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A COST-EFFECTIVENESS ANALYSTS OF INDIVIDUAL LEARNING UNITS
IH A JUKIOR HIGH SCHOOL BASICS MATHLMATICS PROGRAM

Abstriact of Dissertation
PURPOSE: The study was deslgned to: (1) determine the expenditures for an individual basic
mathematics program in the junior high scheols using lndividwal Learning Units, (2) determine
the expenditures for a traditional, textbook-oriented approach to baslc mathematics instruc-
tion, and {3) compare the achlevement gains of the two programs. HNull hypotheses related to
cost-effectiveness stated that the operational cost per unit gain, and the sum of the develop-
mental and operational cost per unit gain of the ILD program would be greater than the cost
per unit gain of the traditional approach. Hull hypotheses rslated to effectiveneszs stated
that the ILU treatment would not have a statistically significant effect upon: (1} total
mathematics scores, {2) arlitlmetical computations, {3) arithmetical concepts, and (%) arith-

_ metical applications.

POPULATION: One hundred and eighteen eighth-prade basic mathematics students were chosen from
two junior high schools in the Stockten Unified School Distriet, Stockton, Califorpia., The
schoels offered a contrast for they differed warkedly in racial and ethnie makeup, socio-
economic level of residents, znd school size. In order fe amelicrate teacher-effectiveness
varishles, teachers were assigned an experimental and contrel group which were similar In math-
ematical ability and which niet in consecutive periods. The instructors determined the treat-
ment each group was to receive. Neither the teachers nor the students had worked with Individ-
pal Learning Units previously.

PROCEDURE: The preassembled groups were assigned to a Honrandomized Control-group Pretest-
Posttest Design., All groups were pre- and post-tested on the Comprehensive Test of Basis Skilils,

Form Q, Level I1I. The hypotheses relating to cost-effectiveness were analyzed Ly establishing
a cost effectiveness ratio and its subsequent factor for each program. The cost component for
the cost-effectivensss ratio was represented by the price per pupil in the respective approach.
The mean of the mathematics achievement gains for each group was considered as the effective-
ness component. By dividing the months gained in achievement into the cost per pupil, a factor
stating the cost per unit gain was derived. The hypotheses relating to effectiveness were
analyzed through the use of four two-way andilyses of variance with unequal cells, These anal-
vées yieclded the effeécts of the treatment, the achievement scores in the different schools, and
the interaction between the treatment and the schools. The achievement gains and the cost of the
programs were dependent variables; the treatment received and the different schools were the
indeperdant variables,

FINDINGS: ‘The Individual Learning Unit propgram for individualizipng basic mathematics imstruc-
tion did not preve to be cost-effective. The cperational cost-effectiveness facter for the

.experimental program was $.54 per unit gain In achievement, measured apainst $.36 per wnit gain

for the traditional, However, the treatment groups had significantly higher arithmetical appli-
cation scores on the CTBS, and approached simnificance on the total mathematics scores. Signif-
icant interacticn effects were recorded on the total mathematies scores, the arlthmetical compu-
tations sub-test, and the arithmetical concepts sub-test. The investigator coneluded that the
proximity it cost, plus the superior achievement gains, make the ILU approach & wiable, but
perhaps costly, alternative to the traditionzl, texthook-orlented approach to basic mathematics
instruction, '
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CHAPTER T
INTRODUCTION

There is a growing demand from various sectors of our

L3 - -
——seclety that the -pu

able, both in terms of mbney'expended and results achicved.t
The American eduéational system has to daté, however, been
subjected to Enly_a fow tests of efficiancy and effective-
ness.2 Less than ohe third of one percent of the billions
of dollars budgeted yearly for educatioﬁ is spent on evalu-
ating the quality of its performance,3 It is paradoxical,
writes Lessinger, "thet we, who are ths most advanced na-
.tion in the world in_technology and management, seem in-
capable of applying that.knbw~hew'to ed:cac:atics,n.,"lfr Lovell,
in developlng both a design and appropriste modsls for
“evaluating instructional programs, found:that the.litaram

ture offered little methodological assistance to those who

_ 1yWillis Tucker, “Accountability: Who Owes What bo
" Whom?" The Education Digest, XXOWII (April, 1972), 3L-326,

2Loon Lessinger, "Itls Time for Accountability in
Education, " Natlon!s Business, LIX (August, 1971}, 5k.

SIbid.

bressinger, "It's Time for Accountabiliby," 55,
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—efficiency within

wish to conduct educational assessmant.l Moon contends fhat
even wlthin the fields of instructional technology, with its
philosophical synthesis of systems-learning theory, a void

oxigts in the actual knowledge of evalﬁationeg

The application of costmeffectiveness.analysis, a

tochnigue of management sclence, is a possible way ol meet-

ing the demand for accountability and for vastly increased

0 T el CO8YT réstraints; Such a method
involves an effort to discover ways whereby desired objsce
tives {gualilty éutput) may be reached with:a minimum appliai
cation of resources (cost or iﬁpuﬁ)g3 The Committee for
Feonomic Development has eiamined the posalble bensefits of
cost~offoctivenass analysis and has concluded that the em-
ploymant of fhis techulique 1s ome of the major'imperati#es
h

for educatlon today.”™ Stowe similarly argues that the en-

tire comncept of accountablilibty is undenisbly a healthy

l¥ed Broward Lovell, "Cost Effectivencss Evaluation
of Imstruetional Programs: A Developmental Desiga (K-12),"
{unpublished Ph,D. disgerbtation, The Florida Stabte Univer-

cailty, 1971), pagen 1-6,

Zjohn P. Moon, "A Learning Effectivoncss, Time Effi-
clency, and PPES Costi/Effective Investigatlon of a Media
Modeg Paradigm for the Indespendent Learning Environmenbt,"
(vapublished ©d.D. Dissertetion, University of Southern
Califormia, 1971) pp. 30-31.

3austin D, Swanson, "Cost-Effectiveness Measures in

Bducation,” The Bneyclopadia of FHducaticn - Vol.2, (MacMillan

Co. and the Free Press, 1971}, p. 451,

Lresearch and Policy Commitites of the Committee for
Economic Developmant, Inuovation in Education: New Direcs
tions for the American School, (December, 1968), p.l3.
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movement Tor education in general.~>
‘Cost~effectiveness analysis may be especially helpful

in evaluating innovative programs. Individual Learning

Units (ILUs), Specially designed booklets to guide students

through a highly structured program of learning materials,
will be the focus of the analysis in this réseaﬁcﬁ.z The
relative merit of the ILUs will be determined by compafing'
the cost and the effectivensss of this innovative program

with a more traditional method of classroom instruction;
THE PROBLEM

Statement of the Problem

What 1s the relative cost-eifectiveness of Individual
Learning Units in an individuelized junior high school basic
mathemétics program when compared with & more traditional

method of instructlon?

Rationale

The obiective of this study is an analysls of tho
costs and student achievement of Individusl Lesarning Units
as a meant of individuallizing basic mathematics instruction

in junlor high school.

The learning package is mot a tobally new idea in edu-

cation. The texthbook and materials accompanyling basic

11.R. Stowe, "Critical Issuss in Instructionzl Devel-
gpment,ﬁ Audiovisual Instruction, XVI (December, 1971),
-1.0, : .

ejohn E. Arena, "An Ingtrument for Individualizing
Instruction, " Educational Leadership, XXVII (May, 1970), 6l.

“HIL i
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texts are examples of incomplsete packaging conbepté’for in-
dividualizing instrﬁction that have beon-staﬁdard-for'many
years, Grobmah reports that the major differences in to-
day's packages are thatb thﬂy-éré more comprehensive, more
frequent, more cerefully prepared, more.adapted to individ-
val learning, involve more varised techniques and media, and
ars geunerally easler to order since they come as a singlewn

- mne 1r+1
npacke

[*]

Areua, 8 projsct director using learning packeges, axe-

vlains that the basic function of this instrument 18 to
gulde the student through a tighﬁly structured program of

learning matarialg,a A brief rationale, performance objec-

tives writien in behavicoral terms, and a4 means of evaluating

student progress, usually in the form of pretests and post-

tests should be imcluded im each package,” The needs, abile
ities, and interesits of the sbtudents are considered to help
determine the necesgary activities to reach & particular
objective, |

Among the major stumbling blocks to the use of pack-

ages 1In a school program are cost and demonstirated quallly,

Grimsley. states that many bold claims are mads to promote
SOmMA pPrograms aﬁd packages, but we must ask: (1) what cri-

teria was used to base these claims of effectiveness?; (2)

vl de Grobman, MEdueational Packages-Panacea?" Edu-
cational Leadership, XXVIT (May, 1970), L2z, :

2hvena, "An Instrument for Individualizing Instrucs

tion, " p. bli-65,
ng:lmg L
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vhere and under what condlitions was the program tested?,
and (3) has there been feedback and have any modlficatlons
resulted?t _

Prééeﬁt aceounting and managemenﬁ records in school
systems generally do not make possible an accurabe judgement
of the effectiveness recelved for monsy spent. DBusiness and

industry employ a cost analysis system for;threeiimportant

~reasons according to Wohlford. First, business can only con-

et oy

tinue to functlon if iuncome is greater than expense, thereu
fprs; methods used in industrial cost accounting have been
deviséd to account carefully for all expenses. Second, ac-
éurate assessment of cost at each stage 15 fundamental to
the determination of the value of spescific production pro-
cedures, Through the use of cost analysis prdcésses the .
most efficient.method can be determined for-a particular_
job., Third, managerial decisions pertaining to the'contenﬁ:
&n@/orlquality of the product are aided by cost accounting

preocedures, Tests are conducted to measure the product at

sach stage of development and costs are assigned at sach

stage,z

Applying this loglic to the educatliou of children is
obviouély not a'simple transition, bﬁt much of what ls dbne 
in business and Industry is directly applicable'to education,

Costneffeétiveness analysis can be a usgeful ftool in rationalw

lraith ¥, Grimsley, "Before T Look Inside," Bducation-
all Leadership, XXVII (May, 1970 a2,

QGerald H. Wohlferd, "Cost Analysis in Education,"

The Education Forum, XXXIV (March, 1970), 340-341,

A
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izing the decisioﬁ making process, It should not be.the
sole determinant, but rather one addibional tool tb agsist
the program planner in compariung the resources.mandated by
an educational prograﬁ to 1ts effectivéneéé. This efféctifem
ness ié often measured in terms of pupil achievement,

The planncr must first debermine what resources are

being used to produce specific educational objectlives,

_ Both "system" and "behavioral' objectives will be imcluded.

To loock at costs from a systems point of view is to includs
6n1y those costs that are Involved in attaining a system!s
objectives. These costs will include facllities, personnel,

training activities, equipment, resources and the Like, not

‘only at & specific peint in time bul throughout the 1ife of

the program. By projecting the expendiiures over the ex-
pected life of‘the progrem a more realistic picture of the
true doller needs.can be obtained.

Before the analysis of cost-effectiveness can begin,

the problems of definiug and measuring the effectiveness of

an educationai.program_must be dealt with,t In particular,

- a great deal of care must be used in the gelesction of in-

struments that will validly and reliably measure attaimment

of program objectives.

PURTOSE OF THE S5TUDY

A study to determine a school districtts expenditures

Liargaret B, Carpenter and Sue A. Haggart, "Cost-

- Effectiveness Analysis for Educational Planniung,!. fBducational

Technology, £ (Cctober, 1970), 26-28,

NN
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for: (1) a_progfam $o help individualize basic mathematics
instruction in the junior high schools using Individual
Learning Units, and (2) a_traditional, textbook-oriented
approach to ba31c mathematics instructlon served as the
basis for this 1nvast1gatlon. This study is also based on a
comparlson of achlevement galns in the individuslized package

Program with the traditional btextbook programs, The cost~

_effectivenesns. of. a

rarticular program can only be. presented

as a set of measures and indicators., Once these are obtainsd,

the curriculum planner must then weigh the relative lmportance

of the various aspécts of the program's effoctiveness as they

apply to his particular school.
HYPOTHESES

Major Hypothesis 1: A cost-effectiveness analysls of the use

of Individual Learning Units in Junior high school basic
mathematics Instruction will demonstrabte thatl the operational
éost per unit galn in achlevement willl be egual to or less
than the operational cost per unit gain in a traditional
textbook- orlented lecture approach, with minimal usage of
aundlo~visual eqguipment. | |

Sub-Hypothesis 1: A cost-effectivoness analysls of the use

of Imdividual Learning Units in junior high school basic

mathematics instruction w111 demonstrate that the sum of the
developmental and operational cost per unit gain in achieﬁem
meﬁt will be equal Lo or less than the cost per'unit gain in

a Utraditional approach.

=
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Major Hypothesis 2: There will be significant differences

in achlevement galns, botal mathematical scores, betwsen
junior high school students using Individual Learning Units
and junlor high studeunts in a traditional program,‘as mea-

sured by the Comprehensive Test of Basic Skiils, Level IIIL,

Syb-Hypothesis 1: There will be significant differences in

gain scores on the_arithmetical computational skills sub-

ing Units and junlor high students in the traditlonal program,

Sub-Hypoethesis 2: There will be significant differences in

galn scores on the arithmetical concepts sub-test of junior
high school students using Individual Learning Units and
junior high students in the traditional progrem.

Sub-Hypothesgis 3: There will be significant differences in

galn scores on the arithmetical applications sub-~test of
Junior high school students uging Individual Learning Unlts

and junicr high students in the traditlonal PIrogIam,
DESCRIPTION OF THE STUDY

This study investigated the relabive cosbe

effectiveness of Individual Learning Unlts in a junior high

school bagic mathematics program as compared with & more tra-

ditional textbook-oriented, lecture approach with a minimal

. usage of audiovisual eauipment. A ratio of dollars szpended
&

per puplil month galn in achlevement was derived from tho
study and served as  a basis for comparison of the twe

approaches,

| I N



Por this study, onlj "direct costa™ were coﬁsidm_
ered., DPlrect costs are those expenditures inmcurred iu pro-
viding educational opportunities, e.g., instruétional and
adninistrative salaries, supplies, btextbooks, repéirsg
building maintenance, and equlpment. -

The direct costs suggested for aﬁalysis were

classified as either "developmentel or "operating" costs.

— For purposes of cost-effectiveness analysis, developmental

costs may be defined as those expenditures related to the
planhing and implamentétion of educational programs. In-
clﬁded in this cost cabtegory are:. inltlal program planning,
~acquisition of equibment and materials (including textbooks),
special training and orientatioh programs and any other cos?t
related To The planning and Implementabtion phase of a pro-
gram, Operabing costs include those ltems associated with
the operation of & prograx, ©.8., salaries, supplies, printed
materials, duplicating mabterials, utilities, and employes
benefits, L

The major hypothésis ané ite sub-hypotheses relating
to achievement were analyzed through the use of a two-way
analysis of variance with unequal cells. The independent
variables was the use of the Indiﬁidual Laarning,Unitﬁ in
basic mathematlcs instwuction;{the_dependenﬁ vaxiablaé were the

achlevement gaine nolted in the Comprehsnsive Test of Basic

lRay Haywood Forbes, 'A Technigue for Analyzing the
Costs of an Education Program Bassed on Behavioral Stated Ine-
structional Objectilves,” %unpublishaﬁ doctoral disseritabion,
University of Hassachusobbtes, 1970}, pp. 38-39,




10

Skills and the cost of the programs.l The overall gain and

the subtest areas were analyzed individually,
ASSUMPTIONS AND LIMITATIONS

Assumptions

The assumptions upon which this research was based in~.

clude the following:

e

—Je-A-systematic examination and comparison of alters
nétive programé(is plausible, |

2. The significant resources needed for developing
and‘operating an inmovative instructional program
vsing I.L.U. s cen be idenbtified.

3. The perlod of time during which the study was con-
ducted provided sufficient usage of the Individusl
Learning Units to compeare them with the traditional
mathematics program,

o The scores on the CTBS standardized test used in
this research ﬁere an accurato measurs of academic
achievemeht gains.

‘5, The data collected and the method in which it was

analyzed may be of value In curriculum declisions,

Limitations

The following limitations are noted as being relevant
to the study:

1, The research was limited to an in~depth sxamination

. lcalifornia Test Bureau, Comprehensive Test of Basic
Skilly (Monbterey, California: DI MGHTE HeSEErch FarE, 1960)
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of two junior high schools in the Stockbon Unified
School District, Stockbton, California.

2, The students were assigned to classes according to
ebility level in mathemabtics,

3. There are imhevent limitations in the administra-
tlon, nature, and scope of the testing instrument.

L. The effectiveness of the programs has been limited

There has been no attempt o projedt the gain in
terms of oconomic bemofits or ulbimate success of
the 8tudenbs.

5. Althdugh soclial and attitudinal variables ars rela-
tive to success 1in mathematics, there has been no
attempt to gualify these factors.

6. The basic cost estimates have beon limibed to the
average per pupil coest of materials for each pro-
gram, pro-rated on & consumption basis,

7. The research was limited by the writer's concern in
only cdmparing the Individual Learning Units with

the traditional mathematics progrant.
DEFINITLONS OF TERMS USED

Behavioral Objectlives:s a precise astatement of a single

meaningful anit of behavlior that will satisfy en instructor

that a student can perforam a task that is a desired outcome

of a course of instrucﬁional

18-

1paul Haxmorn, "Curriculunm CostnEffectivenas§ EVﬁll
2L,

tiom, " Audiovisual Instruction, XV (January, 1970),

galn in mathematics achievement.,
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Costeeffectiveness: an analytical approach to solving pro-

blems.of choice:which requlre the definition of objectivés,
ldentification of.alternﬁtivé wajs of achieving the objec~
tive, the identification of.the alternative that yielﬁs thﬁ
greatest effeoctiveness for any given cost; of o + o yieldé‘a
requiréd or chosen degree of effactiveness fof the least |
cogt. The term is Usualiy used in situations‘in which the

e e B i e .- Cems 2 s s 1
TalvePRative outpute cammol be ealily dquantified In dollaws.™

Educational Systems: an arrangement of elements (such as

teachers, classrooms, space, ete,) and processes (such s
ingtruction and counseling) that combine to produce student

. M_.1earningn2

Individual Learning Units: a specially desigﬁed booklet to

guide the student Through a highly structured program of

learning materials,d

Planning, Programmiﬂgs Budgetihg Svatoms (PPES): this ap-
proach abtacks the resource allocation dilemma through syéw
tems accounting-fiscal procedures. It ig an attempt To
integrate plamning (establishing objectives and polieciles),
programming {(method(s) fto asccomplish the objectives}), énd'.

budgeting (specifying allocations of resources in a given

IRichard H.P, Kraft, Cost-Effectivencss Analysis of
Vocational-Technical Educatlion Prograws, for Tvhe lDebartment
cof Educational Administration, hkducational Systems and Plan-
ning Center, The Florida State Unlversity (Tallahasses,
Florida: Deparbment of Edueation, 1969), p. 142, _

. Carpenter and Haggart, "Cost-Effectiveness Apalysis"
. .po 2_° . .

3hvena, "An Instrument for Individuslizing," p. 6l.

1l
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time interval), It 1s aimed at helping menagement make hetb-
ter decisions on the alloéation of resources among alterna#'

tive ways to attain program objectives.l
SUMMARY

The first chapter of this stidy presented an introduc-

tion to the 1nvestigatlon. The ewphasils was on the hereto-

_Tora. Aallure to apnly_ggsﬁ-effegﬁivenggg e mrer L ;e SR

analysis, & proven
technigue in the business world, and 1lts application to edu-
cational programs. Elucldating the direcﬁion énd intent of
the study were statements regarding the problem, hypotheses,
rationele, description of the sbudy, assumptions and limita-
tions,.and definitions of tenﬁs used.

Following chapters include a review of the literature,
mathodblogy of procedurss, collectlon of data, analysis of

data, conclusions and recommendations,

lganford Temkin, A Cost-Effectivencss Fva}uﬁtlon A
proach to Improvivg Resource ALLOCALiONS 10r BENOOL &ystems
(. published docloral dissertation on business and Applied
Feonomles, University of Pemnsylvania, 1969; Ressarch for
Betteor Schools, ineg, 1970) . ' :
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CHAPTER II

REVIEW OF RELATED LITERATURE-

INTRODUCTTON

~ For the purpose of fhis study, the invsstigétor Focused
on three major areas in the review of releted literaturs.
The first-seétion, Individualization of Instfuction, began
with a definition of the title phrasae, then statements re-
gérding the premise for indlvidwalizing instructlon and var;
ious techniques used in individualizing mathematics programs
followsd. The second areé dealt with the concept of
Learning packages snd their roia in individualized programs.
An in-depth look has been taken of Learning'Activity Packages
(LAPs) after which the Individual Learning Unibts (ILUs) were .
modeled, The final major area covered was cost-effectivenass
ansalysis, An investigation into the development of the con-
cept and its reiationship to IPPES was reportad, with the
.1imitations of this analysis and its appllicability to educa~
tional instructional improvement. The areas concerning
learning pagkages.and cost—effectiveness analysis were re-
viswed in a historical manner because ol the paucitﬁ cf re-

search studies concerning thelr usage in education.
TNDIVIDUALIZATION OF INSTRUGTION

The literature which wrelabed to the individualizaiion

I T
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of ingtruction is discussed below under three headings,

These sections deal with the following: (1) individualized
instruction: a definition, (2) the‘premise for individuale
ized imstruction, and (3) programs employing individualized

instructional techmlqueso

Individualized Instruction: A Definition

The term "individualized instruction® is often used in

—& rather broad sensey  An instructor might say Tthat he has

individualized his particular classroom, referring to a few
minor changes in classroom procedures which'enabled him to
work with the studehts on nmore of a one~bow-one relationship
during the mathematics class, Another using the term might
be referring to substantial changes from normal procedures,
It is, therefore, important bto precisely define this ternm,
At the same time, when someons sﬁates that instruction is
individualized; it is imperative Lo ask, "more individual-
‘ized then what?®l

The Bureau of Compensatory Education Program Develop-
ment for the State of California has adopted'a Tairly com-
prehensive definlbion of the individualized lusbtructional
approach.” Tt is:

The assigmment of appropriaﬁe learaing tasks to
children as deotermined by a comprehensive, diagnostic

bl

Irovert = B, Campbell, Methods of Individualizing Learn-
ing (Supplementary Education Cenber - ESEA Title III, San
brancjsco Unified School District, San Francisco, Cameornia,
1970}, p. 3.

Vernon Broussard, "The Individualization of Instruc-
tion, " paper presented to the 1971 Bakersfield Conference on
Tn61V1dua¢1zed Instruct¢on5 Pakerslield; California, Decem-
ber 16, 1971, pp. 1-2.

I
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assoasment of each child's strength and special
- educational needs . . , . Additionally, indlivid-
“nalized Iinstruction applies to the assignment and
methods of achieving these assiguments rather than
learning in physical isolation « « . « They may
learn through indeopendent study, small group dis-
cussions, large group activities, or teacher-led
activities, whichever is most appropriate, An im-

portant component, using this definition, is breaking

down Tthe instructional programs into sets of per-
formance objectives that are coded into an orderly
scope and sequence and can be assigned as learning
tasks,l '

TUUUIHLE defiviition, as well as others found in the liter-

ature, generally agree on five elements considered basic to

16

individualized instruction: (1) purposeful pacing'of learn-

ing for each individual, (2) alternative means to meet the
learning needs of each Stﬁdent, (3} a wide assortment of
self-evaluation processes with both the pupil and teacher
haviaog a clear.understanding of desired and expocted out-
comes, (L) studeunt participatioﬂ in decision-making activi-
ties, and (5) purposive interaction among groups and indi-

vidualsﬁg Thege Tive conditions are interrelated and in-

terdependenﬁ, They are fundamental, bubt by no means required

gince individualization does not stipulate welledefined

boundaries. Ulbimately, the limits of a program are deler-

mined by the imaginative potential evolved from the individ-

val weacher and the group of_studenﬁSUB _

11pid,

Zpatrick A. O'Donmell, and Charles W, Lavaroni, "Ele~

ments of Individuslized Instruction," The Education Digestb,

XiVT (September, 1970), 17-20,

31bid,
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The Pramise for Individualized Inqtvuotmon

A knowladge of individual differences and how they'may
affect achlevement in school is necessary before an individ-
valized program in mathematics cam be developed. Interest
can be traced back to Aristotle and Plato; however; the
first studies on the laws of individual variation were made
by blologists who were primarily‘interested in natural caus-
es of variability.t . _ | |

- Bfern, a Getman psychologist, published a comprohens
sive treatige on lndividual differences in'l?OO and & more
extensive third edifiom v 1921, suwsmarizing the principal
statistical and psychological studies published up to that
time,z He described selected methods for obsérving and
testing individual differences and atatisﬁiéai methods Loxr
analyzing the data,3 |

The twenty~-fourth Yearbook of The National Society for
the Study of Rducabion, published in 1925, was titled Adapb-

ing the Schoeols to Individual Differences. The first two

paragraphs of the Lntrcdubtzon by Washburne wead as follows:

The widespread use of intelligence tesbts and achleve-
ment tests during the past few years has made every

IR.8., ®ilis, "The 'Laws! of Relative Variability of
Mental Traits,® Psychology Journal, 191.7, quoted im Vernom
Brousserd, "The BEffect of an Individualized Instructional
Approach on.the Academic Achievement in Mathematics of Iuner-
City Children' {unpublished Ph.D. thesis, Michigan State Uni-
versity, 1971}, p. 31. : ' :

e

EVarnon Broussard, "The Effect of an Individvalized In-
gtructionsl Approach on the Academlic Achlsvement in Mathe-
matice of Inmmner~City Children® (unpublished Ph.D. thesgis,
Michigan State University, 1971), ». 31.

3fbid
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educator realize, forcefully, that children vary
groatly as Individusls and any ons school grade con-
taing children of an astonishingly wide variety of
capacity and achievement. It has become palpably
absurd to expect to achleve uniform results from uni-
form assigrments made to a class of widely differing
individuals. Throughout the educationsl world there
ha#s thereforse awakensd a desire to find soms way of
adapting schools to the differing individuals who
attend them. Thils desire has resulted in a variety

- of experiments,l :
. Within a typical school population with a marrow
range in mg@pa;'a@iliﬁy,"marked differences in motor skills,
interests, achievement, and personality traits exist. Stud-
les of Awerican children have consistently revesled a wide_'
range'of learning ebility in both grade and age groups, ac-
cording to Hildreth. 2 Thompsonts studies of children in
other countries revealed similar i‘ind.ingsa3
Hildrethlbalieves scientific determination of traitl
variability among the pupils iz required in order to provide
for the wide range of learning abilities. This can be ace
complished through: (1) objective measurements of scholas-
tic eptitude and mental sbility, (2) diagnostic study of
special verbal and numerical abilities or deficiencles, (3)

the appraisal of personality, social, snd emotional traits,

bemperament, and evaluation of interesbts, () measurement of

loarleton W. Washburne, ed., Adapting the Schoolsg to
Individual Differencaes, Twenty-Fourth Yearbock of the Na~
tional Boelety for the Study of Education, Part II (Bloom-
ington, Illimols: Public School Publishing Co., 1925), p. X.

_ 2hortrude H. Hildreth, "Guidamce in. the Lincoln Schooll'
Teacher®'s Collection Record, 42 (1940), 18,

- ' 3¢.H. Thompson, "The Norbhumberland Mental Tests," The
British Journal of Paychology, 1921.
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health status and physical developmsnt, and (5) measurement
of achievement.t | -

The research that follows indicates the possibility

~that a'given Instructional approach may be best for a learn-

er with one personality characteristic, but not for a learan~

er with an opposite characteristiC, Sutter found students

high In anxiety achleved bhetter working alone, while those
In a study by Doty and Doty, subjects high in socia-

bility'performed poorlyfon prograrmed instructional tasks,

‘The authors stated that this form of imsitruction nay be in-

éppropriate for students with high social needs as these
students seem to perform poorly under methods'involving min-
imal interpersonal contact,-

| Another characteristic, dominance, appears to inflﬁw
énce performance of students working in a group enviroment.
In a study by Altrocchl,dominant palrs were more productive

in problea~solving tasks than suvbmissive pairs.h Snow found

that subjects who could be characterized as active, assertive,

lygildreth, "Guidance in the Lincoln School,” pp. 18-19,

Emily G. Sﬁiter, and Jackson B, Reid, "Learner Vari-
ables and Intorpersonal Conditlons in Computer-Assisted In- -
struction, " Journal of bducaulonal qucholJavs LX (Junej_

1969), 155.

3Barbara Doty, and Larry A. Dolty, "Programmsd Instruc-
tional Effectiveness in Relation to Certain Student Charac-
teristics, " Journal of Bducatlion Psycholegy, LV {December,

19611}, 338.

JJrJ Altroechl, "Dominance as a Factor iun Inbterpsrsonal
Cholce and Powcept¢on " Journal of Educatbional Psychology
L (Mdy, 1959), 308, . A -
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self-assured, and independent performed at a higher level:
under live classroom presentations while subjects possessing
the opposite characteristics tended toward higher performance
in a film-learning condition,l |

Ia a study of 1,865 third grade students, Passy found

a positive relationship between a child's soclo-ecomomic

‘background and his achievement in mathematics,® The data

[o}

~indicated a -direct relationship belween the Increased level

of education and skill of the working pareht‘and a chilld's
mathematics achievement, ' He recommended that an instruction-
al program In mathematlcs should be one that will foster
learning in all children without cultural bias;3
Gage polints oub That many of the cohtemporary argu-

ments favoring;individualizing instruction are extremely
plausible:

TLearusrs do differ in ways relevant to their ability

to profit from different kinds of instruction, con-

tent, incentives, and the 1ike. Alwmost by definition,

instruction adapted to these individual differsnces

should be more effective. .t

Bigshop agrees and contends that the concept of individ-

nalization of imstruction has had greater impact upon the de-

lRichard E. Snow, Joseph Tiffiun, and Warren ¥, Seibert,"
 Todividuel Differencss and Instructional Film Effects,™ '

Journal of Rducablonal Psychology, LVI (Dacember, 1965), 319,

ZRobert A, Péssys "Sociochonbmic Stetus and Mathemat-~
ics Achievement,” The Anithmetlc Teacher, XI (November,
196l), L69-170, _

 JIbid.

uNate Gage, "Theoretical Formulations for Ressarch on
Teaching, ¥ Review of Educational Research, XXXVIT {(June,

1967}, 358-370.

|

S R

L

B TR

e jed

R U




velopment of moderm education programs and the Implementa-

tion of instructional changes than any other conoept.l

mentiocns for'consideration the following propositlions:

1.

3.

- possible education for its children.

That learning takes place individually; there-
fore, curriculun and methodology should be or-
ganilzed around the individual child,  The quest
for ways to individualize learning iz the most
Jmportant ianovating force influencing the de-
veleopment of present-day esducabional systems,

That students must comé in contact with differ-
~ent levels of learning and have the opportunity
to work btogether to discover the relationships
of various discliplines as aspects of one world.

That for education to be internalized, students
must learn that trus education is a continuing
process, This 1 the ubiguitous mature of true
education zund learning.

That the educatlonal program muat be dynamic

and in a constant sbtate of evaluation and changse
in order to survive., It must be adaptable, Fflex-

ible, and capable of meeting the demands of &
complex Lechuologlcal and changing enlture, @

The preceding promises contailn powerful implications:

3

Programs Bmploying Individuale

ized I[nsepuctional Technlauas.

(1) eavly work in individualized techniques, (2) progrsms

He

for any'instructicnal program desiring to provide the best

The literature pertalining %o this subtopic will be

Iavolved in individuallzing instruction by cheunging the

2rbid.

P

3Ibid.

110vd X, Bishop, "Individualizing Educational Pro-
gramg, ' Business Bducation Forum, XXV (May, 1971}, 13.

21

further examined, for purpose of analysis, inbto thess areas:

schoolfs organizational patteru, (3) programs employing cur-

o
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riculum developments and Innovations in methematics instruc-
tion, and (I) recenmt improvements made possible by advances

in educatidnal technology.
Early Work in Individvalized Technigques . . - .« ‘-

Individualiszation of iunstruction within classes has a
long historyo Hildreth states:

' ;';'.'it'isllikely, that soon afier class instruction
became the fashion in American schools some resource-
ful teschers began to employ means for giving specif-
ic attention to individual pupils, especially those
whose learning was umsabisfactory.l

In 1888, Preston W, Search, superintendent of Pueblo,
Colorado schools, developed & systematic plan of instruction
to provide for individual differences among sscondary school
students, Appafently the plan was discontinued when local

dissatisfaction led tc the firing of the superintendent.e
According to Henderson, differentiated stalffing first
appeared in 1898, in & program that involved & master teach-

er and an asglistant teacher who helped with large classes,

Attempts to individualize instruction Through homogeneous or -

ability grouping began about 1900,3 Weshburne states that
Burk pioneered in breaking the "lock-step” in sducation by

dSVelopihg individual instructional maberials whiech led to

lEildreth, "Guidance in the Lincoln School,” p. 23.

2@eorge . Henderson, "Individualized Imstruction:
Sweet in Thecry, Sour in Practice," The Arithwetic Teacher,
XIX (Jaouary, 1972), 18.

- 31pid,
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the development of the Winmetka Plan in 1919,1 This was a

mon»gradéd appreach In which sach student was giﬁan 2 Sepa-
rate course of study for each subject im the program, with
provisions made for continuous-progress promotion,

Baker reports that the Dalton Plan was developed by

Parkhurst at about the same time.° The principal features

wores freedom Tor the individual child to work on his as-~

» 2 -
ebing of time;

oy

and discarding
the fixed daily schedule. Differentiation of assignments
was provided for different ability lgvels and tha classroom
was thought of .as a workroom. By 1925, the Dalton Plan was
_1n.use in over 200 U. 8, gchools, but then gradually disap-
peared.3 | ‘ ' | y .
Billet describes a third major individualized method |

kaown ag the Morrison Plan., Here Tthe sequence in wailbs is.

provided for and gulde sheets are used for lesson assiga-
ments, The classroom became a laboratory with pupils of
varying ability having differentiated units and asgigwments.
The Morrigson Plan was most generally used in the teaching of

L

sciance,

IWasbburneg'Adapting the Schools, pp. 77-082.

20, J. Boker, "The Nature and Extent of Tndividual Mon-
tal Differences,” The Journal of Educablonal Research,
(March, 1932), 12,

3rbid.

Lr.0. Billet, "Provisions for Individusl Differences,
Marking, end Promovion,! National Survey of Educabion Monce
graph, No. 13 {Washington, D.C.: Govermment Printing of-
fice, 1933},

=

SR L



2l

Henderson contends that an indication of the populari-

s

ty of individualized instructlion during the twentles was

provided in a 1925 bibliography that listed 487 books and

Ll

articles sbout individualizing im specific Americem schools.®

In the years following this period the literatuve in-

RS BTN

cluded descriptions of a number of individualized procedures

and devices less comprechensive in scope than the Wimmetka,
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- Dalton, an ¢« In a reporit rele
vision of Eduéatidnal Research.and Results, ﬁhe Philadelphia
Board of Public Education describes three devices for indl-
viduallzing clagsyroom work in junior'and senior highlschoolng
These included differentiated unit assignments, individual
remedial exercises, and grouping pupils within the clags

rooms. Three types of differentiated assiguments were

Bt i

noted: (1} the common asslgaments differing in rate, (2)
maxinum and minimum assigmments differing as to achlievement - =
level expected, and (3) commorn group objectives_with added
asgignments ﬁor each pupil. In the grouping process, coms-

mittees were Formed for speclsal assigmments and other groups

wore given needed remsdial instruction. According to the

authors, highly satisfactory results were achieved im this
3 |

program,

Lipgon took into account the individual or unique

lienderson, "Individualized Imstruction,” p. 18,
| “Broussard, "The Effect of am Individualized Tnsbruc-
tional Approach,” p. 38,

3Ibid.
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characteristics of the student when discﬁssing individual-
ization in junior high school mathematics.l This first
méthod he suggests 1s using a common assignmeht, but allow~
ing for individual response, Regardless of bhe assignmant,
each student will bring to and take away sométhing difforent,
A gecond method 18 to state common objlectives for all stu-
dents, but provide individuval paths to thelr completion.

His third suggestion is to individualize the objectives for
'all'students i the program, and allow different ﬁimes'for'

completion, 2

Altering Organlaataonal Pa*t_ rhg to
Botter Meet 1nle¢aUd1 &ceo”_f e
New organlzatlonal patterns have beesn desigued té cre -
ate greater fléxibility within schools aand offer more alter-
natives to meet student needs for individualizabiona
Ability grouping, which is defined as classifying
children into restricted range (homogemscus) classroom envi-
romments, has been used extensively as a means of providing
for individual differences in respoﬁse'to increased public
concern with academic achievement, The variety of reasons
'cdnsistantly offered by educators for the use of ability

grouping are¢ presented by EspositOGB The rationale Tor ho-

_ 1Joseph Lipson, "Individualization of Imstruction in
Junior ngb.l%bbemau¢c¢“ (paper presented at the Regional

" Masting of the Natliomal . Councll of Teachers of Mathematles,

- Momtreal, Canada, November &, 1970), pp. 1-3.
2Tpid., |

3Pominick Esposito, "Ability Grouping - Good For Chil-
dren or HNob?' The Nationsl Center for Resesrch and Informa-
tiom on Bqual Fducational Opportunity, Tipshest Wo, L, (May,
1971), ppe 1-3, ‘ |
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mogeneous ability grouping,'not'necessarily baged on re-
search findings, generally include the following: (1) in-
dividual differences are'takeh inﬁo_account by'allowing pu-
rils to advance at thelr own rate whiie-grouped ﬁith others
of  similar ability, and by offering methods and materials
geared to thelr level, (2} the teacher has_more time to pro-
vide individual attentlon, (3) the pupils are-challenged to
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is easier to teach to a narrower range; and (5) teachers in
heterogeneous groups must teach to the average student,t

The implication is that ablility grouping'is a means
for providing for individual differences, but Esposito statds
that there is no clear-cub evidence'indicating that this obe~
jective has been realized.® Im fact, the 1968 NEA report
states thab desplte the Increasing populerity of abllity
grouping, thers iz a 1ack of empifical evidencs to supvort
its use in the schools,o .Furthﬁ?more, the NEA claims thatb
homogenoeous abllity grouping resulbts in the ethnic and socioQ
economic separation of sbudents, and that this grouping pro-
. cedure should ba abandonsd and replaced with an educational
opportﬂnity@u

According to Trafton, flexible grouping seems to ha a

more effective organizational pattern than ablility grouping,

ltpia

°p

1

sposito, MAbility CGrouping," p. 2.
JIbid.
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for it permits the partitioning of classes Into small groups.
for éhort perlods of time to.work on specific contant.l |
When the topic is completsd, the studenis can be brought to-
goether until the need sagain arises to have smallexr groups.
This approach has been effectlvely implemented in skill
areas where wide di#ergence in achievement often occurs,2

Nongraded programs. are another example of new organi-
zational patiterns which meet student needs P |
zation. Thesé neods are accompllished through the systematic
assipmment and reassigument of the pupil to clasgses consis-
tant with his performance level., Brown evaluated the nox-
graded program at Powell Elementary School (grades 1~6) in
Philadelphia and indiéatad that individualization did occur

and that the pupils performance in reading and arithmetic,

as measured by the Towe Test of Bagle 8kills, was slgnifie

cantly improved over the previous year,B Also, nongraded
pupils'at%ainéd higher levels of independent study skills
than most of their peers in gréded schoolso”

| Team teaching presents new oppoerbtunities for teachers
with different speclalities and students with varled back-
grounds to learn from ona.anothera A team will usually con-

gigst of two to seven teachsrs, with one ascting ag team lead-

lpaul B, Trafton, "Individuslized Tustruction: Devel
oping Broadened Perspectived,” The Arithmetic Teacher, XIX
(TJanvary, 1972), 11. )

21phid.

- 3Edward X, Brown, The lNongraded Program at the Powell
Elementary School: BEvalUdliva Phife L1 {PRITETEIPhIa PUbBLIc
SeHooL§, PhITaEdsTphIe,) PenndyIivanie, 1970}, pp. 1~-39,

bypsa.
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er. The strengths of the group must be analyzed and the

gyllabus planned accordiongly, inviting guest instructors fto

fi11 gaps in thelr fund of knowledge, -Student grouping may

be parallel (all at the same level) or verticel (ability
with enricbment in small groups). A team effort can also be-
administered in separate classes, with each toacher agree-

ing to organize instruction srocund a central theme. Regard-

~less of the.method employed, the princlipal advantages of

toam teaching are minimizing of preparzsition, saving of timé,

end unification of student experience.l

Curriculumn Déﬁ¢l¢pméﬁ$sfan§ﬁlnnpﬁéu
tlong in Mathematics Jdmstruction

-Numerous developments have oécurred in individualized
instruction which focus primarily on curriculum and instrue-
tional materiais and are based on a continuous progress con-
cept, |

..Individually prescribed Tnsbruction (TPL), developed
at the University of'Pittsbufgh, ig a more specific bterm
used to describe a form of programﬁed instruction that probh-
ably wrepresents the most thoroughly developed and sophisti-

cated form of individuvalizabion which is nol dependent upon

~computers., The essential aspects of IPI are as follows:

1. Individualization of the rate at which students

proceed through a carefully sequenced set of ob-

lRobert J. Elkins, "Team Teaching and Individusalized
Instruction, ” (speech presented at the Conference of Nedern
Tanguage, History, and Social Btudles Teachsrs, Webzlar,
Germany, December 2, 1970), pp. 1-3.
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' jectiﬁes for a given subject;

2o Mastery_of subject matter éontent to enhance dig-
covery oxr creativeness as one proceeds through a
set of 6bjeétivas;

'3. Some self-direction,'selfwévaluation, and self ini-
tietion to & limited degree on the part of the
learners; and |

L., Individualized techniques and materials of instruc-

tional | -

The IPI meterials include bapes, worksheets, booklets, .
and récqrds all aimed at self-instruction and equipped with

built-in tests. These tests help the student determine: (1)

whother he needs to study the material or i1f he has already

mastered it, {2} if he actudlly understands each step, and

(3) after_completing a unit of.study, has he indeed moved

along in tho direction of one of the curriculum objectives.2

Yetter seés IPT as one system that can meet the neads
of our changing world bescause it has helpsd changé-tha 1rym
terest and attitudes of many in learning hoﬁ to learn.3  He
believés IPi is a step ﬁoward the superior classroonm becausé
it includes materials that can be uﬁed independently, allow-
ing each child to learn at his ouwn pace and réalize guccess,

Additionally, the teacher is provided tools for assessment,

liobn 0. Bolvin, "Individually Prescribed Instruction, !
Bducational Screen and Audiovisual Guide, XLVIT (April,
49607}, 1lL-I5. '

2ipakleal School," Grade Taachef, LXXXV (Vay-June,
1968), 81-8l. ,

3¢1yde C, Yotter, "Do Schools Need TPI? Yosi' Educa-
tional Leadership, XXIX (March, 1972), hLol. T
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mastery measurement, and specified managemant'tachniquesol
| Meade and Griffin in their final report of an IPI
mathematics program as an instructional apprdach in grades
1-6, conecluded that mo sigunificant differemces occured be-
tween the control and experimental groups in achievement,
but that a positive difference was found in teachefs' and

pupilst abtitudes. The classes in this study had been

Tillman 1ists the shortcomings of IPI as: (1) the
overly sbrong emphasis on segquence, (2) the validity placed
on diagnostic tests, and {(3) tho establishment of 85_pércemt
correct responses as a major criteria for determining suc-
cessy3 He has'fouﬁd much research, experience, and expers
opinion to refute heavy reliance on any of these as "near
abgolutes, " Pehrle has similar doubbs which include: (1)
the financial burden incurred by those adopting tha.program,-
(2) the lack of student Interaction, (3) the need for more
color, depth, varieby, and open~ended thivking sltuations,

and (I} the training or retraining of ’c;eachel'*s_@LL Fehrile

L1bid,

2yil1iem F. Meade, and Lawrsnce M, Geilffin, A Compar-
ative Study of Student Achievement and Other Selectdd Student
Characteristiceg 1n a Program ol Traditional Inatructlion 1n
Mathenatice in Grades l-6 (Horseheads Central School District,
BorSehends, New forik, 1969}, pp. 1i0-155,

3Rodney Tillman, "Do Schools Need IPI? Nol' Educe-
tional Leadership, XXIX. (March, 1972), L9%.

: Loary ¢, Fehrle; "A Took at IPI,Y Educabional Leadorw
ship, XXVII (February, 1971), L81-L8L.. .
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FTurther states fhat even'thbugh the program is still in tThe
experimental stage, 1tz idea appears sound and the resultis
may bhe rewarding.l
Sinks analyzed.the.effects of changing:the educationai
enﬁi:onment drastically to achleve an individually pre;

scribed curriculun for each of the students in his experi-

mental group.2 These subgectq Wers given an 1ndLVIéually

prescrlbed currlculum in mathematlco, science, language artis,
and social studies and were compared with the control group
using the tradlitional textbook approach, class-group method

in all subjects. Results suggest that the experimental

treatment accounted for the gains in achievemaent scores on

the Sequentlal Test of Educatlonal Progress in all four sub-

jeet areas and for the desirable changes 1n the studentl's
attitude, behavior, and learning strategy.>

The multi-text approach is another strategy being used
to individualize mathematics instruction, Teachers in
Broward County, Florlda, developed ﬁhe Sciaﬁtific Approach

£o Mathematics Iﬂsﬁruction_(SAMI) whlch is a serles of tezt-

ing booklets covering skills require& by students atb

lipia.

2homas Alonzo Sinks, Y"How Individualized Instruction
in Junior High School Science, Mathematbtics, Language Arts,
and Social Studies Affect Student Achievement' {uuwpublished
Ph,.D, dissertation, Unlver31tv of Tllinols, 1968), pp. 109-
129.

31pid,
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different grade levéls.l The teachers also studied several
different grade lavel'textbooks and matched material from.
corresponding texts. Students are assignad a pretest which
is correéted by an aide who submits the wvesults to the teach~
er; The teacher's role 13 that of diagnesticlan and afbter
viewihg the test results, will assign several btexits for the
student’s use, A thorough record of‘each childts progress'is

ke 'b'ad

3L =NLe

=5

rom these racords students
for formal teaching lessons. Numerous other schools have
- developed very similar individualized progfams in mathemat-
ios.a |

The Learning Activity Packags (LAP) ig a curriculum
package on & given topic with clearly defined objectives,
carefully developed sequencos, and evaluations to debermine
if the objectives have boeen met. The LAPs have been used %o
provide appropriate curriculum meberials in uumercus school
digtricts that have adopted ideasg such as téam teachihg, |
continuous progress, non-gradedness, and fleﬁibla scheduling.
The 1earning.package éoncept will be covered in-depth later
in this chapter°3

Project PLAN’(Pngram for Learning in Accordance with

Needs)y dOVelOped 'by 'tha IﬁJ@S‘i'iﬁgbouse cOT’pOl“ation i‘{’]

1y ovence T. Pieronek, A Burvey of Tndividualized
Reading and Mathematics Programs (Calgary peparate bSchool
Board, Alberta, Canada, 1969), p. 38.

21bid.

38811y M, Cardarelli, "The LAP - & Feasible Vehicle of
- Individualization,” Educatlonal Technology, XII (Mawvch,
1972}, 23. . .
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conjumction with the American Institute for Research,.uti-
lizes similar packages called irTea_chi.ng Learning Unifs"
(TLUS).  The progrem 1is computer-managed, in that the compu-
téf'proceéses and stbtores student progréss data for the pure-
pose of making prescriptlons., Pretests and objectives ars
used to establish the needé of the studenta. ILessons are
genoxrally assignments from currvently available commercial
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quence of Project PLAN, PLAN is working toward accountabil-
ity by stabing its 6bjecti§es and demomnstrating it can achieve
themol |

An individualized program using student "contracts”
has been developed at Hopkins, a Minnesobta High.School, én&
it 1s enabling-studenté to ?rogress Through geomebtry or al-.
gobra at their own rate, > The students ave given contracts
which they are to complete within an alloted time of usually
one week. The Hopking School has also been imvolved in an
innovative.testing system called Comprehensive Achlevement
Momitoring. This system uses compubter analysis. of pericdic
tests in mathématics to inform the teacher of which conceptbs

and problems are causing difficulty with the students and

N s 5 . 3
which ideas are coming-acrosg wWell,.-

lRobert A. Welsgerber, "PLAN Is a Project Halfway
There, " RBducational Screen and Audiovisual Gulde XLVITI
(Juj_"‘]', 196973 12"130 .

PLipson, "Individualization in Junior High," pp. L4-5.
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Educational Technology.

This thilrd category for individuwalizing inétruction
is perhaps.bast exemplified with the recent technological
developments in education, S5alishury balieVas that computer~
'assisted instruction {(CAT) has been the most gignificant in-
structionsl epplicabion of compubers amd has been defined as:

A man-machine 1ntaraet:on in which the teachlng

34 o
function fs accomplished by & computer system withe-

out intervention by a human instructor. Both train-

ing materlal and JnsEructronal logic are stored in

the compubev memorys

The thres basic modeg of computerméssisted instruofion

tnelude: (1) drill and practice, (2) tutorial, and (3) dla-
1ogue,2 The least complex.is the drill and pracbtice modse.
Hera the compubter is used to control, guide,;and monitor by
repetition a specific task or group of tasks., The pU?pose-is
to develop a predetermined level of proficlency in a given
skill., This mode has been used cohsiderably in elementary
school mathematics Instruction. The tutorial mode 1s more
complex iun that more maberial 1s presented and a highar leye=
ei of student response I1s called for., It is generally used
for originagl rather than supplemental ingtructidn, énd an
enbire course may be taught in this mode alone. Dialogue is.
the third and most complex manuner of Instruction. The stu-
dent ectually engageﬂlin a cbnversation with thé computer,

rather than being presented textual materisl and then b@ing

LAlan B. Salisbury, "An Overview of CAI," Educational
Technojogvg XTI (October, 1971),: U8, .

]
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guestioned to determine his comprehension, as in the bubtori-
al_procéss. bepending upon whether the initiativa to ask
the quesfionshrests with the pupil or thercdmputer, the dila-
logue mode éan be Turther classified as Compﬁter Inquiry or
Student Inquiry.t

‘Bundy, in reviewing the 1iteratu£e pertaining_to'CAI,
drow the following conclﬁsions; (1) pupils seem Lo learn
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Instruction, (2) CAI caﬁ‘provide learning and retention at
least equlvalent to comvenbional techmiques, (3) the com-
puter program can include a wide variety of aﬁdiovisual
alds in the learning prograﬁ, (li) students arve genmerally
interested in and favor the CAT fbrm of' instruction, and
(5) the compubter provides an excellent opportunity for an
éxperimantal research laﬁ to study 1earﬁing and parhaps ul-
timately %o build a theory of instruction, 2 Bundy concludes
by statlng that CAI's potential has yot to be fulfilled,
largely becauss it is still too expansive.B
Compuber-Managed Tustruction (CMI) is an informabion.
sysﬁem in the sense that 1t keeps a record of and provides
infommation about students, CMI also increases the potential
of meeting individual needs becavse of the wide rangé of

progrems that are pessible. The curriculum is learner-oriented,

lgalisbury, "Overview of CAT," pp. 48-50.

ZRobert F, Bundy, "Computeféﬁssistad Instruction -
Where Arve We?" Phi Delia XKappan, XLIX {April, 1968), L25.

31bia.
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adaptive, self-dlrective, and mekes use of stimulus control
and éontingenoy managenent, 1 3 typlcal program.consists of
modules of instruction or. teacherwlearner units, faedback
and usage of student varlables in prescrlblng instruction..
The student recelves his suggestions, works at his own rate,'
and upon completion-of the unit, will be fested in the f{est-
ing center. A remote terminal conneclts esach school with a
_central computer.?

Nichols stabes that during the 1950's the production
of programmed materials reached staggering.proportions.3
Those-who were involved in the wrlting of these materials
ﬁroceeded on the asgumﬁtion that a student éhould learn 'at'
his chosen rate, and they followed Skinmer's concept of re~
inforcement. - aach'respdnse immediately followed by the
3udgeaent ‘as to whether it is right or tfxf“r*ong,‘.LL

Dsterline, President of General Progress Teaching,

Palo Alto, California, defines prbgrammed instrﬁéﬁion as:

Interactive instructlon Involving an individualized
interaction between student and instructional input,
whether student paced or group paced, made up of a
sequence of steps, each consisting of iunstructional
input followed by some form .of studsnt response,
followed in turn by some form of evaluation of the

liohn A, Pinch, "Computer-Mameged Instruction: Am
Aanotabed Bnbilography," Audiovisual Inbtructlon9 VIT
(March, 1972), 72. ) .

2William W. Cooley, "Data Processing and Computingg"
Encyclopedla of Hducational Research (ToronL0° Colllay =
MacHMillan Limited, 1969), pp. 289-90. '

3hugene D, Nichols, "Is Individvallzation the Answer,”
Educatiopal Techuology, XIT (Marchﬁ 1972}, 53.

thLdo
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responﬁe, This is 2 process, not a medium or a
thing. " :

A Typical program consists of sequantially'arranged
“pleces of information called frames, Most frames require'a
student response thet iy checked immediately against the
correct response, - ' .

| Lindvall and Bolvin, in summarizlng the advauntages of
educational programming, state that studies indicate that
teach.effectively, (3) can be used im various ways, and (L)
can hold the atbention of the ?upils. They further state
that programmed instruction is most'efféctive 1f the entire
'stchool or a series of grades Iis prOgrammade3 |

The main problems mentlioned by Lindvall and Bolvin

are: {1) that not &ll available programs are effective, (2)
meny needed programs have yebt bo be developed, (3) greater
-flexibility and organization in the cufficulum is needed
than 1s found in most school situationa,.ané (It) that too
meny schools adopt the materials without adopting the phi-
1osopb.y,llw Another dlstinct disadvanbege 1ies in the cost

factor. DBrighlt estimates the cost of preparing materials,

Lyitiiem A. Deterlime, "Programmed Instruction &8s a
Procoss, ' Educational Screen and Aundiovisual Guide, XLVI
(June, 1967), 18. :

2fichols, "Is Individualization the Aunswer," p.53.

3¢.M, Lindvall, and John 0., Bolvin,  "Programmed In-
gtruction In the Schools: an Application of Programming
Principles,” guoted in Phil C. Lange, ed. Programmad In-
struetion (Chicago: University of Chicago Press, 1967),

e
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- regardless of the media utilized, to be an invesiment of ap~
proxlmately two hundred professional man hours, to prepare

the materials that an average student will go through in one

hour.l

i Electronic calculators have a180 bean viewed &s an 1n-

1 novative techuical ﬁeans of Improving mathematiés instrué—
tion. Keough and Burke conducted an experimental study in

__fWD"high schoolsg iﬁ'NeW_Ybrk to determine the feasibility

2 They were also concermed with deyel-

of using calculabors,
oping curriculum-related materials, and whether the usage of
the calculator could be applied to The teaching of arcas re-

lated to mathematics, The Seguential Test of Education Pro-

. gress was used as a pretest and postteét measure of math

achievenent. When a neﬁ vnit of instruction was Initiated
the students in the experimental group used elesctronic cal-
culators to folve problems related to homeworlt assigoments

and classroom work. From the posttest, a T-test indicated
a significant difference between the groupé ét the .01 lev~
el. The autbors concluded that the rogults iundicabe that

.electronic calculators can Ffacllitate mathematics instruc-

tion in eleventh and twelith grade classesuB

With the use of bechnological developments such as

- Lipceording to Dr, Bright," Bducational Scresn end
Audiovisual Guide, XLVI (June, 1967), il-ib,

25obn J, Keough, and Gerard W. Burke, Utilizing an
Flectronic Calculator to Facilitabo Instruction In Matho-
matics inm the kleventh and Twelfth Graden (Sufiolk County
ﬁégiongl Conten, monh Title Lil, Patchogus, New York, (1969},
p, 1-60. o - S 3 R
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computers, calculators, and programméd instruction, math
labs have been initlated to enable a student to learn math-
ematics'by discovering concepts on his own with only dis-
creet guidance from the instructor. The emphasls is placed
upoh“individualized learning through the discovery approach,
The basic objective in using the discovery method is to pre-
sent mathematlcs in a manner that will make sense to the

student. He 18 learning math through his reactions and re-

sponses Lo the éxpeﬁiences. Meanlng becomss apparent to the

student only through the individualts experlence, inbterest,

and imagination as an active participant.t A teacher will
seldom tell the solution to a problem or how to find it, but

instead will use strateglc suggestions and questions to stim-

"ulate the youngster to work out the problen himselfve

The math lab also places emphasis on children handling
physical materials, and on their devising methods to golve
problems. Thile approsch stems from Piagetian principles of
education, Some labs make use of special materials, such as
Cuisenalre rods and Diene!s MAB blocks, whereas others use
envirommental materials such as pobbles, bottle caps, tongue
depresgors, aad pleces of spaghetti. Often children are as-
signed specific tasks, while at other times theyv may be

asked to help design their own projects.3 Kessler believes

e rman Boeckmanng "The Discovery Approach Strategy
for Mathematics Teachers,” School Science and Mathematics,
LXIT (Januvary, 1971), L.

2perpard M, Kesslen, "Tndividualizing Mathematics

Learning Through the Math Lab," Educabional Technology,

XIT (March, 1972), 30.

JKessler, "Individualizing Mathematics," pp. 30-32,
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that "the power of the meth lab approach lies in its ability
to frée fhé creative energieé_of.children, teachers, admin-
istrators and thé_community'towgrds a more effective school

system, "t

Summary

In the preceding section, various strateglies leading

to the individvalization of imstruction and its application

to the general school curriculum, as well as speciiic malth-

emabtlics instruction, were discussed, Five elements basic to

o

S individualized imstructlon were included to provide & defil-

nition for the term as it appliles to this study,
B The premise for individualized instruction was sbtated
using the opinions of wrilters as well as the pesults of re-
search conducted on tha effect of individual differences on
academic achievement. Characteristics menbtiomed included:
personality tralts, scholastic aptitude, mental ability,
mobor skills, interests, and socio-sconomic background. A
review of the literature indicates that a correlation does
exist beltween individual differencas and é child!s ability
to profit from his education.

| Programs employing individualized techniques were also
reviewed, Ixawmples werae cited from the late ninetesnth cen-
tury to the current innovabtions brought about by educatbiomal
technology. Technigues that alter organizational patterns
wore described and a number of examples of currlculum devel-

opment in mathematics were reviewsd,

sarzpai—
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LEARNING PACKAGES

The review of Tthe literature pertaining to learning

packages 1s dlscussed undér thrée major headings, The sec-
tlong will deal with the follcwing:. (1) a discussion of
learning packagés, {2) the role of learning packages in
|- -individualized progrems, and (3) Learning Activity Packages

{LAPg),

1 An Introduction to Learﬂing_?ackages

- In order o provide a thorough discussion of the conw-
.cept of learning packages, 1t is necessary to divide the
toﬁic into three subbopics which include: (1) a backgroﬁnd
" of learming packages, (2) major charscteristics of a learn-
ing package, and (3) some pgeneral implications regarding

thelr use.

A Background of Learning Packages .

.The-advent of learning packagos did net appsar on the
educational scans as abruptly as many of the other new in-
structional pracltices that emerged during Tthe 1960784 Inconm-
; plete packaged materials accqmpanying basic textbooks, such
.as end~-ol~chapter reviews, supplemenfapy resdings, Uteacher
‘rasource guides, and the all-too-familiar workboolks have
baen standard for many years. Contémporary packages are
mnore comﬁrehensive, invelve a systems concept; lInclude more
varied technigues and wedis, and can be devaloped indepeﬁm
dontly or purchased commercially with content ranging

through most of the subject areas sequentislly arranged for
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school usg.l
The more common formats in package designs have been
organized under UPY, LAP, UNIPAC, and Westinghouse Learning
Corporation's,-TLUs.2‘ These progrems have generally arranged
the curriculum éequentiélly in small compohents with clearly
stated-performancé objectives that allow an Indlvidual to
p?ogress at his own rate, Tyﬁically, these packages are =
————— : rself—contaiﬂad'sat of teachiﬂg—learmiﬁg materials Structured
fof independent and individual usage, and.dasigned to.teach

a single concept in a continuous-progress school program.3

Ma jor Characterisﬁics_of Learning Packages

Just as there are varied differences in the defining
of individualized instruction, so any discussion of instruc-
tlonal packages encounters semantic difficulties, In classi-
fying & learning package, six speclific characteristics are
vsually readily discernible:

1. Role of the ingtructor

2, Concept focus

3. Behaviorallynstatad objectives

. Multiple activities and methods

E. Diversified learning materials and activities

Lyuida Grobmen, "Educational Packages - Panacea?™
Educational Leadership, XXVIL (May, 1970), 781,

2yilliam Georglades, "Introduction: The Advent of
Learning Packages,” Journal of Secondary Education, XLVI
(Mey, 1971), 199.

3Tbid.
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adapbations For the most positive learming coanditions possi-

| L3
6. Evaluationl |
It is the intent 6f this section to describe each ma jor
characteoristic and explain its“function‘
The role of the instructor hés been changed signifi-

cantly from the time he wasfmainly a dispenser of knowledge,

‘He bacomes a diagnostician of learning in helping each in-

dividual child find successe. The student moves into a more

T W o sm
ach -the learni

tie
=

ive »ols ug process as many indi
cisions are left for him to make. Teachers also haVB more
time to provide emrichment activities and for effective
plénning to aid the studenbts in their.learhing problems,
The professional expertise of the teacher can prévide local
ble.?

Within a éoursa of study there are broad genersliza-

tions, referred to as "units", and within these units there.

Care more discrete "elusters" of concepts which make up the

structure of the units The focus of a package is detepre
mined by the selectlion of a single concept from the struc-
ture. The concept chosen for a given package'will dictate
tha.paékage?s place in the total curriéﬁlumo -The expected
level of performanée of the learners must be matehed with

the choice of concept focus, It is this match which sets

the package apart from textbooks or a curriculum gulde thab.

1R, Herbert Ringis, "What is 'A Instructiomal Pack=
age?'" Journal of Secondary Education, XLVI (May, 1971), 201.

'2G35njp G, Uneuh, "Can T Be Replaced by a chkane9"
Edugainoq11 1.6 adeIQﬂmos XXVIT (May, 19701, 765, :
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is used during an entire semester or school year.t
| Clearly stated instructional objectives should convey
the econcept in a form recognizable to thé learner so he will
know the quality of performancé eXpécted of him, The self-
direétive nature of the package reqqires that the objectives

be clearly stated and understood by the learner. If this is

achieved; the objectives will provide guidance for the

B

learning experiences contained

o the p
Varying types_of_multimedia learning malerials are in-
cluded, based on The belief that there is no one best way
for any lesrner to learn., This maltipliclty of activities
'ﬁé accomplish.objactives compals the learner into declision=-
“making, provides for different styles of learning, and at-
tempts to relieve the 'sameness! of the_educétional process,
'The student may elect to be involved imz: (1) experimenta-
tion, (2) obsérvations (3} group work, (li) independent study,
(5) role playing, {6) simulation, (7) field trips, (8) model
building, (9) research, (10) construction, or (il) use of
varied materials'and medis,"
A.variety of materials and media should be provided
with the activities listed in additibn'to the multiple meth~-
- odologles, To accomplish an objective the learner can

choose from emong filwms, records, tapes, filmstrips, dla-

grams, videotape recordings, models, and charts, He may

[ty

Ringls, "What Is !A Tanstructional Packege?t' p, 202,
Prnca | o
Ibid,

BRingis, "What is 'A Instructional Package?!™ p. 20l
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wish ﬁo.use érsingle resource or a combination of thém to
abhiave his objectives and concept formatiom. This diverslity
is also providéd.to allow for variatlons in the'individual.
styles of léarningol |

The evaluation instruments within.packages allow for
individual assessment throughout and usually include: (1)
pretest, (2) selftest, and (3) posttést. The pretest serves

B P

ng, readiness, determining Tthe level of preresquisite
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abilities, and providing a basis for deciding whers, and
with what part of the package the learmer will begin. Short
selffests give reinforcement of improveﬁant and provide.

- éheck—points ag the ieérmer procaeads toward the objlectives,
“With a.posttest, the learner and the‘teacher agsess the
student!s progress and decide whether or not he has gained
Sufficiently to exit the package. If the performance gpecie
fied in the objectives is not attained, additional Learning
exporisnce from the sams package, or.from another package |
may be prescribed, Mozt importantly, the posttest provides
ciosure for the lesrmer; he maey experience a éense of person¥

- 2
al accomplishment.

General Tmplicationms . -
Included among the general Implications of the use of

curriculum packages in educational inunovation and change are

a number of possible problems., In the initial years of pro-

+1bid.

ZRingls, "What is A Instructional Package?!'" p. 20i.
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tudss toward learning.

16
gram development, quality contrel is often lacking. Gener-
ally the packages contain a disproporfionately higher ﬁse of
1bWaleve1 cognitive objectives with 1ittle emphaéis on trans-
fer, synthesis, or problem-solving skills, In addition,
thére ave claims that the package is too dehumanizing, and
1

too narrow, and that it canuct measura attitude.

The process of revision should be an integral part of

“peackaging and could solve many of these ills and lead to

vastly improved imstruction., To make revision successful,

creative instructors with prograrmming skill and a willingness
to include attitudinal responses are necessary, More gener-

ally, & higher order of educabtional objectives are needed bo.

encourage  divergent rather than convergent student respensés,

and ultimately to improve preoblem~solving skills and atti-
2

Grimsley asserts that pnor classroom lmplementation

can hemper the effectiveness of even the best designed pack-

age°3 Teacher training is vital to the success of ANy New
programr and bthe producers must make provisions for this
training as part of the package.  Attention must aléc he
given bo iuvolving the districitis currlculum workerg in the

introduction of the new program and in teacher training, for

lpite B, Johnson, "Self-Imstructionsl Packages: (ood
or Bad?" Junlor College Jourmal, XLVI (fugusi/September
1971), 19-20.

Pl o
~THid.

3Edith E. Grimsley, "Befors T Took Inside," Educatlion-
sl Leadership, XXVIT (May, 1970), 773~77l.
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the program can be threaitened by the wiﬁhdrawal.of contract
consultant services,l
Budget restrictions aﬁd rising expenses male the.cost
of & péckaged program & major hurdie for most districts,
In'the majority of propgrams, & high initial cost is in-
curred. Oﬁe may argue that the‘packagé is a better instruc-

tional system and & more ecomomical cholce based on demon-

- strated quality, but the product must be offered at a rea-

sonable cost before wilidespread adopition and use can take
placé, _Empiriéal data concerning initial and replacement
cogts, as well as pupil achievement; can be helpful to a
district consldering a learning package apppoaéh to the

5 _

curriculum,

The degree of structure bullt into The package.is a

prime consideration for any school district., Just how much

gtructure is desirable and how flexibie should the package
be?3 |

‘ Some strucbure is necessary for opltimal learning, for
1f there isg no predetermined geguence, no part of the mate~
rial can assume prior skills, techniques,.and‘abilities and -
no part can pyramid learning.on prerequisite skills, Also,
different Teachers need different amounbts and kinds of

structure to feel confident in teaching any subject matter.

l1vid,

20.L. Davis, and Paul W, Kirby, "fhe Package: A New:
Way of Life,” Educational Leadership, XXVII (May, 1970), 77l.

3Grobman, "Educational Pabkages,”-p;'781;
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Unless the package includesﬁ- (1) exténSive exﬁlanations 7o~
garding the philosophy of the materials, (2} suggested ap-
proachaé, (3) alternatives, (44) pos#ible difficulties, and
(5) & carefully amotated bibliography to help stimulate
g creative teaching, their potential will not be reélized.l'
| Flexibility should be provided within the framework of

the course and the package by offering & variety of learming

o)

L
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alternatives involving & varlsty of media, approaches, and
subject coverage, so that all parts of the materials are

illustrative of some general skills of concern to the cur-

riculum, but need nolt focus om a given seriss of facts.2

The Role of the Learning Packags
in Lodividuallzed Programs

Ubben states that the learning vackage is more than
just another approach to individualized instruction.”® TIn-
stead, it offers a design for an individuvalized management
gystem that is planned and paced on a one-~to-one basis for
each child according to his individual needs, Learning
packages can be seguenced into a continuum of skills and
used for continuous progress learning, or a few select pack-
ages can be identiflied to help the child with remedial.work,

should his diagnosis determine the need. This prescribing

lorobman, "Bducational Packages," pp. 781782,
Ibid. |
Sgerlad C, Upben, "Ihe Role of the Learning Package In

an Individualized Instructional Package,” Journal of Second-
ary Educatlon, XLVI (May, 1971), 206, - -
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of learning experlences on an individual basis, after appro-
priate diagnosis of needs, 1s but ome change in the recasting
of the teacher's role, Others include the role of instruc-
tional managor, managing the 1éérning process, and evaluating
the results, To accomplish this, a Systém such as a learning

package is nesded, for it makes possible the pre-planning of
an infinite number of lessons to achieve an infinite number
of bohav1ovs.1

A we11 de51gned package system make% available mulbi-
ple packages or objectlives covering a range of skills and
concepts, as well as multiple resources within each packags
that allows for a number of optiong on how the package may
be administered., Edling®s table 1llustrates The options
”available when answering who ig to decide which objectives

are chogen and what resources are to be uged in achieving

thoso objectivescg
OBIECTIVES
. Teacher Selected Student Selectad
' q o A : C
i O
ﬁ!Eﬂ @
? o
= o
83
EEE B D
£
o w
w0
11bi4d,

2Tack V. Edling, Individualized Iustruction: A Manual
for Administraters (Cervallis, Oregon: Continuing fducation
Tublications, 1970), quoted in Gerald ¢, Ubben, "The Role of
- the Learning Package In an Individualized Instructional
Package," Journal of Secondary Rducation, XLVI (May, 1971},
207 . '
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Option A, The Teacher prescribeé béth the package to
be studied and the resources to be utilized within that
package, |

Option B. - The teaéhar prescribes. a particular iearn»'
ing package, but the student is allowed freedom in choozing
those resgources thal appeal To him, Here Tthe student needs

to complete only enocugh resources for him to meet the be-

havioral performence called for in the objectives,

Opticn C. The student is allowed to choose Ffrom the
numefods packagés‘within the package system, The‘feachef
assigng the resources to be used aflter Tthe child has made
his selection, | ‘ | -

Option D, The student has the freedom to select his

own package and to choose his resources within that packe

ag_e,l

Practical clessroom application may entail the use of
8ll four options at some +time, depending on the nature of
the package, the adeduacy of the resources, and the ability

of the parzticular child to work indepondently. However, the

more & c¢hild is involved in making his own educational de-

clgions, the more likely he is To be totally committed to

them.2

Learning Activity Packapes

Arena asserbs that many educators who have recognized

lrpia,

L

2Ubben, "The Role of the Learming Package," p, 208,
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the need er a sgystems approach ta individualized Instruc-
tion have previously hesitated to undertake the task because
of uncertainty SHrrounding an effecfive instrument for im-
plementation. Within the last few years, Learning Activity
~ Packages (LAPs), concelved and developed at Nove High School
in Ft. Lauderdale, Florida, have shown their effectiveness:
and are‘increasinglj being employed by educators throughout

o A s ma s e g
LOED T LHALY LUIsE L LAT L

the na ha irstruction&l‘progfaﬁ.
Basically, the LAP is a spacially designed booklet on

a given toplc, contalning objectives dirsctly related to
this‘top’icﬁ varied activities o meet these objectives, and
evaluations to detefmine the gtudents success in meeting the
objéctives@ Flexibility is evidenced by the fact ﬁhat each
teacher; and each school district thalt initiates a LAP pro-
gram sets up a formaet deviged to meet their specific needs;z
The componentg of thé LA? include the followling:

1. Rationale
2, Behavioral or parformance objectives

3. Pretest and its analysis

li. Basic references

. Program for learniung

5
6. Self-evaluation test and its analysis
7

. PosttestS

liohn E. Arena, "An Imstrument for Tadividualizing In-
struction, " Educational Leadership, XXVII (Msy, 1970), 78l.

28&11y 1, Cardarelll, "The LAP ~ A Feasible Vehicle of
%Fdividualizationy” Educational Technology, XII (HMarch, 1972),
Le . :

3arena, "An Instrument for Individualizing," pp. 78L4-785.
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The ratiounale is a short introduction to the unit
which.éttempts to explain why the content of the LAP is im-

- portant, and which makes evident the continuity between LAPS
and the.need to progress from one to the next in an orderly
_saqueﬁcéol |

Following the rablonale are & 1ist of behavioral ob-

Jectives for the sntire unit. The objectlives should provide

PR -
WIID T o

» verbal picture of what he 1s exw

=
l_l
Loy
i
o
o
-
o
3]
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pected to éccomplishw Early use of the LAPs should come with
a simple performahce statement and proceed to precise behav-
ioral objectives as the child gains experience in using the
.packageqz )
_ﬁpon'completion of the pretest, the teacher and studeunt
meet to decide on a sultable program of instruction. Ideally,
it will be a multi-media, multi-modal, multi-level approach
to fulfill the objectives of the LAY. The teacher should be -
.availabla for counsultation whenever the student requires
1t
The posttest is takenzwhen the student feels he has
completed the program of instruction, to determine if he has
mastered the objecﬁives or hes to review certain ones, 'ﬁere;
evaluétion should assume its full role by evaluating teacher
and program effectivaness, as well as student progress,

This test-revision cycle applies not only to the student, but

libia,

2ardarelli, "The LAP," p. 25,
BIbido : .. - .

1
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also to the teacher and the tools used in meeting the stu-

dentts Ingtructlonal needs, 1

Cardarelli summarlzes the philosophy of the LAP’ pro»
gram in the f0110w1ng manner

1. Each student is viewed as an- indivldual who.has a
right to recelive a program of instruction geared
to his needs, his capabllltias, snd his interssts,

2. The role of Tthe teacher is that of diagnostician,
motivator, prescriber, and facilitator of learn-

s
_ LN .

n a . o KO O P

-2 Ths-pole of the student iz that of an LTS PEnAsSne

[ PR = ¥ 3
person capable of 1aking his own decisions and
' accapt¢h? rosponsibility for his own education,
L. The bnosPhere of a LAP program must reflect an
: open structure whers creativity, initlative, ex-
ploration, and meaningful interaction wilth others
can flourlsh,
"In short, the LAP philosophy ig ajimed at producing the crea-
tiva,.spontanéous, and innovative persgon of tomorrow who

wlll, cope with and comtribute to the society of the fubture, 2

In the above section, an in-depbh, descriptive peview
of the literature pertaining to Learning Packages was con-
ducted,

" The major characteristics and gemeral implications of
the use of Learming Packages were discussed with four of the
writers giving caultlonary stabemenbs regarding their usage.
" They inmcluded the followlng: (1) quality conirol may be
lacking, (2) packages may be too dehumanizing, (3) a higher

order of educational objectives 1s needed, {(lt) poor classw

Atardarelli, "The LAP," p. 26,

20ardarelll, "The LAP," p, 27.
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room implementation may hinder the program, (5) the cost may

be prohibitory, and (6) the degree of structure necessary
may be too -demanding,

The role bf the learning packege in an individualized
program was lavestigated and found to be rather flexible,
dependent upon the asmount of structure desired, the natbure

of the package, the adequacy of résourcess and the ability

ndla

o Wwork indaper

[.h

Learning-Activity Packages, thelr components, and re-
sulting philosophy were discussed, Tor the Individual Learn-
ing Units (ILUs) used in this study were modeled after the

LAP concept,
COST-EFfRCTIVENESS ANALYSIS

The literature on cost-sffectiveness analysls will be

covered in this sechlon under the following headings: (1)

an lntroduction to cost-effectiveness analysis, (2} a back-

ground on cost-effectivencss analysis, with subheadings on

dofinitions and the development of cost-effectiveness analy-

sis concepﬁsg (3) relationship to Planning, Programming,
Budgeting Systems (PPBS), (4) the function of cost in cost-
efféctiveness énalysis, (5) the function of effectiveness,
(6) limltations of cost-effectiveness analysis, and (7) cost-

effectivensess and educational instructlional Improvementi,

Introduchbion to Cost-lffectiveness Analysis

According to Enthoven:

Uitiﬁately all policies avre made aud ell systems &re
choson on the basis of judgemsnts., There 1s no other
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way and there never will be, The question is wheth-
er those judgements have to be made in the fog of
inadeguate and inaccurate data, unclear and undefined
issues, and a welter of conflicting personal oplin~
iong, or whether they can be made on the basis of
adeguate, reliable inform%tion, relevant experience,
and clearly drawn issues.” '

Burkett asserts that education can no longer afford a
randomn apprdach to the selectlion of educatlonal programs;
it is imperative that more effective systems fTo achleve

-

leariy dellneated objectives for specified populations be

T

identified,® Cost-offectiveness snalysis may offer the ob-
jective evaluation needed today.3

Cost~effectiveness analysis 1s a technigue which can
“be uged by educavors in thelr decilision-making probcess. It
provides a conceptual framework for analyziang the costs, ef-
fectivensss, and other related variables of one or mWore pro-
‘grams, program components, or program alternatives. When
properly implemented cosbt-effectivensss analysis suppligs
the decision-makers with data related to the: (1) cost of
achieving program objectives, (2) overall effectiveness of a
program in achleving its objectives, and (3) program offec-

tiveness with subgroups of studentﬁgh

11.c, Enthoven, "Choosing Strategies and Selecting
Weapon Systems, " Tnited States Haveal Institute Proceedings,
90, Vhole No., 731 (vWashington, DeG.s 1900[), Do 151le

eBeverley Zielie Burkett, "A Benefit-Cost Analyeis of
Programmed Instruction for the Initial Teaching of Reading”
(unpublished Ph.D, dissertation, The Catholic University of
America, 1970), p. 6. '

3Thid.

YRay Heywood Forbes, "A Technique for Analyzing the
Cogte of the Bducational ﬁ?@gram Baged on Bshaviorsl Stated
Ingstructional Objectives! %unpublishad doctoral dissertation,
Universily of Massachusettes, 1970), p. 29.
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This Information is most valuable iﬁ plexniug new pro-
grams énd in determining if existing prégrams should be mod~
ified, expanded, continued, or deleted. Cost-effectiveness
analysis will not make decisions; this remains the responsi~
bility of the educator. OCost-effectivenoss simply provides
the.data which willl aid the decision«maker to make bstter

. o . T |
and more realistic decisions.

mBﬁéﬁgrbuﬁé;of”ééétmﬂffectiveness Analysis“

| The review of the literature pertaining to the backn:_
ground of cost-effechbiveness anélysis will involve the fol-
lowing two subheadings: (1)} definitions of the concepts in-
cluded in this analysis, and (2) the development of coste

effectivencess analysis concopts.

Definitions of the Concepts o

Confusion may result froﬁ the gimller nature of the
'termé cost-benefit, costweffectiveneéS; andé cost-utility,
becaﬁse each term rofers to an effort to make comparisons.
systematically, in quantitative terms, by using a logical
sepies of stepstg It 1s appropriate to clarify these con-
cepts to possibly eliminate further uncertalnty.

Cost-Benafit Analysls (Benefit-Cost Analysis),---An
_analytical approach to solving problems of choice

lM.B, Carpenter, and S.A. Haggarﬁ; "Cosb-EfTectiveness
Analysis for Educational Planning," Educational Technology,
X (October, 1970), 26.

CHpancis A. Cexry, "'Development of an Instructional
Cost~Effectivoness Analysis Model for Use in School Dis-
tricts!" {(unpublished docltoral dissertation, Stabte University
of Wew York at Buffalo, 1972), p. L2. :
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which requires the definition of objectlves and
identification of the alternative that ylelds the
greatest benelits for any given cost, or ., . .
yieclds a required or chosen amount of benefits for
the least cost, The term usvally applies to sit-
vations in which the altermative outputs can be

quantified in dollars, A chilefl characteprlstic of
cost~benefit analysis ig that its aim ig to calcu~

late the present value of benefils and cosis, subm
ject to specified comstraints.t

Cost=~Effactiveness Analysis.--An analytical approach
to soiving problems of choice which requires the
definition of objectives, ldentification of alter~
native ways of achleving the objective, the iden-~
tification of the alternative that yields the _
greatest effactiveness for any given cost, or . . .
‘yields a reguired or chosen degree of effectlvew
ness for the least cost, The Term is usually used
ia sidtuations in which the aliternat 159 outputs cen-
not be easily quantified in dollare, _

Cogt-Utllity Analysis,--Long range goals and objec-
tives are fullilied by "utility" criteria involving
the returns to soclety. This arsa would includs
date of a guantitative (such as life-time earnings
or lifemtiwe crime rates) and gualitative data
(such as meeting society's meeds for leisure actlv-
itiez}., The utility concent would be of value to
the socizal sclentist and the sconomiszt,

According to Lovell, cogt-benefit analysis should be
applied when the alternative oubpub can be guantified mone-
tarily énd cost-offoctivensss when the éutputs cannot bhe
easlly quantified in dollar wunits, This basiec digtinction

gseems Ho indiecate theat cost-effectbiveness hag more poltentisl
P

1R¢chard H.P. Kralt, Cost-LEffectivenass Analysis of Vo~
cational~Technical ?ducdtwon Programnsg, for the Deparitment of

Educational Administration, Bducational Systems and Planning
Center, The Florida State University (Tallahassee, Florida:.
Departuent of Eduecation, 1969), p. 142,

2Ib1d

[ ———

3Cary, "Development of & Cost-Effectiveness Model,"
Pp. HE-3. |
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for evaluating instructional programs than cost-bénafit an-
alysis,1 |

An evaluabor using costnbpnefit analysis must decide
what beneflts to inclﬁde'and how they should be valued.
Dorfman states that the real lssue islwhﬁther or not one
can estimate the social value of benefits accurately enough
to Jjustify the effort involvedgz Unfortunately, the socisal
value .or the monetar nal pro-
gr#ms gtill camnot be determined.

Cost-affectiveness gtudies agsess nmuch more spécific-

activities withln an seducational framework than do cogt-

benefit studies. According to the Fducational Tmprovement

" Cemter:

Cogst-effoctiveness is used to compare two or more
approaches to the same goal, To conduct & COSTw~
gffecTivenoss comparison, the unlts of effect must

e the game . . . economics a2lso allows ug to com-
pare the cconomic ded¢raoll*bv of programs with dif-
ferent gosls, through cost-benefit analysi in

cost-benaeflt, all the different units of ezlact must
bo converted to Tthe same units of value or utility.”

Kershaw and McKean sese cost-effectiveness apalysis as

an orderly method of assisting decision-makers to selsclt a

1Ned B. Lovell, "Cost-Effectiveness Hvaluation of In-
structional Programs: A Developmenbal Design (K-12)" (un-
published Ph,D, d¢3qertatlons, The Florida State University,
1971), p. 10.

2Robort Dorfman, ed., Measuring Beuneflits of Goveruoment
Investments (Washington, D.C.: Ths Brookings Institution,
Studies of CGoverument ¥inance, 1965), p. 8.

3ncogt-Benelit Analysls," Educational Improvement Con-
ter~South Jersey Reglon, p. 3.
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proferred course of action from a sef of alternatives,l
They belleve the purposes of this amalysis are: (1) to dis-
cover new altérnatives,.(2) to improve on-thegéxisting al-
térnatives, (3} %o provide a means for incremental costs
consideratiﬁns, and () a retional alfernative to the use of
'expert opinion, committes declsion, or purs intuition in
_choosing.insﬁructional strategiés.2

. The ferm.cost-utility

some writers. The bagiec differences between thls term, cost-
benefit and cost-effectiveness are usually mattbers of degree,
context, emphasis, and personal preference;B

. W'From the preceeding distinctions made bebwesen the threé
" terms, it seems that cost-effectiveness will be generally
more useful to educational decision~making than cosb-benefit
or costnutiliﬁy, IWith this in mind, the design applied to
this study was categorized as cost-effectiveness analysis.
The study was concermed with: (1) specific activities with-
in én institution, (2) a comperison of two or more-approéches
to the same goal, (3) measuring of all the alternaﬁives by
the same unibs of effect, and (L) the analysis of alterna-
tive outputs-that.oannOt be easily quantified in dollar

wnite b

15.4, Kershaw, and R.N. McKean, System Analysis and
Education, Memorandum RM-2l73~FF (Santa Monica, Californie:
The RAND COrp., 1959)s p. 2

“Ibid.

3Kraft, Vocational-Technical Educatlon Programs, p. 8.

 .uLovel1, "Cosb-Effectivenoss Evaluation," p, 12,‘
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Development of CostwﬂffectlvenGSq.”
Analysis Concepts \ S

A Congressional Subcommittes on Goverrment Operatiouns
states that the concépt of cost-effectivensss analysis iz &
very old discipline for:

Long-range planning; budgeting, and soeking the least
costly way to achieve objectives all date back to the
days when man first began to think ahead and realize
that hig. resources were insufficient to permit him to
do everythlng he wanted to do.l
_ Baulcallys cost- offectlveness analysls is nothing more than
engineering economics and has been a concern Trom the very
beginning of the engineering arts, according to Feldstein.2
He further states that the roots of cost-effectiveness can
be traced back to the seventeenth century, but it apparently
was given its initial impetus as a formal economic discipline
by Wellington, in his treatise in 1887.3 |
Fish of Stanford, in 1923, was probably the first to

write a book devoted exclusively to the cbncept of engineerw

ing economy.u During the 1930°%s and early 1940%s, Grant

ly.8, Congress, Senate, Commlttee on Govermment Opora-
tions, Subccermittee on Haticonal Security and International
Opsrations, Planning-Programning-Budgeting, Initial Memoran-
dum, 918t Couig,, 18t Bess. (1967), (wWashingtom, D.C.: GPO),
. 2. . . . .

Martin S. Peldstein, "BEconomic Analysis, Operatioansl
Research, and the Watiomal Health borvice,‘ Oxford Hconomilc
 Papers, XV (March, 1963), 19-31, - '

BA.M@_Welllngton, The Fconomjc Theory of Rallway Loca--
tion {(New York: Wiley, 1887), guoted in J. Viorley ﬁﬂpllnh
od. Cost~effectiveuness: The Hecounomic Bvalvation of Eq
neered SysLems (NeW Sork: Jobn wWiley & song, lac,, ;968),
S i S | _ - s

hJ.C.L. Fish, Ehrlnaerlng Beonomics (Wew York: McGraw-
Hill, 1923), quoted In Ifmnglish, Cost-Effectiveness, p., 2.
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brought about an awareness of the need for economic evalua-
tion of engineering pfojects.l“ His work led to the accep-
tance by the buslness world of some of the approaches to
economic evaluatlion employed by englneers.

At about the same time, Agg introduced cogt~benefit
analysis into evalﬁatioh of public works,® This concept fo-

cused atbtention on evaluating the projects ihdividually,

T rather than comparing alternatives Tor accomplishing & given

objective; The major change in this-approach;was the come-
parison of the benefit stream converted imto dollar values
with %the equzvalent dollar cost streanm, 3

Following World War II, operation rosearchers provided

a greatbtly expanded viewpoin® of sconomlec evaluation in gov-

“ermment, Goverumental agencies began evaluating projects

where costs were easily ascertained and outputs easily
priced. Projects dealing with irrigation, water supply,
1umber_operatione; and electric power were some of those
first evaluated. Furthermore, the cost iImplications of al-
ternative methods to achleve a given resullt were being eon~
sildered by the engineers. Waler resourceg and transporta-
tion studies provided the greatest impact of both concepts

and assisted experts in the application of economic analysis

lE L. Grant, Principles of anlneering Econo (Now
York: Ronald, 1930), quoted in English, Cost- Pffectlveneus,
Pe 2o

ffnglish, Cost-Effsctiveness, p. 2.

31hid.
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to policy questions,l For example, McKean? and Ecksteind
published books in 1958-eva1uating cost~benefit analysis
as smployed by federal water resource agencles.

Greater impqtus was glven to the'growing interest in
cost-effectiveness analysis during the early 1960%s by Robert
McNamara, Secretary of Defense, and by Charles Hitch, Assis-

tant Secretary of Defense. The application of this analysis

~— e - e I

was especially important in defsnseﬁorie“tad research and in
dafense contﬁacting. This uéage has led to the application
of cost-benefit snd cost-sffectiveness studies in a large
variety of goverumental agencies and programs.h

One of the eaﬁliest studies in American education rel-.
~atlve to costs and outputs was the Cooke study of 1910, |
Cooke studled in-depth the businass vractices of eight col-
leges and universities and recommended: (1) that the prine
cliples of management should be adopted by college officials,
(2) that college procedures be standardized, (3) that offi-
clials sesk To increase the utilizaltion of persomnnel, grants,
- and grounds, and use them in an efficient mammer, and (I)

that colleges and universities increase cooperation and co-.

. . 2
ordinetion between themselves,”

“lrovell, "Cost-Effectiveness Evaluation," p. 3L.

PRoland N, McKean, Efficiency in Govermmenit Through
Systems Apalysis (Wew YorTi "Tobil WILey & SOAE, 1fC., 1958).

30tto Fekstein, Water Resource Development (Cambridge,
Massachusettes: Harvard Univ, fress, 1950/,

”Lovell, "Cost~Effectivenass Eveluatiom," p. 35.

SMorris Llewellyn Cooke, Academic and Tndustrial Effi-
- glency. Report to the Carnegle coundation Ior the Advance-
FeAT of Teaching, Bulletin No, 5 (New York City, 1910).
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Currently, the oxpanding pressures of educatiqnal‘an |
countability, alqng with higher oveé—ali costs,rhave émphaw
sized the nesd for expanded use ol analysis techniques.
Burkhead agrees with this and has enumerated some of tThe rea-
sons for the higher cost of edﬁcation. These are:

1. A long=-run trend to'devote;more of the nation's re-

| gources to‘education; |

N -
T
2o Imereasing numbsr o

3
H
F4
,

“h, Larger portion of population now attending post-~
secondary institutionéj
5. Growth of graduate and profassion&l schools;
6, Expansion of in%sarvice and adult edﬁcaficn;
7. Compensatory educatibnnl .
Hagen belleves that economic analysis can be ﬁodified
and thus be spplicable to educational practice, He stabes:

Obviously expenditure choices in industry can be
neggured much more precisely by dollar return-~on-
investment analysis than ln govermment. For ex-
ample, the Department of Defense program, though
guite complex . . . is less complex than those of
school systems. The latter, in additlion to hav-
Ing complex, veried progrems, must account for,
ssgregate, and distribute thelr multiple tax in-
comes and supporbing programg accordlng to local
tax, county support, state eld, and federal grants.
However, the basgic objective of measuring expendi-
ture vtility is fundamentally the game in each

1 . . .
Jesse Burkhead, TInput and Oubput in Largoe~City High
Schools (Syracuse, New York: Syracuse Unlverasity Press,

L —

1967), p. 1.
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area.t
With increasihg demands, educational institutions ét

all levels are being forced to'achiévereducational_objectives
and to administer their resources in bthe most efficient mane
‘ner possible, To meet these needs, educators are turniug,
for the first time, to the practiceé, tools, and theories of
sclentific management which have been used primarily in in-
dustry and government =

. While many of the specific objectives and sctivities
of education, industry, and govermment are dissimilar, they
do have many'basic-similaritiesp For this reascon educationgl
_blamners and economists allege 'ﬁhat gconomic analysis can
aid educabional daciéionmmaking and resource allocation,
Just as iﬁ successfully alded goverumental, iﬁdustrial, and
military‘mamagers.3 |

Relationship to Planming, Programing,
Budgeting Systems (PPBI)

Accountebillity for performance has becoms & major con-
“cern of educators. _Planning, Programming., Budgeiing Systems

(PPBS) and rosultant cost-sffectiveness analysis has heen one

l5.,w, Hogen, "A Three Dimensional Program Budget Format
for Public Schools'. (unpublished doctoral dissertation, Uni-
versity of Californla at Los Angeles, 1968), pv. 70-71,

_ 2John E. Swensomn, eb, al,, Financial Analysis of Cup-
rent Operation of Colleges and Universities (Ann Arbor:
Michigan Institute ol Public Admlnlotr&tlun, University of
Mlchlgan9 1966), p. b,

3Lovell, "Cost-Effectiveness Evaluatiom," pp. 29-30,
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of the major focl of this accountability thrust,t

- PPBS received its principal impetus from the Depart-

“ment of Defense studles conducted under Secretary McNamara,

This approach attacks Phe resource allocation dilemma through
éystem?S'accountingafiscal procedureso It is an aﬁtempt to
integrate planning (establishing objéctiﬁas and policies),
pfogramming (method(s) to accomplish the objectives), and

LY

ving allocations of resources im a glven

U it
2
_ Hartley states that PPBS 1is intended to provids the
kinds of information and data analysis which give adminis-

. _
trators a more complets bagis for rational choice.” He fur-

ther states that this system 1s designed to foster economic

efficiency and offers advantages over traditional practices,
It providess (1) program-oriented data, (2) anslysis of
feagible alternative programs and objectives, (3) long-rauge

planning and evaluative criteria, (L) improved ubilization

of teacher competency, (5) structurel flexibility and total

liohn P. Moon, "A Learning Effectiveness, Time HEffi-
ciency, and PPBS Cost-Effectiveness Tnvestigation of a Media
Modes Paradigm Tfor the Independent Learning Enviromment" {(un-
published doctoral dissertation, University of Southern Cal-
iformia, 1971)., p. 32.

23anford Temkin, A Cost-Affectiveness Fvaluation Ap-
proach to Improving Rescurce Allocalions for School systoms
{a published disserbtation in Business and Applied Lconomics,
University of Pennsylvania, 1969; Research for Better Schools,
Inceg 197@)!; )

SHarry J. Harbtley, "PPBS-Current Research and Program-

‘matic Tmplications for Collective Negotilatlons," (paper preo-~

sented to the 1968 annual meeting of the American Educabilonal
Research Association, Chicago, Illinois, February 8, 1968),
P Lo
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group planning, and (6) reporting of school programs in the

- 8chool budget documeﬁt;l

Temkin believes that in addition-to.the specification
of goais, programs, and program objectives, an accounting

system which can relate costs to program activities 1s eg-

sential.? School districts must depart from the line-item

accountling system so prevalent today, and also include ac-

1 - EY N ~ bon e Bann . U 1
”””””” O LG @XPpontliiures O Timmg L & mors réai—

L

istlec manner.
 Moon notes from his research of planning'and budgéting
procedures that most school budgets are input rather than

output oriented,t Heo points out that this has led to Line-

~ iten structured.budgets which are rather dramatically op-

posed to PPBS procedural characteristics, The traditional
budget provides, at best, only a fragmented'view of the
school program and 1ts various éubprogramsqs

| Cost~effeoctiveness and cost;benefit analysis have been
populafized-as analybical tools used by program planners Iin
the PPES procass., Suéh.analysis is used primarily to compare
benefits (output) with the costs (resources or inputs) ia or-

der to evaluate aund possibly generabte alternative courses of

lrpsd,

PTemiin, "A Cost-Effectiveness Eveluvation Approach,”
pp. 2-3. .
3Ibid,

hMoon, “Investigaﬁion of a Media Modes Paradigm,” p. 35,

®Ibid.
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action.l _ |
According toe Mushkin, cost-effectiveness 18 an inte-

2 pye basic notion underlying the

- gral part-of PPB3 fheory.

core of the PPB Systeﬁ is-anéiysis of the relative cost and
the relative sffectiveness of program options, "3 Program
budgeting is suggested as a vehicle for costneffectiveﬁess,
for it provides basic and mecessary information in a manner
that will facilitata the comsideration of alternatives.

Padro believes that even though.coét*effectiveness is
the objective behind the implementation of PPBS, it 1s the
least developed co:r‘rzpo.ne.n’sellr Educational planners heve es-
-tablished program bﬁdgets, written praise-worthy objectives,
dévelbped long-range planning, and Implemented highly-
sophisticated computerized fiscal sysbems., Therefore, while
many of the PPBS preliminaries have been achieved, the major

task, cost-eflfectiveness, remains.s

The Function of Cost in Cost-Rffectivencss Analysis

In cost-~effectiveness analysis the decision-meker must
have criteria for assessing the deslirability of an alterna-

‘tive, Generally, the maximlzation of the present wvaluc of

lLovell, "Cost-Effectiveness Evaluvatlion," p. 32.

28¢lma Mushkin. Proceedings, Southwest Florida Con-
ference, Program-Planuning-Budgeting System (Charlotie County,
Filorida: Herch 12-10L, 19697, p. 2. '

31bid,

@Susan Padro, "Compubsr Simulation for Allocating Edu-
cational Resources Based on Student Activity Modules™ {un~
published doctoral dissertation, The Ilorida State Univer
sity, Tallahassee, 1971}, p. 19.

STbid,
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all benefits, less that of all costs, is a sultable criteri-
1 | |

Webster states, cost 1s "the amount pald or given for

anything . . . hence whatever,-as labor, self denial ., . .

etc., is requisite to secure a bemefit,"2 The important
point is that cost is one element of vaiue (or benefit)
foregone in order %o secure & greater.benefite3
~ Enthoven emphasizes ﬁhe point that cost iﬁcludes moneys
rerformance, time, consumption of scarce resources, and thex
use of available human skills.,
Economics 1s the sclience of the alleecation of lim~
‘ited resources; the study of both how cur economic
system actually allocates limited resources and how
it might be done more efficlently. Thus, economics
is not really concerned just with money. It is
concerned wlith limited wraesources of all kinds.
Beonomigte give particular attention to money simply
because it 18 the common denominabor our society I
used to measure the relaetive value of material things.
McCullough identifies Two different methods in using
cost estimates for gelecting alternatives: the fixed budget
approach and the specified-effectivensss approach.5 in a

fixed bﬁdget approach the criterion for cholces is maximum

p. 45,

- Lgary, "Development of a Cost-Bffectiveness Model, "

“Yobsterts Beventh New Collegiate Dictiomary (7th ed.

1965}, T o , . L
3English, Cost~Effectiveness, p. L.
hr.s. McHamara, C.T, Hitch, and A. Enthoven, A Modern

Design for Defemnse Declslion (Uashlngton, D. C.. Indus frlal
College oY the AF¥med Forces, 19606). . R

57.D. MeCullough, "Estimating Systems Cost," im T,4A.
Goldman, od,, Cost~Effecltiveness Analvsis {(New Ybrk‘
Pracger, 1967) P. T<. .
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efféctiveness; Thls entails the examining of different wﬁys
of attaining objéctives within a_specified.bu&get'amount.

The decisionwmaker is searching for the QQXimum Jevel of ef-
fectivenass‘for a fixed level of finanéial support;l

Cost is the criterion of choice in the specifled-

“effectivensss approach. A predeterminsed level of effective?‘

ness is chosen alter which the albermatives that require

s - P S . . .
T The smallest qUENLLTY of regsources are examlined.<

The costs used for analysis in a cost~effectiveness
study should be direct measurable socletal costs, according=
to Forbes,S Measurable socletal costs are classified as

either direct or indirect, Divect costs are those items

" which are listed in the school system's budgel as incurred

by’pﬁoviding educatlional opportunitles., Included under this
category would be such ltems -as salaries, supplies, textbooks,
building construction and maintenance, repairs, utilities,
and employée benefits . |

Forbes states that indirect costs are those expenses
that do not appear on budget_rsquests,'but'are considered to
be related to the operation of the scheool system. These
costs may be relevant lor costmbenéfit analysis, but need

not be considered in cost-effectivensas amalysisas

Ithid,

“Ibid,
3F0rbesy YA Technique for Analyzing the Costs," p.‘38,

by,

5rpid.
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The'directly measurable societal costs suggested for

analysis in a coStneffectiﬁeness study maj be classified as
either capital or oyarating'costs. Gapitél costs arse definsed
as.ﬁhose_expénditures relatedsto the daveiopméntal'planning' -
and_implementati&n of‘edaoafional programs. This cost ca£5u
gory includes: .initial program planning, conétructionp ren-'
ovation, aguisition of noun-expendable materials and equip- |

L ammmes mama A ® Mmoo bl ann aasy S L an e sl e
AV LI Gl W T AT C&J—.LA-L.&J.E), CA.LdNL "

tiomel costs related to the p&énning and implementation
phase of the program.t
Operating costs are those items associated with the

operation of a program. Included in this cdst category are
salaries, gupplies, uwtilitises, employee benefits, deht ser-
vice, custodial services, and any other costs directly re-
lated to program operationa2

Kraft has concluded from his studies of educational

cost~affectiveness analysis that most analysis of this type

has concentrated upon quantitative criteria and en emphasis

on coat datae has resulted, Meaningful measures of other pro-

gram aspacts are in dire nesd of developmant,3
Carpenter and Heggart agres and warn against this fag-
cination with aumbers:

Analvsis does not necessarily mean number juggling.

liorbes, "A Technigue for Analyzing the Costs," pp. 38-
39. : ' : _

2Tpid,

3Kraft, Vocational-~Technical Eduqation Programs, p. 28;
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A great deal can be gained from Just a systematic

- approach to defining the problem and seeking pos-

. 8ible solutions, Numbers, of course, do help. We
all know that. We also know that some numbers are
better than other numbers., The trick is to know
as well ag possible the meaning of the numbers:
¥What do they tell you? Where do they come from?
On what are they based? The point that should be
emphasized is that numbers alone do not make a
better arnalysis; the Important fact 1s the context
in which they are used and how they are used, The
process of trying to make expliclit some of the
gualitative considerations inherent in defining
the problem and in secking possible solutions probi

Tt oy A b e oy e
. &Lb]_"}}' conbributes more te ma}hu&, a nevver anslysis.,

Tha Funcilon of Effectiveness in C0¢t-
affecviveness Analygis

- Effectiveness, in contrast to cost, connotes the bene-
fits or desirable effects galned by the incurring of a cost.
Thersefore, costs are always trademoffS'for anticipated higher
benefits, Effectiveness also implies some evaluation of por-
formanée or daegree of output of the benefit-producing sys-
tem,2 | _ _

Carpenber and Haggart see the determination of effec~
tiveness of an slternative as an Important aspect of the an-
alytical'process,3 Effectivensss; they feel, 1z actually a
set of measures or_indicaﬁors describing the learning brought

about by'a‘program, In this way we can tell what to expect

from each alternative,

1,8, Carpenter, and 5.4, Haggart,'Analysis of Iiduca-
tional FPrograwms Within a Program Budgeting Systew, Memoran-
dum P-[195 (Santa HMonica, Californie: The RAND Corp., 1969)

" p. b,

EEnglish, Cogt~Effectiveness, p. l.

3Carpenter and Haggart, "Cost-Effectiveness Analysis,"”
p'a 289 - ’ o
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Before the coét—effectiveness of alternatives can be
assessed; the problems of defining and measuring the effec-

tiveness of instructlonal programs must be considered. The

-sp@cification of instruments to measure the degree of atlbain-

ment of program goals, validly and reliably, is ofton a basic
problem, Too often the ingbtruments are difficult to obtain

or develop, and even if ome is available, extreome care must

PO |

“be exercised to see They are administered in a consistent

fashion and that the scoring mode 18 appropriate for the pro&
gram goals,t |
- Quade feels that the measures of effectiveness in edu-

cational cost-effectiveness analysis are, at best, only ap-

" proximations.? Purthermore, the degree of confidence in the

accuracy of effeclivensss estimabes 1is lower fhan it is with
cost estimates. With this in mind and the fact that the .
learning process 1is so complex and contalns many intangibles,
8 full set of measures and indicators must be obtained from
the analysis of effectivensss ., |
.Carpenter and Haggart advocats the use of multiple

meagures and indicators, They assert:

If.it 1s accepted that a gingle number Lor the dollar

cost of a program conceals most of the information

neaded for daclsion~making, it should be even clearer
that no single measure of program effectiveness will

+Ibid.

27,5, Quade, Some comments on cost-effectiveness. A
panel pregentation on "Cost-Effectivensss! at the Fourth U.S.
Army Operations Research Symposium, Relstons Arseral, Hunts-
ville, Alabsma, 31 March 1965, (Saunbas Monica, California:
The RAND Corp., 1965) p. 12,

31pid,



tell the whole story about the worth of the program

because any program promotes several different kinds
- of change in the student. Because these changes are

different in kind, no unit exists by means of which

the changes attributable to a particular program can

bo made conmensurate. Thus, the effectiveoness of a

progyram can only be presented as a set of measures

and indicators. In order to choose among alterna-

Tlive programs, the planner must then Jjudge the rela-

tive importance of the various aspects of program 1

effectiveness as they apply to particular schools.

Analysis must be strucitured, yet there must be great

T 1atitude allowad in the types of measurement instruments
used and the modes for supporting data. It may often bscome
necessary to develop new methods of qualitative measurement
before one can 2ssess the eflfectiveness of immovative in-
structional prbgrams.g

Several guldelineés Ffor evaluabing eflfectiveness havs

been developed by the State of Hawaii's Department of Educa-
tion and should be carefully examined by any educator conbem-
plating cost-~effectiveness evaluatlon.

1. Qualitative evalustion should be made at the program
rather than the activity level since 1t 1s the suc-
cosg of the program which the analyst desires to
eveluate,

2. Qualitative evaluation of program effectlivensss
should always be closely related to the reasons for

which a program exists,

3, Wo. single qualitative measure should be xelied om To

1Carpénter and Haggart, "Cost-Effectiveness Analysis,"
Te 29 ,

_ Eﬂéwaii, Budget Guilde (Honolulu:. Office of Business
Administration,” Depariment of Educatlon, 1966), pp. 35-36.
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the exclusion of other measurés.

le, Sufficiont time should be allowed after program
actions are taken to obtain resuits.

B The answer to a particular question doos not indi-
éate'ﬁhat'coursé of action (e.g., Increaesing the
appropriation) should be taken with respect %o a

program, - |

"1 2 x b P T P, ="
Reliance on expsrt judgemen able vo all

Ak T NSl S DL

analysis, especlally those cases that contein too many in-
tangibles,'lagk necessary planning factors, or cannot be rep-
ragsonted by-mathematicai equations because of poor inberre-
lationships. duade belleves that oneg of thg real virtues of
cogst-effectiveness enalysis 1ls that it provides a Lramework

for a more aystematic and direct use of expert judgsment.2

Limitations of Cosi-Effectiveness Analysis

The necessity for caubion in carrying-outb cost—effac;
tiveness evalvatiocns is highlighted by the fact that the
worth of an evaluation has been found to be c¢losely corra-
lated with Tthe experlence, Ingenuiby, and insight of the an-
alyst in avoiding potentlal pltfalls which could negate or
bias his conclusions, An awarenoss of these iimitations by

the analyst will lmprove the valldity and viorth of his cogbe

l1pid,

2E.8. Quade, "Cost-Effectiveness: Some Trends in Anal-
ysis," in J. Morley English, ed., Cost-nffectiveneas: The
Economic rFvaluabion of Enginesred Svystems (New York: John
Wiley & Sons, Inc., 1960), Chapter 11, p. 26,
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effectivensess evaluations,t
| The educational process contains some unique charac—.
teristics which tend to meke éducational analysis more dif-
ficult than many of the problems encountered by the military
énd business worlds.

1. The long gestatlon period of education outpubts and

the length of the necesgsarily saquential learning

might hamper attempts to attribute a particuviar re-
sult to the actual activity whiéh produced ib.

3. The mutiplicity of objectives in education which
‘cémplicates the task of assigning a particular ac-
tivity to the final educatlonsl purpose which it

serves.

L. "he difficulty of facboring out the effecis of non-
School sxperiences on the process and product of
learning.z
Quads sﬁat@s that every systems.analysis has its liwi-

tations or defects,- Hach analysis of choice falls short of

_ 1a,D, Kezanouwski, "Cost-Effectivencss Fallacies and
Misconceptions Revisited,” in J. Morley EHnglish, ed., Cost=-

sffectlvencss: The Economic Bvaluation of Ingineered SVSTems
{lew York: John Wiley & Sons, lnc., IYbU0), Chapteér ¢, p. JLol.

25elma J, Mushkin and James R. Cleveland, "Planning for
Bducational Development in Plamming-Programming-Budgeting Sys-
tem," in Interdependence in School Finaunce: The City, The
State, The Nation, Proceedings I1ITh HATIONAT CToulerénce of
Sehool Financs (Dallas, Texas: NBA Clmmittee on Educational
Finence, 1968), p. 90. > -

- 3m.8. quade, "Introduction and Overview," in Thomas A,
Goldman, ed., Cost-Effectivencss Analysis: Hew Approaches in
Decision~making (Now York: Frager, 1Y07), b. 1.
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sclentific research because its objective is primarily to
- recommend policy, mot to understand or predict, He.empha-
sizes: (1) that dnaljsis can never treat a1l the relevant
con31derat10ns, even 1f there woere no limitatlions on time
| and money, (2) the measures of offectiveness arve inevitably

approximate because of vaguely defined objectivas; and (3)

methods to adequately predict future possibilities are lack-

ing,l

| One of ﬁhé more formidable problems of cost-effective-
noss analysis, aqcofding to Kazanowskl, involves the effesc-
tiveness criteria selection.® As one narrows the scope of
the problem, the number of significant criteria is also re-
'éuced. He belleves 1t is virtuaelly iﬁpossible to reduce the
total evaluaticn to a sole criterion which is:to be used as
the basis for the evaluation.

Kazanowski alsoc refutes those wao would describe cosbe
effectiveness as a technique for selecting the one alterna-
tive which yields the maximum effectiveness at mininum cost,S .
In realiby, such an altermnative does mot exist; for the max-
imum is infinitely large and the minimum cost must be zero._.
Hitch and Mclean state, "Seek the policy which has that out-

come, and you will not find it, "

tibid.

QKazaﬁowski, "Cost-Effectiveness FaJlaclass De 152.
3Tbig, P. 160, N

hC 5 Hitch and R.H. McKean, The Hconomics of Defanse

in the Muclear Age (Cambriﬁge, Massachusettes: Harvard
- Univ, Press, vbl}, p. 125, :




| 7
Hartley identified nine limitations of systems analy-

sis as it applies to educational prbgramS‘and related activ-

- - ities.l Included in this group are: (1) intangibility of
sducational goals, (2) undermanagement of schools for rigor-
ous amalysis, (3) high turnover rate of superintendents, (4)
shortecomings of anaiysis dealing with attitudinal issues,

(5) prohibitive cost of staff iuvolvement, (6) adversarial

(7)—opposition t

L relationships in most negotiations,
vation by educators, (8) teacher ineffectiveness, and (9)

Cintrinsic ambivalence in technology.2

Giroux argues that educationsl imstructional systems

are ¢11-suited to the classical application of coste

"effectiveness. He says:

- The operational structure of an educational system,
however, is necessarily Illl-sullted to a classical
application of cost-effectiveness deslign, The ap-
plication of a cost-slffectlvoness tool pre-supposes
control over the cporation of a program, As has
usually been the case, control, such as defined in
a classical control/experlmenuai research design,
ig seldom eviden®t in school operations.

In moslt school situations, however, such control is
net present. 8HStudents are subject to Inmovative
practices on the basis of neod withoul concern for
research findings, thus eliminating the gelection of
a control group {e.g., 2all underprivileged children
will beneflt from a federal project). Teacherts
assignments are often made on the basis of sched-
ullng needs, not on the desire to test a hypoth-
esis, Control of imputs (books, supplies, ebe,)
are often dependent on an opewatlon outside of the
school sgetting, such as a central administrative

in,7, Hartley, "Plamning and Pol&tlcu,” Tha §chool
Administrator, (Aprﬁl 1971), 8-9. -

“Tbid.
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office,t |

Because of the many uncontrolled variables presant'in
any inétruqtional situation, the responsible evaluatbr_must
be hesitant to generalize from findings. Therefore, in-
structional cost-effectiveness deslgus and models should

not assume that a btightly controlled situation existsog

Haptley is still optimistic about the use of cost-

effoctiveness _anslysis in schools

tions, fallacles, and misuses of analytical procedures, He
affirms:

It is difficult to find fawlt with the systems view-
point of moderm plauners, who agree 1n principle
“that it is preferable to examine problems or date in
a whole conbtext. There are exciting opportunities,
accompanied by risks and dangers, in the application
of modern declsional technologies To education., The
new systems analysils mode of thinklng is already ex~
erting influence on political structure and style.
PPBB-type argiments and justifications are being
widely used by the new breed of "technipols" in po-
1itical debates about education, These leaders em-
ploy rational argumentation to enhance their intul-
tive Judgements, '

If the misuse of analysis 1in education Is to be pre-
vanted; caution mugt be exerted 1n dealing with the unilgue
characteristics of education. In summafy,'the words of Mush-
kin, "Education is probably ome of the most complicated oub-
puts in the whole of the battery of things that society pro-

vides," should be remembered b

lRoger Girouxz, et., al., Cost~Effectiveness Study (Divi-
sion of Planning and Long-RHange Develobment, Fillwankee Public
Schools, Milwaukee, Wiscomsin, 1971), p. L. S _

Zovell, "Cost-Effectiveness Evaluation,” p. 6lL.
Sfartley, "Plamning and Politics," p, 10.

hMushkinﬁ "Planning for Bducational Development,” p. 6.
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Cogt-REffectiveness Analysils in Education

Costueffeétiveness analysis*is auitable for decislion-
making where the outputs of the aystem are not priced at the
market while the inputs sare subject to'market pricing. |
Cléarly, many decisions in edvcation fall.into this realm.lq
Schools, like other productiﬁe snterprlses, have three

general properties which, taken together, define a "produc-

tion process.” Firsh, educational objectives—econ be defined

as Tthe output'of the process: second, therﬁ are students,
teachers, administrators, buildings, supplies, and other Y18,
terials and persomnel which provids inputs into the sduca~
tlonal process; and third, there exist variocus technliques of
combining the.inputs to prodgce the aforementionsd educaw
$ional objectives.®

Forbes states thabt activities designed to achieve posi-
tive reactions and cooperative participatidn by staff members
should be inciﬁded in all plans for Implementing 8 coste
effectivensss study.S The anxieties of_school pergonnsl,
who see cost-effectiveness as a threat to thelr positions,
~should be alleviated when the analytical proceduras ars pre-
sented as an ald for more realistic decision-making. Also,
~the value of this analysis as a plénning tool must be made

clear, Above &ll, stafl members that are expected to partic-

louado, "Introduction and Overview," p. 8,

EHanry M. Levin, Cost-Effoctiveness Evaluation of Tn~
structional Techunology: The Problems (Washingbton U,C.:
Academy for HEducational Development, Inc., 1970), pp. 3-hL.

3Forbes, "o Technlque for Analyzing the Costs," p. 93.
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.ipate.in the implemeﬁtation of the sfudy should be glven the
opportunity to parﬁicipate in the planning activities.l
Lovell has pointed out that in an educational setting,
cost-effaectiveness analysis can functidn at varying degrees
of sophisticationag The analysis may vary frow the Tairly
simplé, which merely assembles existing data in a meaningful

way, to the highly technical and mathematical studies. At

analysié; for the techniqal, inﬂdepth,studiés require.a
.greaﬁrdeal of time and money, asg well as highly trained
8taff, The hasic steps wiil be the same regardless of the
degree of sophistication pursued.3 |
Kenezenich provideg a more thorough explanaltion of
both the less rigorous and the in-depth analysils methods:

Two levels of analysis can be distinguished by the
depth, time or rigor spent in pursuing various dimen-
sions,. Less rigorous analysis is likely to be, at
least initially, more prevalent in education, A de-
cision based on analysis of altermatives for the al-
location of resources moves ghead by identifying and
documenting the followlng: The real cobjectives of
the program, mejor feasible alternatives, best
~available estimate of the total program cost for
each yosr considered for each alternative, major asg-
sumptions and uncertainties associated with the al-
ternatives, and Ilmpact of proposed programs on gov-
ernmment agencies or on private organizations,
In-depth analysis, . . . .goes further and approaches
what are called cost-benefit or cost-~utility studies.
Some writerg confine in-~depth analysis to those sit~
vations where key factors can be guantified aund
mathematical models cén be generated., Significant
nonguantifiable program elements are not ignored but

C1libid.

Provell, "Cost-Effectiveness Evaluation," p. 58,

3Ibid,
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are granted less welghting, In-depth analydsis of-
ten takes many weeks to effect even 1In the well
staffed organiration., BSulfficient lead time must
be available, The amount of time and money re-
qulred suggests that in~depth analysis cannot be
used indiscriminately. Priorities must be es~
tablished to select those programs with the hlgh~
est likely payoff,*

The current study was intended to more resemble a less
riporous analysis and the imvestigatﬁr has sought to ldenti-

fy and document most of the cheracteristics emphasized by

Kanezavich,

Summ&rv

The opinions .of ﬂriters dealing with costweffectivéness
analyﬂis were reviewed in the above section. After the con-
cept was introduce@, a background was prbvided by defining
the te&ms and tracing the development of this aralysis in
genefal economic theory and in education.

In cost-effectiveness analysis, the declsion-maker
assesses the desirablility of an alﬁerhativé through the cri-
teria of cost and effectivenesse The function of each cri-
terion is described by the writings of humerous authors.

The fact that cost~effectivensss analysis is not a
panacea for. all educatlonal budg@ting-illsﬁ.is brought out
in a.section on limitations. ‘Regardless of ite shortcomings,
“the majority of authors cited feel that this type of ana 1y31s
is sulitable for many of the problems confronting educational

decision-makers ltoday.

lztephen A. Keuszevich, ed., Administrative Technology
and the Schoo] Executive (“a%hlngton 0,017 American Assocl-
atlion ol wchool Administrators, 1969§ De 19,
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SUMMARY

The second:chapter of -thls study has reviewed bthe 1o~
lated research and literature in three specific aveas: (1)
individualization of imstruction, (2) 1earning-packages; and
(3) coét—effectiveness analysis, | ‘ '

The investigator COncludad from hig review of the lit=-

ersture and research regarding individualization of imstrue-

tion, that a correlation does exist between individuel dife
ferences and academic achievement. Furthermore, a téchnique
that provides for these differences can enhance the possi-
Eilities that a child will profit from maﬁhematics instruc-
“tion,

Although four of the writers have cautioned égainst
the use of 1earﬁing packages in some prograns, the majority
of authors belleve these problems can be overcome, and that
the learning packagse concept‘can_bolster the effectiveﬁaSSx
of any mathematlics prograﬁ. They also stressed that the
following points must be considersds (1) the mature of the
package, (2) the adequacy of the resources, and (3) tho abil-
1ty of the child to work independently. None of the re-
searchers used cost-efTechtiveness analysis to compare the
output of the packagqs;with other altefnatives,

Writers have almost universally agreed that it ils Im-
perativé that more. effective systems be 1gentified to aid in
educational decision-making than the random, intuition-based,

"seat-of-the~pants" approach that has been the rule for many

yoars.
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Cost-offectiveness analysis has been brought to the
forefront as é technique for analyzing the costs, effective-
ness, and other related variables of one or More pPrograms,
program components, or program alternatives. querp.planﬁers
ses it as an excliting opportunity3.accompanied Ey risks and
possible short-comings, to apply updated decislomal technol-

ogy to educatiom,

lated literaturs and reseavqh that'an expérimental study;
| using cost»efféctiveness analysis to evaluate the learning
package concept as an alternabive to the traditional bhasic
mathematics prbgram, would make & wvseful conbtribution to~
ward showing the effects of such Prooeduraé in education by:
(1) messuring the input (costs) of each altermabtive, and (2)
by evaluating the outpub (effectiveness) derived from each
approach.' | “ |

The reéearch design and the procedure used im the pres-

ent study are presented in Chaplter 3,



CHAPTER III
THE DESIGN AND PROCEDURE OF THE STUDY

The design and procedure of the study, briefly oub-

1ined in Chapber I, will be presented here in a detailled

FOTHEE UndeT S6cELons dealing with the follewing: (1) the
setting of the study, (2) idemtification of the population,
(3) the research design and testing instrument, (L) the ex-
porimental and control group procedures, (5) cost analysis
procedures, {6) hypotheses, (7) statistical procedures, aﬁd

(8) sumary.
SETTING OF THE STUDY

The setting for the study was in ﬁhe Btockton Unified
School District, Stockton, California., Stockton is the cen~
ter of a metropolitan area with a population of over 1505000.
and 1sg locabted near the geographical center.of the state,
sevenbty~five miles east of San Francisco, _

This study pfoposal was initiaily presented to James
Shannon, Divector of Research, Stockbton Unified School Dis-
trict. After gecuring the school district’s support, the
Associate Superintendent of Business Administration, Gordon
Chamberlin. was contacted to arrange for necegsary funding,
and two junior high school principals were contacted to gain
approval to conduct the study in their schools,

To determine the. junior high.SChools within Tthe district
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whose students would be included in the study, the investi-
gator considered those which had# (1) some background in
employing individualized techniques, (2) radically.different'
racial compositions, (3) dissiﬁilar median-income'of resi-
dents in the schools! respective attendance areas, ana ()
total enrollmeht varigance to possibly include the largest

and smallest schools, DBecause an experimental and a control

tions were necessary to help provide a broader representa-

tiveness to the gtudy.
IDERTIFICATION OF THE POPULATION

From the student populations of the five Junior high
schools, the invesbtigator delimited a more gspeciflec group to
participate in the study. Delimiting criteria included: (1)
schools, (2) population, (3) grade level, and {4) sampié S@m

lection.

Selection of Schools

The investlipgator chose two schools from the original
five that most closely met the criteria stated above. |
School é'was'the districtts largest_with an. enrollment of
1,803 students. School B ranked as the smallest with 1,096

sﬁudentsel

Population

Subjects for this investigation were all the students

1mRacial and Ethnic Report," (Stockton, California:
Stockton Unified School District, October 21, 1972), n.p.



86
fegularly enrolled in basic or remedial mathematics at the
oighth grade level in the two selected junlor high schools.
The schools offered a contrast forrthej‘differed markedly
in socloecononic and ethnic makeup. '

School A had an ethuic distribublon of 39.7% with
sPanish surname, 30.9% Black;_13.0% Filipino and othew minof-

ities, 9.5% White other than Spanish, 6.8% Oriental, and .1%

gy 3 1311 T

imerican Iudian out of & total of 1,096 students. Also 63.1%
of the. students were classified as being low income children
with },2.3% receiving Ald to Femilles with Depemdent Childven.t
School B had aa ethuic distribution of 9.9% with Spau-
ish supname, 2.7% Black, 3.0% Filipino and other minorities,
79.5% White other than Spanish, L.7% Oriemtal, and .2% Amer~
ican Indian out of a total enrollment of 1,803, Ohly 15,1%
of the studenls wers classified as being low Income childron,

with 10,1% receiving Aid to Familles with Dependent Childron.Z2

Attendance Arsag

The two junior high schools selected were located in
contrasting éreas‘of the district. School A was sliuated in
a relatively low so@ioeconomic area, whlle School B was
Jargoly a high socioeconomic area. They have a combined en~
rollment from seventh through ninth grade of 2,899, which
represents approximately L0% of the tobal district junior

high school population of 7,18l students attending the five

11hig.
2Tpid,
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district Junior high schools .t

Madian Income

Other demographic data concerning the two schools in~
cluded median income of residents living within the schools?
atbtendance areas. Median income in School A was $7,155 per

year, as compared to $12,909 in School B.?

Saelection qf_Grade;Level

The investigator chose elighth grade as the level of
students who were to participate im the study. This selec-
tlom was made because more students at this level wero work-
iﬁg in basic mathematics than in ninth grade classes, and
~ all of the seventh graders at School 4 were involved in a
learning center-math lab approach to mathematics, This con-
cept would have beon impossible to replicate at School 2
bacause of Iinancial limitatiomns, The eighth grade level
was also selected because studenbts at this age, accgrding to
Piagst and Inheldér, tend to approach problsmg more gysteome
atically, and.less on a random, trial-and-error basis, This
is an important coumsideration in an individualized program,
such as Individual Learning Units, because of the selfl-

directive nature of the package.3

I1pid.

211970 Census Information," (Stockton, Califormia:
Stoekton Unified School Distyict, 1970), n.p.

37ean Piaget and B. Inhelder, The Growth of Loglcal
Thinking From Childhood to Adolescence, (New York: Baslc
Books, 19587}, pp. -67-60,
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Sample Selection

In both School A and School B the.students were pre-
- assigned to classes by the school counselors on the basis of
racormendatlons by the previous year's instructors, aund ac-

cording to the results of a test of achlevemont, the Compre-

hensive Test of Basic Skills, Form @, Level IIL, and an ap-

titude test, the Lorge-~-Thorudiksa Inteliigance Test, Level IIT.

Those classes most similap din-abilitywere chosen ag the ox=""

perimental and contrel groups in each school; the imstructors
determined the tréatment each group was to receive. |

The classes were scheduled in consecubtive periods to
help rule oﬁt many or the factors associated with time~of-
day differences betwaen the groups, such as fatigue, hunger,
and tardiness., Two teachers were gelected frbm those meeting
the above scheduiing requirements, Each instrucltor was CX:I
signed an experlmental and a control group to.help nullify
the tesacher-effectiveuness variables. Neither the teachers,
nor the studeﬁtﬁg had erkad with Imdividual Learning Units

previously.
THE RESEARCH DESTGN AND TESTING INSTRUMENT

One hundred and elghteen eighth grade students were
preassigned to the basic mathematics classes on the basis of
recommendations by the previous yearfs imstructors, and ac-

cording to test results, The Compmehensive Test of Basic

Skills, which measures achievement, and The LorgemThorndike

Intelligance Test, which measures aptitude; were both admin-

istered to the studenbs late im their sixth grade year and
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were considered by the counselors in class-placemenf. The
preassembled groups were.used for the experimental and con~
trol subjects to limit upsetting the class scheduling in
both schools.,

The investigator chose the anrandomizéd'Controlmgroup

Protest-Postbest Design, which is especially recommended for

experimental studies using intact classes that are as simi-

lar asg avallabllity permits.t Campbell points out—that:

e ap b

% S L

In this popular design, Tthe freguent effort bto
teorrect?! for the lack of perfect eguivalence by
matching on pretest scores is absolubtely wrong

« » o 88 it introduces a regression artifact. Iua-
stead, one should live with any initlal pretest
differences, using analysis of covariance, gain
scores, or graphic praeseantation,

Kerlinger stabos that the main strength of a well-

planned and well-executed before-afier, experimental-control

group design where the subjects are equated is that if some-
thing affects the experimental subjects between Tthe preltest
and the posttest measure, bthis something should also affect
the control group subjects. Similarly, Kerlinger points out,
the effect of ftesting should be controlled, ‘'For if the
testing should affect The members of the expefimental‘group,
it should similarly affect the members of the conbrol group,®3

The Honrandomized Controlegroup Pretest-Posttest Desigh

1peobold B. Van Dalen, Understanding Educationasl Re-

search, (New York: WNeGraw Hill Book Cempany, 1966), p. Z276.

gponald T. Campbell, "Quasi~Expsrimental Design,"
(Bvanston, Tllinois Northwestern Unlversity, n.d.), quoted
in Fred N, KQTJLH&GT, Foundations of Beshavioral Rosearch,
(Wow York: Hol%t, Rinehart and Wington, inc., L9064, . 310,

3Ker11ngmr, Foundations of Behavioral Research, . 310.
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consists of experimental and comntrol groups to which members'
are preassigned. The experimental gfoup recelives pretesting,
the experimental treatment, and posttestlng. The control
group recelves both the pretestlng and po&ttesting, but no

experimental treatment, The design l1s diagrammed below:

Protest - Treatment Posttest -
| Experimental Group TlE_ X | TEE
. Combrol Gromp — Py ' — g
-Figure 1 '

-Nonrandomized Conirol-group Pretest~Postbtest
Design., Tig and Tpogy = Pretest and Posttest
Scores ol Experimental Groups; Tqo and
Tog = Pretest and Postltest Scores
of Control Groups:; x = Expoer-
imental Variable,

Tegting Insbtrument

" The testing instrument used in the sbtudy to measure

mathematics achievement was the Comprehensilve Test of Basic

Skills, Porm Q,Level TIT, The CTBS is published in four

overlapping levels with similar conbent at each level, Level
IIT is appropriate for grades six, seven, and eighlt. There

are alternate forms of Level III,'Q and R.l_

FXPERIMENTAL AND CONTROL GROUP PROCEDURES

The experimental and control group procedures used in
this study are discussed below under the follow1nr headings:

(1) pretesting procedures, (2) the Individual Learniug Unit :

100mprehen%¢ve Test of Basie Bkills, Bulletln on Tech~
nical Data, No, 2, (weptember, 960), 3Gl 2
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vased program, (3) the traditional basic mathematics program,

and (1) postitesting proceduras,

Pretesting Procedures

During the week of Octobaer 2, 1972, the pretesting in-
gtrument was adminisbtered by the classroom instructors to
‘both the experimental and control groups. The students re-

ceived the pretesting in their normal classroom groupsg. The

arithmetic computaﬁion:subtast of the Comprehensive Test of

Bagle Skills was given on the second school day of the week,

On the third day, both the arithmetic comncepts and the arith-
metic application subtests were administered, . Students who

_had bsen absent were tesited on the fourth and Fifth days.

Tndividual Learning Unit Based Program

The Individnal Learning Units (ILUs) used in this sbudy
were modeled after tha Learning Activity Packages. Mathe-
matics curriculum specialists and classrooﬁ teachers from fhe
Stockton, California, Unified S_chooj. District, were involved
..in an ESEA Title I program'during 1969, and as an carly step
in program development, visited schools émploying an Individ~
valized Diagnostic;Prescriptive approach to learning., They
were given sample LAPs and techniques and strabegles used by
classroom teachers in individualized instruction for all areas
of the curriculum. During the summer 8 team of administra-~
tors, mafh apeciallists, and math teachers developed learning
packéges to corfespond with their materials, and to further

implement this approach they developed and designed a learning
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center and a math lab., The ILU technique has been in use
for the last four years in thé'elemehtary and jonior high
séhool basic mathematics program,L
The Individual Leérning Unit concépt is an individual-
ized~diagnostic-prescriptive ungraded approach to meeting the
needs of participants in mathematbtics, It is pupil centered
and begins with a comprehensive diagnostic. evalvation of each
nDDll_SmSJﬁﬁnafhﬁw&ﬂﬂ—Pd. ational necds—through—the vso ol =&

written placement test. With an educational diagnosis such

- as this, the teacher can better provide those learning ex-
pariences-which_will_result in the greatest possgible szcaden~
ic success,

The mathematics curriculim is composed of: (1) a se-
quential continuum sbtated in terms of what the student is.
expected to complete at each stage, (2) comprehensive diag-
nostic tests to determine what instruction is to take place,
(3) lessons, éuch a8 work page assiguments and teacher di-
rected activities, and (It} posttesting to test the effec-
tiveness of the instruction., The téchniques and strategies

: employed in tbﬁ program make if possible for each partlicl-
pant to start at & different point on the instructional con-

tinuum and progress ét his own.rate. Additiomnally, the ob~
jectives, stated in behavioral terms,_ére categorized by

topic and sequence according to degree of difficulty and

IVernon Broussard and Gordon Chamberlin, A Model Demon-
gstration Program In Readlng and Mathematics, a proposal
- (Stockton, California:  Slhockton Unified School District, Da-
partment of Compemsatory Education, 1969).
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prerequisite conditions necessarj.

The teacher is responsible for the student's assignm
ments. If the pupil needs a new task,.his imediate pést
work will be examlned. If no additional work is needsd, the
teacher merely decides if sufficient progress ls being made
or whether mdre personal attentlon is required. The stu-
dentts work is evaluated daily and new assigmments are made

on_the basis of past performance,

kopt for each child to make possible the contlinuous assesg-
ment of mathematics progress. If a student needs help on a
new assignment or completed work scored during the period,
the teacher attempﬁs to attend to his neads at once, Often
the student may score his own work from answer keys and are
to exercise judgement as to when the instructor's attention
is mneeded.

In School A, students utilized the "math. lab" to view
filmstrips and listen to tapes pertaining to their objectives.
School B has a section of the library that was used for simi;
lar'pur@oses, These same viewing and 1isténing stations
could be established in a classroom gituation, but both
~.schools favored a centralized location for maximum usage.

The participants work on their individual aSsignmemts
for approximately three or four of the five school days. One
or two days per week, the entire class will work as a group.
The purpose of this group work is to (1) discuss topics of

general interest to the emtire class, (2) dovelop commnica-

tion between students of different abilities and at different
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levels of work, and (3) cover broad areas.of the curriculum
in & discussion~lecture situation. In other words, the group
workday gives the participants pefspective on where they'haﬁe
been and where they are going, as well as a sense of relation

between mathematics and their world of outside interests,

The Traditional Basic Mathematics Approgch :

In School A, the comtrol group used the eighth grade

textouok; Buvic Modern Mathematics: Second Course,t as its

main source of instruction. The text was adopted by the
State of California in 1970 for use in basic mathematics
programns., Supplemental worksheels were provided and an occa-
sional Filmstrip relating to the day's particular asaignment
- was showmn, All homework was handed in during the first few
minutes of class and corrected by the imstruetor later in the
day. Unit exrams and scores on the homework were the criteria
upon which the report card grades were.based. |

School Bfs control group utilized the elghth grade

text, Mathematics: Structure. and Skills -~ Second Course,g

alsb adopted in 1970 by the State of California; The Laarnu.

ing to Compute WorkbookB was used as a supplemental source,

Homewcork assigned the previcus day was corrected by the class

1Richard Dénholm, and V. Dale Blank, Basic Modern Math-
ematicst BSecond Course (Chicago: Science Résoarch ASsocie
ates, 1Y0G). o '

“Robert E. Eicholz, and Thares O!'Daffer, Mathematics:
Structure and Skills - Second Course {(Palo Alto, California:
Addison~vWegley, Inc., 196057}, '

3Wiimer Jones,. John Clark, and Mary Potter, Learnin
. to Compute (New York: . Harcourt, Brace and World, 15677,
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as a group, and then work'én_the next day's assigmment COmé
menced, As in School A, end-of-unit exams and homework were
used as grading ériteria, and iny'minimal usage was'mada of
aundiovisuwal aids, _'

| The conbtrol ﬁethods used in both schools were hasgically
the standard approach'to mathematics instruction employed
throughout the district.  The teachers involved in the study
uﬁﬁﬁ_ﬁhﬁﬂﬁ_m&thﬂdSgiﬁfall—ﬁhei¥—9léSSﬁﬂ—%ﬁ?ﬁf6—%hﬁf}ﬁﬂivi&u“i

Learning Unit councept was developed.

Posttesting Procedures

©During the week of February 26 to March 2, 1973 the

- posttesting was administered by the instructors to both the
experimental aﬁd control groups. The posttesting was con-
ducted in exacltly the same manner as the pretesting and was

conpleted on March 2, 1973, |
COST ANALYSTIS PROCEDURES

The cost analysis procedures used in the study are dis-
cussed below under the following headings: (1) cost variables,

(2) dovelopmental costs, and (3) operating costs.

- Cost Veriables

The variable per pupil cost (the expenditure for books
and materials},.was uééd to compute the program costs for the
- gtudents involved in this study. .A survey of cost items re—.
lated to the basic mathomatics program helped the invéstigatdr

determine that the expenditures. for developlng the materisls,
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along with the ccst of the books, filmstrips, tapes, and
sﬁpplies wére the relevant variables to be considered.

Total professional time spent in preparatiqh and in-
- struction, space, utility costs, shared audiovisual squip-
ment, supportive services, and maintenance of the two pro-
grams were'fdund to be comparable and no differential was
computed for these factors. Student time is another cost

variable _that was »recognized-bubt-nob Iucluded—In this—studys

The selfw-pacing aspect of the Individual Learning Units can
éireétlj affect the benefilts to be gained within a given

time span. The studént time variable between_?rograms, asg

a result of self-pacing, are hidden costs that should be rec-
ﬂ-ﬁgﬁized; but are difficult to QUantify ag a factor for a
cost-effectiveness analysisa The economical éxpenditure of
saved student time is an.unsupporﬁed assumwption and to stay
within the parameters of specifiable data, only variable

budget cost items have been involved¢1

Developmental Costs

The developmental éosts included those expenditures
related to the.planning and implementation of educabtional
programs. For the Individual-Leérning Units this included
initial program planning, acquisition of materials, and other
costs related to.this rhase of the program,

More specifically, the ILUR were devélbped under the

~supervislon of a math specialist and wribtten by a team in-

cluding two classroom teachers and the specialist, The

1Burkett, "A Benefit-Cost Anslysis, " pp. 1L.O-h1
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teachers were released from classroom dutbtlss for s8ix wecks

during the scheool year to write the packagés.‘ Thue the cost

- of retaining substitutes has been included with the percent -

age of the specialist’s time devoted to the developmental o

stage. '"This same team spert an additional six weeks during

" the surmer in writing the units and this cost was included.

The duplicating materials mecessary to print the units and

the percentage of the secretarial btima devoted tg;tgpingfand

collating the ILUs were also included,
- To provida'a'more accurate per pupilréost, the devel-~
opmental costs were divided by the number of students who

were fo use the units, then further divided by the profated

-~ elght years of use., The ILUs were prorated on an eight year '

basig because they have been in use for four years and are

expocted To last at least four more,

Operating Gostg _
The school district?s purchasing department provided
cost data regarding the textbooks and materials ussd in the

basic mathematics programs, BSince The majority of items wers

‘relatively recent purchases the costs were taken from the
© 1972 book and supply 1list of the Stockbon Unifled School Dis-

 trict. A1l of the articles were prorated on 2 time consump-

tion basis dstermined by inventory records and past experi-

ences of the local district. |
Tables are used in Chapler L to illustrate the per pu-

pil cost for matérials for each of the prbgrams. The data

on the costs and effectiveness were based on information

readily available in ahy school district, The quantificatioh

of the effectiveness, in direct relation to the program!s
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objectlives, is derived from standardized tests similar to

those administered in most public schools. Every effort was

made to utllize a cost-elfTectiveness model that could be

easily replicated by educational decision-makers, .
In the analysls that follows in the next chapter the

total cost factors are reported and analyzed,

HYPOTHESES

s e

The hypotheses, stated in nmull form, for the study in-

clude:

Major Hypothesis 1, A cost-effectiveness analysis of the use

of Tudividual Learning Unilts in Junior high school basic

,mathematics'instrucﬁicn.will demonstrate that.the operational

cost per unlt gain in achlevement will be greater than the
operational cost per unit gain in a traditional textbook-

oriented, lecture approach, with minimal usage of audio-

- visual equipment,

- Sub-Hypothesis 1. A cost-effectiveness analysis of the use

of Individual Learning Units in junior high achool basic
mathematics insbtruction will demonstrate that the sum of the
developmental and operaticnal cost per unit gaiu in achieve-
ment will be greater than the cost per unlt gain in a

tradlitional approach,

Ma jor Hypothesis 2. There will be no significant differences

in achievement gains, total mathematics score, between junior

high school students using Individual Learning Units and

Junior high students in the traditiomnal program, as measured

by the Comprehensive Test of Basic Skills.
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Sub~Hypothesis 1. There will be no significant differences

in gain scores on the arithmetical computational skills sub-
test of junior high school students using Individual Learning

Units and junior high'students in the traditional program.

Sub-Hypothesis 2. There will be no‘significant dgifferences

in gain scores on the arithmetical_conéepts sub-test of

junior high school students using Individual'Learning Units'

and Junior high students in the btraditional program.

Sub-Hypothesis 3. There will be no significant difference

in gain scores on the aritmmetical applications sub-test of
junior high students using Individual Learning Units and

" junior high school students in the traditional program.
STATTSTICAL PROCEDURES

The major hypothesis and its sub-hypothesis relating
to cost-effectivensss ﬁeré analyze@ by establishing a coste-
effectiveness ratio and its subsequent factor for each
program. The cost figure represenlted the price psr pupil in
.the respective approaches. The mean achievement gains for
each of-the groups was considsred as the effectiveﬁess com-
ponent for the cost-effectivensss ratio. By diﬁiding the
months gained in achievement into.the cost per pupil, a fac-
tof'stating_the cost per unit gain was deriveée In this
manner, a truer plcture is developsd, for higher costs can

be offset by increased achilevement gains.

The major hypothesis and its sub-hypotheses relating
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to achisvement were analyzed through the use of a two-way
énalysis of variance with uneqﬁal cells. The independent
variébles were the use of the Individual.Léarning Units in
pasic mathematics instrucbtion and the different schools; the
dependent variable was the achievement galns noted on the
CIBS. The overall gain and the subfast areas_ware analyzed
individually. |

The test scores mentloned above were typed lnbo a

“Burroughs 3500 fterminal located at the University of the
Pacific, The compulter analyzed the data for the dependent
variable in all areas of the CIBS5, Data was reported lrom
the computer analysis in the Tollowing manner: (1) means of
the experimental and control groups, and {(2) the two-way

Mféhalysis of variance,

- Data components for the analysis of Variénce_include:

(1) the school variability, (2) the treatment variability,
(3) the interaction effect, (L) the within cells sum of

- sguares and-mean squeres, and (5) the F values., The .05
level of significance was required for the rejection of the

null hypotheses.
SUMMARY

The third chapter of this report reviewed: (1) the
setting of the study, (2) identification of the population,
(3):the ragearch design and tesﬁing instrﬁment; (I} the ex~
perimental and control group procedures, (5) cost procedures,
(6) hypotheses, and (7) stetisilical procedures.

o The.settings‘of the study were in a lower scclo-aconomic

area, and a relatively higher sociceconomic section of the



101
Stockton Unified School District, Stockton, Califormia, Two
junior high schools were chosen from a total of five im the
area on the basis of s?ecified_criteria.' The schools offerod
a contrast for they differed markédly in enrollmént, racial
composition, and in median income of residents living in each
school s attendance area.

Through further delimitation of the population, 118

~eighth-grade basic mathematics students were selected for the

gtudy. These subjects were preassigned by school counselors
to a Nonrandomized Control-group Pretestn?osttestlDGSigno
The design was exbtended to include an experimental and éonn
tiol éroup in each school., The testing instrument used in

©the study was the Comprehensive Test of Basic Skills, Form

Q, Level IIIL.

The_proceduré for the experimental and control groups
wes described in detail, including: (1) pretesting proce-
dures, (2) the Individual Learning'Uhiﬁ based program, (3)-
the traditional basic mathemetbics program, and (L) pééttestw
ing procedures. .

The cost procedufes_used in the study were discussed
under the following headings: (1) cost variables, (2) devel- .
opmental costs, and (3) operabting costs,

Six hypotheses, stated in null form, were presentad for
acceptance or rejéction, and those based éolely on student
achievement were set at the ,05 level of significance, Sta-

- tistical procedures to test the null hyﬁotheses included a |
cost~effectiveness analysls and a twonwéy analysis of vari~

ance. The costs of the individual programs and the subjechs!?
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posttest scores were used as the dependent varlables,
_ Chaptsr i of this report will present an analysis of

the statistical data drawn from the experimental study,




CHAPTER TV
ANALYSIS OF THE DATA |

INTRODUCTION

e

[v>]

As proposed in the initial chapter, the prime con

erations 5n this costmeffectifeness aralyslis study were.to:
(l) detormine a school districtts expenditurss.for an indi-
vidualized basic mathematics program in the junlor high
schools using Individual Learning Units, (2) determine the
expenditures for a traditional, textbook-oriented approach
to basic mathematics instruction, and (3) compare the
achievémant geins of the programs,

The cost~effectiveness analysis model employed in this
gtudy waé a mathématical evaluation bf the cbéts of thé pro-~
'grams in direct relation to the achievemené gains in mathe-~
_matics, Cost analysis procedures included those variables
: relaﬁed to the development of the ILUs and those incurred in
operating the programs. These were labeled developmental and
operating costs, respectively.

| One huhdréd and elighteen subjects were preassigned to
eighth grade basic mathematics cldsses and the classes were
then assigned to a Nonrandomized Control-group Pretest-
Posttest Dasigno The number of students and the treatments

of groups participating in the study are presented in Table 1.
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TABLE 1

NUMBER OF STUDENTS AND TREATMENT OF
GROUPS PARTICIPATING IN THE STUDY

_ Treatments
Groups L Pretest Experimental Posttest Complete Pre-
: : “and Posttest
Measures

Experimental 1 35 35 35 _ 30
_Control 1 33 o T
Exporimental 2 27 27 o 21
Comtrol 2 23 e 23 20
Totals 118 62 103 85

& set of null hypotheses relating to cost and effec-
tiveness of the programs is presented in this-chapter, Those
related to cost are staled and followed by a table showing
how the total costs are defived“and whether the nuil hypoth-
esis is To be accepted or rejectédn The hypotheses relating
to the effectiveness measures of the program are stated,
followed by mean scores. An analysis of varianca table, in~
dicatiﬁg‘the degree of statistiéal slgnificance found, 18
included, followed by.a_discussion of the accseptance or re-
jection-of each null hypothesis,

The data presented in Table 1 indicate that botween the
time of seleoﬁing the sample‘and the collection of complete
pfe-and posttest measures, the original sample was reduced

by approximately one-fourth., This reduction was consistent
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in experimental and countrol groups 2, but control group 1
was less than one-~half the size of experimental group l._.
The sample results were mnot affected by the subject mortal-

ity; because gain sScores were used to measure achlevement.
ANALYSES OF COSTS

The per pupil costs for materials for each of the pro-

grams was compiled from the following tables which—indicate

the specific materdials used and their relative costs, The
figures constitute the variable for the total cost factor.
The por pupll costs wers computed on the basls of an average

class gize of thirty-five pupils.

ILU Program-Operational Costs

The initial outlay for the ILU materials for a class
of thirty«fiVe students was $815.34. Thus, the cost was
$125.06, prorated on a five year basis, Computed on & per

pupil basis, the cost was $3.573, as shown by data presented

in Table 2.
TABLE 2
ILU PROGRAM MATERTALS COST
Ttem Unit Number Outlay Years Pro~ Cost

_Cost rated

Basic Modern Mathe-

matics-Bk., 1 $6, 00 5 - $30.00° B yrs. $6,00

Teachers Edition 6,00 1 6.00 5 yrs, 21,20
Basic Modern Mathe- -

matica~Bk, 2 6,00 5 30.00 5 yrs. 6,00

Teachers Edition £.00 1 6,00 & yrs, 1.20
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Ttem Unit Nuwber Outlay Years Pro~ Cost
' Cost ' ‘ rated
Exploring Modern
Mathematics=Bk. 1 $l.17 5 $20.85 § yrs. $l .17
Teachers Edition .17 1 L.17 5 yrs. .83
First Course in'
Fundamentals 5,92 5 29.60 & yrs, 5,92
Teachers Guide 33 I 33 B yrs. .07
First Program in |
Mathematics 7.95 5 39.75 5 yrs. 7.95
Teachers Bdition 7,95 1 7.95 YOS . 1.59
Growth in Arith- |
metic-Bk, 7 2.70 5 13.50 5 yrs, 2,70
Teachers Edibion 2,70 1 2.70 _ B yrs, o Slt
Growth in Arith-
metic-Bk, 8 2.70 5 13.50 & yrs, 2,70
Toachers Edition 2.70 1 2.70 5 yrs, o5l
Individualizing
Mathematics '
Whole Numbers . 2.52 3 7.56 5 yrs, 1.51
Fractions 2.52 3  7.56 B yrs. 1,51
Teachers Strat- -~ = |
egy Book 1.02 1 "1.,02° B yrs .20
Kaleidcscope of ' '
Skills (5, 6, 7) 6.15/set9 - 55.35 5 yrs. 11.07
Peachers Manual .35/ 3 1,05 B yrs, il
Mathomatics: Sbruc- | o
ture & Skills Bk. 1 L.L9 5 22.l5 % yrs, L. Lo
Teachers Edition L.71 1 L.71 B yrs. Ol
Mathema%ics: Struc-
ture & Skills Bk. 2 L.L9 5 22,45 5 yrs, b9
Teachers Editlon .71 1 L.71 5 yrs, L9l
Workbooks (Bk. 1 ;
; and Bk, 2 1.17 6 7.02 5 yrs, 1.0
Modesrn General
Mathematics L1l 5 20.55 5 yra, .11
Teachers Edition 5.8 1 5408 5 yrs, 1.10
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Traditional Program-Operational Costs -

‘Item "Unit Number Outlay Years Pro- Cost
. Cost rated
Modern Math for
Achievement Bk, 3 99 5 L.95 5 yrs. .99
Teachers Guide .99 1 .99 & yrs, .20
- Modern S8chool Math- '
matics Bk, 7 1. 00 5 20,00 5 yrs 1,00
Teachers Edition  1..00 1 - L,00 5 yrs. .80
Refrecher Arith- : :
netic 6,20 5 49.60 § yrs. 6.20
Answer Book o 21 3. .63 5 yrs. .13
School Mathemat-
ics Bk, 1 I.11 5 20,55 5 yrs. .11l
Teachers Edition .86 1 L4.,86 © yrs. 097 -
Tatermediate Math |
Program
Tapes and Work-
sheets 8.5 2 16.90 10 yrs. 1.69
SRA Drill Tapes 7.95 7 - 55,65 10 yrs, 5.56
Wollensak Teaching -
- Tapes _ 7.95 1L 111.30 10 yrs. 11,13
Arithmetic Practice
Program
Filmstrlps and
Vorksheets 10,00 6 60.00 10 yrs. 6.00
" Teachers Manual . 3.95 1 3.95 10 yrs. 10
EDL-Arithmetic o |
S8kills Program L.60 20 92,00 10 yrs, 9.20
Teachers Manual 1,00/ 3 3.00 10 yrs. .30
' level '
Total $815. 30 $1.25., 06

The initial outlay for the traditional basic mathamat—

ice program in School A, for & class of thirty-five, was



108
$216,00. Prorated on a five year basis, the cost was $[13.20,
Computed on a per pupil basis, the cost was $1.23L.  These

data are presented.ih Table 3.

TABLE 3
TRADITIONAL PROGRAM MATERTALS COST
SCHOOL A _
Item - Unit Awmount Outlay Pro- Cost
Cost : o rated
.Basic-Modern Math- ,
ematics Bk, 2 $6.,00 35 = $210.00 5 yra.  $42,00
Teachers Editiom . 6.00 1 - 6,00 5 yrs, 1,20
Total $216,00 $l43. 20

The initial outlay for the traditional basic mathematn
ics program in School B, for a class of thirty-five, was
$49.29. Computed on a per pupil basis, the cost was $1.408.

These data are presenbted in Teble .

_ TABLE L
TRADITIONAL PROGRAM MATERIALS COST
SCHOOL B

Item Unit Number Ouulay Years Pro- Cost

' Cost rated
Learning to Compute : .
Wk, Bk, 1 $1.20 35 $L2.00 5 yres, $8 .10
Teachers Guide .30 1 .30 5 yrs, .06
Learnlng to. Compute
Wk. Bk, 2 1.20 35 12,00 5 yrs 8.110
Teachers Guide .30 1 : 30 5 yrs. .06
Mathematics: Struc~
ture and Skills Bk,
2 k9 35 15? 15 5 yrs, 31143
Teachers Edibion Io71 1 .71 5 yrs, eI

Total o $2l6.b - $h9. 29
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ILU Program-~Developmental Costs

The initial outlay for the development of the Individ-
wal Learning Units totaled $25,312.38, Prorated, the cost
was $3,164.06. Approximately LOO students a year are using -
the ILUs, which led to a projected total of 3,200 for the
.eight years of the program. Computed on a per pupil basils,

the cost was $.988. These data are presented in Table 5,

TABLE &
TLU DEVELOPMENTAL COSTS

Item . Outlay ' Prorated ' Cost
Paper $  178.13 8 yrs, $  22:27
Covers ._ | 120,00 8 yra, 52.50
| Masters o 89,25 8 yrs, 11,16
Printihg and . _
Collating 1L20.00 8 yrs. 52.50
Secrotarial time 1,785.00 8 yrs. 223,13
Writing 19,820.00 8 yrs, 1,227.50
Editing 12,600.00 8 yrs. 1,575,00
Potal $25,312.38 | $3,16l,06

COST-EFFECTIVENESS ANALYSTIS

Two'hypotheses were stated in Chapter 3 regarding the
cost~effoctivaness analysis of the use of Tndividual Learning
Units and a'traditional'approach to mathemabics instruction.

T™ese were:

Hy. A cogt-alfactivenoss analysis of the use of
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Individual Learning Units in junlor high school
basic mathematics instruction will demonstrate thaf
the operational cost per unit gain in achievement
will be greater than the opérational éost'per unit
gain in a traditional, textbook-oriented, lecture
approach, with minimal usage of audiovisual equip-

ment.

Hp. A cost-effectiveness analysié of the use of

Individual Learning Units in jJunior high school
basic mathematics instruction will demcnstrate that
the sum of the developmental ahd operational cOSt'V
per unlt galn in achlevement will be greater than
the cost per unit pain in a traditional approach;

Table 6 presents sumary data relative to the anslysis
mnodel used.to_test Hl,' The price per pupll was used as_the
cost factor and fhe mean of the mathematics achievement gain.
scores for sach of the programs was consldered as the effec-
tiveness.factor. The gain scores in achisvement are analyzed
more extensively in Tables 8-11. The cost of the traditional
program was derived from the averago cost of the control

groups in Tables 3 and L. The cost-effectiveness factors
were devived by dividing the denominator of the ratio:into
the numerator. When these figures were computed, the tradi-
tional program was found to cost $.356L per unit gain in
achievement, as compared to $.5u23 for the ILU program. The

data reported in table 6 failed to support fejeétion of Hl'
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TABLE 6

COST-EFFRECTIVENESS ANALYSTS
OF OPRRATIONAL COSTS

R _ Costm.
Program Cost Effectivensess - Ratio Effectivensss
Factqr
Traditional  $1.321 3.7057 1,321 $. 356l
LU 3,573 6.588 3,573 .5h23
_ : 6,588

Table 7 presents &éta relative.to.the costueffectiveﬁeés
aﬁalysis of the two programs, including developmental costs,
The cost to develop and edit the learning units was added to
the operatioﬁal cost used in Table 6., The cost of the tra-
ditional program went unchangad, a8 no developmental costs
were incurred, The results of this analysis increased the
price per pupll and resulting cost~effectiveness fagtor of
the ILU program to $.6923, while the factor fér the tradi-
tional progrem remained at $.356l. Since the sum of the
developmental and operational cost per unit gain in achieve-
ment was greater in the ILU approach, the null hypothesis

nust be accepted,
ANALYSES OF EFFECTIVENESS

The mean of the mathsmatics gain scores for each of the
groups  was considered in analyzing the effectiveness of the

respective approaches, The figures in the followling tables

constibute the variable for the effectiveness factor.
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TABLE. 7

COST-EFFECTIVENESS AFALYSIS OF
OPERATIONAL AND DEVELOPMENTAL COSTS

Cogt-

Program Cost Effectiveness Ratio  Effectivensss
Factor
- Traditional  $1.321 3.7057 1.32% $.356l;
. IIu .561 6,588 L.561 692
- | L5 5.5 éﬁ%%B 923

.+In Chapter 3, tﬁe ma jor hypothesis dealing with
achievement gains, total mathematics score, was stated in
nvll form. | | _

Hy. There will be mo significant diffefences.in

achievement gains, total mathematics score, between

junior high school students using Individual Learn-
ing Units and junior high students in the traditlon-

al program, as measured by the Comprehensive Test of

Basic Skills, Level ITI,

A highly significant.interaction effect was indicated
by the data in Table 8 betwaen the differing schools and
treatment ap?lied. Noither the. individual schools nor the
E_. treatment the groups received reached the P<.05 level of
significance. |

Since data in Table 8 show that Py.05, the null hy-
pothesisg waé accepted. The groups receiving bthe experimental
treatment were not significantly higher in mathematics

achievement than the contrel groups. The intsracticon effect,

however, was significant at the PC.01 level.
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. TABLE 8

ANALYSTS OF VARIANCE RESULTS POR POSTTESTING
IN MATHEMATICS ACHIEVEMENT - TOTAL .
MATHEMATICS SCORES

Sum of - Hean ' I

Source Squeares DE Sguares Values
Schools - 1.7272 1 1.727L 0.5741
Treatment . 9,6988 1 9.6988 3.2236
Interaction 29,9365 -1 ‘ 2949365 959500*
Within Cells 23,7038 8L 3.0087 |

7-% P01

A significant interaction effect was also obitained in the

computational skills section of the posttest measure. This
section MeasUras compubational skills in the four fundamen-
tal operations: addition, subtraction, multliplication, and

1 Neither the individuzl schools nor the trest- -

divislon.
ment the groups recelved reached the P(¢.05 level of.signifm
leance, Tﬁese data are pregented in Tabhle 9, |
'Hu. There will be no significant difference in gesin
ggores on the arithmetical computational skills of |
junior high school students using Individual Learn-
ing Units and junior high students in the tradi-
tional Program. |
Since the data in Table 9 show that P3.05, the null

hypothesis was accepted. The groups recelving the experl-

mental treatment were not significantly higher in

Loomprehensive Test of Basic Skills, Examinerfs Manual
(Monterdy, CalyTiornias — MeGraw-aill, 19687, 8. 25,
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TAPLE 9
ANATYSIS OF VARTANCE RESULTS FOR POSTTESTING

TN MATHEMATICS ACHIEVEMENT-COMPUTATIONAL
~ SEILLS SUB-TEST

Sum of ' Maan Iy
Source Squares - DF Squares Values
Schools - 1.4716 1 1.4716 1,077
% Trestmont 1.2022 1 1.2022 ©  0.8801
Tnteraction | 6.3636 1 6,3636 ) 6589
Within Cells  110.6372 81 1.3659

# p¢.Ob
arithmetical computational skills achievemant than the con-
trol groups, The interactlon effect was.sighificant at the
PY.05 level.

The groups receliving the exporimental treatment ap-
proached, but dld not reach.sta%isticai significance on'thé
arithaetical concépts saction-of the CIBS. This section
measures the abilitylof the student to: (1) recognize the
appropriate technique and concept, (2} convert concephs ex-
pressed in one form to another form, (3) comprehend numerical

1 A significant intor-

concepts, and (L) organize all facts.

sction between the treatment recelved and an indlvidual

school was obtained, ag shown by the data in Table 10,
Hy. There will be no significant differences in
_;;in sdorgs on the arithmetical cohcepts sub-~test

~ of junior high school students uéing Individual

libid,
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Learning Units and Jjunior high students in the tra-

ditional program.

TABLE 10

ANALYSIS OF VARIANCE RESULTS FOR POSTITESTING
IN MATHEMATICS ACHIEVEMENT-ARTITHMETICAL
CONCEPTS SUB-TEST

Sum of Mean F

Source Sguares D _ Squares . Values
Schools 0,0377 1 0.0377  0.0592
Treatmont 0.2079 1 10,2079 0.3270
Interaction 3,720 1 37240 5.8579%
Within Cells 51,1931 81 0.6357

# DCL05

This sub-test emphasizasg problem-Solving;-and involves
the ability.ﬁoz (1)} comprehend the problem statement, (2)
gelect ths appropriate method for solving, (3) organize all
facts; and (1) solve for the enswer, -

Since date in Table 10 show that P».05, the hull hy-
pothesis was accepbted., The gfoups receiving the experimentai
treatmnent were not significantly higher in achlevement on thé
Iarithmetical.éoncepts sub~test than the control groups.

There was an interaction effect, significent at the PK.05
level. |

The sixth null hypothesis stated in Chapter 3 was rel-

ative to the sub-test, arithmetic applications. The ILU

tfeatment groups scored significantly higher at ﬁhé P<.05

Lipid,



levsl than the'tradiﬁionally instrucﬁed groups.

'-Hé. ‘There-will be no significanf difference in
gain scores on the ariﬁhmeﬁical appiicétions sub~
tost of junibr high students using Indlvidual
Learning Units and Junlor high'séhodl students in

the traditional program,

hypothesis was reijected. The grouns recelivine the expori.
yp 3 T

mental treatment were siguificantly higher in achilevement
on the arithmetic applications sub-test than the control

groups,

TABLE 11

ANALYSIS OF VARIANCE RESULTS FOR POSTTESTING
- IN MATHEMATICS ACHIEVEMENT-ARITHMETIC
APPLICATION: SUB~THST -

116

Sum of Mean m

Sourcs .~ Squares DF Squares Values
Schools 0.0872 10,0872 0,179l
Treatment 2,395 12,4395 5,0220%
Tnteraction 1.0385 1 1.0385  2.1377
Within Cells 39.3477 81 0.1858

p<¢. 05

In three of the four hypotheses pertaining to mathe-

matics achisvement, & significant interaction effect was ob- .

served, Thls was due to the marked differences in perfofn
mance of'%he'groupﬂw In School A, the ILU traatmenﬁ was

more effactive; while the traditlonal approach proved more
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effective in School B, Group mean gains for each effective-
‘ness measure are found in Tables lé-—lS° Significant
interaction effects were récorded'fof the totél mathematics
séores, the arithmetical computations, and arithmeticai con-

cepts sub-tests, -

TABLE 12

T '_.:/.r{v Rl »\’) AL

- GROUP MEANS FOR POSTTES TING IN MATHEMATICS
N .

ACHIFVEMENT-TQTAT, MATHEVQT O8 8 aoRT

h

TREATMENT -
EXPERIMENTAL CONTROL SCHOOL MEAN
o A 8,300 -0. 28_6 5.568
- Schools - Sts ' 30' 1l Ity
B L. 1h3 6.500 5, 2938
St o1 | 20 Th
Group Mean 6.588 3.7057 |

Actual Mean 5.0.35

SUMMARY
0f the six research'hypotheses'formulatad for this in-
vostigation and preseanted in Chapter 1, only Tthe last was
confirmed, Eighth grade students using the Tndividual Learn-
ing'Units did.demonstrate greaber mathematical achlevement in
arithmetic aPplications after five months of the progranm ﬁhan |
similar eighth grade pupils who were imstructed in the tra-

ditional manner Lfor Tthe same period of time,
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TABLE 13

"GROUP MEANS FOR PGSTTESTING'IN MATHEMATTICS
ACHIEVEMENT~ARITHMETTCAL, COMPUTATTONS

TREATMENT |
EXPERIMENTAL  CGONTROL SCHOOL MEAN
- A . 3.833 0,214 2,6815
Schools Sftg 30 b , Iy
B 2.52) 13,950 3.2196
Sts 21 20 o

Group Mean 3.29M 2.0117

Actual Mean 2,942

TABLE 1l

GROUP MEANS FOR POSTTESTING IN MATHEMATICS
ACHTEVEMENT-ARI THMETTCAL CONCEPTS

TREATMENT
EXPERIMENTAL CONTROL SCHOOL MEAN
A 2,600 o.2l 1.81,08
Schools Sty 30 ' 1h k g
o .§ . 0476 1,950 1,195
S'ts 21 20 | Il

Group Meam 1.725l

Actual Mean 1.529
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TABLE 15

GROUP MEANS FOR POSTTESTING IN“MATHEﬂATICS
- ACHIEVEMENT-ARITHMETTICAL APPLICATIONS

TREATMENT |
EXPERIMENTAL, . CONIROL SCHOOL MEAN
A 1.867 ol 1,047
Sehools Stg— 30 il Ll
B | .13 6.600 - 0,8781
Sts 21 20 | 11
Group Mean 1.5689 . 0,0589

Actual Mean 0,965

There_were soms apparenf differeﬁces in thé effect of
the ILU treatmant'on students who participated in the experi-~
ﬁental'grbups; While the total gain scores were almost
double those moted for the comtrol groups, they were not |
significant enough to offset the higher cost of the ILU pro-

gram for the cost-effectiveness ratio, These findings were

based upon advertence of -the collected data.

Interpretations of the findings reported in this chapw.'
ter are presented in Chapter 5 of this study. In addition,
a summary of the study, conclusions, and recommendations for

further research are included,



CHAPTER V
SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS
INTRODUCTION

This study investigated the relative cost-effectivencss

of Individual Learning Units in a junior high school basic
mathematics program as compared with & traditional; textbhook~
oriented, lecture approach, A factor of dollars expended
per puplil menth gain in achievemen®t was derived from the
study and served és the basis for comparison of the two.ap—.
proachss,

Presented in this chapter are: (1) a summary of the
study, fz)'limitations of the study; (3) comclusions relat-
ing to the hypotheses, (A) implications of the study, and

(5} recommendations for further research,
SUMMARY OF THE STUDY

The study is summarized under threg ﬁajor headings:
(1) the setting and selection of participants, (2) the pro-

cedure, and (3) analysis of the data,

The Setting and Selsction of Participants

The setling for the study was in two contrasting soclicn
economic areas of the Stockbon Unified School District in

Stockton, Californla., Two of the five junior high
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schools in the'district were selected to participate. The

" schools chosen differed markedly in: (1) median income._

lavel of residents in the school's.attendance-areas, {(2)

racial and ethunic composition, and.(3)‘total enrollment. An

_ experimental and control group were established in each of

the two schools, _
Subjects in the two schools were delimited to eighth

grade students enrolled in basic mathematics instruetion,

Students were assigned to classes by the prévious yearts in-

structors according to the results of the Comprehensivé Toat

- of Basic Skills, Level ITI1I and Lorge-Thorndike ITutelligencs

.Tesﬁ, Level III, Those classes most similar in-ability, as

indicated by these two tests, were chosen as the experimental
and contrel groups in each school. Two teachers were chosen
who met with classes of similar ability in cbnsecutive
periogs. An expérimental and a control group were assigned
to each instructor to nullirfy the teachgrueffectivehess veri-
ables,

The Procedure of the Study

The 118 selected subjects were assigned iu groups to a
Nonrandomlzed Gontrel-group_Prefest—?osttast Design. The
deslgn lincluded the'expérimental groups receliving pretésting;
the experimental Tndividual Learning Unit treatment, and
posttesting. The control groups recelved the pretesting and
posttesting, but were not exposed to the ILUs, The testing

ingstrument used to messurs mathematics achievement was the

Comprehensive Test of Baglce Skills, Form Q, Level IXT,
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The wvariable of per‘pupil cost was used to compute the
prqgfam costs for the stddents invoived,in the study. The
expenditures for developing thg;matérialé_and oﬁerating the

programs were Iincluded in the survey of cost items,

Anglysis of the Data

Following the posttesting, the data were submitted to

four separate two-way analyses of variance with unequal

cells, The .05 level of significanée was used to determine
whether the nﬁil hypotheses pertaining to efféctiveness were -
to be accepted or rejecﬁed. The cost data were.combinediwith
the posttest scofes to establish a cost-effectiveness ratio
_and its subseqﬁent Tactor for eﬁdh program, The factor was
derived by dividing the months gained in achievement intc the
cost per pupll. A Simple comparison of thamféctors deter-
mined_whather the null hypotheses relating to the cost-

effectiveness analysis were accepbed or rejected.
LIMITATIONS

The findings of this study and gemseraligzations and cohm
clusions derived therefrom should be viewed with the follow-
ing'limitations in mind:

1. Théﬁ the subjects were éxposed to the‘different treat-
ment for a period of approximately five scheool monﬁhs.
| 2. That the teachers and studenbs involved had no previous
axperiehca in working with Individual Learning Units,
3. That thﬁ_cosf of this particular experimental program

- may be more expensive than a similar, commerclally prepared
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progran or other altérnatives to individualized instruction.
Iy, That this étudy'rslaﬁés only to students.aftending
junior high schools Similaf to. those described in the Stock-

ton Unified School District. -l 7
5. That'althoﬁgh socigl and attitudinal variables are
relative to success in mathematics, there has been no at-
tempt to qualify these factorsg'

6. That the basic cost estimates of each program havae

been limited to the average per pupil cost of‘materials,

prorated on & time consvmption basis,
CORCLUSIONS RELATING TO THE HYPOTHESES

The primary objective of this study was to investigate
the cost-effectiveness of Individual Learning Units in a

junior high school basic mathematics program as compared to

“a traditional, textbook-oriented program,

Hypotheses Relating to Cost

Hi. A costneffectifeness analysis of the use
of Individual Learning Units in junior high school
-baéic mathematics instruction will demonstrate that
the operatﬁonal cost per unit gain in achisvement
will be groater than the.operational eost per unit
gain in a traditional, bextbook-oriented, lecture
approach, with minimal usage of audiovisual aquip-
meﬁt. | |

Hoo A cost-effectiveness analysls of the use of

Individual Learming Units in Junior high school
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basic mathematics instruction will demonstrate that

the sum of the developmental and operafional'c§st'.
per unit gain in achievement will be greater than
the cost per unit gain in a traditional approach, _
. The findings of this study did not'support the hypcth-
esis that the'operafional cost por unit gain of the ILU

program would be less than the cost per unit gain in the'

traditional, Nor did the finding support the hypothesis

thet the sum of devalopmental'and operational cost per uni%
gain of the ILU program would be less than the cperational
cost per unit gain in the traditional. In both iunstances,
the cost per unit gain in the traditional program was less
Than the experimentai. |
_ However, the cost per unit gain in the ILU program may
- not be impractical when compared with.thﬁ traditional pPIro- |
gram.f The operational cost~effectiveness factor for the
IT.0s was $.5lL, measured against $.36 for the traditional
'progrém, Thé sum of the developmental and operatibnal cost
per unit gain for the ILUs was $.69, measured against $.36
: for the btraditional program which incurréd no developmantal
costs, | |
Therefofe, ir a.schobl district were to consider the
LU technique a9 an alternative to the traditionsl apprbach
to mathematics, the declision would not be cbstweffective.
However, the stated proximiby in cost, plus the greater

achievement gains, make it a viable optionm.

Hypotheses Relating to Effsctiveness

H3e There_will be o significant differences in
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achievement_gains, total ﬁathsmatics score; between
Junlor high school students using Individual Learn-.
ing Units and junior high students in the traditional

program, as measufed by the Comprehensive Test of

Basic Bkills, Form Q, Level TTT,

The findings of this study failed to support the hypothé

esis that groups recelving the ILU treatment would have

significantly higher achisvement gains on_the total mathe-

matics score than the control groups., Nevertheléss, those

involved in the ILU program had scores approaching the level

of significance, A highly gignificant interactlon effect was

also indicated with the ILU treatment in School A and the

 traditiona17approach.in School B proving to be most effective.

His Thers will be no significant differences in
gain scores on the arithmetical computational skills
sub~test of Junlor high school students using Indi-
vidual Learning Units and junior high students in
the traditional programo
The hypothéSis that the_axperimental.groups' scoras on
the arithmetical computational skills sub-test would bs sig-
nificantly higher than céntrol groups ! scores failed td be
supported. Again, howaver,.a significant interactlon erlffect

was indicated with the ILU treatment in School A and the

- traditional approach in School B proving to be most effectlive.

- By, There will be no significant difference in
gain scores on the arithmetical concepts sub-test
of junior high school students ﬁsing Individual

Learnlng Units and junior'high students in the

traditional program.
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The findings also falled to support the.hgpothesis
that'the experimental groups! gain scores on the arithmaticai
concepts sub-test would be signifiéantly higher than conbrol
_groups‘_scores.. Again, a significant interacﬁion effect was
indicated with the ILU trestment in School A and the tradi-
tional_approach'in.School B proving to be most effective,
| Hg.  There will be no significant differences in

gain scores on the arithmetiéal applications sub~test

of junior high students using Indiwvidual Learning

Units and junior high school students in.the tradi-

tional progfam.

The final hypothegis that the experimentsl grouvps! galn
scores on the arithmetic applications sub-test would be sig-
nificantly higher than comtrol groups! scores was supported.
This section of the test measured problem—-solving ability of

the subjects.
IMPLICATTONS OF THE STUDY

'Considering the. 1limitations previously stated, as well
as the significant differences in achievement on the appli-
cations sub-test, and the significant interaction effects
registered,.the investigator viewed the results with some
encouragement, The fact that the experimental groups aver-
aged 6.6 months gain in achievement, as compared to 3.7 for
the control groups,_indicatad that the Individual lLearning
Unlt technique may be a wviable means of individualizing
mathematics instruction. While the cost of developing a
learning package program may appear prohibitive in some cip-
cumstances, a commercilally prepared program, or one acguired

from another district may reduce the total cost factor,

The significant achievement gains of the experimantal
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groups on the arithmetic applications sub—tast‘indicate'ﬁhat
the ILU technique can help students apply problem sblving to
the physical world. The School Mathematics Study Group, a
National Science Foundation sponsored reséarch_committee of.
math scholars, asserts that arithmetic applications is espe-
¢ially relevant because it involves the translating of prob-
lems of the world around us into number relationships. They

believe this translation is one of the reasouns why we study

arlthmetic today,”
| The 51gn1flcant interactvion effects recorded on the to-
tal mathematics score and two of the CIBS sub- tests must be
considered. The achievement gains of the treatment group hely
School A were superior to the control group, while the cou-
trol group in Scheol B outperformed the experimental group in
21l areas except arithmétic applications. The subject popu-
lations of the.two schools differed drastlecally. School Als
enrollment consisted of approximately 95% racial and ethnic
minority, while School B had approxiﬁately 80% of its stu-
dents classified as Caucasian. Individual student gains
within each ethnic.gfoup were not a concern of this study,
but the data indicates that an intra-group study of this na-
ture may be beneficial in en exbension of this investigation.
If implementation of this cost-effectiveness model is
- to be successful in similar.studies,'adequate time must be
allocated to_school.personnelg Cary asserts that educators
could be benelited by merely adopting.the mode of thinking

‘agsociated with instructional cost~effectiveness analysis.2

l9ehool Mathematics Study Group, Studies in Mathematics,
IX {Palo Alto, California: Leoland Stanford JUNLOT UNLIVETSYITY,
1963}, p. b19

2Cary, "Dayelopment of an Imstructionsl Cost-
Wffectwvenoss MKodel," 186,
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‘Educators who mentally go through the steps under-
lying an instructional cost-effectlveness model . . .
will probably come up with "better'" and more ra-
tional decisions than they de now when dealing with
curriculum, _Gradually, a complete scheme could be
implemented. ) ' '

- RECOMMENDATTIONS FOR FURIHER STUDY

The findings at the conclusion of the Individual Learn-

ing Unit treatment gave evidence that this method could be

“helpful in assisting an individualized program In junlor high
school basic mathemétios instruction, but at an incfeased
éosﬁ.' Since it must not be concluded from a single study
that iLUs afé thé Tinal solution to individualizing, the
investigator recormends that further study be made iﬁ the
following areas:

1, A longitudinal study of this mature should be designed
to predict how 1asting‘the effects of the experimental treat-
ment would ba..

2. A 1ongitudina1 study_qf‘this nature should be desligned
to predict whether or not additiomnal . teacher and student ox-
perience with the ILU techmigue leads {c greater achlsvement
gains,

| 3. An intra-group study concerned with iﬁdividuai student
galns within each racial and ethnic.group may be a beneficial
oxtension of this studj,

li, Ono area of valuable research would be to develop mew

individualizea program alternatives, such as ILUs, based om

L1pid,
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educational activities and objectivas,_and to compare them
with traditional programns. |

.5. An extension or replication of this study be conducted
with a broadér range of échools.

6. A cost-effectiveness analysis comparing the Individual.
Learning Unlts with other learning packages 51m¢1ar in nature-
could prrove helpful in evaluating possible program alterna-

- tives., 1t would be particularly desirsble to determine which

of the 1éarning packages resulted in a more favorable ratio
of cost per unit gain in achievement.

Te Educétional decislon-makers should takg the lead in
adopting and enlarging cost-effectiveness svalysis concepts
for use in the evaluation of instructional_programs;

8, Finally, 1t is recommended that current efforts be
continued and intensified inm the'devalopment of individual-
ized instructional %echniques in mathematics to.hopefully
allow each student to achieve on a level commensurate with

his abilities,
STMMARY

in this'chapter, the investigator has summarized the
cost-effectivenass analysis of Individual Learning Units and
reviewed his findings, While the ILU program did not prove
to be cost-effective, it did demonstrate its effectiveness
through achisvement gain scores onﬁ (1} arithmetical compu=-
tations, (2) ariﬁhmetical.concepts, and (3) arithmetic appli-
cations, with the last failing within the significant range.
Significant dnteraction effaects wefe recorded for the total

mathematics scores, and each sub-test except applications,
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Since the results.df a slngle study éhould‘not be used
to alter the educatibnal'policies:of a school system, the
investigator urged other educators.to.adopt and enlarge thé
.cost-effectiveneSS analysis coﬁéepts.discussad here to pro-
vide a bagls for the evaluabtion of insbtructional alterna-

tives . to the traditional approach to mathematics,
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TABLE 16

Grade Equivelent Test Scores of Students

in the Experimental Group, School
A - CTBS, Form Q, Level IIT
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¥No.= Student

Key:
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Comp 3%

L1,

i
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Bagic B8kills, Form Q, Level
= Apithmetic Concepts, Comprehensive Test of

Basic Skills, Form Q, Level 111,

Arit

Cone .

Y

etic Applicationg, Comprehensive Test of

&

Perrd
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I1L,

kills, Form Q, Lev

it S

1
Y

Total Score, Comprehensive Test of Basic Skills,

Form Q, Level ILL,
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TABLE 17

Grade Equivalent Test Scorss of Students

in the Control Group, School A -

CTBS, Form Q, Level IIT

Post  Pra . Post  Pre . Post “Fre Post

Pre
No, Comp. Comp. OConc. OCone, Appl. Appl. Total Total
O S A 2 3,0 2.6 L5 2 b3 Ll
2 - 23 ko0 3.7 3.3 L5 o2d 29 3.3
3 58 6.3 3.0 3.7 Lkl L1 L6 5.2
b 5.3 5.1 .5 . 2.0 5.0 .1 5.0 3,5
5 3.3 3.8 20 3.0 24 2k 2.3 3.
6 -551 ,—I-OB ’ 306 3-3 J—!—cl 1-,—01 L!»ol 308
7 3.0 3.0 3.3 5.2 6,2 .1 3.7 3.7
& 27 3.6 k5 bl Ll 24 3.3 3.3
9 2.0 5.0 3.7 5.9 3.0 2.4 2.3  l.6.
10 500 306 J_]...S ’-I—cl 2.0. ).}.ol I-I-ol 347
11 5.3 3.8 6.2 6.2 Bl 6.6 55 5.2
12 600 . . 3-8 1‘[’“5. }—|eo5 201]- . 2.0 Ll—og 301-!- :
13 3.6 3,8 2.6 263 2.0 3.5 2.7 3§l
1l 5.0 3.h 2.3 2.0 3.0 3.0 3.5 2.6
: N Y —o 3
Keys No. = Student . Qrs.at 207 77
" Comp.% = Arithmebic Computationm, Comprehensive Test of
. Basic Skills, Form Q, Level LIT,
Cond.% = Arithmetic Concepts, Comprchensive Test of
. Basic Skills, FPorm Q, Level 11X, _
Appl .k = Arithmetic Applications, Compfehansive-Test'
of Basle Skills, Form Q, Level (11.
Totals# = Total Scors, Comprehensivé Test of Basic
. SBkills, Form €, Level II11.

+Pre

Pretest; Post = Posttesd
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TABLE 18
Grade Equivalent Test Scores of Students -

In the Experimentsl Group, School
By - CIBS, Form Q, Teval TIT

Pre Pogt Pre Post Pre - DPosit Pre - Post
No. Comp, Comp. Cone,  Conc, - Appl, Appl,— Total —Tobal
1 l‘!‘e} 5-3 798 5 9 }-,-05 '50}-}- 503 501-[-
2 L.7 5.7 3.0 .1 %.1 L1 3.9 .9
3 L3 5.1 - 5.9 5.2 02 5.0 5.2 5.2
L 2.7 L.5 3.7 3.7 .5 5.1 3.2 L.h
5 500 5-1 502 509 J_[..l 509 ll—-? Se%
6 '__398 6.}]. 303 569 3&5 ]-!—-1 BoL[ 5:
T 5.0 5.3 5.2 5.2 3.0 3.5 b5 L.9
8 5.7 6.0 5.2 8.1 7.0 8.0 5.8 7.0
9 5.3 5.5 bh.9 5.5 5.0 5.9 5.1 5.5
10. 6.0 7.0 6.9 6.6 5.9 7.5 6.2 7.0
11 5.3 5.0 7.8 7.8 7.0 5.9 60y 5.9
12 3.8 k.7 %01 L.l 3.5 L.5 3.7 L.
13 5.8 h.7 2 6,2 6.2 5.h 6.0 6.3
BoE R R Yo hom o
16 %,8 %.? 59 55 5.0 59 6.2 7.2
17 L.7 5.8 B9 .1 .5 L 5.0 5.0
18 6.0 5.5 L.9 6.2 3.5 5.l .2 5.6
19 _30)—1- )—J-GO Lf-'g 1—!--9 J—!-os. 355 309 ]-l--l
20 5.7 5.8 %-5 3.7 3.5 5.0 %.9 5.1
21 Bo? 505 ¢6"‘ 7»8 6-6 ‘7:5 -1 6.5

02,7 MY.b "q
Xay: - No, = Student 522,85 Lud i

Comp,¥% = Arithmetic Computatlon, Gombrehen31ve Test of
Basjc Skills, Form Q, LeVvel Irll.

(4]
S
o
o
i

Arithmetic. Concepts, Comprehensive Test of
Basic Skills, Form Q, Tavol TTli.

'
H
il

Arithmetic Applicatlions, Comprehensive Test
of Basic Skills, Form Q, Level 111,

3
O
o
o
H
i

Total Score, Comprehensive Test of Basic
- Skills, Form Q, Level ITT,

%Pre = Pretest; Post = Posttest
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TABLE 19

Grade Equivalent Test Scores of Students
in the Control Group, School B, -
CTB5, Form Q, Tevel II1

Pre Post Pre-  Post Pre Post Pre Post

Wo. Comp. Comp. Conc. Conc. Appl. Appl. Total Total
1 o3 o5 L9 5.9  -3.5 L.5 4 a 5.3
. 2 I—I—-GS g—os 303 30? 3'5 3&5 e 309
3 : 579 "-""1 ) 575' (Jo‘) 500 ) ,5’&0 . 5.1 6¢:"L
% i.g %eg é.g ﬁ.é 6.2 5.% 6.% E.B
P - ) e cl 93- . . . 09
6 - 5.1 700 708 ?05 %32 %00 %-l 7-14-
7 3.6 3.1 3.0 5.2 5.0 3.5 3T 367
8 . 5.3 5.5 6.9 6.9 5.4, 5L - 57 5.8
9 L3 k7 37 55 Lo ki La Ly
5,0 Tel L1 6.6 6.2 7.5 5.0 7.1
5.1 57 3.7 5.5 3.5 5. L.3 5.5
2.7 500 900 801 SQLL 2»0 ’ 563 503
6.0 6.0 5.2 6.2 6.6 T.0 5.9 6.3
3;6 391 3e0 3@0 20}-!- J-I—-n:S' 249 302
I,3 L5 37 5.2 T | 5.0 3.9 L.7
3.0 5.0 Lh.1 6.6 5.0 6.6 3.5 5.7
5.0 6.0 745 5.2 6.2 6.2 5.9 5.8
6.3 7.0 5.5 75 6,2 . 6.6 6.1 7.1
.3 5.7 6.2 7.5  L.5 5.9 L.9 6.2
_ Q1 oL
Key: No. = Student 454.04 597,54
Comp.i = Arithmetic Computation, Comprehensive Test of
B Basic Skills, ¥orm Q, Level 111,
Conc.% = Arithmetic Concepts, Comprehensive Test of

Basic Skills, Form Q, Level ITT,

Appl.w = Apitmmetic Applications, Comprehensive Test
. of Basic Skills, Form Q, Tevel L1i.

. Total¥ = Total Score, Comprehensive Test of Basic
. Skills,. Form Q, Level I11.

Pretest; Post = Postteét‘

Il
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