kelly (1967) investigated teaching basic facts by rote, under-
standing and commercially produced programs.. Providing the reading
level of.the student was above Grade 2.3, the machine Instruction was
" the most effective in improving arithmetic reasoning skilis. Rote

learning was most efficient for learning basic number facts. | o ‘

The implications: of the foregoing resedrch appear to be that any
} . .
curriculum and any methodology can be effective In bringing about galns
. ‘ A
in arithmetic with the mentally retarded chlld, always providing that it :

is geared to his level of cognitive development, his functioning level

and his particular idiosyncratic learning style.

The General Characteristics of the Arithmetic
Ability of the Mentally Retarded Chlld

Few generalizations may be made about the arithmetic achievement
of the mentally retarded child. A wide range of abilities may be expec-
- ted to be found in children with a relatlvely homogenous Intellligence’

level.
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Jarvi; (1964) found that at the sixth grade level, children with
an 1.Q. of below 94, could vary ffqm five to seven years In their ability
to do arithmetic. He concluded 49% would be below grade level, 14% at
grade level and 37% above.

Cruikshank (1948 a, 1948 b, 1948 c) compared the arithmetic be-
havior of retarded children with narmal éhlldren.of similar mental agé. He
found that the retarded child has problems in diffgrentlatlng.relévant from
iérelevant material. His reasoning ablllity Is lnferior but in. straight-
forward computational skills his perforﬁénce is simllar to that of the
normal child. There appeared to be little understanding of the procedures
that were used, and difflculty in deciding the operation requlréd. Con-

crete aids were used more frequently and zero was a difficult concept,

In general, Dunn (1954) and Bensberg (1953) concluded that the
mehtally retarded child, tends to resemble his mental age peers In:compu-
tational skills but in reasoning and problem solving he is often at .a

significantly lower level. ;‘ N

Cawley and Goodman (1968) investigated the relationéhip between
Thurstone's Primary Mental ébll(ties with academic achievement In

mentallyAhandicapped'chl]dren. At a youﬁger age there was a c16§e5
cofrelation between all aspects of numbetr with vérb;1 and motor abllitles.
In older children the achievement level for computational skills was |
much higher than the achievemént level reached In reasoning or concep-
tual skills, and a signiffcanf correlation exlIsted between readlng and_

>com§btatlonal skills. Possibly reasoning and understdnding had been

neglected in favor of computational skills. Obviously these skills are



necessary, but. their value is limited if the child is unaware of the

*

operation called {Sj/in the problem.

Bower (1970) .ggc.ted that her findings that the retarded child,
when compared with nc nal children of similar mental age, was superior °

in the areas of multiplicatféﬁj\deislon, time and calendar, were due to
’ -
their longer exposure to schooling and emphasis on-functional maths.

There has been.a considerable amount of research related to the
mathematical abilities of retarded children In terms of Piagetian stages.
Woodward - (1961) and Hood (1962) found delays In the development of -

logical reasoning which appeared to equate with difflcult[es in arith-

metic abilities. ' C - l

Yheatley (1970) examined the relationship betwﬁén\the ability to
cardinate, count and conserve ahkd first grade-arlthmefic.‘ He concluded

. that conservation was the best single predictor of achlevement.. In

general, researchers in inis area have found that difflculties in problem

L)

solving areas of mathematics are most clasely 1inked with Piagetian stage
development. Seemingly many computational skills can be écqulred in a

rote form without an underlying'understanding.

>

In a review of the research that compared arithmetic performance

of mentally retarded children with children of simllar mental age,

- hY

Connolly (1973) concluded that the‘méntally retarded are inferior In their

A

ability to solve abstract and verba]vprob]emS) in thelr abiblty'to solve
concrete problems, \in thelr understanding of the operatlons”required to
solve problems, in their ability to isolate-pertinent data and in their

work habits.



Some general conclusions may be drawn from these aspects of

research. ¢ Q

1. The ar[ﬁhmetig skills of Eenta]ly retarded children Vary
widely. 'Labels! cannot be applied in this regard. .

2. In general, computat}onal skills equivalent to those
possessead by children of similar mental age may be
acquired by mentally retarded children but frequently
a lag is found in their understandlng of concepts and
reasoning"abilities. .

3. Proyided,that the content is at the child's level of
difficufty: his ability to learn, retalp and t}ansfer
is comparable with that of the normal child.

b, A wide variety of teaching methods appears to be
successful in teaching computational skills, but
there is little objective evidence to suggest which
instructiona!»methods will promote comparable progress

—_— . .
in developing reasoning skills or an understanding

a of the processes and concepts of number operations.

A Network Based Approach to Curriculum Develépment

17.

Since the original application of éyst§m§ analysis techniques was

to industrial production, it is understandable thaf,early attempts

[y

to

-modify the techniques to be applicable to curriculum development were In

the fiel% of vocational education. Young (]972) describes how suc
approach might be utilfzed to teach welding theory. He suggests t

value of*the methodology lies in it being particularly suited to p

o

h an

hat the

2

rovid-
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ing Individually prescribed Instruction for students of varying levels of
ability and in the improvement in teacher efficiency that results from

the system.

“ Hathaway (1970) desligned a network épproach to curriculum plan-
)niné based on Program Evaluation and Review Techniques. (PERT, Tanner,
1971) principles and discussed the validity of such an approach in the
light of4curr¢nt theory of curriculum deve]opment. A pllot study

relating to the teaching of a Senior Science program was developed (1971).

As a result of this initlal project, Hathaway (1975) carried out
ﬁ&feaslblllty study to d;termlne the préctlcallty of the network approach
as_a method for selecting and organizing curriculum content and managing
}nformatlon and student records in such a way as to make Individuallza-
tion of insg}uctlon a practical proposition. Irvine and Kupchenko
(1973), Irvine, Kupchenko, McElroy (1974) describe some of the early

Vimplementatlon of the approach.

Hathaway used the subjective evaluations of some 50 teachers and
admiﬁistrators“who had been involved with the project at elemeﬁtary,
zsecondary,.spe;ial.;ﬁd post-secondary Ievels;to determine the feasibil-
ity ofﬁthé'nétwork approach. He concluded that the approach was
percelved by tééchers to be more effective and efficlent than other
alternatives with which the teachers were famiilar. The respondents
considered Its implementation was feasible for use In the’classroom with
teachefs working in remedial orqspeclal classes being more enthusiastic

than regular classroom teachers.
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No objective evaluation in terms of comparisons of progress in

conventional school subjects was carried out.

N



[1t. THE DEVELOPMENT OF THE NETWORK - BASED
CURRICULUM AT L. Y. CAIRNS SCHOOL

1. Background

Tﬁe mathematics curriculum used at the school prior to the de-
vélopmentvoﬁ‘the network was somewhat unspe;filc. Teachers used material
with which ghey were famlllar ;nd methods and record keeplng systems

that varied from class to class. Many of the classroom teachers were

also responsible for organlzing and teaching other subjects.

This unstandardl|zed approach led to problems as classes chanqed
from year to year: Difficulties aro;e with regard to determlnlngyeach
dstudent's functioning level and, slnce'the class composition was

altered, problems arose as to which students had covered which topics.

The system a\so led to dupllcat]on of effort since many teachers
might bé teaching the same concept and each would be~preparlng his own
mat;rlal. . Commerclal programs and equipment might be purchased and used
by one teacher, thus leading to‘lnefflclent use 6f'resources.

The students In a particular class, although of glmllar chrono-
ldglcal age, presented..a wide range of problems and functlioning levels.
Grouplng was usually do2p@on the basls of similar 1 ading scores, so
that for mathematlcs It Was possible for there to be a range of functlon-
ing from readfness to approximating Grade 6 levels. This heterogenelty
of functlioning woﬁld also be compbunded by a wide varlety and Incldence

of physical and emotional problems.

It was thus apparent to the teachers concerned, that !f progress

20



21,

A

was to be.made in teaching mathematics, then the following objectives

must be met. '

.

1. Jo nroduce a more specific curriculum.

2. To set up a program that catered to the individual needs of each
student.
3. To devise a methodology - that would allow each student to work

independentiy.

I To produce or select suitable instruments.for diagnosis and

evaluation.
5. o avoid duplication of teacher effort.

6. To institute a common method of record keeping that was contin-
uous from year to year.

7. To institute a centralized pool of resource material easily

accessible and retrievable.

In connection with the feasibility study planned by Hathaway and
previously described in Chapter 11, a research grant was made available
to the school by the Edmonton Public School Board, which funded the pur-
chase of resource material and allowed for the initiation of the program.
.Modifications to the original program are occurring continuously as new

.

needs are recognized.
' 3’

The school is organized by year levels on the basis of chronoiog-
}cal age. Students between the ages_of 12} to 13% are placed in Year |,
from 13% to 14% in Year I!, 14% to 15% in Year 11l and 15% to 16% in Year
V. Students may continue in the school for a further three years as

senior students with the emphasis being upon vocational training.

v
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On an experimental basls the network program was used with selec-
ted Year |11l and IV classes In the school year 1973 - 1974, The follow-
ing year (1974 - 1975) all the students from Year | to Year IV were
included Tn the program and In the school year 1975 - 1976 It was.

extended to include the entire student populatlion of about 450,
The advantages of .a network approach were seen .to be:

1. The totallty of the overall program, both content and sequence,

N may be seen at a glance because of the graphlc presentation faat
I's gsed. .

2. Individuallization of instructlon Is possible,
3. Monitoring of progress by student and teacher Is easi|ly faclli-

. tated. ~
4, I't possesses 'bullt-in' motivational and relnfarcemant qualities.
5. It allows for efficient use of resource materials and equipment.
6. Teacher time Is used more effectively.

2, Construction of a Network Based Curriculum 5

The original concept of network based currléulum was derlved

from network based management -technology developed in lndastry. Since
Industrial and educational objectlives tend to d]ffer, It Is not surpris-
ing that certain aspects of thls approach were found tolbe Irrelevant to
the Instruction of handlaapped children. Thus the time factor Included
in previous descriptions ;f the procedures Involved (Hathaway, 1971), Is
not used In this application of the network approach. Modlflcatlons to
Hathaway s origlinal plan were lntroduced In the light of. experlence, the

speclfic needs of the students and the resources avallable.
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\& wl
The following are the steps that are now seen to be essentlial in

producing a network based curriculum. Following each step, and exempli-
fying it, is a description of that aspect of the progfam as it has been

developed at L. Y. Cairns School.

1. Prepare a statement of the general aims and objectives of the
curriculuﬂ\(seé Figure 1).

2. Organize ax?etwork that "displays the major areas of stﬁdy (see
Figure 2). 1t should be noted that in the course of the
program developed many of these major areas become Integrated.

3. Break down each of the major areas into the speciflc conceptg
that are to be covered, arranging them in a sequentlial order‘
qeemed suitable, e.g., the order customarily used-In a conven- .
tional textbook. One example of such a sequence Is presented-.
in Figure 3. |

4. Prepére a statement of behaViora] objectlives for each of the
concepts mentioned under the third objective. The behavioral
objectives for one concept are presented In Figure 4.

5. Compile resource material for teaching each cOnc@pt.

Code and file appropilately. The materials for fhe
concept detailed In Figure 4 are also Included -in that

section. Thls resource material will be sultable for

independent study by the student or for teacher directed

instruction of Individuals or small gfoups.' The .
material will be used for:
a. introductory and initial teaching for each concept.

b. practice and further teéﬁhlng of the concept.
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Statement of General Aims and 0bject1ves
of the Mathematics Curriculum

To use mathematics as a vehicle through which
Togical reasoning abilities may be developed.

To teach students the basic arithmetical
“operations of addition, subtraction, multi-
plication and division with both whole and

fractional numbers, and to apply this
knowledge to so1v1bg numerical problems of
everyday 1ife. - '

To teach students basic concepts of number,
vmensurat1on and geometry, which may be a
prerequi¥ite for vocational programs.

Figure 1 - : .

o
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Fr. 101- Fr. 102- Fr. 103- Fr. 104-
What is a Fractional Comparing Fractional
fraction?. parts of a ‘fractions parts of a

whole. came denom., group.
TOPIC 1 TOPIC 2 TOPIC 3 TOP]IC 4
L

Fr. 105- Fr. 106- Fr. 107- Fr. 108-
Comparing ——{Equivalent Concept of 4, Reducing
fractions fractions. a whole. equivalent
diff. den. fractions.

TOPIC 5 TOPIC 6 - TOPIC 7 TOPIC 8
[
Fr. 109- Fr. 110- . Fr. 111- Fr. 112-
+ & - Fractions Common Fractions .
same denomin- on a _# line. Denominator. greater than
ator. =4 one + & -
TOPIC 10 ™.  TOPIC 11 TOPIC 12 TOPIC 13
TEST

NOTE: The abbreviations relate to the network number
code. Fr. is the prefix for topics related tc
common fractions. g

LT Figure 3
i Example of a concept network
Fractions :
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Topic 1. Network # Fr 101

What is a Fraction?

Objective. The student will understand that a
fraction' is part of a whole and that
- fractional parts of a whole are equal

+

in size.

Content. An introduction to fractional numbers
using the fraction 1/2 to illustrate
the meaning of a fractional part.
Conérete division of 1 whole' into 2
equa1 parts. Use of symbol 1/2.
Recogn{tﬁon of 1/2 of a whole as

being 1 of 2 equal parts.

RESOURCE MATERIAL Code # Access Code #
iggg Milton Brad]ey Lesson T Fr 101-1 | MB 1
Iégg Computapes Fr 1 A Fr 101-7 - Fr 1->
Worksheets ) Fr 101-21 A 1

| R Fr 101-22 A 2
Iéég M7 Lesson 21 p. 1 - 11 Fr 101-3 Lesson 21
Cyé]oteacher » Fr 101-4 Cyc Fr 1
Set (teacher made assignment - Fr 101-5 Set Fr 1
Film strip, tape, worksheet. Fr 101-6 FS 260

Figure 4

Example of objectives and resource material
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c. reinforcement and overlearning.

6. Organizes each unit of resource material to be used with a
particular concept sequentially. Code with a retrleval
number as in the example In Flg;re 5.

7. Using the sequence planned in step 3, organize several of

the 'mini-netw. '-' developed in step 6 into a network

which will become the record sheet from which the student

will take his assignments andiwhich Qill'act as a record

of his progress through the program.v An exampl¢ is

presented in Figure 6.

8. Develop diagnostic and evaluative Instruments whch will
indicate a student's initial placementvfn tﬁe program and
provide an evaluation of its effectiveness. The evaluati?e

instrument‘developed is to be found In Appendix B.

‘, it should be noted that the conventl;nal flow chart bas:c symbols
related to systems used In Hathaway's orlglnal project have not been
adhered to. Different shapes indicate different types of resource
material and are used merely to alert the teacher as to the type of

7

resource materia] required. The key is presented in Figure 7.

Similarly llnes and arrows denote the path to be followed and not

acth|t|es as in the orlglnal thesis,

3. The Present Network

The summary .network (Flgure 2) dlsplays the main areas of concern.
l

The section arising from 'OPERATIONS' is taught entlrely in the maths

area, The remaining areas, 'APPLICATIONS' and 'LIFE SKILLS' whilst;being
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Explanation of Symbols

o

Cassette tape and worksheet .
Milton Bradley program

Lesson 1.
\ ' Worksheets taken from a published
( AT A2) - program.
M7 ‘ i Alberta Correspondence Schoo]
Lesson 21 Modified 7 program. :
pat - 1T " Lesson 21.

L]

Cassette tape and worksheet.
S.R.A. Computape program
Fraction L:sson 1. :

<§§E> Teacher made -:~ of problems.
1 “ .

Cycloteacher wheel. Teacher made
assignment - for review.

.

F.S. 26 “ " Commercial filmstrip, teacher made
Tape worksheet. For review of concepts
Wk. Sh. ‘ Teacher made tape.
Figure 5

Examp1e of a network program. Taken from the fraction network,
Topic - 'What is a fract1on?'
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Cassette tape=and'w6rksheet.

Alberta Correspondence School.

Modified 7 or 8 program.

Lesson.
'{‘:-

Set of problems, made by teacher, or
Cyclo-teacher wheel.

Film strip, tabe and worksheet.

Horksheets

Problem solving worksheets. Tape
-available 1f required.

Figure 7

SymboTs used to denote type of resource material.

31.
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taught at an ingroductory level in the maths arez nare becoming increas-
ingly integrated with a 'living skills' . lum~r 'atlons' program,

whilst much of the measurement section Is taught in a more meaningful way
\

\
\,

in the vocational areas of the school. |

An attempt has been made to 'spiral' the curriculum, in the sense
that two groups of networks exist for each of the areas related tn
.'OPERATIONS‘. One at a lower level is concerned with the more simple
concepts, whilst the second level revises the concepts of the first and
proceeds to more dlfficultwtop{fs. For example, the first level in-
divislon goes as far as the division of 3 diglits by 2 digits. More
dffficult division is not met with until the second level, which a student

would not meet until he had completed the lower levels of fractions and

decimals. .

" Content

The section related to 'OPERAT]ONS' Is concerned malinly wlfh
those concepts usually found in.a regular Grades 1 to 6 program. The
stress however, is - "»nal arithmetic and for most students such
topics as 'Bases oti.. .en' or more complex Roman Numerals are

excluded. Geometry is ma{n]y simple nomenclature and constructlons.

The section related to 'Life Skills' at Its lowest level is con-
cerned with the most basic skills which would allow for Independent
life, e.g. smal! _ -h transactions, whilst for students capable of undér-
standing topics as simple Income Tax returns, are Included. Much

of this area is taught in small group situations.
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Measurement includes both Metric and English systems as tools in

shops- are not yet converted. Much of this area has still to be developed.

Resource Materials - A detailed bibliography of Resource Materials, is
to be found in Appendix A.

Texts
s

Parts of the Alberta Corresponqenéh School Modified 7 and Modi-
fied 8 program is used as worksheet material. The program presents very
simple concepts,in a manner which young adolescents will accept without
labelling the matcrial 'babyish'. The forméf and print used Is apparent-
ly sophisticated and fhe program is labelled M 7 or M 8, all ofvwhlch‘
reinforces the student's self-respect with regard to his abiilties.
Additionally, new concepts are well explalned and for the students with a
reading level of Grade 4+ much can be done independently with minimum of

~

teacher help required.

For simplicity and convenience. the sequence of concepts used In

this program coincides quite closely with the network sequence.

The Sullivan Programmed Ma natics is used for some students,
particularly in the senior éreas, (ages 16+) who may require further
repetition and practice with elementary concepts. Tk= text is self-

correcting providing immediate feedback to the student.

A further text used in the living skills area is Business and

5

Consumer Maths by Conchie. Tapes 3na worksheets have been prepared by

-

the teachers to use .in coniunction with this text, which in its published

form is too difficult for many of the students.
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2. Audio-visual Material

The hardware required for this type of material Is contalned in
the Resourcg Room. About 25 students can be accommodated a* ny bné
time, in carrels, individ;al work staFlons or a Iistening c.. tre.

'Sof tware', e.g., cassette tapes, film strips, languagé master cards,

etc., are filed in the same room along with a variety of worksheets coded

Y

accord%ng to the network. As far as possible all software materlals are
filed visually, for,easg of accession. The fooh contains tape recorders,
film strip viewers (both for individual and group use), slide projectors,
cyclo teacher wheels, Language Master, Flash-x holders, and a projector
for 'Controlled Reader' Material. (These last two Items are a form of
tachistoscope). Simple caléulators are avallable In each classroom and

senior students have access to an adding machine and a cash register.

(a) Commercially Produced Material

~ommercially produced material has to be resequence’ > fit Into
the netv.ork. Most do not contaln sufficlent practice mate) .al for the

slow learning child, thus material from several programs may be used for

<«

the teaching of one particular concept.

Programs which have been used are as follows:

¢

Cassette Tapes

1. Computapes - published by Science Research Assoclates.

2. Educationaf 1sory Programming - Basic Elementary Hafhematlcs -
Jones Boro, Arkansas. | .

3. Arlfhmetrlcs - puSllshed by Coronet Instructional Medla.

L. Power Pac Maths - published by Imperial International Learning.



5. Merrill Skill Tapes - published by Bell & Howell. )

6. Fraction Tapet - published by Milton Bradley.

7. Telling Time - published by Encyclopedia Brittanica.

8. Inches and Fractions, Centimetres and Decimals - published by

Encyclopedia Brittanica.

A complete list of materials and publishers is appendixed. Al1l

programs have worksheets to accompany them and most are self-correcting.

Film Strips

A wide variety have been acquired. In order to facilitate their "
use and partly to compensate for low reading levels, it has been“neces;
sary to add a teacher made cassette and\wggisheet. A student response to
each frame produces more effective learping. See Appendix for detalls

29

of film strips.

(b) Teacher made Materials

An intrinsic part of the network is those‘?ote learned ;kllls>of
basic nuhber facts. These have been broken into small Lnits or"learnlng
packs'. Most of this material is teacher made and consigts of the same
number facts presentéd in a different media to alleviate the boredom of
repetitious tasks. These media are:

1. Flash cards.
2. Write on slides. The fact on one, the answer on the next.

Language Master cards (Bell & Howell).

£ W

- Flash-x (Educational Development Laboratory).

\Val

Cyclo teacher wheels (World Book Corporation).

6. Written test material.
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By using blank ‘cards for the commercial programs, the sequence

of facts belng'taught may be kept constant.

All the material provides immediate feedback for the student as to

the correctness of the response.

N
N
N

(c) Supplementary Materials ~

It is apparent that for some low achleving students much of the
foregoing material Is unsultable, the fo]lowfng programs are available

for these students. .

\,

\
1. Schoolhouse Series 1 and 2, Sclience Research Assoclates.

,2. Maths Activities, Stott, published by Gage.

In the‘senior area, the applleation of maths to such areas as con-
sumer education, pay roll deductlons and other guch life sklli toplcs h;s
necessitated the production of units by teachers. Units may be produced
by the maths team or an individual teacher. They become pa}t of a central
pool and.are used by all. : ‘ §}

Problem solving units have been produced by using que;tioﬁs grom

a commercially produced text and recording the questions on tape for non-

readers.

}
A variety of manipulative materials are avallable for teachers to

NG N
use at their discretion, these Include attribute blocks, number blocks,

“abacus, walk-on number lines, counting materials, etc.

Placement and Evaluation Materlals

With the help of the Edmonton Public School Board Testing and

3

Evaluation Department, a three level placement test has been devlsed}

{
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based on the content of the curriculum. A copy is to be found in
Appendix B. It consists of items that test the student's knowledge of
numeration, place value, operations (computational skills) and problem
soiving skills that depend upon the student's ablllty to reason fogicéi-
ly. By means of timed tests, the student's knowledgebof rote number

facts, e.g. multiplication tables, is also evaluated.

The Wide Range Achievement Test (Jastek & Jastek, 1965) is also
administered on an annual basls, so that ongoing research may be planned
and in order to provide a comparison gréde level score for overall

educational evaluation required by other Institutions. .

-4
Cor

Organization

. o
The school is organlied by se§en year level groupings based on
chrbnologica] age. Within each year level are approximately six classes
each containing from 12 to 15 stpdents. Thesé students remaln together
for academic lessons, but are regrouped In the vocatlonal areas. An
attempt is made to group students homogenously BY reading comprehension
level, ba;ed on Schonnell test scores, and also by a subjective assess-

\ment of social maturity. As a result the mathematical functioning of a

class may vaty wldeiy.

Six teachers form the mathematics team, with one asslgned as

mept head. Two of the six are responsible for the senfor classes.

Each teacﬁéﬁnjs respohslble for Instructing several classes and also for

staffing the Re§6Urcg Room.

On entry, a studen%xWIII be glven a placement-test to determine

at which point in the network he\§heg1d start. His knowledge of rote-
. “\,\'\‘- .
L

~
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learned number facts, e.g., multiplication tables, Is also determined.
At the conclusion of each school year, the student's network sheets are
passed to the teacher who will teach him In the following year. In this

way, continuous progress can be maintained from year to Year.

Once plécement Is determined, eith;r from the previous year's
record or from the placement tesf, the'requlslte networks are stapled In
each student'; file folder. This Is kept permanently in the classroom
and Is used by both teacher and student as a record of achievement and
plan of assignments. Current assignments are kept In the folder,

completed work is kept In a blnder and filed In the classroom.
‘ .

If the assignment Is one that needs audlo-visual equlipment, the
studenf will leave the classroom to work In the Resource Room under the
supervision of the teacher there. This teacher uSlnd the network as a
guide will assign the required material. Many students become competent

at finding their own material,

If help Is required with the asslgnment, either the classroom

teacher or the Resource Room teacher will work with the student.

Upon completion of the assignment, It is corrected by elther
teacher, and further téaching glven If_necessary. |[|f the requléed.
standard has been reached, the related 'bubble' in the network sheet Is
signed and dated. When rote memory skills are belng leqrned a sh§rt
written and oral test Is glven. Since severai students may leave the
classroom for 'the Resource Room, the classroom teacher Is left with a
sufficiently small number of students for individual Instructlion to be

glven as and when required. Other students may be working upon assign-
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ments that can be completed in the classroom. Again completion is

recorded with initialling and dating a 'bubble' on the network sheet.

As these networks sheets are the only record kept, administrative
work for the teacher is kept tola minimum. They provide for both
teacher and student a record of progress. The steady progress that can
be seen is reinforcing to the student and helpful in discussions w[th
parents a; to progress being made. Dates enable the teacher to judge the
speed of progress. Completed assignments and networks are flﬁed into a
binder -kept in the classroom and the steady accumulation of work also has

a reinforcing effect upon the students.  Comparisons between one student

and another are minimal, thus reducing“feelings of fallure and frustration. -

At some point in the year, é teacheF.wl]l move with his classes to
a classroom designated as a 'Measurement éoom'. This Is set up with
varying equipment and assigﬁments dealing wifh the vgrlous aspects of
measurement. Assignments will be carried oﬁt individually but much 6f

the teaching is group instruction.

The foregoing;descriptiqn is applicable to the majority of the
students but some are functionihg at so low a lkevel that this network
does not provide for them. For such students, teachers will produce an
individualized network that may include the SRA 'Schoolhouse"méterial or
selected games and aé@ivities chosen from:Stott's 'Maths Activities',
Instruction in the use of simple calculafors helps to‘motlvate older

students. , -

-~ >

e RS R S
& Program Development

N e

The six teachers involved in the maths team - who Incidentally do
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\

not team teach - meet weekly to discuss ongoing problems and to plan
development or initiate modifications to the program. Professional

development days and teacher pfeparétion time are devoted to this task.

Each teacher ip turn will take a ﬁajor area, e.g., consumer
education, and initiate the overall planning. Once dlffefent areas
have béén identified, each teacher will be responsible for developing a
network for one .area, compiling resource material and constructing record

sheets. The ;otal unit can then be coded,'filed and is available for all

to use.  Modifications and revisions are made in the light of experience

with the unit.

Classroom lesson preparation in the usual_sense Is minimal, which
frees the teacher for the task of currlculuﬁ development. Much of the
senfor Life Skills' program is still to be deveioped as are some areas
of measurement. Additionally, as the students appear to be covering fhe
content far more quickly than previously, extensions are having to‘be
- made at the upper end of the program. Certaln concept§.whlch few
students reacﬁed before, e.g., decimals and percents, are being studied

. by a growing number of students.

Most of thegformal,instruction carrigd out by the teaeher Is
usually with individual students, although gYom time to time It Is
possible to teach a small group of studentsfwho have‘all reached.the
same point -In their program at the same time. Total-class Instructlion
Is confined to periods when reviews are being conducted or when a toplc

unrelated to the general network is being Introduced. A unlt on such f

‘topics as simple geometry or the use of the hand held calculator |Is an
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example. It is found however, that the students diverge so quickly in

their ability to deal with the new aréa, that total group Inétructlon

rapidly becomes impossible.
el

Subjective Evaluation:

The gontent of this section of the study is der{vgd from the
informally expressed opinions of the six teachers involved in the pro:
gram for the three years of the study. Weekly meetings and a close
working relationship between the teachers appeared to ellminate the need
for a formal questionnaire. Feedsack from other teachers'ln the school
derived from informal discussions\with the students was helpful in

ascertaining students' attitude to the program,

Most students appear to 1ike méthematlcs better thaq‘they did
before, and this is producing greater motivation to succeed. Requests
from students for homework are frequent as are statements such as 'Math
is my best subject!'. Failure is kept to a minimum and since each
student prog}esses at his own speed, frbstration Ievéls are lower. The
buflt-in reinforcement of perceived progress (a binder fllling with
completed asSIghments[ the progression from a green to a pink network
sheet) is also of value. The students are aware of the sequential

14

progression and many are motivated by 1t to work diligently.

‘The mechanization of the Resource Room adds Interest to

&
repetitious tasks and many students attending behavior Is fmproved with

isolation in a carrel. The use of headsets not only reduces extraneous

stimuli but can be beneflqlal In improving Ilstgnlng skllls,
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' In general work habits have improved and there seems to be less
disruptive classroom behavior. Some indication of students' attitude to
the. individualized program is the opposition that occurs when a teacher

wishes to change the regular routine in orde(\to teach some unrelated

~
N

\

unit to the class as a whole. - \

\

Although;thé view has beén~expressed that Lnder this system the
teacher is little more than a glerk, teachers working within it have not
_ felt this way. Rather, théy have seen it as a system that has enabled
tﬁem to structure the fearn?ng situation in such a Wa& that they can
moré competently handle the varijed problems that afise. Whilst the
» content “of the curriculum may be clearly speci%iéd, thevmethodology the
teacher chooses to use in his teaching is o% his own:choiceL: Perhaps
the fact that the maths team has stayed as~$n entit* for over two years

>

indicates their attitude tawards the program. - ,

- One additfqna] benefit from the structured program and clear in-

R

dication of future assignments is that it minimizes the confusion that

occurs when a reqular teacher is absent.

In general, the feeling is that students are going furthqr than
they did previously and are - making faster progress. Whetﬁer.this is an
accurate assessment awaits the findings of the objeqtive evaldation,

which is discussed in the remaining chapters.

\



V. DESIGN AND PURPOSE OF THE STUDY

The problem of impleﬁenting a method of individualizing a
mathematics curriculum with a large heterogenous population is investiga-
ted in this study. It is under taken to determlne whether a network
approach to curriculum development is an effectlve and efficient method
of provndlng basnc elementary mathematics instruction to a large number

of mentally handicapped students whose level of functioning and achieve-

ment in arithmetic vary widely.

The traditional method of classroom group instruction does not
allow sufficiently for individunl differences. With a network approach,
much learning independent of the teacher may take place and greater

emphasis can be placed upon individual needs and differences.

There exists at present no obJectlve evidence that this method of
individualization results in greater achievement in basic mathematlcal

skills. This siudy attempts to provide such evidence.

The study wa; undertaken in a junior/senior high school which
~admits students who, because of severe learning problems related to
intellectual impairment, have been designated as in need of special
education. The school is part of the Public School System of a city in

-

Alberta.
The experimental program in individualized instruction was com-
I

pared with the tradltlonal classroom approach that had previously been

used in the school. The experimental approach was in use for one school

43
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year (1975 - 1976) with the total school population, and with the junior
and intermediate students\(approximately two-thirds of the total) for a
further year (1974 - 1975). Comparative test data were available for ﬁhe
total school population for the previous three years (1971 -,19745 during
which period an eclectic approach to maths instruction was used wit! '
little continuity from year to year and with wide varlations in the con-

tent and methodology used by teachers.

Design of the Study

Subjects

Five groups of subjects were identified, corresponding to year
Tevel withinbthe school program. Each year level group is sub-divlded
acﬁording to the year% in which they were in t. « traditional program and
the years in which they were in the network program. The number of

students in each type of program from 1971 to 1976 is presented in Table

l. : - j

/
The numbers do not represent the entire school population‘sinéé
by the end of the fifth year many students have left for employment or
other training and those remaining are not typical of the school as a
whole. Theyltend to be students with somewhat more severe mental handi-
capé, often coupled with physical or emotional problems, for whom it is
more difficult to find employmeht. Additionally, the ngmbers remaind ng

in years six and seven upon whom data exist from year one is too small

to use for comparisons with previous years. \

@

Originally data were collected on 395 subjects enrolled in the

school between the period September, 1971 and June, 1976 on whom at
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least one:WLde Range Achievement Test score (W.R.A.T.) - Arithmetic.
Section, and a Full Scale Wechsler Intelligence score were availablefw‘
There were 176 girls and 219 boys included in the populétlon. The
number 395 was reduced to 207 when children upon whom there were intom-
plete data were excluded from the stddy. Thus students entering the
school in other than the first year of the school program and leaving
prior to 1976 were not included. It should be no;ed that data presented

relate only to those students retained in the study.

A description of the subjects by chronological age and |.Q. is
presented in Table Il. The'l.Q. tests‘are normally administered by school
psychologists prior to the student's admission to the school, or
routinely during hlé stay In the school at approximately three to four

year intervals. All testing is done by quallfled\?sychologlsts or

-

graduate universlty sgydents in tralﬁlng.

Wechsler Intelligence Tests were used tb measure 1.Q. ‘The Full
Scale score only is used. Prior to June, 1974 thé Wechsler Intelilgence
Scale‘for Children (W.1.S.C.) was used for subjects below the age of 16.
After that date the Revised Wechsler Intelligence Scale for Chlldrqn was
used. For subjects over 16 the Wechsler Adult Intelligence Scale (W.A.|.§.)
was used, Mean Full Scale scores from both W.A.|.S. and W.[.5.C. were .

treated as one group of |.Q. scores.

One of the questlons in the study réqulred thé subjects t6 be
grouped by 'Iow; and 'high' 1.Q. A division was thus made Into those:
students with an (.Q. of 71 and above and those with'aﬁ 1.Q. of 70 and
below. ?A de;;riptlon of shbjeéts in the two groups by chronological age

and 1.Q. is presented In Table [I].
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Data Collection

Grade level scores in arithmetic were available for each school
year whilst the child was in school. They were obtaiped frqm routine
administration of the arithmetic section of the Wide Range Aéhievement
Test (Jastek & Jastek, 1965) which was carried‘out as a'grouﬁ test by

i
classroom teachgrs in the spring of each year. Care was tqﬁen that the
time of day and other such factors were considered to ensd;e that as
optimal an achievement level as possible was reached. Additionally,
routine administration was carried out in September, 1974 and 1975 with
students entering year one at those times to study in depth those sub-

Jjects whose entire program would be on the network curriculum.

The average level of achievement in arithmetic for each group o%
children is p;eéented in Table IV. The average lgve] of achievement in
arithmetic for each group of students sub-divided into high and low 1.Q.
groups is presgnted in Table V. The W.R,A.Tz surveys arithmetic
computational skills from kindergarten Ievel‘through basic opefations of
addition, subtraction etc., to the high gchool level. The W.R.A.T. does
not test reasoning ability. It is administered as a group test without
a time limit. Because of the physical limitations of some studen. , a8

large print version of the test was used for all students. The mean,

standard deviation and range for each group in the study are presented.

Purpose of the Study ¢

The data were considered to determine the following:
-
1. Is there any significant difference between the levels of achieve-

ment of the children in the two types of programs as measured by average
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number of months' gain made by the chlldren at the same year of the two
prograhs?

2. Does the level of 1.Q. affect the level of achievement to a sim-
ilar degree in both programs, with again, the level of achievement being
measured by average number of months' galin by high and low I.Q. groups

made by children at the same year of the two programs?

Data Analysis

Two types of analyses were‘completed.

1. Using gain scores calculated by using mean achievement scores
obt~ined at the end of the preceding year as pretest scores and
meén achievement scores obtained at the end of thé vyear under
consideration as post-test scores, comparisons were made between

a. The four groups B, C, D and E during their second year on the
programs (B and C network, D and E traditional).

b. The three groups C, D and E during their third year (C and D
network, é traditional). | ‘
A Scheffe’ comparison of observed means was used to determine

if significant differences existed between the groups.

For the following two sections the children in each group were
subdivided into two groups, 'High 1.Q.' and 'Low I.Q.'.

Foy th? purposes of tﬁis analysis, I.Q. range 70 and below is
defined as 'low' while 1.Q. scores of 71 and above are defined
as 'high'. A description of the groups' subdivisions by
chronologica] age and 1.Q. is given In Table (.

The purpose of these analyses was to answer question 2,
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!

némely whether the level of 1.Q. affected the level of achieve-
ment to a :imllar degree in'both the traditional and netwofk
programs.

Using gain scores calculated as previously described, comparisons
were made between | |

The four 'h}gh ].Q.' group§ B,‘C, D and E during their second
vear on the programs (B and C network, D and E traditionai).
The four 'low 1.Q.' groups B, C, D and E during their second
year on the programs (B and C network, D and E traditfonal).
The'three 'high 1.Q.' groups C, D and E.during their third

year (C and D networks, E traditional). ~ =

The three 'low 1.Q.' groups C, D and E during tﬁeir third year
(C and D network; E traditional).

In each case a Scheffe comparison of observed means was used to

determine if significant djfferences existed between the groups.
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Definitions
a. ~ Mentally handicapped. - Those students who, because of low
intellectual functloning, are unable to profit from the programs

offered in the regular school system. The 1.Q. range is from

approximately 1.Q. 50 to 1.Q. 85.

. b. Arithmetical operations. - Those computational skills related to
addition, subtraction, multiplication and divislon, both with

whole and fractional numbers.

c. Arithmetic appflcations. - Logical reasoning skills combined with

computational skills to solve arithmetic problems.

d. Network curriculum. - A modification of systems analysis tech-
niques used In Industry to provide for the educator an overall
picture of the total curriculum, that Is, at the same time a

composite of its component parts. L

e. Network. ~ A record sheet which indicates the sequential ordering
of assignments which a student will complete as he covers a

particular toplc.



Limitations

Changes in school personnel and sc“»ol organization may have

produced a more effective overall learning climate which has

played a role in improving arithmetic achievement. The teacher

variable could not bé controlled.

Because the network program has been In effect for only two
years, the Hawthorne or novelty effect\may be working to

. 4‘.’\‘,‘; .
artificially Improve network scores; only a program in effect

for at least flve years would make it possible to measure the

constancy of arlthmetic gains over time.

Only those purts of the curriculum that deal with the
acquisition of arithmetical computational skills has been
evaluated. This Is a necessary but not sufficient pre-

requisite for mathematical competence.

55.



56.

AssumEtions

‘The following assumptions have been made:

a. Evidence from research has sthn that intelligénce as measured
by 1.Q. tests bears a relationship to the ability to acquire
arithmetic computational skills. The variations that occur in
the arithmetic abilities of normal children indicate that
additional factors influence the learning of arithmetic. These

factors are assumed to be acting in a uniform manner across

the groups of students examined in the study.

b. That the subjects are sufficiently <’i» iar at each group

level to make the comparisons between the groups valid.



V. RESULTS

This section of the study is an examination of the results of the
data analysis described in;the previous- chapter, with a view to facili-
tating an enquiry into the relative merits of the network abproach to
teaching mentally retarded ado]escents as compared with a tradltlonal

approach. ﬁ

I
!

Five groups of subjects were identified. zach gqbup consisted
» ‘
of students who entered year one of the school program at the same time,

in one of the years 1971 to 1975.

From September, 1971 to June, 1974 (three school years) a tradi- -
tional arithmetic program was used for all students, any data obtained
during this period are classifled as 'traditional'. From September,

1974 to June 1976 a network program was in effect and any data collec-

ted durlng this period are classified as network'

]

By making comparisons of mean gain scores between fhe two progréms,
an objective evaluation of the network approach to teaching arithmetic
to mentally rearded adolescents has been carried‘gut In addlition, by
dividing the subJects into 'high' and 'low' [.Q. groups, it is hoped to
identify whether the program ls more effectlve with a particular group
of students

The following dlscussloa Is dlvided into t@o major aréas.‘

1. Analyses in which the total groups are used for comparisons.

Gain scores made either iq the second or third year of the

57
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traditional program are compared with gain scores -made during

the comparable year of the network program.

2. Analyses in which each group is subdivided into 'high 1.Q.'
(1.9. 71 and above) and 'low 1.Q.'. (1.Q 70 and bélow).
Gain scores made either in the secénd or third year of the
traditional program by the high 1.Q. groups are;Eompared with

gain scores made by the high 1.Q. groups during the comparable

vear of the network prograﬁ.

In a similar maﬁner, gaiq scores made by the 'low i.Q.' groups
in either the secdnd or third year of the traéitional progrém are com-
paredeith gain scores made by the 'low |.Q.' gfoups during the compar-
able year of the ngtwbrk progrémf,fln al] cases in which statisticad
compafisons between gfoups were made, Scheffe’ tests of multiple compari-
sons of observed means were used to determine {} the d}fferenpes bétweéh
groups were significant.’ Ferguson (1971)'suggests tﬁét because of the
rigorous nature of the Scheffé’érocedﬁre;'a 0.1 Erdbabll?ty:level may be

employed. This is the criterion that has been adopted as statistically

significant .in this‘dlscussfon.

‘The first part of the data analysis was concerned with gains
made by students in each of the second and third years in.which they
were in either of the two programs. These are preéented in Table VI.

on the mean gain
g

\

The results of the statlstical analysis carried out
" scores for the.second*and third years-of the .two pfogramﬁ are presented

.in Table Vil. There were no slgniflcaqt dffferénées\ln the gains made

. by students ih their:second‘year of the network‘program when compared
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with students ir their second year of the qradffional program. The sig-
nificant difference that occurs between grodps B and C (B mean .05, C
mean .45) is between groups both on the netwark program. No significant

differences were noted on the gains made during year three between any

of the groups. ’

The gains made by students sub-divided into high and low T.Q,
groups, during the decond and third Qéars of the two programs, were

analyzed for statistical significance. The data are presented in Table

'

VIiIl. It was hoped that from this data, some inferences could be/i;awn
as to the relative effectlveness of the network program with students of

greater or legss intellectual ability.

»

When mean galn scores of the 'high' 1.Q. groups-on the network ,

¢

- program during year two were compared with meaq)gain scores of the 'high'
1.Q. grou;s on the second year of the traditional program (Table IX),:§
significant,difference.was noted betﬁeen groups C and.A(C mean L5, Ex
mean .07}., Group C was on the -network program durlng this year, while

group E received traditional instruction. A significant difference was "

)

also found between groups B and C (B mean .12, C mean .45) but both

~

these groups were on the network program.

o

The comparison of mean gain scores for 'hlgh'-l.Q. groups in their
third year is also presented I'n Table IX. No significant differences

were observed.
i

3

A similar comparison of meanfgé[n'scores fof "Tow 1.Q.' groups

in the:second and third years of the two programs was made (Table X). No X

significant differences were observed between groups.thét were on differ-
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. ent programs but in year two a significant difference existed between

groups B and C both of whom received network instruction (B mean .08,

C mean .39).

i

A comparison of the 'low' 1.Q. groups in y:ar :three also produced

no significanf differences (Table X).
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VI. CONCLUSIONS

This study was carried out in order to determine whether an ex-
perimental network curriculum deslgned‘to provide an individuallzed
approach to teaching arithmetlic to mentally retarded adolescent
students, was in fact more effective than the traditional program which

had previously been used.

The network approach had been in use for two years'prior to théﬂ
study. Subjectively, the team of six teachers Involved in the program
felt that |t allowed them to deal more effectively with students . on an
individual basis, gave rise to behavior more compatible with léarning and

that\iyudents were progressing further, faster.

It was considered that the program should be exiﬁ{;ed in the
light of obJect|ve data avallable in the form of Wide Range Achievement
Scores for the two years during which the network hg& been in use and
_ for the prevfous three years during which a tFadf%lonal approach to
arithmetic\had been Qsed: By cdmpérlng gains made by students on the two

programs, it was hoped to determine whether in fact the network program

was as effective as It seemed.

As a corollary to this, It wasmfélt that the netwo}k program
should be evaluated in terms of Its ‘effectiveness wlfh students of
relativelymgigher of lower.IJQ. Thls was done.by regroupiﬁé the stud;;ts
at each year level iInto sub:groups of higher or lower 1.Q. and repeating

fhe comparisons‘descrlbed In the previous paragraph=_

66
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From an examination of Table Vi.which presents data of mean
arith&etic gains made by four groups of students during years two and
three there is some evidence that the network program is more effective
in producing greater gains, the three greatest gainé were made by groups
on the network program. (Group C In years two and three, gréup D in |

year three).

When the mean gain scores of the four‘groups of students sub-
divided into high and low [.Q. groups are considered (Table VIiie), it
may be seen that In the 'high' 1.Q. groups, again the three greatest
_gains were made by groups on the network program (Group C In years two

and three, group D In year three).

F&r the low 1.Q. groups, there Is llttle evidence'tha; elther
program is more effectlve in ferms of galns made (Table VIIl). On the
_other hand, there is no evidence -the network program is less effectlve
than the traditional program for thls group. Statlstical ana1§ses
of the data were carried out using‘Scheffe'multlple combar!son of means

test. The P& 0.1 level of significance was used.

‘The data were analyzed in terms of the mean galﬁs In achievement.
scores made by comparable groups of students in both the network and
‘Fradltional.program. Initially the comparisons were made bgfﬁeenltbe
groups considered as a whole. This was followed by making'comparisons

of the gfoups sub-divided into high and low 1.Q.

= L
Using data obtalned at the end of the first year as pre-test '

scores and data obtalned at the end of the second yeaP”as post-test

scores, Ehe mean gains for year two were calculated and comparisons made
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befween groups on the network program and groﬁps on the traditional

program. No significant différenées between the two programs were noted
(Table Vil - Year ). A mparison of the gains made during year three
also demonstrated no Signfficant difference between the groups (Table V1]

- Year I11).

There thus appears to be no evidence that the network program
produced greater gains In mean achievement scores than did the trad-
Itional program, when the total group using the network program fis

compared with the total group using the traditlohal program.

Comparisons of mean gain écores between groups of students of
relatively higher 1.Q.'s on the traditional program and those on the
network program were made. Table IX - Year’ Il shows one significant

difference occurring between one group on the tradlitional program. and

one group on the network program, during the second year of the program.

A comparisbn of galns made by the high 1.Q. groups deﬁgg the
third year of the programs yielded no significant differences (Table

3

X -’Year ).

There were six comparisons of mean gafns'on lﬁe tradltionél pro-
gram with mean galns on the network program for students of relatively
highef 1.Q. Of these silx comparisons, In only one was the difference
between the group on the network program and the-group on the traditional

program found to be significant.

It thus appears that there is minimal evidence that the network '
Program is more successful than the traditional program in producing .

greater gains- in mean achlevement scores with students of relatlvely
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high 1.Q.
|

Comparisons of gain scores made by étudents in the low 1.Q. groups
on the traditional program with simllar students on the nethrk program,
for both the second and third years of the two programs, ylelded no
significant differences bethéen the groups (Table X). The network pro-
gram and the traditional program appear to have similar effects on mean

gains in achievement scores with the lower 1.Q. student.

[n the light of the foregoing material, it Is now possible to
'i*néview the purpose of the study as'stated in Chapter IV and answer the

questions posed.
" Question 1

Is there any signiflcant differences between the levels of achleve-
ment of the children in the two types of programs (t}adltlonal'and net-
work) as measured by average number of months' gain made by chlldren'at
the same year of the two programs?

There\was no eyidence to suggest that significant differences
| existed between the groups on the two types of programs In terms of the
number o; months' gafn made by each group at comparablé points in their

program.

Qdestlon 2
LA AL LS

.

Does the level of I.Q. affect the level of achlevement to a
‘similar degree.in both programs, with the levél of achlevement being
measured by average number of mohths' gafn by high and low 1.Q. groups,

made by children at the same year of the two programs.
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il

There appears to be only minimal evidence of any difference
between the traditional and network programs. In the high I.Q.'gféups,
from six comparisons made, one showed a s(gnificant dffference between
the network and the traditional program, with the network group having
.the greater mean gain. With the low I.Q.'groups; no significant _

differences in mean galin scores were observed.

Summary and Recommendations

The conclusion that may be drawn from the statbstical evidence is
that the network program, designed to cater for the individual needs of
the‘aaolescent mentally retarded student in‘learnlng arithmetic, is at
least as effective as the traditional progrém that it replaced. There
is some objective evidence that it is more effective In teaching compu-
tational skills than the traditional program wltﬁ students of relative-
ly higher 1.Q. - , | ' : Y S

This, combined with the éubjecttve feelings of teachers concerg- E
ing less tanQIbIe‘beneflts that the network system brings, namely greater
teacher and student satlsfacflon, woula suggest that the nétwork program

should be contfnued with modifications for the majority of the students.

The study showed howeyer, that for students In the lower range of

infelligence the network program was of doubtful yalue. This suggests
that the network program in Its present form sholld only be used for
§tudents near or above the mean [.Q. for studefits registered in the
school program, (mean 1.Q., approximately J0) unless the:student appeafs

to be particularly competent In arithmet!



At the lower end of the educable mentally retarded range the
network program in fts present form does not appear to be any more
effective in teachlng arithmetic computational skllls than the tradition-

al program it replaced, \

Thfs may be due to the\fact that it is highly propable.that these
students have not reached the'stage in the development of the?rqeo§nitive~
processes that allows them to deal with the Togicalrthought processes
that are required to deal with number in an abstract way:

In:addition, the network prpgram requirea a moderate amount of.>‘/
initiative on the part'of\ghe student to work independently without
constant direction from the‘teachen. This may be .a skill which the

child of low intelligence has not or may not be able to develpp.

I f these assumptlons are correct, then it s apparent that the
whole content of the arlthmetic curriculum for ‘these students must be

reconsudered In=an age of pocket cali lators, perhaps the mathematlcs

curruculum for these. ;&udnnts sho ﬁ» slst solely of bhose Iife sklllsp
such as money, time ghd mea?upeﬁeyt needed if lndependent llvlng is a
real goal. The only alternatlve appears to be a major thrust of research
to determine if the chlld in the lower 1.Q. range can be accelerated in
those cognitove skills which appear necessary for the acqu!sltion of
‘number contepts. In addltlon, the research would have to determlne

what changes in teaching methods and currlculum content are necessary

to bring about a more rapld development of cognltlve skills,

There is a growing tendency for educatots_td belleve that the

atypical child, should not‘be sepregated from his ‘peers. The relative
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success of tﬁe network program described may perhaps suggest that this
type of program could, wlth modifications, allow the retarded child in

the upper 1.Q. range to be Integrated into the mainstream of education.

il

The network curriculum is not»a\ffnlehed product. It will only
retain its vitality ff it is continuouaiy revised, dpdated, reviewed and
evaluated. More' importantly, It will only retain its eftectiveness as."
\long as it is perceived by teachers to be effective, and it may well'Be
that apy measure of success that this study has shown it to possess is

due in large part .to the teachers involved,

Thi's study was,llmlted“in that It‘measured arithmetic achievement
solely in terms of combutatlonal‘skllls Mathematics Is an area whlch
lends ltself to research into the development -of—cognitive processes, an
area whicH was not assessed by this study, but which is 6ne of the objec-
tives of the nétwork program. ‘ |

Further re:  ch in this area could perhaps utilize data which is
Qradually being acquired concerning tﬁe methods which are proving suc-
ce§§fbl with aterage children for tHe teaéhlng of problem solving skills
which is a major obfectlve in the mathematics curriculum for\all children.
"Further researCh'in this arealcddld perhaps utllize data Wchh‘ls

gradually being acquired of the problem solving skills of the students

involved in th|§ program.

There Is a need for.sdltable_testlng'and teaching material to be l‘

‘developed Which\gzsljf:?asure cognitive development ln'Plagetlan terms,
\ rietl s ‘
and‘whlch possesse format that could be used with thefsédhlstfcated

adolescent student.
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Once such baslic research had been carried out, it would allow '
v teachers in the field to develop mathematlcs programs that could enhance
cognitive develobment, in a logical sequential form, in preference to

\

the empirical process which-is currently used in currlculum{blanning for

the mental]y retarded child.

Obseryatioh suggests that changes other than the ability to

achieve in mathematics may be occurring as a result of the, program.

. L LR
These include such'a Y

eas as self concept, social ﬁatur?ty and attitude.
Further modification and evaluation. of the program should include the

3
.

use of instruments to measure these changes.

“In summafy, future development and evaluatibn_of the program
shouid involve greater emphasls upon mathematics content other than
computational skills, In pérticulai; prqblém soiving skills nged to be

stressed. . - .

There is also a need to evaluate changes occurring in cognitive

‘development, in self concept, in 'social maturity and in, attitude, for,]i.xx.;
. o . e ' L]

e ]
3 W
By

2

X

“in the finad analysis, these are of greater importance In determining

. S - ? ’ . co o »
the quality of the retarded student's adult life, than his ability to
* . perform in arithmetic. | '
™~
%
Lb‘l‘é‘b
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ANNOTATED LIST OF MATERIALS USED IN THE Y
NETWORK PROGRAM ’

Alberta Correspondence School Presents simple concepts
Modified 7 . In a relatively sophistica-
Alberta Education ‘ ted format.

Edmonton, Alberta

Applying Mathematics » - Problem solving assignments.
Carlow and Raithby 1967 . . Teacher made cassette. tape
McGraw Hill, & Co. . -accompanies, for non“readers.

Torento, Ontario
. )

Aflthmetrlcs‘ ) ‘ Tapes and worksheets.
Coronet lnstrucglonal Media Reviews addition and sub-
' Chicago I1inoi%" . traction,
. e '? R " IR ’

" Basic Elementary Mathematics . Tapes and worksheets.
Educational Sensory Programmlng Inc.1972 Provides practice in ele-
Jones Boro,,Arkansas 1~;¢¢ \ mentary operatlons.
Beginning Maths Concepts 1973 | Tapes and fllm strips. Needs
Society for Visual Education Inc ‘7 supplementing with teacher
Chlcago, IMlinois made worksheet.

Computapes ' Tapes and worksheets. Covers
Science Research Assoclates 1972 basic operations with whole
Toronto, Ontario | R numbers, fractions, decimals

and percents

Cyclo-teacher A simple wheel-1]ike machine
Field Enterprises Educational Corp that gives Immediate rein-
, Chicago, I1linois . forcement to student.

- Commercially produced or
teacher made assignments

. possible.
x W . . , .
Decimal: Wé%ushop 1976 . \ ' Tapes and worksheets,
Coronet Instructional Media Ltd.
* Markham, Ontario —
1t's a Metric World | Tapes and fllm strips. For

group Instructlon -useful for

Addison-Wesley (Canadalg
QK Introduction or review of

Don Mills, Ontario

S metric measure. -
Flash~-x Cards i . A téchlstoscope-type of
McGraw Hil]l Ryerson Ltd. . machine. Useful for rote
Scarborou~!, Ontarlo ~°. learning of number facts.



J;éﬁ.

&
Formula | .
Math Power Pac, Lola J. May 1971
Imperial International Learning Corp.
Kankakee, 111indis ' ~
Fractions and Fractional Numbers
George A. Spooner 1971
Milton Bradiey Co.
Springfield, Massachusetts

Fractions: A New Approach = 1974
Society for Visual Education Inc.
Chicago, [1linois

Inches and Fractions
Decimals and Centimetres

Encyclopedia Brittanica Publications Ltd.

Toronto, Ontario

Math Imagination i

Steve ‘and Janis Marcy 1973
Creative Publications Inc:
Palo Alto, California

Mastering Arithmetic Facts

Ervin Marriot 1972

Charles E. Merrill Publishing Co.
Columbus, Ohio

Maths Mystery Theatre

William J. Dunne '

Imperial International Leamning Corp.
Kankakee, I11inois

Merrill Mathematics Skilltapes
Francis T. Sganga 1969

Charles E. Merrill Publishing Co.
~ Columbus, Ohio -

Programmed Mathematics  (1973)
Educational Sensory Programming: Inc.
‘Jones Boro, Arkansas

Telling Time

Toronto, Ontario
LY
&

80.

Tapes. and worksheets.
Useful for review of four
basic operations with whole
numbers.

Tapes, worksheets and
manipulative materials.
Introduction to fractions.

-

\

Film strips and tapes. .
Useful for review of frac- R
tional numbers.

Film strips, tapes activity
materials. Supplemented by
teacher made worksheets.

Interesting puzzle-type
assignments, glving practice
in basic operations with

both whole and fractional
numbers.

Tapes and worksheets.
Simple format, useful for
low functioning students.

Film strip, tapes and
worksheet. Provides high-
interest material for-higher
functioning students.

Tapes and worksheets.
Useful for review of total
program. Not sultable for
lower functlioning students.

Tapes and worksheets.. For
practice In rote learning of_‘
number facts.

) : . Fllm strips, tapes and
. Encyclopedia Brittanica Publications Ltd

. actlvity materials, o
Supplemented by teacher made - ’;;@
. worksheets, , ot

T
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"Schoolhouse Mathema ics 1 (1975)

Schoolhouse Mathematics 2 (1976)

Science Research Assocliates (Canada)
Ltd.

Toronto, Ontario

Teacher made Materials

Slides
Flash Cards

Language Master Cards

Self-correcting cards,
covers simple number
concepts, measuring and
geometry. Useful for
extremely low functioning
students. ’

This material. Is made up
into 'learning packs'.
Each pack glves students a

'varlety of media for commit-

ting to memory a group of
related number facts.
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PREVIOUSLY COPYRIGHTED MATERIAL,
IN APPENDIX B, LEAVES 83 - 138,
NOT MICROFILMED.

Manual for Mathematics Skill Tests, Levels 1, 2, & 3,
Mathematics Skill Test, Level 1, Mathematics Skill .

Test, Level 2, and Matematics Skill Test, Level 3, by

the Edmonton Public School Board. Copyright 1976.
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