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The applicatidﬁéof conventional psychometrié procedures to

-

instructional product development'is outlined. ' Selected non~
) \ ) - . . . - ~ . 1 ) .
psychometric requirements of developing and delivering effective

" instruction are dedcribed and-the consequent implications for

. - -

" psychometric prqcedufes set forth, DPresent instructional develop- .

.

' L 4 P » . . A N .
ment technology is circumscribed in terms of state-of-the-art 7
. .

capability. . L . .




Mmunmmm: consmmnons IN INSTRUCTIONAL ERODUCPDEVEIQPMENT* .

A

‘Robert L. BERer cL : ﬁ»‘

. -
4

.o e
4 4

The psychometric revolutionrthntghas been smoldering over the past .
decade and finally ignited in the "criterion-referenced test movemeht" .
will predictably spread throughout education during the next decade,
arid will generate consequences that go well beyond the boundaries of

psychometry (Schutz, 1972). Even now ip is obvious that concern with '
o .
psychometric dogma reflected in such questions as "Is the criterion-.

S

referenced test just a special instance of the norm~referenced test??'
and "How can the reliability of criterion-referenced tests be‘assessed?"'
- [ - . . . ’ . 0

is misplaced. Focusing on such questions is about as productive as the '

-

programmed instruction research of the‘l960's related to overt-covert

and large step-small step,iasues. - C . ,

; ,
e

. , , . fo. L
Recent‘instructional .research and development has demonStrated that
/formal meagprement can indeed fulfill important roles.in producing

instructional programs to meet prespecified objectives., However, full

4§qxuxitatioa_o£4this—rele~reqaéaxa}—eentrel-ever«nen—psyehonmﬂaﬂxraueﬂwell—~—— —- -

as psychometric variables. "The purely techfiical aspects of pSychometry

provide great, capahility for instructional product development. Con~

. ventional psychometric procedures can readily be adapted to generate

measures which provide adequat bases for those ipstructional decisions
v C . - :

that can currently be made and effected. But this is inadequate to

advance the state-of-the-art for improving inatructional‘effectivenesst

v

*Originally[prepared as part of the sym ;ium "Evaluation of .

Instructional Systems: Current Problems Facing Developers," American

Psychological Association Annual Meéeting, Honolulu, Hawaii Septem-
ber 3 1972,

-

T ———
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The interface between psychometry and instructional development must .

hiad -

include greater attention to instructional decision algorithms that are .

defined as-functions of achievement measures anchored systematically to

the manipulable conditions that produced the achievement. This/considera-
tion will encompass not only the specifications “and development of
instruction but also the installation and continuing operation of

instruction. The effectiveness of specified instructional decision

algorithms is dependent upon well-defined assessment procedures that are

-easily reflected in defined behavioral classes of interest and anchored

in manipulable instructional determinants.

¢
4 -

' The'manipulable determinants of achievement "in developing instructional
prggrams are materials and procedures. To be use/pl in a development’
context’” tests must be designed and constructed in a manner that defines'
the explicit rules linking patterns of test performance to behavioral

- »

referents anchored in sequenéed,instructional materials apd procedures.

4

e configured in such a way that a particular decision algorithm may

(%]

[N —-

be applied with little inconvenience. - ~

The testing requirements following from these conditions are manifold,

-

dnd the scientific and technological bases for getting on with it range
' from adequate to non-existent. yowever, absence of these bases~cannot
halt development efforts. We must identify the immediately available

. resources for developing.effective instruction and move as quickly’as

P

. . - .
possible to completion of first generation shelf .items, recognizing;that'

the items thus produced‘represent only a beginning of "more .to come"

from programmatic educational‘R&D currently in progress. ’ \
. 5

(\ N © f -~
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* The remainder of the paper will view selected psychometric requirements
and strategies as they interfacde with selected non-psychometric requirements

" of developidg and delivering effective instruction.’,The view will be

AT

fgom within defined SWRL R&D activities and state-onthe-art:capability.

-y o *
A
Al

MATTERS THAT ARE WELL WATHIN SWRL STATETOF-fHE~ARf

The instructional development technology described in-this section

is readiiy available in she1f1§tem.or easilf adaptable form.

-

Writing Instructional Objectives

The "how-to" information for stating well-formed instructional

» objectives has been available for some time. A couvenient recent

y * '

tion is contained in the SWRL Staff Development

v

Compendium (Baker & Schugz, 1971). By reading this information, an . P

»
/4

-

synthesis of this info

N I'

information required to meet this condition. The time—consuming and/
. -

thought-challenging task of what outcome//to prepare remains to be done.

4

"But this is a matter of doing the job, *rather than of not knowing how. ,. ;

J— -

When the job of preparing wellrformed instructional outcomes has
been completed  one is at best at the beginning rathér than at the end
:’- '

" of instructioga} effectiveneSs. Bu the beginning is firm, #ather than

-?ﬂ ( v (

wishfg;,\,_' “l;*: . :
Criterion-Referenced Test’ Construction g

~

-« s

:" Nog only' does instructional development necessitate prespecified'

ingtructional outcomes, it also requires a means of assessing the

) ”» . /Y‘ ™ ", /
attainmentkof these outcomeés. This involves test conmstruction activity.
"iib -~

»
L N . e
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To “be minimally useful the tests must be specifically reférenced to a . ‘ ‘

<

0

\_prespecified structure of achievement. To be maximally useful the tests

must be specifically referenced to defined instructional materials. A+ ‘
congequent requirement is to define criterion behavior‘in_the specification .

of the limits of a population of reSponses called for in the instruction

which defines the criterion behavior rather than in a list of responses

whtich exemnlify it, This_is not a new.concept; it was encompassed hy_

N :
earlier discussions of content validity (Lennon, 1956) and Bruner's (1960)

discussion of the structure of the subject matter knowledge. Hgvyever,
] . . - .

specific procedural cues for meeting the requirement were not available
: / " " ¢ .

until Hively'(1963) introduced the, "item form." , -

.

The item form and related processes provide a neat system for
blueprinting tests that meet all of the requirements of the psychometric

concept of .content validity and at the same time contrijbute to the | '
. '{ I3
definition of the behavioral structure of the subject matter domain |

o

treated. A collection of item forms sequentially ordered, .together

L4

with the replacement sets for the variable elements, could adequately - .

define a universe of content across specified outcomé “areas. When such

procedures are more generally. exploited the impracticality of‘constructiné

.

criterion-referenced tests for compléx behavioral7content domains cited

’ * v . i

3 £
B ‘. ¢
. . . /

by Ebel (1971) is ovércome.

Instructional Specifications . ‘ .

An item form defines classes oﬁ behavior, but it ddes not indicate

how the behavior is to be established, However, as strings of item ~

'forms are prepared, it is poAsible to arrange them into tentative




0y

“ oy

sequences tﬂat constitute an‘operational "cognitive nap"fof a subject
natterwusefyl in éuiding both instructional and evalpational efforts.
The "instructional specifications approach {Sullivan, Baker &
\\\~Schutz, 1971) provides a set of procedures for maping out the instructional
and assessment sequences consistent with the item form. The instructional_ .

specification (1IS) is a convenient guide to the development of effective \4}

&

instruction for a given instructional objective. A well constructed IS
per instructional objective provides answers to the following questions:

1. What outcomes (objectives) will the successful . -

learner attain as a result of the instruction?

2. What information (cue) will be given the learner

to increase his ability to perform the desired behavior?

4 '

3. . What procedures (mastery items} will be used to

»

‘provide for practice and assessment of the
. desired behavior? - s _ .

4, What are the characteristics (iimits) of’ the
. e . 2 ‘ . : 1

-

correct responses or response choices for the ‘ .

', . desired behavior and what are the c¢haracteristics

& . %

. of plansable .but incorrect'responses?
5. What relevant skills (entry skills) must the

learner possess prior to the instruction fpr

-

" the present objective? . J
b . ' P .‘:‘ . ‘ I
Instructional programs thdat are developed properly from a set of -

written IS's incorporate the instructional and assessment techniques

directly’into the program materials and procedures, thereby incréasing
g : -
' the probability of high learner achievement of the instructignal

objectives.

P




“ER]

LA i Text Provided by ERIC
f

»

" seven components: _

Y

- . :

W

The IS is primarily useful in specifying instruction prior to the -

However, the structure apd

R .
LAY

development of materials and procedures.

-
[IREA)

architecture of extant instruction and curricula are\seldom explicitly

\\ © L u*
v -

_stated. Postdictive analytic conventions (Smit 1971) - have ‘been

developed for use in analyzing the instructional architecture of

portions of instructional materials. Set ‘and matrix notational con~

ventions permit description of .extant material in terms of the following -

" 1
' JRN

Elements:  the phenomena to be described, compared,

. . ‘ .
related, or otherwise studied (e.g., objects,

. . . \
systems, eventg, groups).

- - . . .o

Variables: the characteristics of properties’of L,

» , ~

elements that are used to describe, compare
and relate them (e.g., color, weight, cost). .

the terms, phrases, numbers, or other

3.

Values:

symbols which are available for assignment .

to elenments for a ‘given yariabIe (elg., red,

' N
v ~

4 pounds, 50¢). ' » ‘ ! .

f ~

those‘values‘of’rariables which are .o
> L}

AN - P

assigned to particular elements. .

Describers:

. . . T

Observation/Measurement Procedures: standard proce~ ° o -
. S - 7. C : -

dures or algorithms used to ass@gn values of - : )

. . ‘ Py

variables. to particular elements (e.g., using

-~

a thermometer to measure the temperature of a

. quuidQ; ‘ . : : “
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A i Text provided by ERiC:
i

~

‘Relational Rule"rrules or algorithms uhich specify

.
. . -
~ -

describers for—one variable given describers for =

- . .

another~variab1e (e,g., A= nrz,vaIISthe rectangular ’

+ ~ 7 ¢ - Lo~
N ) - N e -
S

) . gibcﬁs are green). v.; o <
Correspondence huless. sets of rules used tovrelate - .
one set ofnelements to anothér setgof e1ements‘
~ " - - - v
(e.g., the letter p_is pronounced /p/). ’ . . )

~ S./\ .. - W !

A\

Text Referenced InstructionalYManagement Systems

Tests and texts have traditionally been treated as'independent units

] - £ - 2 N -

_with given tests amenable to various«texﬁsvaad the.outcomes of’instructiagy

- -

with given text assessable by various tests. It is possible however to

t

a [e .
produce tests referenced to a given text series. With the test directly "'
- I d

coupled to the text a meins is. provided for determinig the extent “ta
- S

which specific outc0mes are being attained by individual students after

' . - L « ¥

specified instruction. It .is also possible to prepare supplementary
. , ) ; , v
practice méterials referenced to each criterion measure for use where

‘adequate proficiency is yet to be attained*__Ihis_integrated_sequence_oﬁ____,

- P -

text—test-troubleshooting materials" constitutes a simple instructional

- 2
o - o

!‘management_system, which SWRL.for convenience has termed a Learning

- -

Mastery System (LMS). . N R

A primellimitation in producing,such'systems is that current texts

rarely have clear statements of'instructional outcomes, This limitation

has been met by inferring the measureable outcomes associated with a

-

"given text. Albhough simp1e in structure and use,‘an LMS significantly

% ~

expands the information available to. the teacher for instructiona1

Y .

decisions. Each IMS provides:

‘v -




' ', . 1 ‘/ - [y . .
SR Yoy T LA means for student placement at the beginning ‘of Coe . '
- ‘the schocv. year‘ ’ . I S

-

SR Cr:[terion-referenced measures on three ‘to eight: _— o .

instructional outcomes ten to fiftees times .

o » a0 . ..

duri , N
uring the ye_a{ X I

=

. Additional practice materials for the outcomes

which have contintity throughout ‘the text ' LR
” . Mid-year and end-of-year evaluation measures. d oo

Multiple Matrix Sampling Lo ’ . T

-The—specific equations used in multiple matrix sampling prOVidP-d by

Lord (1960) and Lord and Novick (1968) have been procedurally adapted” . .
, for implemeitation (Shoemak:.r, l973) anil applied to large scale 81'0‘1? :
.- 'achievement assessntent. Results to date indicate that parameters ’ ‘
K : E ,estimated through pultiple matrix sampling and paratnet',e{-‘.’:\Obt“-‘j-n"-d t’:hrough '- | ' N

2, .

testing all examinees on all items may be interpreted similarly., Parameters

< ‘ \ s
estimated through multiple matrix sampling may be coptrasted with any ~ /‘»

predetermined standard. defining the minimal level of acceptable achievement,

»”

. ' LR
State-o-f-the-Art Statistical Analyses ) .
?

» ! I3

The Laboratory s resea;cﬁ “and development actiV$tieS require on-line o

Y

’

N ~

access to large data files and considerable flexibility in manipulating, i wt
analyzing, and retrdeving information. In addition to standard statisj

tical and matrix manipulation utility packages, a capability has been -
o .
: ’ developed for the continuous upgrading of an extensive library of

computer program-building modules. This permits quick modification of - ;
1w / .\
"+ computer program il\nctions with a[minimum of reprogramming for new ¢

- ’ - .
N )
A
0
.

Vo

procedures defined by staff.
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IMATTERS THAT ARE ON THE LEADING EDGE OF SWRL»STATE~0F~THE—ART s

-
- .

T . The.areas and* activities described in this section include dtems ' -

. . -\ - ‘&« o

‘that,while not quite availéble as, "shelf-items," will influence the N L

H "’ £ i_ -
"new" generation of SWRL instructional products. : R

. .« . - . o - . -

P R . - N : . - - ’

.
-

L}

-Quality Assurance Systema_ . S e i o - .

. . ’ . : ) N *

The release of a SWRL-developed instructional proéram.requires - :€

-

demonstration that it has been used successfully to obatin prespecified

< 1 oo N

“levels of pupil performance. To‘provide aereplicable means of insuring ¢

\ ¢
-

°f that the program continues to function at these levels N a set of
*

o /

procedures referred to as Quality Assurance (Hanson, 1972) . has been

. ; e L AT .
'developed.‘ These procedures provide en—route,information on variOus L

*~ T -

indicators of performance and pacing useful to teachers} principals, oL

-

and district administrators. Teachers have-benefited from.Quality

-

- -

Assurance because it provides information helpful in planning and pacing

-.-.

instructional activitieq;throughout the school year. Principals and A‘ - e

?

district personnel find Quality. Assurance helps keep them informed of

. J

¥

the status of an instructional prOgram in each cldss throughout the . -

-

school year. Pupils also benefit because it provides teachers with

P s ) ) 4
" the assistance negeded to copplete all instructional units and to

b . .
achieve high performancé on the major outcomes. . . .-

" C- - . . .
» - i PR - ‘, &~
Integrated Instructional Information Systems : . oo -

Text referenced instructional mandgement systems assign the teacher

-

total accountability for the attainment of instructional outcomes. While

: ) L .
s . IR . .. .




.
P

L N - PREEY

occasionally other school personnel, the teacher at.present is the sole
- ; .

manager of instruction. . e C ]

The corifounding of the teaoher, instructipnal materiais, and

’ s *

instructional decisions in assessing accountability fails to recognize

that the teacher shares responsibility for the instructional progress of

» i ~

students with administrators at the:school,and district 1eve1 and with ~

<

: parents. It isApossibIe to provide useful informatién ‘to each of these

groups. However, the mechanisms,for doing this are sufficiently complex

This is the

N

to require automation of analysis and reporting’ functions.

scope of the SWRL Instructional Management System (IMS).

-
.

R The SWRL Instructional Management System operates in conjunction ‘

.with a developed instrucéfbnal system such @s the SWBL/Ginn Kindergarten

Program..or withzan application of the Text Referenced Management System.
Utilizing a variety of communication modes ‘for input and output, reports

for each category of individuals are specially designed'to aggregate and

sfntﬁesize the information in a manner that is understandable and compre-

hensive, consistent with need-to-know, requirements of teachers, principéls,
R ’ . " R . /'\

curriculum supervisors, district administrators, parents, stud;nts, and

R

deyelopment personnel (McManus, 1973). . yf s
vy '

’

v

r-

In the SWRL context "program fair" simply indicates that all

Program Fair Evaluation

assessment procedures are systematically referenced to the particular

Y

objectives of the program and the stimulus content used in instruction

.

related to the objectives.

therart in this area. These technidues provide fair appoximations for

o

3114

Shoemaker (1972). has reviewed the state-of- )




- - . . . \ ) ’ * - -
"program fair" comparisong of instructional programs. The adequacy of

’ 4 - .

the’approximations ctan .only be assessed after the techniques have been ( .
v, ‘A PRI S N B

-

»

further exerc¢ised empirically: . T B S .

“ . ¢ . v

. - .
- - . Fa

* The Architecture of Instructional Programs -

' The item form and,the instructional specifications (IS) are useful .

'tools in instructional product development, but they are neither necessary

. . I3

'nor sufficient to initiate or, advance a given product development effort.

) . , . : . s » , .
© Sets of IS's make it possible to define "trees" at' an intermediate level ..

“of camplexity above the. micro=level of behavioral objective "twigs"

but below the macro=1eve1 of an architeetural framework. The,architectural

" framework of an instructional program converts the "jungle" of instruction
“fnto an orderly "forest" confiquration. . _ .
o Emulating established procedures'in the architecture of physical )
structures, the architecture of instruction can be conducted in stages
‘of schematic speci/ications, through preliminary ;pecificati:ns: to working
specifications.' Instructional ‘architecture subsumes’the planning of

et ‘w .y

"skills" and "content" conventionally considered in tést design. , State-~

ments of instructional architegture are as yet few and far between.

-

Examples of’preliminary specifications can be found in Quellmalz (19 3)

-

An example of working spécifications can be found in a<SWRL (1972)

.

document prepared by Baker, drawing upon various previous SWR% paper

e
o Lt . : 7/
. . .

Instructional Development Control and Monitoring System (IDCMS)

1;‘:?.

IDCMS represents an integrated hardware configuration presently
being installed within the Laboratory facility. It represents a N\

powerful tool for increasing the sophistication of educationdl research

and development activities., Computer applications to behavior research




e, b < BN -
R . Ve I LR )
he . . > - A oo i s e Dot
-, RN - = [N - 3
- - N >
o - ~ N “
v ‘ ""‘ ° k4 t -‘12'- . > g M - <A
2, N Fy 2 e
- ¥ » . %
) : ' i
~ v " ‘ )
. N 2

s

off-line. This type of ‘requirement can be handled by standard statisticql /
{t " . !
an,d matrix manipulation utility packages. Althougﬁ"’such a capability is

[
R

important., Laboratory product: design requirements include studies of real

l-. L

time inter-actions between subject and equipment._ Exploitation of IDCHS

0

’ . -~ "

capabilities will permit on-line experimentation involving complex event
i sequences, variable media utilization, and real time test eontingencies. "
Figure 1 includes a block diag,ram of the ‘.EDCMS configuration. . .
P RN ¢ , NN \ )

W

‘ o MP:TTERS THAT ARE BKYOND SWRL STATE—OF-THE—ART BN

In an R&D context an instructional product that completes all stages x‘ ™~
.'v of the development cycle is considered final, the "now" generati\pn of the ’
A N ¢ h ‘ L, .‘

product unashamedly' represents the besﬁ that can presently be delivered.
° - V . , .
However, long ] before the "now" product has gone to m.arket the outcomes ‘

of progammatic R&D activity provide th& scientific and technologickl bases

for the "hew" generation. Listed below are some i‘tems that were they

- v

. &
. mow. evenf"leading edge," the description of ' new generation products .

’

would likely be ﬁr’amatically _different. " Yet, until’[:hey\ are classed as

avaiIable\XAelf items the ' new generation of instructional products

r - -
& R .

cannot be expe.cted to reflect them.

l s . .
14 - [
<.

P .’,'1 Instructional data base sto:uctures in. fields’ ayf;‘;,:;, 4 ? o
e e 'Ott_lfl,’.' ‘than hathematics and reading: ’
2. Systemic structures in the -gocial domain. IUUUR "

- - . -

” . 4
3. Cost-feasible automated interactive instructional

hardwa¥e/sof tware systems.

<

) l v . 5
4. tlysvd o 2
£ . ) w 16 'r % R }
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4. -Algq:;it:hms for prespecified instructional decision .
. .’ . » ) . . . . e

contingencies. ) - CN M o } o

‘ 5. Quality control ’systems for. aSpects of performance L ' o

other’ than qualitative attainmen.ts tiﬁe,- ,and cost. N T ) .
» : e . t_’
That the develqpment of these items-will involve measurepen; ’ :
considerations is .clea’r.' These considerations move far from siich o <. -
. . ’ 4 - . ' ' > * :
classical topics as validity, reliability, item analysis, norming, and o
other tréditional tools of psychometrie¢ theory and_practice. It\ is . ‘
> N
well to have these tools in the instructional development kit, but more ’ .
soph'ist;icated tools are clearly needed. ’ ’ ‘ '\\'\\ )
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