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ABSTRACT
.,’ . o o .. .‘ ,\ K e . R . . - '
En-route Criterion Levels (ECLs) are defined as decision rules for .

ptedicting-pnpil reaﬁiness to'edvance thtough an_inetructionalrsequeneef .

This’studylinyestigeted the velidity of present ELCs in'anvindividyélized

, mathematice progr;;/end tested procednres for empiriéally detetﬁininé ' . _ai://,
optimal ECLs. Reteet scores and subsequent progress were validating : o ;;,;
c:iteria. Results indicated empirical data can identify more efficient o ’;4l}

. ECLs than those_established'a“Briori,‘«To jpstify the‘cost invqlved,‘ » ‘:F"f?%

N
SN

haﬁever, such data should be ebllected by the instructianal”designers)~

during the formative evaluation field test of a program; using automated

v

data processing and multiple-matrix sampling techniques.

Papet presented at the 1974 AERA Annual Meeting (Seésioﬁ~28.09)_.
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PROCEDURES FOR EMPIRICAL DETERMEQ;TION OF EN-ROUTE CRITERION LEVELS

%
Michael H. Mongrief

 Recently there has been increased discussion among educators about

This. discussion has often

Y

designing instruction for mastery learning.

3
>
2

revealed ‘a lack cf clsrity as to- -the meaning of mastery.

In an educational context mastery of a task“generally is considered
to have been attained (a) when an individual demonstrates sufficient
proficiency to perform a given function, or (b) when he can perform'well

enough on that task to benefit from-being'advsnced to the next
' Using the first criterion, it seems reasgnable to say'that a

tudent has "mastered" a given instructional objective when he can be

8 .
expected.to p;rform satisfactorily in those situations typicaliy found
at which has been

. .
-

in his everyday,lifefthat call for the use of :F'
learned &hia,means he mist be able toqretain!and apply some minimal
. LT I S

© ., " amount ofbwhst he has’dearned
"The other educational criterion used in defining mastery is the

o
v

ently used and is much easier to determine empirically.

fne most fre
9
Glaser (2963) suggests, "dhstéry" can be”used to specify the minimum

As

jproficiency the student néeds to demonstrate before goins on to the

~ 'p fnext instructionai unft in a sequence Lsing thih definition the most

S ,‘[ efficient operationalization of mastery would seem to be that proficiency

level whi:h maximizes the subsequent progress of students tnrough‘the '

: instructionai units. | o oot
Currently avsilable individualizqd instructional ‘programs -have

I

-G

specified their mastery levels, and thus their'instructional management
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_decision criteris, mainly on the basis of intuitive judgment. Soue
Smpirical data are needed for use in establishing {'mastery levels"

waich maximize the efficienc of selected insttuctional management

decisions.

\

- i e & e e P

|

This study ihvestigated the validity, as instructional uanagenent

decisi°“ rUIes' of the Preset en - route criterioﬂjlevﬁls (ECL)” | o
:k\“

associated with a selected group of instructipnal Bbjectives in

J
individualized msthematics program. The vnlidati$p was conducted : _'

PR —" -

———

subsequent progress

Sl e e e 8 e e 42

data gathered in .

in terms of delsyed retest scores snd in terms of

o through the instructional continuum. The empitic

this study were used to suggest optimsl performan

vith the selected objectives. The study slso ex ined the costlbenefits

‘a ocietedvgith—tﬁe use of ECLs derived-by—empiri

staudards for use

et e I

el procedures.-< E

Explanation of Terms ‘ o o .\l

There are many tasks involved in managing an‘indiyidualieed

instructional program.; This study, however, was irected only at ¢

verx specific subset. of thoge tasks. The specif nanagement tasks of

) interest were fhose concerned with directing stu at progress through

a continuous individualized instructional progr In this study ' -

L e - BRI . - 8 e —m s o e s

the term "instructionsl management" is used to re er to tnese

e Nk e —ay o+ am —

a

\msnagement tasks., "Instructional management decisions" refer to 1

those decisions, msde on the basis of ECLs, which determine whether‘

or not a student is ready to advance to the next Learning task in a

pomen 3 g

.. e FE]

sequence.
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In the eontext of most individuslized instructionsl programq,
including the one studied here, instructional mandgement decisioos are

i
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made on the basis of critorion-refereneed tests. These'teats are designed
to measure a student 8 performance in a prespecified domain that'has"'

been o?erationélly defined. The score on a criterion-referenced test is e

4

thought to'indicate the degree of proficiency that a student has attained.

on that specific objective. In order to proceed from one learning

objective to the next, a student musgﬁdemonstrate a certain degree of -
proficiencv on the first objective i.e.,, he!mst meet or.surpaSS’tne
perfozmance standards or criterion level for that objective Such
proficiency IeVels are often referred to as "mastery" 1evels and a
student who scores at that level or above is said to have attained

2

nastery.

The use of mastery levels is found in many of the'recentiy developed !
kginstructional progrems. For énstruction using;maeter;flevels tne
typical paradigm; illustrated in Figure 1 requiree/fng student to

v &,

. attain a predetermined criterion score ocn each objective or unit of
instruction before advancing to the nextmunit;in.the sequence, Usually ;
any student who fails to reach the criterion is recycled through that

segment of thejprogram, often receiving some form of remedial instruction.'
Recycling is continued until the desired proficiency is demonstrated.

This is the procedure followed by most of the current individualized =

' insttuctional programs, including Individually Prescriﬁed InstructionA

-

(Cooley and Glaser, 1969), Project PLAN - Program of Learning ‘in . Ef’

Accordance with Needs (Flanagan, 1968) and Individualized Mathematics

System (Ironside, 1971). It is alao the paradigm use most Computer'#

-Manéged Instruction projects (Laﬁler, 1971).



| Identify student's initial :
placement in the program.

. \l Pre-test to diagnose areas of

weakness in upcoming unit.

Does
re-test lndicate
student needs to work
.on unit?

.NYes

. l : . - . .
Post-test to check on the ‘J

’ \

b

[Prescribe instruction |
| for areas identified

- Iﬁstruction_ k;~f;;.

attainment of all obgectzve
wzthln that unit. . = .

astery
demonstrated

no

of all unit
bjectives?

. s. there
nother unit i
instructional

“{as not yet “mastered.,’

‘e

‘ Has o~
all assxgneﬁ . no
instruction beem_-_
completed? '

program?

Figure 1l.--General Paradigm of the Instructional Management

Process in Indlvxdualxzed Instructlonal Programs




There are some very realycosts involved in procedures requiring

the use of mastery tests but there zze even greater costs involved"in :

sny incorrect instructional decisions wade on the basis of thase tests¢

 In most individualized programs, for example a student who scores just .

~ below the required level is recycled through thet\in\\\\ctional.unit.

This recycling could be considered unnecessary 1f, had he been advanced,

his subsequent nrogress through the program essentially would be unchanged

\

This procedure_incurs uanstified costs to the-system in terms of

instructional time, the unnecessary use of materials, liniting the'\ » ,"

progress of the student, and a decrease in his motivational,level Much

the same cost also would be involved if a student * wew/,allowed to advance
. 4

before he had sufficient proficiency in the prerequisite Eﬁllls'needed
for a reasonable probability7of success on the subsequent unit.

To date, mﬁstery levels have been set on an a griori basis. To

[N

6ptimize the probability of mdking correct fﬁstructionsl decisions an

3

empirical basis for establishing criterion scores is needed If empirical :

<

procedures are found to produce decision points which are significantly

different from those established on an intuitive or.purely “theoretieal"_

basis then the application of those procedures could mske a'aubstantinl‘

improvement in the operation of individualized instructional programs.

» 7

Suth procedures applied to appropriate inatructional programs could be
/ 4

expected to facilitate the progress of students through those instructionsl

sequences and thus reduce instructional costs. Whether or not éhis
- : / /
teduction represents a substantialrsavings largely depends on the costs

- -

. - ol
of applying the empirical procedures.,'The current practice in many

. .
oo . L. . - - . .
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" instructional programs is to estsﬁlish tﬁe same eriterion levels for

g sll'studentS’overﬂall objectives, Some - evidence is needed pertsining
. ‘, to the soundness of requiring uniform levels of proficiency over sll _
- objectives and over all students. As the number of individuslized ’

|5 e

programs of instruction being developed and implemented inereasea, so Sy ‘ ;f;l,rf

( : does the need to- come to grips with these instruetional design questions.»:i.:;f. :

°, > .\ =
© . .

"Criterion-Referenced Tegts and Instructionel Men;gement . “ Qfl@&.:.",fﬁlf 2.

The question of the sppropriste~uses of criterion-referenced and of

.‘U .\‘

normgxné::;nced measures is still somewhat unsettled Convineins srgupenta,vfﬁZS
however, have been presented for the use of criterion-refereneed assess- ,Vp'*i7
ment procedures in making instructional management decisions (Glaser, .
'.1963 Gagne, 1965; Popham and Husek 1959) Criterion-refereneed tests

o

are designed to provide intormstion about the degree of competeney attained

.by individual students irrespective'of the performance of others.‘ The ./df‘ﬂ;;:.ﬂ

use of sueh teasts is tequired in progrsms where "msstery leerning" is _/~

 the- goal/(Airasian, 1971), in individualized programs (Coulsen and Cogswéll

_ 1965) a d especially’ in the management of sueh instructional progrems

(Rriewdll, 1969). R L

The Establishment of Criterion Levels o ‘ o -

Performence levels have been used in educstion for a long time, but
their use in connection with eriterion-referenced'tests was mainly - o
- fostered by the'incressing populsrity of programmed instruetionlsnd

"Msger s (1962) work on instructionsl objeetives.

o 4_ ~ Since Bloom (1968) popularized the term "mastery leatniug," it

generally has been agreed.thst the performance requirements should

o




represent "mastery" of the objective being learned. However, the
.particular criterion levels used in any one program are established at
" best, on the basis of experienced judgment and intuition,
Although a number.of writers suggest thatkthey are designing O:
.instrnctional programs around theridea of mastery learning, there'is
" great variation in the _way they have operationalized mastery A recent
survey of a number’ of instructional programs indicates a tendencymtc
specify a rigid criterion selection policy,within,a given_program. lt
slso was reportedly not difiicdlt to find'programm "where higheia_
criteria are seIected in the mistaken belief—that this will result in
2 better quality of learning sroduct than will a system'having a lower *
riterionﬂ (Kriewall 1969, p. 52). ‘ ’ - ; ’ . ,h my ;.
The lack of any specific agreement as to the operational meaning of |
mastery learning also can be seen in the way criterion levels have been.
established by ‘those who purport to be developing "mastery learning" in
their instructional programs Mager suggests,that one»way to determine
"how excellent (a student) must be before we wiil consider him

i

satisfacto;y ces is to look over the examinations you use. They will A
: @

tell you mhst you are using as standards of perfotmance Lot (Mager,
1962, pp“~§l:52) i Bloomf(1968) reports having uses a proceuure gimilar
to that outlined by Mager. He established his'criterion.points for one"
class on the basis of the standards used in'gradinggthe‘stndents in thevf:
i previoos'yLar‘s classes. - b - | 'J

AB Block (1971) points out at present there are no estsblished
vrules for setting mastery standards and, until there are, instructional

designers~mnst rely on procednres similar to-that used by Bloom,or set



o

“the stanﬁarda,on a purely subjective‘basis.‘,However, the use of eech of

| theee'procednres'hae yielded quite varied reanlts._ In a program designed

5 [N

to teach reading skills, mastery has- been defined as 95% proficiency

' (Hackett 1971) In contrast, the Individuaily Prescribed Inatruction

..4(

YIPI) project has generally operationslized masterywas 85% proficiency

(Bolvin, Lindvall, and Scanlon, 1967 Glaser, 1;68) : The Individualized
x.Hathematics System (IMS) has defined wmastery in te*ms of varigug’

performance levels depending on the number of test idems and the imporv-

tance<of the objectives to future learning (Ironside, 1971) Although .Ltlh

P

the ,IMS. test authors were asked te eatablish mastery scores above the

o

75% level, in practice IMS has a range of proficirncy levels from 66%

"to 1007% with the most typical level be ng about 80%. "e ‘ _1 ;:
Thus far criterion standards have been variously set at admittedly
_.arbitrary levels (Bloom, 1968; Kriewall, 1969' uetrill, 1971) There f%‘

,has been no empirically veriried procedure for establishing the c:iteria . ij

upon which to base the type of instructional management deciaions considered Y

- 'in this study. - : . ' :~, .' o "'l o

- I

The Efféc‘tiveness of, Mastery Leemin& Stratj;iea e

Most of the research condncted in the area of mastery learning
has dealt with the general oyverall effectiveness of the strategy. Such
" research has been ‘concerned with testing the hypothesis that it is "fi ‘ i "_f;
- . advantageous to have atudentﬁ demonstrate the attainment of intuitively |
esteblished minimal proficiency level;. There has been~no research i‘
with the possible exception of BiOCk'B (1970) designed to determine

" optimal proficfency,levels or the_method of arriving.at them.




\&
Mhstery 1eatning strategies generally have been found to be successful

“in terms of both cognitive and affective results (Poatlewa*t Hovak
and Murray, 1964' Biehlﬁr, 1970) especially when success is defined in S
r ) terms of the percentage of students attaining previous greding standards
T and receiving top grades (Ma&yo, Hunt and Tremmel 1968; Kersh 1970)
Eveu though there 1g no empirical basgis for whatever particular perfor-‘
mance standards are used, there is. evidence that greater learning is o

o S achieved by students required to attlin some criteriou performance than

by students for whom no requirements are made (Block 1970 Lawler, 1971)

A _ ' Need for Empirical Evidence in DefiJing,Criterion Levels
o+

——

The fact that eriterion levels %eve been established mwore on the - : o
basis of the intuition of the individual idstructional designers than G? |

ﬁ on the basia of empiri al evidence does not mean that the instructional
designers are ineensit .e to the need ior such,evideuce. On *he contrary,
‘many of the writers as well as other concerned educators and pdychologists
have diacuased the Hasis upon which crrtkrion levels ehould be established
Glaser (1963) haa suggeated that we need to specify the minimum proficiency
levels the student needs before going on to the next instructihnal unit
in 8 sequence. Although the difficulties involved prevented them from T
doing so, Bloom, Hastings and Madaus (1971) note the desirabiﬁity of . f o o
using carefully worked-out performance standards.' They alao dideuss the | " 1

important relationship between "appropriate mastery levels" and student oL

. motivation. . : ' S -fl . ,\

D




z'detinition of mastery for patticuldt insttucticnal prdgrems enuld be‘

. | ”qgtm . ; ) ) ‘. n& : B /

“,eriteriau scores used 1n.mestery testins sitnationa. B!ock (1970)

Ehe 17T . Ins tute. : i : oy Con o K;\”'~~.
The determtnation of apecific maﬂtery 1evels for various
subject matter i3 an experimental problem>wh1eh nacds to.
be studied. How much mastery should be required, for .

. example, in learning basic. arithmetie facts before mnving’ : ST e
‘on to an advanced topic? Is more rapid learnlns and.. v ' ‘ .
betteg retention achieved if a student is permitted to g0 T _
on in‘a aubject matter where advanced ‘lessons depend on o
previous lessons or is it best to require an early high Co S
level of%mastety? (In teacu! typing, .for. exsmple, it S
mey be begt to perpit the beginning typist to mske errors . . )
without compromising her speed 80 that eventually both. R o
speed “and adcuracy are laarned effieiently ) (§olvin, ’ .

- Lindvall| ana Scenlon, 1967, p. 8). . ‘ =

\.

Maatety Iearnins requirements, theugh only tntuitively eatablished,

- generally have \been found to, be aeffective.~ It seema reesonable, ;:hen, .

that an empirieal 1nvestigation of the most efficient operationul ' \;fi'; ,‘;1“;l-

expected to increase furtﬁkr the effectivenese and éfficleney of such
S A L, ! :l e

Realizins the need for some evidence to het§ astablieh ths
\

'inveatigated the . effeeta, both eognitive and affective, of tequizins

the actainment of various pre-establiuhed "mastery" levels. In that

for which no criterion level was required.’ He also found that while

'study, ninety-one eighth grade mathematics utudeuts were preaeutea ‘

N\

b
with a one.week instructional program on matrix algebra. The iﬂasruction
waa'presented in three sequential units. Scudenta wegéxrandomly
assigned to difEErent gregps which were required to attain and. maintain

-
selected mastery levels (no requirement 65%, 752, 85%, and 95%) on. eaeh

B

“unit as they advanced through the ‘program. Block found thnt the perfox— S .

. mance of edeh of the mastery groups was gresater than that of the group

- %

R




A""”‘“""“‘“‘ "’"";. ﬂ“" e 310“—* mﬂy vas. conducgd i the conem | B

N o
» 5

L the ttuden[ts wete not only required to atutn & 3i.ven dcgrg_ of pt

X :on each uni,t;, but also to mqintain that am d&gree of 'p:ohcimy ‘ul

. -’,{;t:hey advan&:ed from ane unit to the next. 'l‘hia is no.::‘-t'he mical

v
) than dec:lsion Tules. 'r’nus, therek étﬁ correapondins “!"thﬁ"mi"“l
diffe:ames, T 1 S Sl ,_‘yi : |
P .

“




~Cronbach (1970) suggests'that tke "validation of a decision rule

e

logically requires an experimant in which after being\tested, petsona

‘are allocated to’ treatmenta without regard to the -scores whose ugefulness

‘l\

-
is being validated.f The outcomes o{\}he treatment are then appraised 4

‘Cronbach also suggests that the emphasis not be on a validity coefficient

but rather on the relatf%nship‘betr enltheyoutcome meaaure(s) and the

- test score.  This procedure ig wvalid only insofar as'the;validating

Lt

criterion is truly representgtive of tﬁe cutcome we wish to meaaure.

L HBTHODOLOGY : f,f<,

- The specific questions asked in the present atudy were: ' )

°

(1) Row valid, aa instructional management decision rqles, arq

/ s

the preset performayce criteria aasociated with a gelacted group of
e

{nstructional objectives (a) in ‘terms of. subaaquent progtess through
- an individualized instructionalvcontinuum,vand (b) in.terme-of delayed'
retest scoreé\?

(2) On the basis of the data gathered in this atudy, what 1s the

apparent optimal performance criterion for use with each of the selected .

objactiwes? S : s

. (3) ,On the basis of this*;Eudy what if any, are the probabré
cost/benefits which could be expected from the use of criterion levela
derived by empirical procedures? -

Curriculum Context - ) K L ' ; 7

I3

To obtain data-ﬂhich reflect the ‘effects of 'lﬁ indepandent vatiable,

* performance criteria, a namber of requiremqéts were impoaed upon the
, S o . / : g ,

{

- | : ' . . /
¥ ‘ B _—



I'd

) i '\\Vaéurriculum context in which this study w&s conducted It was criticsl - 3 
| thet the study be conducted within the context of an instructional
program which mekes instrqctional menegéaent.decisions»on_the,besis_of
'"mmsterv“ scores, ;ﬂhe;érogran eisolshould haveubeen field.testedhto o S
.insure that it was operaticnai and generally effective. k - -":. Ultjiﬂy_‘.
The program selected for this study was . the Individualized | |

_Hathematics ‘System (Iﬂ@) Tbis prggrsm was develo by’the NatiOnai o

. Laboratory for. Higher Educatidn and field tested “during the 1969-70 nnd P
€. ' '

1970-71 school ,years (Frary, 1971) ~ IMS-uses & variety of instructional

..techniques toLteach the many objectives found in its purported hiérarch-
icelly and }ogically sequenced continuum. As in moet individuclized e

ProSrams, student ptosress is cogkrolled by the decisions made on the " B e'vft;;

i basis of the posttests administered at the cnd of each instructional unit
In the IMs program eaeh unit is cumposed of a number of objectives.c

Alth°“8h the posttests for all ﬁnit objectives are found at the end :7.2/(w»~*“”

e

.of that unit, the advancement—recycle decision 1s. made on the baais of

) - each separate objective posttests. Thus, after teking a unit poattests .
/ ) . i" ~ B T
" .'.a student is recycled through that pert of the instructionel prosram

‘related to those objectives, and’ cniy those objectivcs, for wbich,he
- : - : L

feiled to achieve a "maatery" score.

L~ .
&
. i .
Y

. 'Operational Definitidns . . S "a;_qj-"

| For thelpurposes of this study the etudents' postinstructionsl

' proficiency levels were measured by the posttests supplied by the IMS ._,";;f-~¥

i:instructional progrem. Retertion was measured by the use of'parellel R

.Vtests developed using the.statenent of the objective and the existing
t't tcstu;of that objective.gu_guides; An indicagion of’a”stqdencfg;' T




aubaeqoent progress through the program was obtained from his posttest

p score Ln each objective in the next sequential unit of instruction.
S - : [ 4 A

- Setting - . I =
| This study was conducted during the last half of the 1971-72 Aschool : y
. . . | o : ' ) :
year in the American Elementary School i Karlsruhe, Germany, as. part

I 3

of that school’s overalllattempt to individualize its instructfonal-

N

. program. The Karlsruhe echool had qn enrollment of about 1, 000 pupila.

¢

The children came. from a variety of ethnic and -economic backgrounds.
' Most were the dependents of Army personnel both military and civilian.,_
Being the only American school in Karlsruhe, it also served as - the

educational institution for the childrgh of most of the American buainesemen

o reeiding in the area. - _ R
. i “t «

| Subjects

AN The subjects used in this study were aelected from among thoae -

pupils at Karlsruhe who were working on a speciﬁded.subset of IMS fn

objectives during the time the study was. being conducted Itxleema

reasonhble to gsuspect that the samplerof pﬁ?ils working iﬁ’these units

A _ f during this given time period were representative of the xhrlsrdhe

pupils for whom the units were . apprcpriate. A furgher description of o ;: E.:-d

-the selection of the subjects is presented in the next section. f; ’-" .

! Csay >
- d

Reaearchnnesign and Data(Gatheringgrroceduree .

~.

€

decision rules agssociated wlth the posttests found at the e
; e
selected set of instructional units in a sequential individu

°
I
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The general ptocedures followed in this atudy;were those suggested by

Cronbach (1970) for the vslidation of decision rules. To studyfthe

I3

sccuzacy of the decision rules associated with a perticular unit, the
.subjects who took the posttest for that unit were advanced to the next

sequential unit without regard to their posttest scores on. the first

unit. For* convenience these units are deaignated tiere as ‘A and B,

respectively, with subscripts indicatingwthe different pairs involved
A retest of,the unit A objectives was administered as

in the -study.
The data gathering design

N soon after’the unit B posttest as possible.
for each pair of units followed this:order:
~_ Unit B L bnica > .

Retest . .

. Unit A -
InstructiontPosttest °' Instruction+Posttest

) Figure 2’shows the units within the IMS contIayum which were

As shown in Figure 2, the IMS continuum consists
- Each -

.

selected for stud

of ninety units orgonized by topics and levels of difficulty.

unit*contains from one to eleven objeetives. Generally, a pupil moves

through this sequence in order, that is, from top to bottom end left
to right each unit purportedly building upon the preceding units.
The four progrem segments shown in Figure 2 were selected on the

basis of the identification of the concentration of depondeble student .

data, the availability of instructional materinls and, a growing awareness

T of the difficulties involved in the collection of dependsble data,

Implementation of the described research procedures was initieted

on January 18, 1972, with the actual collection of daia beginning on
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February 7, 1972. Data collection was completed on April 17th of that

year. The data consgisted of posttest ‘scores for each objective in the

first unit (A) of each pair, posttest scores for each objective in the T

second unit (B), and retest scores on the objectives in the A units

|

obtained from carefully constrﬁcted'alternate forms of the reepective

postteats.- Teble l_shows\the number of objectives included in each

of the units studied.~ \ ‘. - _
Ten clessrooms1were’1nJleed‘in this study They congisted of all

of the 4th, Sth and 6th grade classes at Karlsgruhe except for those -

'few in which the IMS program had not been sufficiently implemented to

provide a truly representative IMS classroom situation.

Data were collected on all pupils whe were: (l)‘in one of the .
classrooms where data was being collected, 2(2) working on the epecified
units during the time ‘the study was being conducted, end (3) who, upon
completing a given unit A, were to advance to the next sequential unit
in the program. f ﬁ : _ |

The teachers and paraprofessionals at Karlsruhe were diré&tly
involved in implementing the design procedures and. espeeially the data

collection activities required in this study. The teachers were aaked‘

to make certain after a subject completed a ﬁnit'Axposttégt“he did~not

do any further work in any IMS material for that unit, However, the

subjects werexexpoaed to the ongoing instructional programs presented ‘

\
in their respective classrooms. At times this inclu ed exposure to

material on topies related to those which they had jupt studi:d. \

- After completing.a Unit B posttestv, each subject was given the

eppropriate retest. The teachers and peraprofessionals werefesked

- N

N

\,
\
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to administer the retest as soon after the Unit B posttest as
possible, Often this was either the same day or the next. Due to the

record keeping procedures in a few,classxooms'it was sometimes two or

three days before the retest was taken by a subject. Due to the

continuous monitoring of clasaroom activities, testing procedures, and "

IMS records, it was.gever longer than one week between Unit B ‘posttests

' and*the associated retests.

ANALYTICAL 3-,m§%amjms AND 'RESUL‘I'S

Validation of Program Performance Requirements and Identification of

Optimal Criterion Levels _ _\\J//’

The decision rules investigated in thie study wvere those associated

: with _each objective found in the selected four IMS unitsy Fractions 1V,

:Timé%iv, Numeration V, and Multiplication y. Data were gathered onu&.
different group -of pupils for eachgof.these four units, - Tabi: 2 shous ‘
the number of subjects for whom data were obtained for each unit. The
four‘seaected units contained a total of twenty objectives. Thua, there
were'twenty deciaicn rule%:whpse validityfvere'inveatigated-in the |

present study. ' For convenierce, these objectives are often referred to

byftheir respective reference numbers, as presented ianablevé ‘

In analyzing the validity of these decision rules the scores on each :

objective posttest were dichotomized at all possible decision points.

For example, where an eight?item posttest was involved, theﬁaubjects-
. were classified as g0 or no-go on'the basis of those who acoredSB,,7 ot.f
higher, 6 .or higher and so forth. Each of these dichotomized groupa;

'which represented different decision rules, were cross tabulated with

[

3
.
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N Table 2.
REFERENCE NUMBERS, CORRESPONDING IMS DESIGNATION, NUMBER
. OF TEST ITEMS FOR EACH OBJECTIVE, AND NUMBER OF SUBJECTS
‘ PER OBJ"CTIVE ‘ : . *
Assigned  IMS Designation  Nu er of Number of Subj.
Reference .~ . Objective . -Associated for Whom Data - .
Number -Unit -  Number . Tesgt Items Were Coliected i
a-1 i 1. .8
A-2 Fractions 2 9
A-3 Level 1V 3 /. 8 ;
A-4 4 /.. 1
A6 D / 3 5
-7 s 2 Y n
, A-8 Level IV : J . -
A-9 ¢ .'// o 4 '
a-io’ i 5/ DI
A-11 G / - s
. A-12 . Numeration 21/ S 4 L
a1z fevelvo 3/ o7
-' Aa-14 . o8 B L
. a1s o s
o i . e 2 .6 o - [
/ A\ A-16 Multiplication 4 23 e ; S
: A-18 | 4 © 8 Fl
/'p o A-19 5 8;’/‘ "/[
b A"zo v ‘ . 6 6 .‘
v r — )‘
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'explained in the context of the present study. Moat of the discuseiona o

- sbout mastery levels define them in t

' many instancee these definitiona or deecriptions of the required performance'

' of many IMS postteste, performance st%ndards are reporte@ for thie .;ff;i‘; (LA;

| °°fre°t on that post~test before he wopld be’ advanced to—the next unit; e

: n .

each’ of the dichotomized validating criteria to form a eeries of 2 x 2

‘\_.

vvcontingency tables and a contingency coefficient was compuced for each

Theee contingency coefficients were then uaed to judge the validity of
the Ms. program decision rules and to identify the apparently optimal
decision point or: mastery 1evel aesociated with ‘each selected objective.

For clarity, ‘the. meaning of the terms performance stendards, criterion .

S e
P’

level and: maetery level, which are used interchangeably, need to be _

-f some percentage score.v In

'levels are mialeading, at best, when tranelated into actual program - ‘ }“

roperating procedurcs For example, auppoae an instructionel program

purports to be requiring a 95% criterion level, but is uaing testa of 5
1] t

less than twenty itema. Then that progrem, in cctual practice, €3 eithor

reqniring a criterion level of 100% or aome performence which might be ‘

S !

aubstantially below 95%. o ,,_". | , |
" To avoid diacrepnnciea and becauee of the varietion inathe length R
& Fog sz

study in terms of the number of" Correct item reaponeea required Thua,,f;;ﬂ53f7

o
dhen the program performance criterion for a given objective ia reported

ea beindgapvcl 7, ig;ﬂnﬁr;thﬁt a pupil haa to get at leaet 7 ite“‘

Similarly, m auggested optimel criterion level of 6 on that test meana f;
.-. \ ’ . ‘ " R N . &

that, according to the data obtained in the preecnt inveetigation, it

' y:"°“1d be maximally efficient to bage the advancement decisions -3555”’

- 1
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associated with that cbjective on whether or not a score of 6 or higher

had been atteined. To make these performance levels meaningful and

- interpretable, the number of items associated with each objective is

]

given in Table 2. e : ' ‘o
As represented in Figure 3, two critetia were usged in selecting

the optimal decision point associated with eech objective, (a) therek

must have been a significant (a< 10) contingency coefficient S

between scores dichotimized at thet point and at least ‘one of the

‘ validating criteria and (b) the/number and meg&itude of significant .

contingency coefficients between it and 311 validating criteria must

©

P'have been maximal i. e., greater than any set of significent coﬁtingeney

, CosE
coefficients associated with any ocher decision point. .
g

If, and oniyvif, he IMs® decision point was optimal as defined

. above, was it designated valid a cg_decision rule. If the enalyaes for

a particular ohjective produced an optimal decision point for thet :

N

. objective which was other than the one given in the IMS program, the f

program decision rule was designated inv&lid ~and the optimal decision

A

point was designated as the valid deciaion rule. JERE ,‘ P

If the anelyses'for any given objective y7e1ded twofor more~‘

decision points the number and magnitude of w?ose respective significent‘F fv

contingency coefficients were approximately quel, and if the IMS

-decision point was among them, it was desig'sted dclid es a decieion

rule, f however the IMS decisxen poin was not among the cﬂntending'

7
/

points, that contending point which differed least from thetlus decision~
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',e grior ptogram mastery 1eve1

'Qdecieion pcint was considered 1ndeterm1nablen

' :he objectives~found in the IMS unit Fractieﬁs Level Iv, end designate&

- 88 objectives A—z and A-5,. on Table 2

peint was deaignated the optimal and valid decision rule, Thie ptoccdure

o

: ﬁinimizes the number of students affected by a change in mastery levels,

w. ra

‘uhen that change is between eompeting decision pointse It tbed yields

a
he more conservative estimate of the coet/benefits discussed 1n aection

three of this chapter. This ptocedure afso lends some weight to’ the

intuitive khowledge of the 1nstruct1ona1 designers as reflected in the
. o

If,the éhalyses for & given ebjective produced ne statisticaily

Rt ‘significant (01< 10) contingency coeffieient he‘ween eny of i.ts .

’poasible decision points and eny of 1ts velidating ctiteria, the optimal

!

Q To clarify and illustrate the analysie and reesoning used to

) inveatigate the valiaity ofuthe selected IMS decision rules‘enﬂ tc
. ideutify the apparently optimel eriterion Ievel for eeeh objective,

 description of this process is presented-for two objectives. These e:c"

InjFables 4 and 5 only those decision points are presented fcr :

which thiere uefe computable ehi equeres, since wiLhout them no contingensy :

) coefficients could be obtained. A'chi aquare would not be eo;\ﬁtaﬁle ,'z

vwhen. any two adjacent cells of a 2 X2 contingency table are empty._va

non-computable chi square can be 1nterpreted as & leck of eny predictive R

power between the postteat scores dichotomi ed at that Ievel and the
. ‘,"

.‘eesOciated validating criterién. Ae shown in Table 3 when thete whe:e

i

no. pupils in ‘either a colvmn or a row there is no telationehip hetween

the decisions made on the basis of the posttest scores en& the dichero~

: g@zed eco:es‘used to validate those decisions. L s : e

:_5%
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T Table s )

CONTINGENCY COEFFICIENTS: CONTINGENT RELATIONSHIP -
BETWEEN THE ATTAINMENT OF SEVERAL SUBSEQUENT
 PROGRAM CRITERIA AND SEVERAL LEVELS OF
PERFORMANCE ON OBJECTIVE A-2

Objective A—Z .  Subsequent Uni#-Ob%ective A
© Level Re-Test a~-I . B-2 B B~4
] v % . R i .
-9 4 .Y .1641  .1173.  .0187  .1289
- (8 .2878%7 1495 . -1483 (1028 [ .1385
S TH .3672%*. .2860%* TURS24** (1244  .0999

6 «2740%* ,2449%* .2334*, +.0822° ' ,0487
5 . .2653** ,2359%  ,0910  .1415 - .0804
4 .2591%% 1327 . .¢568  .2263* - .0171
3 <1914 .1736  .1450 .240%%* 0397
2 .2534%* 1342 ~ .0187 . .0139 . .0347

. S -~
N = 62 [ T T
* p <. .10 h . ot —_
L3 P < 08 o . . o -

_. . # Dbeside level indicates apparent optimum

(), parentheses designate required program mastery level

?

" advanced to the next uuit, and then performed satiafactort&y on the
fitat set of postteats for that unit and attained the re;;ired score
on the ‘retest. A recycle decision was also labeled as "correct" if,
héd that pupil been advanced,-he would have‘”fpileg" eithcr one of the -

‘posttests in the next sequeh;tal unit of 1natruc£io§ or the retest.

e Y
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-—— Following the previously described guidelines, level 5 wgs identified

as the apparent optimal criterion level for Objective'AQS (see Table 5).

e

- Of the contingency cpefficients associated with ObjectivefA-S,'ﬂhose

computed ﬁsing»ciite;ion level 5 are the largest and are significent for
four-fifths of the validating criteria.

utilizing these same procedures, the validity'of the program wmastery
levels were judged. Apparent 9ptima1 criterion levels also were
identified for each of the'selecteg IMS objectives. Table 6_§resenps a.
summary of the.}esﬁ;ts for ‘all twenty éf the inyestigated instructional

management decision rules,

The results suﬁmarized in-Table 6 offér evidence to support the

validity of three of the twenty selected IMS instructional management

chision‘rules, The data 1nd1cate that, for these three objectives,

‘the prEram established criterion level would maximize the number of

correct instructional management decisions.” No change ig suggested for
tﬁe criterion' level asseci%ted with these objectives, ‘This is indicated

by;the word "none" in the ?ppr%?riate column of Table 6§,

-

“-For five of the selected objectives n¢ evidence was obtained in

the present’inVestigacion Lhich would suggest that aﬁy of the pdssibie

" “decision points provided hy the respehtive IMS tests could be of value

i

in predicting suhpequent Fupil performance,
As shown in Table 6,'the date indicated that a changg in the

;ritefion level ;equired for the remniniﬁé twelve'objec;ives would

optimize the relgtionship‘between the decigions madelon the basis of

those criterion lcvéls and the respectiye‘validating criteria. Of those

" twelve sygggggg@wphdngea, four require an increase in criterion

R

a
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CONTINGENCY COEFPICIEA'S. CONTINGENT RELATIONSHIP ‘
BETWEEN THKE ATTAINMENT OF SEVERAL SUBSEQUENT . . = ° ‘
, PROGRAM CRITERIA AND. SEVERAL- LﬁVELS“OF* T
. PERFORMANCE ON- OBJECTIVE A"S o . I

A

‘Objective A-5 N' _ Subsequent Uhit Objective'”ff"
Level = Re-Test - B-I B-2 B3 B4

e [ v,

7w Cazer o .os2a .oss4”g L ~
(63 .263a%* ). 2236% f.1764 41248 - E, S
5§ .3546%* .3279** ‘.21523 *2.1733f&<{.2124*4g;j_,
4 L1134 - L0750 .0153 .0755'-'.2:'.9219
N 3 .1911 w//.ozeaff’“0261Nﬁ~7.0342 3‘;,0738 AP
N = 62 T e e ,,
*®  p< .10" L o B : - )
‘% p < ,05 "t h - T
§ beside level indicates apparent optimum o :1.‘/
() 'parentheses designate required program mastery level , L
»
gl '
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performance while ‘the otﬂer'eiéht indicate a loweficg of the required
cerformence levels. | |

Table 6 ahowe the number and percentage of pupils who would have

been affected had :he suggested ctitetion levels been uged rathe: then T

V”the progrem established crlterlon level Thg figureh 1n the percentege ,

column of Table 6 represent, for each objective, the ratio o£ che numbcr

!

collected Ae ehown in Table 2, this last number ve 1ee dependlug o“

objective. Theee fizures provide an 1ndicetion of q e dcgree of 1natructional
efficiency to be geined by using the suggested optim _ critetion pointe'.' V
Thése data can be used to estimate the cost/benefit_ £ empirically detive

*criterlen levels.

_ceet/Benefits

In 1nweetigeting the value of empiricel proceduxee for deriving |
ctltezion levels, it 13 necessary to exemine the cost/bencfite which

~ could be expected‘from such’ procedures.‘ This entail? an estimate of

PR

the instructional efficiency‘which would be geined f;am using empiricelly o
derived criterion levels. To accomplish this some teasonable approximation
is needed of- (a) the cost of each 1ncorrect inatructional decision,
(b) the expected percentage of 1ucreeee in the cotrect instructional
decieione using empirically based criterion levele, and (e) the numberi

of inetructionel management decigions made per year. #er chlld in the
oyetetion,of the program, . \ § ‘
‘The cost of each incorrect instructional gecisien can be estimdted
"'b;'unltlplylns_the'coet ef eechﬁlnstructionel periodghy“tﬂe number of |
. ‘ . ‘ ! ' : ;

©




91¢h1ng to enr'll theik dependente.. An with dost’elemnqt

that po.t-test again.,
1ﬁstructional decision 15 estimated as-
. sms o+ 180 oa
. | ‘Cost/Child/ - ‘Wo. of
’ ' Year o © " Instructional .
. R © periods/Year -
, $ .81 . X . 3 -
' - ' CQSEIChildI S Inntructional .
o o ;uctional B “Periods Involved
S Bariod . e Each naciuion;,
/

*

A to:aling of t is

-';f o ptogrlm established mmstery levela.

ERIC
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decisions would have been affected Thia represents a. Iittlea more’ than




v

ench objectiva has been.qped to decide whether or ,11‘w6§°fcady f‘,;.‘  i
to ndvance :hrough the 1nstruccional sequence. Thus, the nmstery levels '
ns:ociated with ‘eech’ objective functioned as decision rules uaed to

prediet subsequent pupil performance.; 5'ﬁ

VAFullToxt Provided by ERIC
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| orientad conditions Kowever, the presentation of this insttuctiou ia f_‘
typ:lcal of the couditiona that could be expected from any real classroom_l
_“ ui:tuation where the program had been implmented 'rhue, it can alao be =

i argued that the prasem.:e of thisf additional clasaroom insttuction does : .

uot dctuct jram, bu;: mthar adds to the representativeneu 'of the data P

| collected from thia investigation.

'.l‘heq third factm: whieh sa:ved 0. reduce t:he ﬂmnber '.o 'algpificantg e

-.contingency coefficients obtained was the IMS tests themselves._-_ The

gtudy waa conducted within the consttaints imposed by tha length nquality .

‘;vand thus reliabilfty of t‘ne ms poattests. In relation to this, it .

’ should also be noted that. the aelection of the optimal criterion laval for'_;-»-a

: any given objective was testricted to those levela made pousible by th (
.l.ength of tha corresponding ms posttteat. ) It is quite poaaible th :
.tcsta could be designed whi.ch would not: cmly have cgntent '"'alidity\ but A

“0“14 also have greater xeliability amd thus wonld b‘, wox lsgn;it,i,va ,;‘._o :



! (Bloom, 1971)7"7 Specificany, this involves these pupiils who have exﬁerienced

repeated and conttnued failure under: t:aditional instructional pra.ctices and 5
srading procedures. Unfortunately. the data gathere& in this invest/gstzto/

N

lugrgest that, although no longer sraded on the basis ofM ition»witzh
/ : ’

s

~ program without exnerfencing the: failure esaocieted with r‘

¢ .

edaptations need to he mde in that progrem. One possibility w'

- to aecomnodate individual pupil differeuces in ability th:eugh the .

u quality or quantity of inatruction provided ‘I‘he quality of inetruction‘ :
, . y ,

hwever, is very difficul,t to regulate. 'rhe mst common” current practice

& o
in- individualized instruction is to vary the quantity of inatruct,ion

1arge1y by adjusting the amount of tim9 instruetion ia preaented To . U
minimize failure experiencea these differencea in the length of exposur- .

: * v
time need to be made before the pupil takcs the postteet, rathet than )

‘on the basis of how msixy times recycling occurs. Another altemative ie

Al
4 —
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?gsthering purposea during a fomat:ive evaulati.cn field eeai: ,"”;,,V '

trhc tht.rd tequixemwnt for tha faaaible and*c@at eif&cimt idanbif:l-‘ ‘-

car.ion af optiml critnri\.vn levels j.s thas: tba méc cﬁ thaae prodedurea R

- be- mt:ized over a 1erge number of usex's. Again, u: woulﬁ gnm‘ tha

begt way to accomplish this is for t.'he inftial cost: to be 1ncurred by

) ) A "-Z . P

the instmctionql deeigners and then spread over a11 px‘ogram ;m' huara. o

; het""-in: a. fomative evaluation setting uaing m In snch a" ; itum:ion

- «learning @equired in that''ob jectiveq- In othar worda » before a pupi-




' : IR -
: : S .
% : T .

,pp&omnc ¢ontm for anmring t:hta ‘l“‘sﬁon M 81“‘- b‘_ R

s:urrieulm. dm to' the large mbar of bath typu nf 1"“1“ r!quirad SR S
zu thsr. ares. | " T

lmls have been defined and determined.

Crite:ion Ievila wit:h i



found in tﬁeinexc sequential unit of {nstruction. The empirical data

getbered'were used to suggest en.opeimpl criterion levei for each of the '

selected objectives. | ' l
This investigation;was conducted in the con:ext of the Individualized

-Hethemntics System (IHS) as implenented in the Americen ‘Elementary School

in Ksrlsruhe, CGermany. Subjlects uere selected from thoee p?pils wbrking '

on the sclected subset of Ius objectﬁves during the time of the etudy &
Tc. investigate the validity of the decision rulea, expressed ta-mes‘ety

ﬂ.levels associsted with the objectives in a particular unit, the subjectc7 'ﬁ‘i’

whn took the posttcnt for that unit were advanced to the next ugqu.nt£a13i~?jq
unit “ibh°“t f‘Sle to their poatt;}t scores on the tirat unit. A reteoJ ”]

of each nelectpd objective was adminiatered gs soon after the subjectl

completed the next uequential unit as possible. The da:e collccted
consisted of poaﬂteet scores for each of the selected objectives, de‘j

_retest scores on thege objectives, ;n& poattest ncores for each obj Nw ve

in the next sequential instructional unitq

v The decision point selected as optimal for efch . objective was;thebl R

one‘yhich yielded the largest significant contingency coeificienta with

the gteetest ndmber of valideting criterie. The validity of - thc a griot
‘mastery level established for each objective was judgedton the bacis of
whether it was the one selected as optimal for that objective. |

The procedurea used in this investigetion appeered to-be nuceeasful |

'in identifying optimai criterion levelo for the delected obicctivea.‘,ln
texms of validating the program mnstery levels, howevet, only 151 of the
optimal criterion levels ideqtified by the data were the same as thoac

criterion levels originclly eeteblished by IMS.. Thun, the procedurey uled -




<,

-by the igatt\.y:uonnl designers were ﬁot ;:erjr u:‘cunt;g" m-‘u:»tigm@
optimal critérion levels. Aﬁparetgtly-, the use of :Qmpiﬂcal dsta can
| make a;'aub;tu;t}i;nl imprbgesﬁent in the process of hat,aﬁlid\hiné,en-ziqutﬁ'."
'Q%cri‘-t'e'ribn levels, : R
The increase inm instructional gfficiency-gat.imﬁéd _11; the édst/
l:gncfits section of this report indicates thiﬁ{ th'e;r”e' :I.e,a'subdtfantiall_' 7
instructional gain to be éxpected frt;m the ntil:l.z#tion ;i)f" empiricdly
. | . derived optimal criterion levels. For thh/gain* to jua'_ify", j.tha cost
LI _ gixvolved in obtainixig ﬁhese crttefioﬁ levels, howevq?, it"‘ip ._suggested
tha;:‘the data be collected by the 1na.tmctionall:designe;sl ﬁnrins ﬂié
" formative evaluation field test of the prbguui,"': using auﬁ\omted.ddta .
processing and multiple-matrix sampling te;hpiques.'« | A |

- . g * \i ‘n

e a - . . !
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