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FOREWORD.

This publication is part of a larger program on criterion-referenced,
performance-oriented evaluation being conducted by the U.S. Army
Research Institute fcr the Behavorial & Social Sciences (ARI). A major
goal of the program has been to develop procedures for applying CRT Theory
to a variety of traiiing situations, including crew and tactical training.

This report. surnarizes an analysis of the state-of-the-art on
criterion-referenced testing, which preceded the preparation of a test
construction handbook ("Guidebook for Developing Criterion-Referenced
.Tests. ARI Report, P-75 1, August 1975). Related efforts have included -
scoring procedures for performance-based training in tank gunnery (IDOC)
and experiments to compare the accuracy of several CRT mode]s in fitting
empirical data (METTEST).

ARI research in this area is conducted as an in-house effort aug-
mented by contracts with organizations selected as having unique
capabilities and facilities for research in a specific area. The present
study was conducted by personnel of the Army Research Institute and
Applied Sciences Associates, Inc., under Contract Number DAHC-19-74-
C-0018, and was responsive to the requirements of RDTE Project
2Q164715A757, Training Systems Applications.

e Tadea
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echnic¢al Director
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BRIEF

Requirement:

. To analyze current state-of-the-art in criterion-referenced testing, and
to establish positions on various test contruction issues.

y Procedure:

A review and analysis of the literature related to criterion-referenced
testing was undertaken. This review included military field manuals, tech~
nical reports and personal communications, as well as professional journals.
‘Major topics included definition and use of CRTs, reliability/validity, and
test construction.

Findings:

The findings consisted of a set of position statements under four major
headings:

1. Design cpnsidérations and CRT. use
2. Construction methodology and related issues
3. CRT administratibn and scoring

' o ' 4. Reliability and‘;alidity

Utilization of Findings:

i o The findings of this study provided a major basis for the preparation
of ARI Report P 75 1, "Guidebook for Developing Criterion-Referenced Tests."
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CONTEMPORARY VIEWS ON CRITERION-REFERENCED TESTING 1

Abstract

A review of the technical and theoretical literature in the area of Criterion-
Reference& festing (CR Testing) is presented. A number of areas in CRT
devélopmeht and application are considered. Discussed, in turn, are questions
of CRT reliability and validity in both practical and theoretical areas.
pifferent methods of CRT construction are reviewed, as is the question of
simulation fidbli:y (e.g8., the estimate to thch CRTs can and should mirror
real-world performance conditions). Discussion is directed to the use of

CRTs in mastery learning contexts and to test materials development and

item sampling: Diagnostic uses of CRTs and the establishment of cut-off.
s;ores are considered. Uses of.CRfs in public education and military context
are reviewed. Finally a position is set forth on general and theoretiéal

aspects of CRT construction and use.




CONTEMPORAkY VIEWS ON CRITERION-REFERENCED TESTING
Infrodﬁctién

The distizction between notn—referen¢ed measurenent (NEM) end siitarion—
referenced measurement (CRM) has bee; aptly 11lustrated by Popham and Husek
(1969) using the analogy of a dog owner who wants to keep his dog in the |
" back yard. The owner finds out hoﬁ high the dog can jump (a c-{terion-
referenced test) and builds a fence high enough to keep the dog in the back
yard. . How high the dog can jump compared to §ther dogs (§ nora-referenced

test) is irrelevant.

Beginning with Glaaer.(1963). a number of researchers have uade similar
distinctions. Folley (1967) for example, has discussed this distinction
in thg areas of predictive tesfing.and achieveicnt festing. ;n the case
of predictive testing the stanﬂatd is relatiQ?; the results attempt to show
hpﬁ any single individual cqmﬁgres with all Q:hét individuals who havevtaken
the test. In achie#enent testing however, the atandard is absolute.. The
results ittempt to show the extent to which an individual has learned al
.specific set of béhabiota. Discrimination among individuals 1s.o£ secondary
1npo:taﬂce. ' | ’

Glaser and Nitko (1971. P. 653) have defined a ctiterio;-tefer;nced
test (CRT) a; "one'that is deliﬁerately conctiﬁcted éo yieid mea;urementb
that are directly interpretnble in terms of upecified yetforuance standards",
a definition which ha- been -lightly expanded by Livingston (1972, p. 13): |
"sriterion~referenced [i8] used to refer to any test for which a griteriop
score is specified without reference to :he dintr;buéion‘of i@ores of a group’
of ezanineés.""Canlpn-to all definitions is the notion thet a well-defined

contdnt'dbnain“ahd the development of procedures for generating appropriate
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samples of test items are important. Lyon (1972) argues for the use of CRM
as a vital oart of training quality control: |
+ + « quality control requires absolute father than relative
'c;iteria. Scores and grades must reflectlhow many course
objeciives have been naétered rather than how a student compares
with other students. |
~Carver (1974) has classified tests as primarily "psychome;tic", if they
:focus on individual differences, or primarily "edumetric", if they are designed
for sensitivity to within-individual gains. Psychomgtrically &esigned tesats,
inféarver'q view, may noi be suitable for measuring individual ggins, even
though they are often useé fﬁz that purpose. Carver's classification can be
applied to the CRT-NRT distinction: Generally, NRTs are psychometric tests,
while CRTs are predominantly edumetric.
For the purposes cf this review. a CRT will be defined as a test from
‘which the score of an individual is interpreted against an external standsrd
- (e.g., a wtandard other than the distribution of scores of other examinees).
Further, CRTs are tests whose items are operational def}nitions qf behavioral .
objectiv?s. ‘ ' e
- The literature of psychology and education containa reference to no more

petnistent problem thnn that of criterion specificacion (Ronan & Prien, 1973).

Still, no generally accepted method for selecting relevant, reliable, and

practical criterion measures exists today.

. w;.Am.mewm'W‘a»mmwvA . - v -
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- Dse
‘The contemporary interest in nasgery learning ﬁas led to a growing
1nteres£ in the use of CRM. CRTs can be uséd to'servé'at least two purposes:
1. They can be used to provide specific 1nfornation about the:
performance levels of individuals on instructional objectives.
This information can be used to support a decision abou;."mgsteryf
of a pééticulat objective (Block, 1971). |
2. They can be use& to evaluate the effe#tileness of instruction.
NRTs given at Fhe end of a course are less useful for making
evaluative decisions about instructidn&l effgcgivenesa. since
they are not derived from particular task,objeétives. CRTs are,
however, usgfui for this purpos. because of tBe specificity of
the results to the task objectiyes (Lord, 1962; Cronbach,A1963;
Shoemaker, 1970, 1970b; Hambleton, Rosinelli and Garth, 1971).
Popham (1973) has pointed out a basic concern with the instrument 1tséif:
We have not yet made an acceptahlé‘gffort t04deliﬁe§te the defining
dimensions of perfornanqe tests, in getms of their canent,bobjec-

. tives, post~test nature, b;ckground information, level, etc. Almost

all of the récently developed perforaaﬁce testsAhave been deviséd'_
more or less on the basis of experiénce and 1nstruc£ion.~.' v
Ebel (1971) hasvposed a seriei of arguments agaiﬂsg the use of CRM in
education. Ebel ﬁoints out with soné justificationlghat CRTs do not tell us
all we need to know about educational acﬂievement, pointing oﬁt that they
;re not efficieﬂ: at discovering gelative ﬁttengcha and dgficiencies.‘
Ebel appears to confuse tﬁe concept of mastery of material with the'pr#étice

of using percentile grades as pass-fail ceasures, and does not'addréss the

fif//. ' “‘w “:ﬁﬂu;ﬁﬁ;F”L« | | v.'illf. .x,’“4‘“~f--—;4
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notion that CRfs as currently constructed are e result of the apylication
of a carefully th@ught out analysis and de§elopﬁent systém.

Klein and Kosecoff (1973; have provided a useful figure summarizing;
uses of CRTs. They classified CRT useé as to planning, types of declsion,.
and research; and as to individual, group, or program evaluation purposes.

Reliability and Vairidity

As Glaser and Nitko (1971) point out, the appropriate techmnique for.éh : ;
'enpirical estimation of CRT reliability is unclear. Popham and Husek (i969)
suggest the traditional NRT estimatesiéf internal consistency and stabilify
are not often apprcpriate because of their erehdency on total test scorg.

‘variability. CRTs typically are interpreted ih an absolute fashion, hencéf
variability is drastiéally re&uced. This section will critically examine.
a number of studies whicﬁ have addressed the question of reliability. The
question of validity is inextricably ningled with the reliability issue and
also presents'iany facetsisfzopinion and théo;y. Various'positions concetﬁing
reliability and validity will e discussed in turn. |

Reliability 7
Smith (1965) has proposed that reliability of rest. results be assessed

by the range of variation of test results:

‘ - : 31.961’5—’; ’
". where: p = proportion passing,
q = proportion ' failing
N= nuﬁbe: taking test.

-

Smith suggeﬁted that this statistic specifies the xhngé’viihiﬂ.which 957 -

" £ . + . .
e A L L - e

e
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of classes would fall by chance variation. Unfortunately, Smith's range of
variation statistic is of limited value, since, for it to be statistically
valid, all classes would have to consis:_of the same nember of students.
Further, as Smith noted, the range only holds when ". . . the next class is
of comparable_aptitude, and. . . no significant change, for better or for
worse, has been made in the instruction. . ."

Cox and Vargas (1966) compared the results obtained .from two item
analysis ptoceduree uaieg both pfe-test_and post-test scores; a Difference
Index (DI) was obtained in two ways. A post-test minus pre-test DI was

'obtained by subtracting the percentage of students uhoipaesed an item on
the pre-test from the percentage who ﬁassed that item on the post-test.
A DI was also obtained for each item in the more conventional manner: The
distribution of scores on the post-test was divided into thirds and the
percentage qf students in the lower third on the overall teft who passed
the item was eubtfacted from the percentage of students iq the upper third
who passed ﬁhe'same item. The Spearman Rhos obtained between the two DIs
 were of a moeerete‘order. The authors'concluded that their DI differed
sufficieptly from the traditional method to warrant its use with CRfs.
" Hambleton and Garth (1971) reblicated the work of Cox and Vergas'(1966)
and found that the choice of statistic does indeed have alsignificant effect
on the'seleetion of test items. The'change in item difficulty from pre-
to.pest-test'seems particularly‘attractive where two test administretions
are peseiﬁle. .Unfortunately, this method uses stacierical procgdures dependent
on score variability vhich are questionable for CRM (Pophan and Husek, 1969;

 Randa11, 1972) patticularly 1f the method is to be enployed for item selection

L. 3 W Ve s RS oy SR . . v [ I L. . . e T DS ;
(N . ' . . B T -
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‘(Oakiand,»1972).

Livingston (1972&5 ackn&wledgea Popham and Husek's (1969) comment that
"the typical in(xes of internal c;nsistency are not appropriate for criterion-
referenced tests". NeQettheless, Livingston (1971, 19723; 1972¢) has suggested
that.the classical theory of true and error scores can Be used to determine
CRT reliability. Livingston (1972a, 1972c) puints out tﬁat'"wheﬁ we use

ériterion-referenced measures we want to know how far. .".[a] score dé&iates

from a fixed standard." 1In Livingston's model, ". . . each concept based
on,deviatiogs from a mean score. . . tis] reﬁlaced by a corresponding concept
based on deviétiong from ﬁhe criterion score." In this view, ". . . criterion-
“‘referenced reliability can be interpreted as a ratio of mean squared déviations
from the criterion score."” |
Livingatbn'cites Lord and Novick's (1968) definition.of norm-referenced
test reliabilicy as the squared corgelgtion between observed scoreband true
_sdore. Based on this aefinition, Livinésgop'defines criéerion-referenéed
reliability as "the.squared critei;on—refetenced correlation between obaerved,'
score and tfue,scote". Usinﬁ algebraic proofa,'Livingsto; demonstrates that
this critetion-?eferehced cofrelatibn equals the'}atio of mean squared
‘ 'deviations of true scores'froq the criterion score to the mean squared devia-
tion of observed scorgs'ffon the qiiterion score. - This ratio is, of cou¥se,
vpted;cated'pn the Assunption that one égn substitute fér variance (i'concept
Saééd oh'&ifferenéeslfron the mean) by using mean squared'deviaﬁion of scores
from the critétién'acqre, If this viev 1s accepted, a number of useful
_ relationships afe ﬁrovided; fdr 1nstance; the further i ucah score is from the

criterion score, the greater the criterion-referenced geliability of the test

e mamben e it wmar s b e mom e v e § o
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for that particular group. In'effect. moving the mean score away from the
criterion score has the same effect on criterion~referenced reliability that .
increesing the variance of true scores has on norm-referenced reliability.
Iﬂ other words, errors of misclassification of the false positive variety
can be minimized by accepting as true masters the group that comfortzsbly
exceeds the required criterion level.

.According to Livingston, ". . . the farther any person's obtained score
is from the criterion score, the more confideat we can be in saying thaf his
‘true score is on the same side of the criterion score". That is, errors
of measurement will 1e§s likely cause misclassification when the observed
score is comfortably distant from the criterisn a3core.

Another point 1; that 1f we accebﬁ Livingston's model, then the criter-
1on4teferenqed correiation between two tests depends on the difficulty level .
of tﬁe tests for the particular group ;nvolved. Two tests can have a high
correlation only if each is of similar difficulty for a group qf‘éxaminees.
This limits the computatipn of inter-item correlations, as it is often
difficult to ensure equal difficulty levela.: Liv;hgaton's:(197i, 1972¢)
paper 1nc1udgd formulas for'cri;etion-féﬁerenced applications of che ‘
Spearman-Brown for;nla, coefficient-Alpba; and cofrectionbfor atfenuation,
as well as the‘derivation of his basic reliability‘fofnqla.

.Regarding Livingstor's (1972af pro§0331 that the psychometric theory of
true and érror scores cled be nddbted to CRM, Oakland (1972) commented that
the procedﬁres seemed viable.bui that the conditions under which they could
‘be uaed4-1.e.. availability of suitable NRT measures of crite;iou behév;ors,

and multi-{item tathgx than singlé 1ten,CBTs-veteidvevly restrictive.

T

-
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H;tris (1972) objected to Livings;on!s.(19723) application of classical
psychonetrié.theéry to CRI,'pointihg out that whethér Livingston's coeffi-
cient or a traditional one is applied, the a:andatd error of measurement.
remains the same. The fact that Livingston's ccefficient is usually the
larger does noﬁ mean a more depeqdablé determination gi whether or not a
true score'fa11§ above 6; below the‘critefion score. As a rébuttal, Livingston
(1972b) indicated that Harris had overlooked thé point ﬁhat_reliability is
not a property of a single score but of a g?oup of scores. Livingston also
indicated thgt.the larger criterion-referénced reliability does imply a more
dependable overall detetﬁinacion, when this décision is to be made for all
individual scores in the distfibution. |

Meredith and Sabers (1972) also took issﬁelwith Livingston's conceft
of CRT reliability estimation as variability around thé c;itetion scoie,
pointing out that CRM is concerned primarily with the accuracy of the pass-

fail deci-ion'gnd is relativély-unconcerned with various levels of attain-

‘ment above or below the critericn level.

udabush and Green (1972) presented several methods for arriving at

reliability estimates for CRTs. The first'iﬁvolves ordering'itemsvhier-

"archically according to increasing difficulty.  Roudabush and Green proposed

th#t error of measurement is demonstrited if a student fails an easier iteml
éhile}pansin; a seriéé of more difficult items. Oakland (1972) pointed out
thﬁt'it i; very difficult to eitabliah the needed hierarchical order. This
objection h#s been raised since Guttnaﬁ’first (i94§) proposed th; technique
of hierarchical ordering. Rougabuah'andlcreen'é second technique used ﬁoint-

biserial correlations between parallel tests. Their results with this mechod
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' were far from encouraging (reported correlations were fairly low) and, in
addition, there is difficulty inherent in the development of parallel tests.
Their third method involved the use of regreseion eéqa:;ons to predict 1tem.‘
criterion scores, but has not yet been fully explored.

Hambleton and Novick (1971) proposea regarding CRT reliability as the
consistency of decision;uaking across parallel forus of thé CRT or across
repeated measures. They vigw validity as the accuracy of decision-making.

This view deparrs from the classic psychometric view of reliability and
validity. Hambelton anq Novick view é decision-theoretic metric such as a
"loss funcrion" as being especially approprirte for use on QRTa. This metric :7
'serves to describe if an individual's true score is above or below a qutting :
score. The concept differs markedly from Livingston's (1972a) not;on of
regarding the criterion as the true score. 4

Swezey and Pearlstein (1974) suggested a simple technique fér ertablishing a
the test-retest reliability qf CRTs. The same group {(of at least 30 people)
is tested twice, close‘together in time. A four-fold table--first test
administration, pass, fail--is then created, and a ¢'c6eff1cient computed.

.It is important that the iést group'isAnor aw@re rhac'it will bg retested,
so that practic; does not.occrr between adr;niatrations. Swerey and Pearlstein
proposed that 'a ¢ ival_ue of lerc than f.SO be considered indicative of |
questionable test reliabilicy.

‘ The 1mportance of correct decision-making in CRT applications is also
recognized by Edmonston, Randall, and Oakland (1972), who prenented a CRT

:reliabilicy nodel aimed at supporting decisions made during foruative eval-

uation and at maxinizing the probability of learning an estnblilhed set.

‘of objecrives. Criterion-referen;ed items are often binarily coded pass-
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fail; thezefore, summaries of gfoup performance oﬁ two items of pre- and
pést-test can be displayed in a 2 x 2 contingency table. Edmonston et al.
recommend ed utilizing cell proportions to provide information about the
relationships between variables represented in the table. They found that
a sirple summation of the diagonal proportions I paa, providés a very useful
measure of agreement between categories-—where 2 is a method of indicating
cells in a matrix and all cells have the same classification (pass-fail)
Thus, z:zxmz is used as a measure of association of cells in 2 x 2
tables, as opposed to chi-square used as & measure of independence. Thus,
the coefficient of agreenent is computed from cell valu;s, rather than from
na*giual values, and should be used, according to Goodman and Kruakal (1954),
for cases "in which the classes are the same for two polytomies. . . but
differ in tha: assignment to‘class depends on vhich of two methods of assign~-
wment is used”. Tvo_test items, both of which are scored on a pass~fail basis,
satisfy Goodman and Kruskal's conditions for the use of the coeffiéient of
agreement. |

They also recommended a supplemental measure ?Lr (Lambda sub r) a variance-

free coefficient. Goo'man and Kruskal (1954) define A :

o Epaa - 1/2 (PM- + P-M)
,.%r . 1-1/2 (PM: + p.n)

where: PM-° and P'M are the modal class frequencies for each of the two
‘ cross-claasificationa. 2~ ‘may be interpreted as the relative reduction in
the probability of error of classification when going from a no-information

Situation'to an other-method-known situation. 'Tﬁe-no-ihfornation situation

Fod b el L ARG S SRR RO L R e D T . . .
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refers to the probability of correctly'classifying-ah individual randomly
lelectéd fgou a populatiop on a dichotomoua‘variaﬁle-(£.g.. able to ﬁetform
item X, or not aﬁle to perform item X) when no info;natioﬁ is known. The
othet-mgthod-known situation refers to thé ﬁtobabili;y of correc£ classi-
fication on item X when the classificst;on from 1ten‘Y 1? known, or vice-veraa.
A, can take values from -1 to 41.n A va#ué of +1 1ndicatealthdt both
measures yield'the same clasaification‘inJ#il cases. A value of ~1 indicates
that the two measures never agreé (no one who pqsse§ item 1 passes item 2,
no one who fails item 1 fails item 2} andighaﬁ the two modal ftequgncies of
classification sum to unity. . A difficulty with uéing Kr 1; that 1f two
measures are independent,zj,has no set value--i.e., its Qalue is not O.
EAmonston et al. feel the reliability eﬁtimate mos; usefullto,CRH is
the extent of temporal fluctuation. They éuggested that, minimally, CRT items
should provide s;asle estimates of know;edge of curriculum content; £ paa
and r can be used fo providg estimates of this stability. They'reco:nend
that 5 paa be used to judge the re-test ré};ability of each item. However,

. a . : .
when item re-test reliability falls below an atbitrary‘critetiou (Edmonston

‘et al. recommend 897) and into a zone of detisionll.t is employed as a

descriptive measure of the amount of‘infornation gainek by employing a

.second itenm (the,refteit) in making curriculum or placement decisions. . The

method for making such decisions is not clear. Edmonston et al. stated only °

that "if knowledge of the retest score provides additional information as

v to how students can be classified, the item is retained."

In the same vein as Edmonston et a;.. Roudabush (1973) described reliability

'~ as the appropriateness of decisions affecting the treatment of exaﬂineﬁs.

Roudabush emphasized "ninimizing.riak or cost to examines." Tﬁg-deciuicn
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is whether to discontinue instruction, remediate, or wash-out.
Validicy

As is the c@se with NRT development, decerminatiqn of validity for CRTs
has seen iess investiga&ian than feliability. However, it is‘geherally '
agreed that 'content validity is a paramount concern in CRT dgvelopment.'
According to Pcpham and Husek (1969’, content validity is determined by "a
éirefully made judgmeni, based on the test's apparent relévanée to the
behaviors legitimately inferable from those delimited by the critetion.“

Rlein and Kosecoff (1973) offered a distinction smong the three most
common methods of éstablishing content validity. In "systematic test devel-
opﬁent" the ratibnnlé of the systematic te;t development procedure used 1is
Fxplained, indicating why it Qhould yield a content valid test. In the
method of "expert judgment"”, content experts are given objectives and 1£ems,
and are then asked fo natcﬁ items to objectives. The more accnrately,they.
can do thias, the higher the conc;nt validify of the CRT using these items
‘to measure the objectives. {Ihe.third method ﬁses "{tem analysis” to assess
1ntgrna1 consistency “and/or see whether an iteﬁ on.a given'objective,correlates
more highly with other items fdr'thié ébjectiVe’fhén it does éitp items on
other objectiveé."_ | | o

Klein and»Kosecoff pointed out, however, that all three ngtho&a are

limited by dangers involved with internal consistency techniques applied to

~ CRM, and by possible lack of score variance. They noted, though, that. lack.

nf variance is a hrobléu that "uéually appears to be more theoretical than
actual”, and that "1f'énough studenta are tested, then one'wili.diacovet

sufficient ﬁltinnce in the levels of perforuance and/or in the time it takei
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.to achieve a given level".

McFann (1973) viewed the content validation of training as having two
major dimensions. The first is the role of the human within a general
operating system. Generally, this is defined by meane of task analysis.

The second dimension involves skil;s'and knowledges a trainee brings with

~ him to the course; training content can then be viewed as a residual of

what must still be imparted to the trainee. The decision of what to include
in training must also be tempered by maaagement orientation to cost and

effectiveness.

McFann stated that "decisions made on the units or procedures by which -

‘cutput (course completions) are to be evaluated, has an influence om valida-

tion of training content". McFann then elaborated, indicating that the
decisions to which he referred include answers to questioﬁs such as:

'Hill a nornativelér a fixed criterion approach be employed?

What 1s the form of the eva'uation? Will specific task

|
berformance be measured? Will transfer| to-other areas be
enphasize#?' Hi}l th;y be presented in ptob}én approach?
in other wotds; the way(s) in which ‘one cho lealto‘naleas 1nstt§ctiona1

‘ou;cqnes will affect the validation of instructional procedures. In fact,
McFann itated;‘"Angwers';o such quést;onn will influence tt:iniﬁé‘concent". |
McFann saw the validation of training content as|a dynamic, interactive
process, vhqreby,training content 1;v1n1£1311y d teruingd and then, on the
;basis of feedback about s;ﬁdent performance on the job, instructional content
as vell as instructional methods are nédifiedlto inﬁtove overall effectiveness.

tﬁnonacon. Randall, and Oakland (1972) held| that content validation is

el
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central to CRT development. CXT items are sampled from a theoretically
large item domain, and must be representations of specified behavicral

objectives.

The American Psychological Associhtion's_Standards for Educational &

Psychological Tests (1974) discussed content validity, and noted that, "An

employe; cannot justify an enplgymedt test on'grouﬁds‘ofAcontent validity
if he cannot demonstrate that the content universe includes all, or nearly
all, important parts of the job”. This APA document also éiscussed construct
validity (whaich it found most applicabie in reséarch studies), and criterion-
related validities. These latt;r inclﬁde botﬁ-concurtent and ptedictive
validities. Criterion-related validi;iés allow 1nfere;ce from test scores
to standing on other, specified critéri#. ACcording to the APA standards,
"Predictive validity iﬁvolvea a time 1nterva1 during whicﬁ scmething may
happen. . . {[while] conéurtent validit& reflects only the status quo at a
particular time." | |
Swezey and Pear]nteiﬁ‘(}976),.ﬁavelﬁtated that conténf validity, "is

ﬁrobably thelsingle best Qay of aasebsing whether ;r not your CRT ieasures

- what {t ia supposed to measure. . .[sincé it] 1s a matter of the extent to
wﬁich alteat correaﬁonda with its oﬁjectivea”. Byt, they a;uo néted that
content validity can only be Qnid to exist whén a test connistn of high-
fidelity items, and that "Wheﬁher 6: ﬁot your te#f'hai content validiﬁy. you
should alsb compute statistical eltiljte; of concurrentIVilidity, pr;dictive f
validity, or both", Swezéy aqd Penrlitein furnished simple techniquén for
ccmputing concurrent and predictive validities, botﬁ of which employ the

¢ cuvefficient for correlacing CRT results with appropriate, other measures

T e e
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of the performance in question. A four-fold matrix (CRT, other mgaaure,
pass, fail) is analyzed via ¢ o apd values less than +.50 are regarded as
indicative cf unacceptable concurrent or predictive validity. The technique
only varieé in that it is applied concu:reﬁtly 1; the one case, and predic-
tively (i.e., several months intervene between CRT and other measure) in
the other cése; Swezéy and Pearlstein cautinn2d that the other measure
must be suitable, and that the validationlsample be representative and
relatively large. |
Hambleton ani Novick (1971) proposed a validity thgory in which a new
test -erﬁea'as‘criterionf xHanbleton and Novick apply a decision-theoretic
approach to botﬁ reliabi}ity and validity. Their auggested measure of
reliability 18 "the proportion of times that the same decision would be
made with the two pafallel'instrunents". Hambléton and Novick 1nd1cated‘th#t
a decision-theoretic approach to validity takes the same form “except--that

a new test (Y) would serve as criterion and the qualifyidg score on the

second test need not correspond with therquaiifying score on the predictor

_CRT. The criterion 'test' might well be derived from petfornénce on the

next unit of imstruction, or it could be a job-related petfornance'criterioh".

‘Lack of correspondence between qualifying scores (i.e., cut-off points) does

not necgncnrily make a predictor test invalid. This would be the case for

norm-referenced measurement (NRM), but for CRM what is prediéted is whether

.one will be above (or below) the qualifying score 'on a criterion test.

Although this approach appears reasonable, it seems that different

conclusions may be fenched 1f test Y were a job-rclatéd criterion as opposed

‘to performance on the next unit of instruction. The different conclusions
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"could; however, yield approxinarions of convergent and divergent validity.

.Velidation of a test deternined by correlnting it with another test may,

however give a distinct overestimate of "validity". This is particularly
true vhen tie tasks on the two tests are similar.

 Edmonston et al. (1972) advocated a method of CRT validation--which they

- termed. a criterion-oriented approach--that includes both concurrent and ﬁre-

dictive validity. In order to obtain complete information about an item

‘ ard‘the objective it assesses, the reletioﬁahip of a CRT to other measures

ehould be considered (i.e., ratings by teecherp or performance on sﬁitable
N?T measures). Edmonston et al. viewed these as measures. of concurrent validity.
In:addreeeing problems of predictive vul;dation, Edmonston et al. concurred °
uirh Kennedy (1972), proposing that tests ef curriculum mastery (which
represent higher order. coricepts taught within several curriculun unitg) be

used as criteria against which unit test items would be assessed as to their

-predictive pouer.' In addition, unit test items which are wmore temporally

»proiinate should agree more strongly with Mastery Tesr items than items

sequenced earlier. Final verification of this s;henevof validity detern;nation
require- factorially‘pure items, and this hpy be a b;t too much to ask of
1teh writers.

Ednoneroﬂ et al. endorsed an approacﬁ ﬁo'cpnsrrucr veliaity initially
put forth by Nunnll]y (1967). Nunnally pointed out that constructs are
abstract vnriebleu. and that the nore measures one obtains relating to a

construct, the more explicitly defined that construct becomes. The "internal

'network" 1.. in Nunnally's terll. an internal structure based on the

-"correlationn among the measures of observables in a particuler set." This
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1nterng1 structure may show that measures are related to :ﬁe'same thing--

which is evidence that the set may be interpreted as a unitary comstruct.

Or, it may turn out'that the structure indicates “ﬁhat two or more :hiﬁgs

are being measured by memb;rs of the set", in which case, a unitary comstruct
is no longer sufficient. The example that Nunnally offered is that the
internal structure of a set of measures purportedly measuring anxiety, is
such that it is clear that two types of anxisty are actually being measured.

Thus, it is appropriate to break the original set of anxiety measures into
two sets, anxiety‘type-o;e, and anxiety type two, corresponding té those
variables which actﬁally intercorrelate highly.

Nunnally concluded that "If all the correlations among members of the

set are very lbw, it is illégical to coﬁcinue speaking of the variabies

as constitu:ing'a set. . ." In Nunnally's view, the measurement and valida-

tion of a construct involve the determination of an intérnal network among

a set of measures, and the congequent formation of a network of probability
statements. This notion is similar to Cronbach and Meehl's (1955) enuncia-
tion .of the need for a "nomolqéical network"” with vhicp to validate a construct.
zdnon.:on'ét al. 1nﬁicatéd ihat the "apecification of a hierarchy of legrning

sets among items would e:em to be the ultimate goal of construct validation

" procedures, enabling theldevglopment of internal and cross structures between

items and the-conséquent understahding'of t. inter-relationships of all
curriculum areas”. This concept would be difficult to implement, as the
coﬂltruction of learning sets is nbt an easy procedure. Also, diffiﬁulty

can be expected in‘pttenpting to establish a network of relationships suffi-

- cient to completely define a construct.
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" In Roudabush's (1973) view of validity, CRT items are designeq to sample

the specified domain of behavior as purely as possible, and are then tried

out to determine their sensitivity to instruction. A 2 x 2 contingency table

containing post-test and pre-test outcomes is the basis for analysis:

Post~test
- +
£ f f f
- +
Pre-test 1 2 ! 2
| + ) £, |52+ 5
£ 4 55152 4

£ = failed both pre- and post~

fz- failed pre-, passed post-
£,= passed pre-, failed post-

f4- passed both pre~ and posté

Marks and Noll (1967) assumed that.f3 is8 due to guessing, and derived a sensi-~

tivity index named (s), which 1s simply the proportion of cases missing the

' item on the pre-test and passing it on the post~test, with a correction for

t
guesTipg.
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Roudabush (1973), however, found that to derive a "reasonably reliable"
value for the index, there should be at least 50 cases who misged the item af

pre-test (£), while if the f, cell 1s high,,the index will have little value

4
(neither will fhe item). A problem here may be ensuring that different but
p#rallel items are used for pre- ‘and post-febtg. This broblem is a practical
one, but is particularly acute‘when complex content domains are involved.

Guion (1974) explored the‘relationships between job-relatedness and
several validities, and used employment tests--tests used to predict who is
‘suitable for hiring and subsequent tra;ning--ss an eianple. He suggested,

"that an employment test may provide a basis for infergnceu_that have criterion-
related validity, or comstruct validity, orlcontent validity, or all of these,
and still not be job related”. Guion viewed job—relncediess "as the extent to

‘which the hypothesis of a relationship between the hiring requirement and job.
béhaviQr can beuaccepted as logical". Guioﬁ'concluded that one new technique
thgt might help improve psycholbgical measgreuent; bridging the job relatedness-—-

"validities chasm "is the qbntent-:eferenced measurement of mastery”.

These treatments pf CRT validity all eihibi: difficulties that‘might .
prove'#nsurmountgble.to‘a test construttor dealipg with "real ‘world" problems.
Content validity howéver, 1§ of.primary 1mportancé'in CRM and can be reasonably
ensured bf cgreful attention to objective deQelopnent. anstruci validity
‘will probébly:ptobe elusive, if-bnly due to the complexiﬁy of operations and
measures required for its demonstrationm. Pre&icfiQe and cohcurtent,v;lidities

appear practicable in many situations.
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Construction ﬁethodo@ggz

NRTs are designed primarily to measure individual differenéas. The
meaning which can be attached to a score depends upon a comparison of,that
-coéevto a relevant norm distribution. A NRT is constiucted to maximize
test score variability, since such g test is likely to produﬁé less errors
in ordering 1ndividualg on the measured abiiity. Since‘XRIs are often used
for selection and classification purposes, ﬁipimizing efrors of ordering
is extremely important.

NRTs are consgructed using traditionai item analyéis procedures. It is
partly because of this that test scores éannot be inte?pfeted relative‘to
some well-defined content domain. That is, itemé are selected to produce
tests with desired statistical properties (e.g., difficultf levels around .5),>

fathef than to be represen;ative of a content domain. .

CRTs, on the other hand, tend ko have restricted ranges of variance.
Thu;, they are not easily subjected to :tadiﬁional item gnilysis procedures.
There are, however, wayé.of oﬁtnining the ne?eaaary range of vgrian?e.
Haladyga (;974) performed a study to demoﬁatrate the fensibility of.éompining
pre- and post-instruction CRT scores 1n.otdet tﬁ increase score vatianc;,
thereby permitting the use of classical psychometric methodology for item
analysis #nd teét reliabiliéy. ﬁe'administ;reqfunits of instruction and CRTs

to 189 undergradﬁate education Qtudgnts, and ;qmpu;ed test And item statistics
for three samples: | o | |

1. Preinstruction atudenﬁs, repregsenting a nonmastery populatian;'

2. Post instruction students, representing a mastery population, and .

3. The above two samples combined.




Contemporary Views

22

Haladyna foﬁnd that combining the samples greatly increased variance over
either-of.thelsamplea alone, and that point biserial discrimination indexes
computed for the combined samples appeared to be "the most efficient method
for obtainihg 1hformation about the adequacy of the CRICest'items".

Woodson (1974a and 1974b) has aréued that item (and tést) vafiance is a
necessary condition for iten selection in CRT developnent,';s well as in NRT
develop;ent. He noted that vafianée in NRM results from observations on
random samples of individuals in a population, while CRM variance results from
obaervations on:-a sample repreeentative of the range of the characteriatic
measured. This range of the characteristic can vary from no one passing
any items (as in pte-instruction testing) to everyonelpasaing all items (as
in the ideal postinstructionél outcome). Noting that "The bgtter an item
discrimihatea among instances of the characte:;atic within the range of
interest, the more infqtnaﬁion the item gives us", Woodson conclﬁded'that'
"It éur measurement devices are sufficiently precise, individuals will be
ordered on an appropriate scale”. Woodson's concept of CRT variance, and its
value 1n>4eveloping,CRTs capable of ordering individuals, has yet to be
empirically verified, though.

Item homogeneity is also much aought in developnent of NRTs. The ulti—
mate purpose 18 to epread out individuals by uaximizing the discriminating
powet of each item. The emphasis is on conparing an- 1ndiv1dua1'a response
to the responses of others. The interest is not in absolute measurement of
'1ndividu§1'bk1113, as in CRTs, But only in reiative comparison. Thus, item

homogeneity is not directly applicable to CRM. °
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Nevertheless, item ssslysis is an important tool in tast construction
and therefore has syplicstion td the construction of CRTs. Although content
validity is an important characteéristic for a CRT item, other considerstions
hsving to do with sensitivity and discriminating power of an item are slso
important. These features are important in evaluating instruction and in
ensuring correct decisions about an individual's progress through 1nstrsction.

In.CRT development, an item difficultf index may be useful for seleeting
items. However, item difficulty-is used differently than in NRM. If the
content domain is carefully specified, test items vritten to measure scesmo
Iplishment of an oﬁjective should also be carefully specified and closely
‘agsociated with the objective. Thus, all items associated with the same
objective should be answered correctly by spprdiimstely the same proportion
of examinees in‘s group. Items which differ greatly should be examined
carefully to determine if they coincide with the intent of the objedtives.

Similarly, item discrimination indexes can be useful in CRT development.
'Negative discrimination indexes warn that CRT items need modification, or

that the 1nstructioﬁs1 process is fsulty. A negative index would be indiés-

tive of a high propottion of “false negatives".

Klein and Kosecoff (1973) discussed item analysis as a means for 1mprdvingk
CRT item quality, and noted that selection of "good“ items varies as a function D
of item analysis nethod. They then described two concepts undetlying four

general types of item snalysis nethods used in the development of CRTs: ‘
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1. Sensitivity to instruction--"good" items are failed prior to the
relevant instruction, and passed following instruction, and
2, Discrimination among items on the basis of internal consistency--
"good" items discriminate between those who do well ﬁn the test as
a whole (or on some éxternal criterion) an& those who don't.
Klein and Kosecoff delineated the four general item analytic approaches
based on these two concepts: Comparison group (masters versu; non-masters,
or hnve-:eceived-insﬁruc;ion versus have—ﬁot-received-instruction);'single

group using pre- and post-instructidn tests; single group using posttest

only; and single group with repeated measures (test is administe?ed untill

'nastexy is achieved on all items, and pass-faii patterns are examined to

detect reversals). Klein and Kosecoff's analysis indicated that the latter

two methods are less applicable than the first two. They also cautioned

that, when the first type of method is used; both groups must be eqdated as

to g;neral intellectual ability, or as to other factors that might contaminate

the‘comparisoﬁ; .
One attempt to use item analysis techniques to develop tést evaluation

indexes vas undertaken by Ivens (1970). .IVens has defined teliabilitylindexéa

ba;éd on the concept of within-subjegt score equivalence. Item reliability

is defined as.the proportion of subjects whose item §§ores are the sgmé on.‘

the post-test, as on either a retest or a'barallel form. Score reliability

1s then defined as the av;r;ge item reliabiliti.“. | ‘
Rahmlow, Hntthévs, and Jung (1970) suggested that the function of a dis-

crimination index in a CRT 1s primarily that of indicating item homogeneity

with respect to the specific instructional objective meésutéd. Thqselauthbrs
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focused on shifts iniitem difficulty from prg-iﬁstruction to post~-instruction
Helustadter.(l972) compared the following alternative indexes of item
usefulness; |
1; Item discrimination based on high and low groups on a post-instructional
measure.
2. Shift in item difficulty from pre- to pbst-instfuction.
3. Item discrimination basedvon pre- and post—tést performance.
Shift in item difficulty from pre- to post-instruction produced results
significantly more similar to the pre-post discrimination index, than did
the high-low group, post~test discrimination index comparison. .

Helmstadter alsb compared an item discrimination ind.'x applied to pre--

.and post-instruction with difficulty indexes derived in the same fashion.

His findings resulted in the conclusion that caution should be observed when
using traditional item analysis procedures with CRTs. 1In a similar finding,
Roudabush (1973) described a situation where use of traditional item statistics

would.hnve resulted in some objectiveé being over-represented while others

"would not be reptesentéd at all.

Ozenne :{1971) has developed'an'elaborate model of subject response which

he used to derive an index of sensitivity. 1In this formulation, the sensitivity

of a group of comparable measures, éiven to a sample of subjects before and
after 1nstruction, 1s defined as the variance due to the instructional effect

divided by the sum of the variaﬂce due to the instructional effect and error

'variance. This index was however, developed for a éevétely res:ricied sample

in order to allow an - analysis of variance treatment. FurthervdéveiOpnentris '

indicated before the technique has general usefulneén for sentitivity measure-

. ment or iten selection.
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New ptocedurei have been developed for item analysis of specific CRTs,

but evidence as to their generalizability is lacking. If item analytic

procedr-es are to be used in evaluating CRTB, one must consider what sort

of score Lé produced by the item. The most typichl scoring involves a pass-
fail dichotomy. A CRT item can result 1n‘tuo types of incorrect decisions.
Roudabush and Green (1972) referred to these errors as "false pos;tives" and
“false negatives". 1In this view, reliability is concerned with the'cﬁT's
ability to consistently make the same decision. Consequently, validity
becomes the ability of a CRT to make the "right" decision (i.e., avoiding
false negatives and false positives). In these‘authots' view, the adequacy
of a CRT is determined by its ability to discriminate consistently and_
appropriately over large numbers of items. |

Swezey and Pearlstein (1974) suggested comparing "masters" and "non-

masters" as to pass-fail on items, thereby circumventing the internal con-

sistency problem. "Masters” and "non-masters” can be defined either in terms
of completion/noncompletion of the relevant instruction, or in terms of skill

level on some external criterion; i.e., the “master" has had considerable

‘experience in the subject area, while the non?méstet haB not. A'ﬂ coeffi'-

clent is .computed for €ach item ("master-nonmaster™, paas—féil), and a value

of less than +;3O indicates an item of questionable utility.

| Carver,(1970) proposed t;o proce&utes to ;ssess reliahiliﬁy of CRT
items. For a single forn; he aégsebted comparing the percentage meetiﬁg
criterion level in one group to the same percentage in another "&imilat"
group. For homogeneous sets he recommended using,ohe gréu; and comﬁaring

the percentages who meet the criterion on all iteni.




D . A

Contemporary Views
27

Meredith and Sabers (1972) pointed out that the way in which two CkT
items, whether identical or parallel, identify the same individual with
regard to his attainment of criterion level must be‘aeternined. with regard
to item‘analysis procedures, if a CRT item is adminietered before and after
;nétruction, and does not discriminate, there are.alternatives to‘labéling
it unreliable. A non-d}scriminating item may simply be an invalid measure
of the objective or 1£ may indicate that the instruction 1£se1£ isvinadequate
Or unnecessary. Heredith‘and Sabers suggéated the use of @inattix consisting
of the pass-fail decisions of two CRTs. By defining two CRT items as being
the same measures, it is possible to examine. test/re-test réliability. With-
out time inte;veging between the measures however, religbility is of the_
concurrent variety. In ad&ition. problems exist with the aéceptability of
defining two CRTs as the same. Considerable confusion is evidenced in the
use of "szae" and parillél forms without formal definitions. Similarly, it
vas stated that if oue CKT item £s a "criterion measure”, then the validity
of the othér CRT cawn be determined. By &efinition, both are criterion mea-
sures, and i1f one is external to the instructional domain; then it is not a

CRT item in che ‘same sense. Various coefficients were presented, but diffi-

culties in definition limit their usefulness.

» - Fidelity
Fredericksen (1962} has proposed a hierarchical model for describing .

‘v1¢0els of'fidelity in pe;fornance evaluation, Thé model uses six categories:

1. Solicit opinions. This category, the loygat,leﬁel, way often miss a
crucial question (e.g., to what extent has;ihe behgvior of trainees

been modified as a function of the instructional ptocésa?).
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. Administer attitude scales. This technique, although psychometri-

éally refined via the work of‘Thﬁrstone, Likert, Guttman, and others,
assesses primarily a psychological concept (attitu&e) which can

only be presumed to be ﬁonccnitant witﬁ ﬁetfornance.

Measure knowledge. Tﬁis is the most commonly used ﬁeihod of assessing
achievement. This'technique is usually considered adequate oaly if

the training objective is to teach knowlédge; or if highly defined,

fixed procedure tasks are involved.

.Elicit related_behaviot. This approach is often used in situations

where pracficaiity dictates oSservation of behavior thought to be
logicallf related to the criterion behavior.

Elicit "What wduld 1 Do" behavior. This nethéd involves presentation
of brief descriptions or acehﬁtios of otoblen.situations under

simulated predesigned conditions; the subject is required to indicate

'how he would solve the problem if he were in the situation.

Elicit lifeliké behavior. Assessment under conditigns which approach

_the realism of the real situation.

ﬁeasurenent at any of these six levels posselses”bo;h a&vantages and

§isadvantages. An optinhl solution would be to as-eas,individual'perforngnce

“at the higheaﬁfﬁosaible ;evel of fidelity. Unfbitun-tély, deriving observed

petférmancé‘da;a may involve a lubjécttve‘(ratipg) scale, :hereﬁy reqﬁiring

8 subjgct1v1£y>vs.3£1de11ty'tradéo£f.' In étder to minimize subjectivity,

it may be necesvary to dec;eaae the 1evé1 of fidelity so that more objeétive

measurements (suéh as time and errors) can be obtained. These measures can

. be.concéptualized as surrogates that in some sense embody real criteria,

~L
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but have the virtue of measurability (Rapp et al;, 1970). An actual increase
in overall criterion adequacy may re¢oult from a gain in 6bjectivity which
compensates for a corresponding losa in fidelity. |
| The question of fidelity addresses the issue of how much the test should
reaenbie actual perfornince. Pidelitf is not usually at issue in NRM a&nd
has its primary application in.criterion-teferenced‘perfornance tests.
Thetelafe often trades to be made between fidelity and cost. But a more
salient issue is how to modify fidelity to satisfy needs of the teating
aituation, wvhile retaining the esséutial s;imuli and Aemand characteristics
of the actual performance situation. Swezey and Péarls;cin (1974) suggested
that when creating items, the CRT developer "Select the format that best
approximates the behavior specified by the objective", and that "wili permit
the highest level of fidelity practicable”.
Osborn (1970) addressed problems of finding éfficient alteinativea to
work sample tests. Osborn wvas concerned with developing'a-netﬁodology to
allow derivation of cheaper procedures while preaerviné content validity.
There are n§ny situations vwhere job sample tests are not feasible, and jﬁb-
knowledge tests are not relevant. The existance of . intermediate or "synthetic"
measures would be Q'grgat boon Eo evalu{finz.performance in these situations;
however, lpg¢1£1c nethodn for developing such ;easuresiire‘lacking.
Osbbr;'ghvg.a brief outline of a method for developing synthetic measures.
He ptesgn;ed a two-vay'natfix defined by methods of testing terminal performance
(sinple to complex) and conpodent (enaﬁling) behaviqrs. This matrix aerves.aa
aldeciaion-naking ;1d'bynaildving the test constrhctor to choose the most

_cost-effective test method for each behavior. ttadeoffs must be made by
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the test constructor among test relevance, obtaining diaghoetic performance

data, ease of administration, and cost. Osborn's notions are intriguing but

* more developmental work is needed before a workable method for deriving

synthetic performance tests is available.

Vineberg and Taylor (1972) addressed a topic close to the fidelity issue:
the extent to which job knowledge tests can be substituted for perfor-
mance tests. Practical considerations have often dictated the use of paper-

and-pencil job knowledge tests beczuse th. 7 _re simple and economical to

administer and easy to score. However, the use of paper-and-pencil tests

to provide indexes of performance is consicdered to be pﬁot practice.
‘HumRRO research under Work Unit UTILITY compared the ptoficiency'of
Army men at different ability levels and with different amounts of job
experience. This work provided Vineberg aﬁd Taylor the opportunity tc
examine rclationships.anong job sample test scores and job knoéledge test
scores in four U.S. Army jobs that varied greatly 1# type and complexity.
Vineberg and Taylor found that.job.knoviedge tests are valid for measuring
proficiency in jobs where" (1) skill components are niniﬁa1;~and (2) job

knowledge tests are carefully constructed to measure only information directly

relevant to peffo;ning tﬁe-Job~at hand. Given the high costs of obtgiqing'~

performance data, ;heoe findings indicate that job knowledge tests are
indicated where careful j;b analysis has deteruined that skill requirements
are‘niﬁinél.' ' | |

In a similar sﬁudy, Engel and Rehder'(léfO) compared ﬁeer ratiﬁgs. a
job knowledge test, and a vork;eample.test. -While the knowledge,teaf'vas ,
acceptab1§ reliable, it lacked validity, and‘reading'lbility tended to enger‘

into the score. Peer ratings were judged to have unacceptable validity and
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were essentially uncorrelated with the written test. The ttgubleshqoting
items on the written test exhibited a no&erlte level of validity, while |
the corrective-action items had Iittle,validity} Finally, Engel and Rehderlf
noted tﬁst the work-sample test is the most costly and difficult tpiqdm;pistet,'
while peer ratings and written tests were less costly and eaoie; fo administer.

Process vs. Product Measurement

Osborn (1973a and 1973b) discussed an important topic directly related
to CRT validity and fidelity. Osborn pointed out that task out¢oﬁea'énd

products are often used to assess student performance while measures of

how the tasks are done (processes) generally pertain to the diaénosis of

‘instructional systems. Time or cost factors sometimes precludé"the ueé of
product measures, thus léaving proéesa measures as the only avéilable criteria.
fhere are cases where this focus on process is,legitiQate and useful, but
many where it is not. Osoorn developeq three classes ;f tasks io 111us£rate
what the relative roles of product and.process'neasureuent should be:
"1, Tasks where the pr&duct'ig the process.
2. Taaks‘in which the product always follows from the ﬁrgcess.
3. Tasks in which the product may follow from the ﬁroceés.“v
Arrelatively few.taaku can be-classifiéd as the firat'type} Osborn

offered gymnastic exercioei»and,aptingboard diving as éx;nples.‘ More_taské
bglong to theisecon&’claéa#flcation."fixed:prOCedute tasks. In'these't;ska,
"1f the process is perforn;d cdrtectly.’;h;‘product followi. The largest
single class of tasks i{s of the th&rd type. Por tasks of this last type,

the process may appear' to have beén correctly carried out for cases in which

' the product was not attained. Osborn offered two reasons for this: either,

>
b
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(1) "we are unable to fully specify the necessary and eufficignt stepé in
task perfornance",‘or kZ) "we do not or cannot accuratgly measure them".  An
example of aim-firing a rifle was given as an illustration that there is nd
guarantee.of acceptable markmanship aven if ail ptoceduteslare followed. 1In
this case, process measurement is not an adequate substitute for product
measurement. |

For tasks of the first two types, Osborn congludes that it rehlly doesn't
matter which measure is used to assess proficiency. But for tasks of the
chird type; pro&uct nea#utement is indicated. There are however, a numbef
of type 3 tasks where product measurement is impractical because of cost, |
danger, or other cdnstraiﬁts. In these cases,bprocess measures are substituted,
with a resulting decrement to the validity of tﬂe measure. Osborn pos?s a
salient quesc;on for the test developer: "If I use only a process measure
£o test a man's achiévenent on a task, how certain can I‘be from this process
score that he would also be able to achieve the.product or outcome of the
task?" Osborn holds that "Where the degree of certainty is substantially
lesé than that expected by errors of measutemenﬁ. the test developer should
pauﬁe and feconaider'uays in which time and resource 11n1tat1ons éoﬁld be |
conproniged in achieving an approximation to product measurement". Osborn
conclud;d by noting: "The accomplishment of product nedauteqent is not always
a simple matter; but.it is a dgmandiﬁgfand esoengial go@l to ﬁ; pursued by'
: thelperfornance test developer 1f‘h;s products are to pe relevant to,redi
world behavior." | |
- Swezey and Peavrlstein (1976)'h;ye élao addressed process versus;prodqct

measurewent, and assist versus non-interference nethodoﬂof'-qoting in CRT
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dévelopment. They recommended process measuremeqt in addition to, or instead
6f, product measurement when: Diaénostic information is desired; critical
poinfsvin the process, 1if misperfotmed, may cause injury or damage; additional
guores are neededbon a particular task; the product always follows from the
process; and there is no product at the end of the process.

_Anotﬁer issue important to the construction of complex CRTs, is band-
width fidelity (Cronbach and Gleser, 1965), i.e., the question of whether
to obtain precise information about a small number of competencies or leés
preéise information about a larger number. Hambelton and Novick (1971)
conclu@e thgt the problem of fixing,the lengths of sﬁbscales to waximize
‘percentage of correct decisions on the basis of test resuits, has yet to be
resolved or even satisfacforily defined.

Issues Related to CRT Construction

'Althbugh construction méthodology for NRTs is well-establiahgd and
highiy éﬁecifiéa, construction tecﬁﬂiques for CRTs have been less well-!
specified. There have been; however, severai attempts to formalize the|CRT
construétion process.., Ebelu(i962) describes the development'of a criterion-
referenced t:gtbconcerning knowlgdge oflword meanings. ?hree steps were
involvéd:

.i, Specification of Ehe univéraé to which generalization 1s'desired.

v 2. A.sfstém#tic pl#n for sémpling froa the universe.

'3.. A standardized method of item development.

Thege charactetisfics together gerve to define the méaning ﬁfitest scores. .

Flanagan (1962) indicatgs that a variant of Ebel's procedure vgﬁ used

in project TALENT. Tgsta used in the arcas of speiling, vocabulary, and
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reading were not based on specific objectives, but developed by systematically
sampling a relevant dcmain. Fremer and Anastaéio (1969) also put forth a
method for aystematicaily generating spelling items from a specified domain.
| Csburn (1968) notes two prerequisites for inferences drawn about a .
domain of knowledge from performance on a collection of items:
1. All items that could ﬁoéaibly appear on a test should be specified
in advance. '
'2. The items in a particular test should be selected at random from
the ;ontent universe.
It is rarely feasible to'satisfy the first'prerequisite for complex
‘behavior domains. However, the‘problem of testing all 1tens‘can be overcome,
at least in highly-sfecified content areas, by the use of.gn item form
. (Hivel&, 1968; 1973; QSburn, 1968). The item form generall§ has the follgwing
characteristics (0sburn, 1568):
1. It generates items witﬂ a fixed syntac;ical structure.
2. It contains one or more variable elements.
3. It defines a class of item seﬁtenceb by specifying thé ?eplacek
meng sets for thé vatiable'elementq.
But Klein and Kosecoff (1973) haie noted that even very specific objectives—-
e.g., "compute thelcorréct product of two single 4151: numerals gteﬁtef than
0, the product not.exceeding 20"--may yield'possiblefitem pools "of well V .
over several thousand 1tem§". In the example objectivé above, tﬁere are 29
paitb of possible numerals times'at least 10 differeni ?uitable.iten types
(e.g. 6.x 2, vsvgg, ve (6)(2), vé 6 x _ = ii, etc.) times variatioﬁs'in numeral
sequence (e.g., 6 x2, 2 x 6) times vatiations.is item forma;_(e.g.;lnultiple
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choice, fili-infthe-blank, etc.) times-variations in presentation mode (e.g.,
oral or stitten) times variations in mode of tesponse (oral or written),
equaling 4,640 potential items} assuming only two types for each of the
variations indicated. So, 1tem.forms requite careful consideration, even for
highly defined areas such as mathematics. .

-Sﬁoemaker and . Osburn (1969) describe a computer ptogrsm capable of gener-

ating both random and stratified random parallel tests from a well-defined

and rule-bound population. Results have led to the conclusion that difficulties
in defining test construction processes are directly related t> the complexity
of the behavior the.test is designed to.assess kJackson, 1970). Where the
domain 1s easily specified (as in spelling) the construction process is
simplified. . Jackson (1970) concludes, “For complex behavior donains, ic .

appears that at least until explicit oodels stated in measurable terms are
oevelooeo, a degree of subjectivity in test construction (and sttendant pop—~
ulation~referenced scaling)'vill be required.” The best spprosch appears to

be the use of a detailed test specification which relates test item develop-

__ment processes to bekavior.

Edgerton (197&)'has suégested thst the relationships ahong instructional
methods, course content, and item format have not been adequstely explored.
Item format should require thinking and/or performing in the patterns sought
by the 1nstructional methods. If the instruction is aimed at problem solving,
then the items should sddtess oroblem solving tasks and not, for example,
knowledge about the required background content. Edgerton suggests that 1f

one mixes styles of items in the same test, cne runs the risk of measuring

“test taking skill” instead of subject matter competence. In a practical
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application, Osborn (1973) suggests a fourteen-step procedure in the course
of developing tests for training evaluatiop, Swezey and Peatlsteiq (1974)
have suggested that the following factors must be considergd when-deaigning
a test plan to guide item development:

1. 0ver§om1ng practical constraints in test administration (time,
manpower, and facilities availability, etc.) by selecting among
objectives (randomly testing non-critical objectives) or modifying
onectiVes. |

2. Planning item format and ievel of fidelity.

3. Sampling items within objectives.

4. Sampling among multiple conditions.

5; Deciding how many items to include on the test.

Mastery Learning '
Besel (1973 a, b) contends that norm-group performance data are useful
for the construction §f CRTs. Besel defines a CRT as a set of items sampled
from a domain which 1is judged to be an adequate repfesencation of an i;struqtion-'
al objective. T?e domain shoulé bg described in sufficient decailrto allow
independent test developers to ggneratg equivalent items measuring the same
cpnﬁentlin an equally reliable fashion. |

Besel recomneﬁds a "Mastery Learﬁing Test Model" to provide an appropriate

algorithm ﬁéf support of mastery/non-ﬁhqtery decisions. The Model and its
underlying true score theory, is related to a notion developed by Emrick (1971).
Enri;k assumed that measurement error was attributable té two sources: a,

uthg probability that a non-master wiil correctly angwer an item ("fa;ée

postitive') énd B, the probability that a master villigive an incorrect answer
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should promote increased confidence in mastery/non-mastery decisions. Besel's
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("false negative"). Emrick's model assumes that all item difficulties and
inter-item correlations are equal, a somewhat diffiéult assunption. Besel
(1973 a; b) dévéloped algorith-s for estimating a and B. Three data sources
are required: '

1. Item difficulties

2. InFet-iten covariance

3. Score histograms

Besel reports that "the usage of an 1ﬁdependent estimate of the propor-

tion of students reaching mastery reéulted in improved stability of Mastery

computational procedures are howéver,'quite 1nvolyed, using a multiple regression

approach which requires independent a priori estimates of variance due to

conditions. Besel also points out that B.is estimated best for a group when

the mastery level is lowered, while the reverse is true for g¢. In other
words, Besel has empirically established a relationship betﬁeen errors of
misclassification and criterion level. A decision, however, has not beén made

concerning, the relative cost/effectiveness of conpeting errors of nisclasai-

fication. Such decisions may be specific to instructional situations.

Bstablishigg;;nd Classiiy;;giInstructional Objectives

The development of student performance objéctives for instructional

'progrnps has become a widespfead process within the educational community.
"Infornation is generally derived from instructional objectives, which provide

" not only specifications for 1nstr6cfion, buﬁ also ihe basiﬁ for instructional

evaluation (Lyons, 1972). Ammerman and Melching (1966) trace the interest in

beﬁaviorally-stated objectives from three independent movements within
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education. The first derives from the'work:of Tyler (1934; 1950, 1964) and

his associates, who worked for over 35 y2ars at specifying goals of education
in terms of meaningful and usefuliinformaﬁion for the'classrobm teacher.

Tyler's work has had considerable impact fn'the trend touard describing

objectives in terms of ihstfuctioﬁal’outcomes.

" The second devel&pmentIcaméffrén'the need to specify man-machine inter-
actions in modern defense equipﬁent configurations. Miller (1962) was respon-
sible for pioneering efforts 1ﬁ;deé¢ribing and analyzing job tasks. Chenzoff _
(1964) reviewed the then existiﬁg methods in deiail, an& many more have

appeared since that date. More recently Davies (1973) classified task

analysis schemes into six categories:

1. Task analysis based upon objectives,lvhichlinvolves aralysis of a
task in terms of the behaviors required.
2. Task-analysis based upon behavioral analysis of concepts, chains, etc.
.3. Task analysis based Qﬁoy 19form;tion proceosipg.needs Yar performance.
4. Task analysis based upon a decisiog paradigﬁ which empnasizes the |
' judgment and decision-making rationale of thé :aék. ‘
5. Task'qnalyaii ba,ed upon the subjebtluattef.s;ruchie of'a ta;k.,
6; .Taék analysis ba#ed upon vocational schné;tié; which involve

. analysis qf'jobs.‘duties, tasks and tusk elements. -

' The point of Davies' breakdown is that there is no single task analysis pro-

cedure which is alwéys applicablé.- The typical approach is to create a new
task analysis scheme or modify an.existing'écheme to suit the needs of the
situation at hand. .

The third develobnent was the concept of pfogfénned iﬁa:ruction, which
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required writers of'programs to acquire specific information on instructional

objectives.
1t is apparent that the use of instructional objectives has now become

an accepted educational practice. A critiqai event in this process was the

publication of Mager's (1962) little book Prepafiqg instructional Objectiyeé.
In this work, Mager set forth requirements for the.form of a u§e£u1 objective,
but did not deal with procedures by which one could obtain information to.
suPport prepa;atiou of the objectives. A series of additional works, including
one on measuring instructional intent gﬁager, 1972), have dealt more thoroughly
with such issues.

Actual behaviors exhibited by acceptable performers are generally preferred
‘as the bases for constructing instructioﬁal object1§es. FHowever, data can
come from a variety of sources,'including:

1. Supervisor interview

2. Job incumbent interview '

3. Direct obgérvation of performance

4, Inferenéesvbaﬁed upon system operation

‘5. Analysis'of ":gal wo;ld" use of instruction

6. Instructor 1nterviev'lA

: Ha;y sophistiéated wmethods are used to dérive thehe détaﬂ Flan;gan's
(1949) "critical incident ;eéhniqug", an& the modifications it has inspired,
ate‘good éxa@ples pf efforts aimec it 1den;1fying essential pe;forn;nces,‘wﬁile
elimihating information not directly related to the successful acc;mplishnené
of a job-related task.
. The choice of a meihbd for deriﬁing job training content must be based

upod-thq type of performance, and upon other reaiiatic factors such as
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assessibility of the performance to direct observation. Generally the
solution is less thﬁn ideal, but techniques such as Ammerman and Melching's
(1966) can be used to review objectives and to provide a useful critique of -
the data collec;ion method. An exhaustive review of the techniques for
deriving instructional objectives is inappropriate here. The reader is
directed to Lindvall (1964) and te.Smith (1964) for conp;ehensive treatments
qf this question.

Klein and Kose off (1973) have summarized four general procedures'uaed
in developing objectives for CRTs. The first, "expert judgmen;", is the most
counoﬁvapproach in their opinion, and involves a small group of subjéct matter
.experta meeting to arrive at a consensus of 1mport§n: objectives to_measu¥e.
Objectives thereby identified are screened on the basis of practical constraints,
and are modified as ne;essary; The aeéond procedure, "consensus judgment",
" is similar to the first, bu; uses "variou; groups such as conmuniéy represen-
tatives, curriculum experts", etc. :Q decide uhiéh objectivés should be
- neaguted. Appropriate yeasurenenc or curflcuiuﬁ personnel then translate the
' bbjectives ipto terms permitting assessment. ;
"Curriculum analysis", the third apprLach; involves analysis of curriculum
-matérials (e.g., textbooks); and sﬁbsequenb identification or inference of .
objectives tnéreih by a teaﬁ oflcurriculum experts. Pinallj,'thg'fourth
apprénch, "analysis of the area to b; téstpd" is similar to the task analytic
approaches previous;y discussed. Contents| and behaviots‘in the subject area
arc identified, and organized hierarchically {or according to some othef' |

sequence) to derive objectives.
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Amnerman and Melching (1966) haie developed a system for the analysis

and classification of terminal performince objectives. They examined a great

number of objectives from diverse sources, and concluded that five factors

accounted for the significant Hayslin.which most existing performance objec-

tives differed. These factors are:

- 1.

2.

Type of performance unit

Exte:t of action descriptioq'
Relevancy ofkstudent action
Completeness of strgctural'éomponents

Precision of each sttucturil comporient

Ammerman and Melching'have identified a number of levels under each of these

factors. For instance, factor #1 ﬁas three levels, from specific task, which

involves one well-defined particuldt activity in a specific work situation,

to generalized behavior, which refers to a general measure .of performance,

or way of behaving, such as the "work ethic".

with these five faciors, and thgit bub-levels. it is possible to classify

any terminal objective via a five digit number. This scheme is valuable for

and Melching feel the method can fulfill three main purposes:

1.

~ management control and for reéiew bf terminal performance objectives} Ammerman

Provision of guidance for the derivation of objéctives and for

. standardizacion.of statements. of Objectives,-qq that all may meet

2.

the criteria of explicitneas, relevance, and clarity.

Evaiuating the proportion of objectives dealing wifh specific or’

‘geherali;ed action situations.

Evaluating the vorth of a particular method for deriving objectives.
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This is a useful method, particularly where a panel of judges is available
to review each objective. A coefficient of congruence cidn be conpﬁted among
judges' placement of objectives on the five dimengions. Used in this fashion,
the Ammerman and Melching methoé should prove useful in the development of
instructional systems.

Developigggiest Materials and Item Sampling

Hively and his associates (1968, 1973) have provided a useful scheme for
writing items which are congruent with a criterion. Hively's efforts have
been primarily in the area of domain-teferencéd achievement testing. In this

system, an item form constitutes a complete set of rules for generating a

‘domain of test items which are accurate measures of an objective.

Popham (1970)‘haa pointed out ihat the item form approach has met with
success in content areas hav;ng wgil-défined limits. In such areas (e.g.,
mathematics), independent judges tend fo agree on whe;het or not a given item
is congruent with the highly-specific behavior domain referenced by the'item
form. As less well-defined fields are copsidered, however,,iﬁ becomes more
difficult to prepare item forﬁ; sd that they yleld test items which are judged
congruent with a gi;en 1ns;ructioné1 objective. Popham (1976) has remarked:
"Pérhaps'the best apéroaph to developing adequgte criterion-referenced test
items will be to sharpen our skilllin'developing 1t§n forms ahich.are parsi-
monious but'also‘pérnit the produétion of high coﬁgtuency test 1tems."' B

B Cronbach (1963.v1972) presents a generalizability theoretié‘approachbf

to achievement testing. Cronbach's theory involves a mathematical model

in the framework of which, an achievement %est is assumed to be a sample

from a large, well-defined domain of items. Parallel teat forms areidbtained
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by répé@ted sanpling. Anaiysis of variance techniques# (particularly intra-class
corrélatidn) are used to obtain estimates of variance components due to '

sampling error, testing conditions, and other sources which may affect the

_‘tg11$b111ty of scores.

Genéraiizabiliiy thebry has been extended (Osburn, 1968) by‘including

céncepts of task analysis to allow sorting subject matter into behavioral

" © classes. Osburn (1968) has termed this "Universe~defined achievement testing."

Bively‘(1968, 1973) has used these techniques in an exploration of a mathematics
curriculum. Mathematics represents a subjec; domain particularly suited to

thiq'approach'and Hively reported success as evidenced by high intra-class

‘correlations between sets of items sampled from a universe. The technique

>appears to have diagnostic utility, and is also relevant for examining relation-

ships between knowledges and skills.

Rogers (1965) has stated that "The major problem in developing the test

~ item is to clearly comnunicate'the question or problem to the student”. He

suggested 11 practical guidelines to help surmount this problem, many of

vhich entail logisﬁical considerations in the presentation of performance

© test items to examinees.

Swezeyland Pegr;stein‘(1974) suggested that items be developed in conjuné6

. tion with a caréfuliy-defiped test plan (Sée'"lisuea Related to CRT Construction”

section). 'They also offered the following suggestions ‘for the deveioﬁ;ent o
of CRT items: | | |
| 1. "Make the test items include the same ébnditibns and'atand;tds (no

- more, no less) as those specified in the object;ve."

2. "Use graphs, drawings, and photographs when nécésqary for clear
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communication;"

3. "Present the test so it does not give the student hints as to the
correct answer, but never make it extremely difficult simbly to
ensure a certain number of failures."

4. "Include necessary.specific instructions with items".

They noted that items should be assessed for adequacy prior to submission for
item analysia-tfy—o&ts. Such assessmen:s include making sure theﬁiians agatch
objectiﬁes as to performance, éonditions, and standards; the items are clea;,
Qngmbiguous, and reasonably easy to administer; and that they are.at the
apptopriaté fidelity level, as determined previously.

Quality Assufance

Accord;ng to Hanson and Berger (1971), qualify agsurince is viewed as
a ne;ns for maintaining desired performance levels during the operation of
a large-scale instructioral program. Six major components in a Quality
Assu:anéé progranm arelidentified: A |

1. épecification of indicator variables. These are variables which

measure important aspects of a program and are individually defined

yfor each ‘instructional system. thﬁplgs’are:

;. Pécing - measure of 1nsttuciiona1 time

'b. Performance - interim néaa#te- of leatniyg. e.g., unit tests,
noduie tejtg, etc.

c. Logistics - indicator reﬁorts of failure to deliyer matefials,
and oéher implementation difficulties resulting from poorly

planned logistics.
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Definition of decision rules. The emphasis here should be on

indicators which signal major program failures. Critical levels may

be determined on the basis of evidence from develophental york or
from an analysis of program needs.

Sampling procedures. Qﬁestions about sampling procedures must be
answered on the basis of an analysis of the severity of effects
resulting from ihaufficient information. Factors to be considered
include:' | |

a. Number of prog-am participants to provide da:a

b. How to allocate sampling unitas |

c. Amount offinfornation from each participant

Collecting quality assurance data. Special problené concern the

willingness of participants to cooperate in the data gathering effort.

Data must be timely and couplgte. Hanson and Berger suggest a

number of ways to reduce data collection problems: |

a. Minimize the butdgn on each particiﬁant by collecting only
required data. . N

P. Use thoropghly designed forms and simpl?fied collection’
procedures. ’

c¢. Include 1nd1c§tots vhiéh can be gatﬁered routinely and without

opeciil effort.

‘Analysis and summarization of dcia. Some data may be analyzed as

they cbic in; other data may have to be compiled for later analysis.

The exact technique will depend on the type of decision the datas

must support.

e
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6. Specification of actioﬁs to be taken. -This step describes actions
to be taken in the event of a major program failute. Alternatives
should be generated and scaled accordiﬁg to seQerity of failure.
Inform#tion'on actions taken to correct program failures should
be fed back into the proﬁrhm.developu;nt cycle. Such feedback is an
important aoﬁtce of guidance for program revision.

Hanson and Berger offer an illustrative example of how this process
might be implemented. They note that quality assurance, as applied to criterion-
referenced ﬁrograns, acts to ensure that spécifiea performance levelé are
maincained throughout the life of ; program. ’If internal qua;ity assurance
‘programs of this sort are built inﬁo instruction, then the probability of an

instructional program becoming "derailed" while functioning is minimized.

Designing for Evaluation and Diagnosis
Baker (1972) feels that the critical factor in instruction is not how
test results are pqrtrayed (NRT or CRT) but now they are obtained and what

they represent. .Baker suggests the term construct-referenced to describe

a;hievenent tests consisting of a,ﬁide variety of item typ;s and weil-snppled
contént_rangésm Thesé tests are generally'oé th? norm-referenced type.
'Criterion-refetench tests, Baker feela,‘ére prob;bly better termed domain-
referenced tests (see discussion of Hively et al., 1968; 1973). A domain
lbecifiét'both the ﬁerfbrmance a learner is to demonstrate, and the content

domain to which the performance is t» generalize.

Baker uses the term ohjective-referenced test to refer. to another subset
of CRM. Objective~referenced ﬁeuts start with objectives based upoﬁ obser-’

‘vable behaviors from whichjit is possible to produce homogeneous items

| et w11 on o
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relating to the.objéctive. Baker feels the notlon of domain-referenced tests
is more useful than the notion of objective-reference& tests.

Each type of test provides different information to guide.improvémen;
on instructional systems. Construct~referenced tcsts rrovide information
regarding the'full range of conteufs and behaviors relevant to a particular
construct. Objectivé-referénced tééta provfde'items which exhibit similar
response requirements relating to vaguely defined conﬁent ageas. Domain-
referenced tests include items which conform_io a particulﬁr response segment,
as well a; to a class of content ﬁo which‘the:ﬁerformance ia'presumed to
generalize. |

According to Baker (1972), a test should ideally be capable of yielding’
information needed to implement an instructiéqal 1mprovengn£‘cyc1e. An ideal
gest should yiel& data on;

1. Applicable student abilities

2. Deficiencies in student achievemen: -

3. Possible explgnations for Aeficiencies

4. Alternative remedialbsequéndea

5. -Faci}ity with whicp remedial sequences can be 1mp1emgnted.,

All thfee tyﬁes of tests proﬁide useful data concerning student abilitiés.-

Construct-referenced tests are probably the most readily available, but are

»often not administerable on a cycle compacible with diagnosis, and are usually

reported in a nomothetic mannet. A well-designed objective—teferenced test

may be ncheduled in a more useful fashion. Domain—refetenced tests provide

en-hling information to allow. 1nstructors to identify areas in which studeuts

are competent. Identification of perfornance deficiencies is theoretically

_ boasiblc with all three aets.of data. Howgvet. since cut-offs are often
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arbitrary, none of the three tests will necessarily provide adequate infor-
mation of this type. 1In addifion. incen;ives are lacking since most account-
aﬁility programs are used to punish &eficiency rather than to promote efficiency.‘
Of the ;ﬁree test types, the.dbmain-referenced tesis give program
develépérs the most assistance, for they provide clear information about
app;opriate»types of pfactice items in the areas of content and performance
measured by';hé test. Héwever; Baker points out that domain-referenced items
are hard to prepare, mainly because many content areas are not analyzed in
a faéhion to allow precise specification of the behaviors in'thé domain.-

Establishing Cut-Off Scores

_ ' Prager et al. (1972) discuss cut-off points in mastery testing, and suggest
thai'two general approaches exist.., The first involves setting an arbitrar§
ovet#ll mastery level. A trainee either attains this ;riterion level or not.
The second prbcedure requires that trainees attajn the saﬁe mastery level'in
a givenvobjective, but allﬁws the levels Eo vary ffom objective to objective,

depending ubon difficulty of material, importance of the objective for later

successful performznce, etc. This second method seems more reflective of

reality but as Prager et al. (1972) point out, it is also more difficult to
imﬁlemedt, and té justify:gpecific levels;that have been dgcided upon. IPréger
;t al. believe that for handicapped children at least, it is appropriate to.
sgt,masteri levels for each child relative fo his‘poteutial. Nitko (1971)
concurs and suggests differeqt cut-offs seems doubtful. '

Lyons (1972) péints out that standatdé must take into account the varying
cziticality of tgsks. The criticality 6f a'éask is basically an assessment

of the effect upon an operating system of incorrect performance of that task.




Contemporary Views
| 49

Criticality must be determined during task analysis, and must be incorporated '
into the training objective. Upfortunately, in many cases, task:criticality
is not an absolute judgment, and the selection of a metric fbf criticality
becomes arbitrary.

The approach to reliability advocated by Livingston (197&) holds some
promise for determining paés-fai; scores. If Livingston's assumptions are
accepted, then, it becomes possible to oﬁ;ain increased meaéufénenc reliability
by varying thé'cfiterion score. If the criterion score is set so that a
very high (or low) pfoportion passes,. then one obtains reliable measurement.
Unfortqnately, it is not often possible to manipulate criterion scores to this
extent; The training system may require a certain number passing, and the
criterion score is frequently adjusted to provide the téquired nﬁmberu

-Grahami(1974) compared existing eightthrade, objective-based mathematics
tests to doﬁain-referenced tesfa designed to assess achievement on the same
objectives, after both tests were administered to 151 eighth%gr#de students.
He found that slight changes in item form introduced concoﬁmicant skills in
addition ;o those specified by the objectives. Thesg additionai_skills con-
founded the measurement of primary, 6bjgct1ve-§peci£1ed skills, and that '
‘"gonfonnding increases the nuﬁber‘of acéres falling in the middle of the
possible raﬁge.'. 2" This, in turn, 1nctegsgs fhe‘amouht of overlap'bgtueen
the distributions of scores fof maptérs and non-masters, tﬁéteby inc:easing
both the number of scores "at or near anj selected mastery cutdoffIchre",
and the likelihood of misclassification. So, for tths consisting of hetero- .
geneous items--those in which ﬁeaaurenent‘of several skills may be confounded--

claqsificat;on of masters and non-qasteré may be seriously affeétéd‘by'the
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cut-off score selected: The scure distribution fér all examinees is likely
to be rectangular.. But, for tests composed of homogeneous items, the score
distribution is more likely to be bimodal--masters and.non-nasters clearly
separated-—-and there is much more latitude in the placement of the cut-off
scote‘before classification is affécted.
Swezey and Pearlstein (1974) concurred with Grahan}s findings, stating

"The more complex the skills assessed by the CRT and the more varied the
tyﬁe of performance or product, the greater is the danger of ﬁisclassifica-
tién. « " They also noted that immediate manpower ueeds and criticality of
objectives must also infldence placement 'of the cutting score, justifying
'lowefing or réising the cut-off level, respectively. Finally, they stated
emphatically that "If a test is measuring more than one objective, ﬁnd cut-
off scores are necessary, a cut-off level should be established for each
' objective."” This last suggestion, if implemented, would counteract the type
of confounding that leads to rectang;lar distributions and consequent diffi-
culty in setting a cut-off level.

 From this discussion it appeafs'that genefali;able rﬁles for settfng
"éutfoff scores do not exist. Traiﬂing develqpers setting cut-off scores must
consider:abilities éf.the trainee population, the complexity of gkili; and
performances required by the objectiVeq, ;hrbugh-put requirements of the .
1':rain1ng systeﬁ, the minimum competence reéﬁiténgnts, as well as a varigty of

other variables, and act accordingly.

Uses'of CRM in Non-Military Education Systems
'Prager et al. (1972) describe research on one of the first CRM systems
planned for widespread implementation. This Individual Achievement Monitoring

‘ System (IAMS) was deaigned,for the handicapped. Pfagér_et al. point out that,

S rg—
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standardized tests often are uselesu~for.hand1capped individuals, since they
have little value in directing remediation. Tests built to reflect specific
objectives are puch more useful when déaling with such populations. The use
of CRM‘allowa a handicapped child's progress to be related to criterion tasks
and cympétency levels. CRM is furthef indicated by fhe need for individualized
instruction and individualized testing when dealing with individuals who
- exhibit a v#riety of perceptual and motor deficiencies.

As a result, a CRM-centered accountability system was devised. This
project began with the construction'of a bank of objectives and testlitems
to mesh with fhe type of di#gnostic individualization required for education
of the mentally handicapped. To meet these neéeds, the objectives were, of
necessity, highly specified. The CRT-guided 1n§t:u§tiona1 system was geared‘
to yield information to support three types of décisions: placement, immediate
achievement, and reééntidn. Standardized diagﬁoatic and achievement tests .
 were also used to aid in placement decisions. It is still too early to comment
on the ultimate usefulness of this system.

More recént;y. Popham (;973) presented data on the use of teacher pef-
formance tests. These tests require a teacher to develop a "mini-lesson"
‘ from an eiﬁlicit instructional objeqtive. After planning'the lesson,,thé
teacher instructs a small gfoup of stu&ents; .At the conclusion of the "mini-
lesson”, sfudents are giyenva ppatftest.' Affective 1nfo;u;tion is obtained
. by asking étudents,to rate thg interest valuerf the 1easo£; Popham suggested
"three potential'app;icationa of the teacher‘pérformaﬂceitedt: ‘

1. A fpcusing mechanism. To pgovide a nechénisn to focus the teachers'

) attention on the effects of instruction, not on‘"gee-whiz" methods:
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2. A aétting for testing the value of instructional tactics. fhe
teacher performance test can be used as a "test bed" to evaluate -
the differential effectiveﬁess'of various instructional techniques.
An important aspect of this application involves a poat-lesadn
analysis in which the 1nstrhc;ional approach is appraised in terms |
of its foecta on learners. . |

3. A formative or summative evaluation device. Popham views this
app;ication of teacher pefformance tests as extremely important,
.marticularly in the appraisal of-in-sefvice and pre-service teacher
education programs..

Popham presented three applications of the teachér.perforﬁance tests.

The applica;ions were for thé most part viewed as effective, however a number
of problems were reveale& that may be symptomatic of performance tests in
general. Popham found that unless skilled supervisors were used.to.conduct'

the nini-lesson; many advantages of the post-leason analysis were lost.

Popham also found that visible dividends were gained by using suﬁplemental

normative information to give teachers and evaluators additional information.
rega;ding the adequacy of'perfotnghce.

In'a‘e4nilar irea. Baker (1973) reported using a téache; performance
test as a dehendeht‘ned-ute\in-the evalvation ofuinatfuqrional teéﬁniqu;s.

Baker discussed shortcomings in using CRTs as dependenr variables. ‘These

~ shortcomings are largely‘baaed on the peculiar psychometric properties of .

CRTs. However, Baker feels that CRM is valuable for research ﬁurposes, even
with the lafge number ofvunénswergd questiéns concerning their teliability
and validity. Baker points out ". . . 1f the tests have 1mpetfec:wr¢11ab{1iii ’

coeffiqienti in light of imperfect methodology, the researcher is compelled
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to report the data, qualify one's conclusions, and encourage replication.”
Baker also feels that the use of teacher performance tests with indeterminate

psychometric characteristics is not ethically.pernisaible for evaluation of

 individuals--at least for the present.

Millman (1973)“described three studies on the psychometric characteristics
of teacher effectiveness peiformance tests, using materials similar (mini-
lessons) to those of Baker (1973) and Popham (1973). According to Millman,
the most disturbing findings resulting from the studies yett “the erratic and
lov test-retest reliabilities.” Millman discussed several possible t?asons
for the disbouragihg reliability findingﬁ, but none of these seene& to amel-
‘iorate their significance, so he concluded that "clearly more‘éefinitive work
is needed on teaching performance teoés."

In a slightly different|area of aﬁplication, Knipe (19’3) summnarized the
Grand Pprks Learning éystén in which CRTs played a salient pdrt. The Grand
Porks School District began by c:eating detailed specxfications of performance
.objectives in K-12 for noqt subj?ct areas. These objectives were designed to
form the basis of a comprehensive set of teacher/learner contricts,‘as one
instructional method. It wauifound'that nathemngica wailthe subje;t area

most amenable to analysis, and therefore it received the most extensive

treatment. The sathematics test consisted of approximately 120 criterion-

o keyed items for each grade level 3-9, After extensive tryout, items were

‘revised on the basis of teacher and student recommendations, as well as on
the baeis of a psychonetric'analysis. Knipe iquhd that, teachers regarded the

CRTs ai useful in supplehenting NRTs, and, in addition,ffound them‘useful

for placement. Knipe concluded: "The-criterion-referepced test 15 the only
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type of teat thé; a school district can use to determine if it is working
.toward 1its curriculum goais."

Klein and Kosecoff (1973) summarized present éfforts in non-military
CRM, emphasizing CRTsvfor naihematica.- They described nine different CRTs,
analyzing each as to their characteristicé on five continua: program focus,
instructional depgndence, objective and item generation, test models and . L.
packaging, and test scores. The'following CRTs and CRM programs were
described: (1) "Prescriptive Mathematics Inventory", used to assess achieve-
. ment on objecﬁives associated with fourth-through-eighth grade mathematics
curricula; (2) "Coﬁprehensiﬁe Achievement Monitoring™, a computer-assisted
'nultipurposeveyaluation system; (3) "Individualized Criterion Referenced
Testing”, currently av#ilablelin kit form for assessing reading and mathematics .
skills for grades ome through eight; (4) "Instructional Object:ves Exchange",
- providing maﬁgala covering objéctives, sets of CRTs, and test guides; (5)
‘"ﬁINNEHAST Curriculum Projeét", CRTs designed to assess the MINNEMAST p;égram,
"a'coordinatgd'and sequential méthematics and science curriculum for the
‘elémcntary schooi"; (6) “National Assessment of Educational Progress", CRTs
designed to assess student,acﬁievement natignaily,'ind avéilableliﬁ fo?ms
for ages 9, 13, 17, and ad&l;; (7) "Southwest Regional Laboratofy", CRTs
des#gned for quality asaurancé putpo;g; in the aeyelopmén: of text-referenced
1nstiuctiqnai nanagenent.sydtemg; (8) "System for Objgctive§ ﬁaged Assegsment--
Reqding"; CRT iteés'kgyed to a sgt'of'pérfornahce-objectives. and covering K-12
teading;:and (9) "Zweig and Associates’, CRTs indexed to,prea;ription r
teaching alterhatives, and.available.fof K-B{mAtheuatics assessment. |

- Boyd Aﬁd'Shimberg (1971) developed a "Handbook of Performance Testing"

~
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the majority. of which is devoted to a portfolio of over 100 pages presenting
a great variety of criterion-referenced performance tests. ‘These tests,
ranging from woodwork and nétal repairs through dental hygiene to cosmetology,
are presented in considerable detail, and are illustrative of creative approaches
to the design of petforﬁance test itgms.

Hambleton (19745 has commented on CRM as the method of choice in eval-
uating individualized instruction programs. He has considered several such
programs thoroughly, and has recommended’ three types of CR testing as appro-

priate: unit pretesting, unit posttesting and curriculum-embedded testing.

Curriculum-embedded testing is the least important of the three, since deci-

sions made on the basis of buch tests affect the student for only a short
period of time and there exists an additional check of mastery on the posttest;
Unit pre and posttests are of concern for assigning students to instructional
units and for assessing mastery. False positive errors on such tests are |

considered more critical than false negatiQe errors by the author.

' Sherman, Zieky and Fremer (1974) have reviewed the proéess of develoﬁing '
CRTs in the language area. Guidelines for task analysis are also presented.
The work is a prodigious volume which,discgasea many aspects of CRT develop-

ment in general terms, however the areas of fidelity and practical constraints

surrounding performance item devilopnentrare'ignored.

Military Uses
Exténsiﬁe'experience with us;rof CRH.ﬁas reported by Ta}iof. Michaels,
and Brennan (1973) in connection with the Experimental Volunteer Army Training
lProéraﬁ (EVATPi., To standardize EVAT§ instruction, reviews, and teaiing;

performance tests covering s wide variety of content were developed and
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distributed to instructors. The tests veré revised as experience accumulated;
some tests were tevisedlas many as:three times. Drill sergeants used the
tests for review or remediatibn; while testing persdnnel used them for
general subjects, comprehensive performance, and MOS tests.. The tesfs also
provided the basis for the EVATP Quality Control System, which was,intenQed
to check on skill acquisition an& maintenance during training. , .
Unfortunately, problems'were‘encounté:ed with thé change in role required
of the instructors and drill sergeants under the system of sk;ll perfornaﬁce
1ﬁatruction and training. Considerable effort was required to bring about
the desit;d changes in 1nstructoi role. The CRT-based quality qdntrol system
‘performed its function well by giving an early indication of probleﬁs in the
new instructional systenm, Evaluation of ihe perfarnanpe—based system revealed
clear-cut superiority over the conventional instructional aysteﬁ. The‘prob}ems
with 1nqt1tutional change encountered by these workers should be noted b;
anyone proposing drastic innovation where a traditional instructional system
is well-established.
Pieper, Catrow, Swezey, and S@ith (1973) ptesgnted.a.description of a
performance test devised to evalu;té the effectiveness of an,e¥petiggntal
training cburae;gi;;zgz;;fae was 1ndividuali;ed. featht%ng anAaﬁtomated appren-‘

ticeship instructional approach. Test item development for the course per-

. formance test was based on an extensive tink analysis. The task analysis

included gacherihg many bhotographs of’jdb incumbents perforﬁing various tasks.
These nhotos served ai_stimulua wmaterials for the tests and were accompanied
Ly. questions requiring "What would I do" responses, or tdentification of

correct vs. ihcorrect task performance. All items were developed for audio-
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visual presentation, permitting a high degree of_eohtroi over;testing con-
ditions. Items were selected which discriminated along seve:ai criteria.
Internal consistencylreliability vas also obtained. | ‘

- A somewhat similar development project, entitled LeetnetQCentered

Instruction (LCI), (Pieper and Swezey, 1972), also describes aZCRT'develop-

. ment process. Here, a major effort was devoted to using alternate form CRTs,

not only for training evaluation, but also for a field follow-up perfornance
evaluation after trainees had been working in field asaignmento for six months.

- Adr Force Pamphlet 50-58, the Handbook for Desggnets ‘of Instructional

Systems, is a five-volune document vhich includes a.volune dealing with
objectives and CRM. A job performance orientation to CRM 1is advocated.
Specific guidelines for taek analysis and for translating criterion objectives
into test items are presented for both "hands-on performance" and written
contexts. The document is a good guide to basic "do' " and ?don'tefrin CRT
construction. .

A oimilar Army document, TRADOC‘Reg 350-100-1 pteeents guidelines for
developing evaluation naterials, and fot qoality conttolﬁof'training. The.
term is uged interchangeably with "performance telte" and with "nchievement
tests” in this document. The ateas of CRM, in pnrticular, and of evaluation,
in general, are given nininal coverage. CON Pan 350—11 is easentiallyﬂa =
revision of TRADOC Reg 350—100-1 designed to be compatible with unit training
requirsments. This.document; althoogh btiefly mentioning testing nqd quality .
control, .resents virtually no discussion of CRﬁ.

Various Army schools have developed manuals and guides for their own

use in the area of systems engiﬁeering}of traininﬁ. The Army Infantry school
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at Port Benning, Georgia, for example, has published a series of Training

Management Digests as well as a Training Handbook and an Instructor's Handbook.

There also exist generalized guidelines for developing performance-oriented
'teat items, in terms of memoranda to MOS test item vriteis and via the
contents of the TEC Il ﬁrogram (Training Extension Course). The Field

Artilletyfschpol at Fort Sill, Oklahoma provides Qn Instructional Syatems

Development Course pamphlet as well asvbooklets on Preparation of Written

Achievement Examinations and an Examination Policy and Procedures Guidg in

the gunnery department. The Armor school at Fort Knox, Kentucky, publiéhes

an Operational Policies and Procedures guide to the aystens.engineéring of
training courses. Generally these documents provide a cursory coverage of
CRT development. |

The Army Wide Training Support group of the Air Defense aschool ‘at Fort
Bli‘-, Texas provides an interesting concept in evaluation §f correspondence

course development. Although correspondence course examinations are necess-

‘arily paper-and-pencil (albeit criterion-referenced to the extent possible),

many such courses contain an OJT luppleﬂént wvhich is evaluated via a perfor-
mance test administered by & competent monitor in fhe field where the corres-

pondent is working. This is a laudable attempt to move toward performance

| :estihg in correspondence course evaluation. A supplement to TRADOC Reg 350-

100-1 on dcieloping evalua:iop instruments has also ﬁéen prepared. This
gpide provides exanplén pf development of evaluation‘1nltrunents'in radar
checkout and maintenance aﬂd in leadership aréul.

A courio entitled fonective: for Instructional Programs" (Insgroup,

1972) which 1s used at a nuwber of Atuy 1nntaliationo has péovided a 813-,

grammatic guidé to Ehc devblopnept'of instructional programs. CRM is not

- e e -
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‘covered specifically in this document, nor is it addressed ia the recent
Army ""state-of-the-art” report on instructional technology, Branson et al.

(1973). However, a CISTRAIN (Coordinated Instructional Systems Ttaining)

course (Deterline and Lenn, 1972a, b), which is also used at Army installa-

tions for training instructional systems developers, doee deal with CRT
development end, in fact, ptovides insttuctfons for writing items and for
developing CRTs. The scudy guide (;972b) dea;e vith topics such as devel-
oping criterin, idents’ )iue ubjectives, selecting objectives via task analysis,
developing baseline CRT irtems, revising first draft items, and preparing
feedback. This document provides a good discussion of CRT development in

‘an overview fashion.

Swezey and Pearlstein's (1974) document, Developing Criterion-Referenced

Tests, vas prepared under contract to the Army Research Institute for the
Behavioral and Social Sciencee; and ﬁrovidee comprehensive deecriptionl of
& process fot‘;he developaent, ve;idetion. and use of CRTs in military appli-
.cations. The manual covers distinctions Between CRM and NRM, applications
of CRTe.'eseeeeing adequacy of objectivee, develovnent o| thotpugh test plans,

conetruction of item poole. eelection of "beet items by item enalyeie and

-and 1ten reviev proceduree. edminietratton and scoring o CRT., and assess-

. -en; of CRT reliability and validity. The procedures for CRT development

* presanted therein vete_depiveé from a comprehensive review of CRM litefeture,

U.S. Army FM 21-6 has recently undergone'e comprehensive revision to

suit the'neede of field tfainet-. The revieed manual is| generally in tune

“vith cdhtenporary training enphaeie, witli considerable information on indivi-

dualized training and team training. In particular, the extensive guidehce
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provided on generation of objectives should prove Qery ugseful to field trainers.
While the re?ised ™ 21-6 does not specifically refer to CRM, the obvious
emphasis on NRT, which distinguished its earlierlvetsion, is gone. A possible
- weakness in the revised version is the tacit assumption that all trainees will
reach the specified standard of performance. Although the requirement that
all trainees reach criterion is not by itself unreasonable, practical constraints
of time and cost aoﬁetipes dictate modified standards (e.g.? 80Z reaching
criterion), just as Board actions,or career reassignwent may also affect the
percentage of trainees ;eaching criterion.’ Hhetg it is not feasible ﬁo wash-
out.or to recycle trainees, then remediation must be designed to permit an
tcononiéal solution. FM 21-6 doe# not seem to address the remediation problem.
In general, though, FM 21-6 1sla good working guide to field training. .It
will Se interesting to see how effective it is in the hands of'typical field
tr;ining personnel. | | |

?he use' of CRTs in niliiary operations 553 been slowed by the high initigl
cost of developing criterion-referenced perfornanqé tests. Often the use of -
CRT- for performance assessment has required operafion@l equipment or inter-
.actiye simulators, drasticallj raising costs. A.aolucgon to the cost ﬁtoblen
may be found in :ﬁe notidnlof Osborn (1970)lvh0 has deviséd an approhch'to
"oyﬁthctic perfo;nanécvtelt-? wvhich na; lead to lowered testing costs, although
" lictle Eoncfete eviddnce‘hnc appeared in the Iitgfature :o»@d;e. ' |

From these limited éxanple.. ;t appéars that the civilian sectﬁt has 1ed‘
in the rei?arch of methodological ana theoretical questipno concerning the use
of CRM. Hovevgr; the nilitfry has clearly IQJ.in the development and practical

application of CRM.
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Indirect Approach To CRM
Fremer (1972) suggested that it is meaningful to relate performance on

Survey Achievement tests to significant real-life criteria, such as minimal

" competency, in a basic skills area. Fremer discussed various ways of

selating survey test scores to criterion performance. All of these approaches

© are aimed at criterion-referenced interpretation of test scores. Fremer

proposed that direct criterion-referenced inferences about an examinee's

abilities need not be restrieted to tests that are composed of actual samples

' of the behavior of 1nterest. He suggested that considerable use can be made

of the relationships observed among apparently diverse tasks within global
¢ontent ‘areas. Fremer argued frrther that tasks which are not samples of
an objective may provide an adequate basis for generalization to that objec-

tive. He noted that, given a nearly infinite population of objectives, the

"use of a survey instrument as a basis for making criterion-referenced infer-

ences would ellow increased efficiency.
An example was presented, using a survey reading test to make inferences
about ability to read a newspaper editorial, A CRT of ability to read

editorials might consist of items quite different frou the behavior of inter-

" est. PFPremer offered the illustrative example, of using vocabulary test scores

to‘define objective—referenced s;arements.of'abillty to read editorials. He
noted, however, that the usefulness of interpreeive tables, i.e., those

that provide statements referencing criterion behaviors to a range of test
scores, depends heaviiy upon the metnod used to establish the relationship
between the survey test scores: and the objective-referenced ability. An

essential aspect would be the use of a large and broad enough sample of
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criterion performance to permit generalization to the broader range of
performances. o |

Fremer's example provided for the definition of seoefal levels of
mastery and pointed out that an absolute dichotomy, mastery versus non-
mastery, will seldom be meaningful. It is difficult to understand why
Fremer made Fhis statement, as the basic use of CRT is to decide whether
" an individual possesses sufficient ability to be released into tﬁe field
or requires further instruction. Many levels of performaoce can bo identi-
fied, but are ultimately reduced to oass~fa11 or to mastery/non-oastery.
Fremer apparently based his objection on measurement eiro;'which can render
‘classification uncertain. However, as discussed earliet,ﬁproper choicé of
cut-off and caroful attention to developmoht should minxoize classificotion
' errors. _Furthe;, classification according ﬁo lovels in addition to mastery/
non-mastery would only increase the probability of classification errors.
Fremer also proposed that the notion of minioal competency ohoulo encompass
a variety of behaviors of varyiﬁg importance,.and that the.metric of impor-
tance will vary with the goals of the educational aysta'.

. Fremer (1972) also set forth a method for relating- survey test perfor-
ma.uce tolminimal competency standards that involves a review of the pro-
portion of studeots who are rated as failures at some ooinf in the cur%icuk_
‘ lum. This serves as a rough estimate of the proportion of students failing
t~ achieve minimal competency. It is then poésiblo to apply ;his proportion
to the score distribution for the appropriate test in a survey ach#evement,

test, clearly a normative approach.
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A second approach to referencing survey achievement tests to a criteriqn
of minimal competency is to acquire instructor judgment about the extent to
which individual items could be answered by students performing at a mini-
aal level. By sumning across items, it is possible to obtain an estimate
of thg expected minimum score. Fremer howéver, tecogniéed the limitétions
of this latter process with its high reliance on informed judgment. .A third
method proposed by Fremer, seeks'td defiﬁe.minimal comfﬂtency in terms of
stu&ent behaviors.‘ The outcome of this method is the identification of
bands of test scores associated with pinimal competency. As in the second
method, processes involved in this method also rely on informed judgment. .

Still another ﬁethod proposed by Fremer involves developing newttests_
with a véry narrow focus, i.e., a sﬁallet area of content and a restricted
range of difficulty. Using this method, it is not nécessary to a#dress '
every possible objective, however, a test composed of critical items can be
deveioped by sampling from the iteﬁ'pool. The ‘next step in the précess
1nvb1ve§ relating achievement at various curriculum placements to the focused
test and the's;tveylinstrument. T§1s,illows keyiﬁg of the items'on the
surve& test to specif;c criticél objectiyes: A finallmethod put forth'by‘
Fremer is the stand-alane work sample test. Tﬁis technique is inténded
for use when there is an obsectivelthat is of such'interest that it should
be measured difectly. .

The procedures ennunciated by Fremer é;e'clever in concept; but are

mainly applicable to school systems, and traditional curricula, where well-

- developed survey instruments exist. Even where appropriate survey instru-

s

ments éxist, considerable wotk'is involved in keying the survey instrument.
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In non-school éystem insf?uéﬁional environmgnta, dealing with non~traditional
curricula, it is unlikely that.appropriate sufvey instruments exist.

Gray (1973) Qeyeioped,a written CRT designed to assess performance on
the Piagetian tasks of pendulum oscillation, eqﬁilibrium in the balance, and
combinatiogs of colorless'an& colored chemicai bodies. Ninety-six subjects--
12 in each of 8 age gréups (9-16 years Qld)--were'administered the wrigten
test and the actdéi‘Piagetian tasks in a counterbalanced design. Gray's
statistical analysis revealed that, in most cases “the correspondence:between

the predicted and-written item sequences is excellent." He céncluded that

“the correlations between the two methods measuring the same set of develop-

‘mental logic (validity values) along with moderate reliabilities are encour-

aging. . . [and] sbpport the cqnclusiqﬁ that a written test using thé devel-
opmental logic postulated.by Piaget as its behavioral criterion is definitely
ﬁossible. . «.". Although éray noted ;hat there was considerable room for
iwprovement in ;his particular attempt at test development, the implications

for an indirect approach to CRM are obvious.

Using NRTs To Derive CRM Data

Cox and Sterrett (1970) proposed an interesting method for using NRTs

" to provide CRM information. The first step {n this method is to specify

‘curriculum objectives and to define student achievement with reference to

these nbjectives. The seéogd.step involves ¢coding each standardized test: ‘

item witn reference to curriculum objecti?es. With coded test items and

knnwiedge of the position of each student 1n-the'curricu1um, it is then .

pocsible to determine the item validity, in the sense that students should
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already been covered. Step three is scoring the test independently for
each student, taking into'account position in the curriculum. 'The au;hors
suggeatéd that this model 1is partiéularly appii;able to g;oup instruction,
since placemeﬁt in the curriculum can generally be regarded as uniform;
Therefore, it is possible to assign each student a score on items whose
objectibes he has covered. It is also poaéiblé to obtain information on

' objectives which were excluded or not yet covered.

Livingston (1972c) delineated a method for computing criterion-referenced
indices from a set of norm-referenced test scores. First, the norm-referenced
ﬁéan (/lx), variance [O'Z(X)], and reliability coefficieént (}>2(X,Tx)] éré
'computed. Theﬂ, formulae are used for conversion to criterion-referenced
indices. For example, the criterion~refergnced reliabiligy‘coefficient
[kz(x,Tx)] ig'found by the following formula:

k‘(x, T.) - P'(x.r.)"(n + (“. - Cn),
' ’2(X) "’ (‘l - Al)z

‘where: ‘px = the criterion score
The appfopriatenesé_of Liviﬁgstbn's' techniques have yet to be empiricaliy
verified, however.

Considerations for a CRT implementacion Model

The development andluse of CRM is a fairly recent ogéurrence in instruc-
tional technology.  Partially as a tesulﬁ of this, there is no comprehensive
theory of CRM, such as exists for NRM. Hence,'the_concepts of CRT validity

and reliability are not yet well developed.
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. The need for content validity in CRT is well recognized, however. But
there is no single CRT construction methodology which will serve for all
conéent domains. Unresolved questions also exist in the area of Bandwidth
"fidelity, and the use of reduced fidelity in criterion-referernced performance
tests. ,

The rationale for the use of CRM in evaluating training programs and
describing individual performance is well established. For example, the
instructional systems developmeat model deVeloped by Branson, Hannum, Rayner,
and Johnson (1974), and intended for implemeqtation throughout the Armed
Services, uses CRM as an integral part. Branson et al. noted fhat "The
.process inQolved in the development of objective-:efereﬂced tests is the

' devélopment of test e;ercises that measure student perfprmancg of a specific
element identified in the analysis of the learning requiremenﬁs. . «," and
that "the test exercises and learning objective; must be in agreement énd
must reflect the specifie learﬁing elements that were identified in the
leérning analysis step [ f'ghé instructional systems development model].”

To ensuré the best possible results; military or 1ndustfial users
should exert every effort to maintain stringent quality control, including:

1. Careful task analysis:

a. Observation of actual job‘performgnce when possible

vb.. Identification of all skills and knowledges that must
be trained | |

c. ¢arefu1 identification of.job conditioné'

d. .Carefu1 id ntification of job standards

e. Identification of éritical'tasks.




.
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2. Careful formulation ofbobjectives
a. Partiéular’ca:e in thé setting of standards
b. Accurate identification of all objectives
c.‘ Independent che;ks éﬁ ﬁhe content of the objectives
d. Special attenﬁibn to critical tasks.
3. Item developmen; |
a. Determine if ali objgcfives must ‘be tested
b. Survey of resources for test
c. Deﬁelépmentwéf item sampling strategies
d. Determination of appropriate 'item format

e. Development of item pool for objectives to be tested

67

f. 'Development*of a tryout plan and criteria for item acceptance

g. Tryout of items
h. Revision or fejectioﬁ of unacceptable items.

4, . Conhideration'of~reiiab111ty and véli&ity

Particular care must be exercised in setting item acceptance criteria

. for item tryout. The usekdf typical NRT item statistics should be minimized.

Hany usual methods are not adequate, e.g. internal cansisfency estimates.

Traditional stability indexes nay also be 1na§§topr1a:e; due to small -

numbers of items and reducted variance.

By adhering to‘strict'quality control measﬁres,iic'should‘be possible

to obtain measures that have a strong connection with a specified content

.domain. Uhethet'they are sensitive to'insiruction. or will vaty greatly

due to heasurement error, is unknown. Careful tryout»and field follow-up

may currently be the best controls over errors of ﬁisclassificatiqn due to

B R e VR
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poor measurement. The ethical question of the use of measures with unknown
psycﬁometric properties in making decisions about individuals remains to be

addressed.

‘ Cost-Benefits Considerations

Although the costs of training and the costs of test administration can
readily be quantified in dollar terms, we lack an adequate metric to rigor-
ously assess costs of misclassification. - Emrick (1971) ﬁtoposed a ratio 6f

regret to quantify relative decision error costs. _Emriqk's metric however,

'appears rather arbitrary and in need of further elaboration. .The‘probability

of misclassification is the criterion against which an evaluation technique

toust be weighed. The results of misclassification range from system-related

. effects to interpersonal problems. In some instances where misclassification

results in a system failure, cost caﬁ be accurately measured, and is likely
to be high. | |

A relative index of cost can be gained ftom task analysis. If the
analysis of the job reveals large numbers of critical thsks, or individu#l
tggks whose criticalify is very high, then.the cost of éupp;ying a non-master
can be assessed as high; énd‘great effort is justified in developing high
fidelity CRTs in conjunction with'a training pr;gram.' H}sclaasification.
also results in job dissatisfaction and morale ptoblgna,'évidepced by.varioua_
syaptoms of organizatipnal 111ne§s, e.g., abseﬁteeism, high tﬁrnoVef; pdor_--
work group.cohesion, etc; . '

A possible solution to the cbst-benefit dilemma may come from work with

symbolic performance tests and the work cited earlier showing th&t'job know-




. —

S e et — .

- *-x.aj’ : '

< Tt el TR

e S,

T T e i 1 o i ety e

Contemporaty Views

69

knowledge ;ea;s may result in reduced testing costs in some instances.
However, deﬁelopment of suitaﬁle symbolic performance tests may prove to
be difficult. And, as progreas'is made in lowering CRM development cost,
cost~benefit pfoblems'will be largely obviated.'

As the ﬁuestion currently stands, there is no doubt that CRM proﬁides
a good bakis fot\evaluation of training and the determination of what a
trainee can actually do. If the system in which the trainee must function
produces a nunber.of critical functions which will rende; aisclassification
expensivg, then CRM is a nusf. .And, 1f *4Ye system has been developed from
task analytic data, CRM development 1§W$oth desirable, for evaluation pur-
poses, and cost-effective, whether or not there are many critical tasks

involved.
Brief Summéry of the State-of-the-Art

in Criterion-Referenced Testing

Now, let us. set forth a general position on theoretical and fechnical

aspects of CRT comstruction and use, based upon the state~of-the-art of

CR testing as we see it. Positions are presented sequentially for the following

topics:
-;a ﬂeéign considerations and CRT use

2. Construction methodéiogf and rélated issues
3. CRT admoinistration and scoring '

4. Reliability and validity
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Design Considerations and CRT Use

Among the major considerations in CRT comstructiocn is the way in
which specific uses -iy affect test design. Test design ny. vary io several
related fupdmtd respects, such as the basis upon which test items are
constructed and selected. In CR testing, items sre generally developetll from
an cnaly!h of tasks to be performed and ito- attempts to operatinnnlly
dcfine t.hc behaviors required. This is not necunruy the case 1n nora
tdermd (NR) testing. The manner in which scores are interpreted and
used also differentiatu CRTs from NRTs. In CR t‘uting. scores attained by
uninm are 1nterpreted against an exteml absolute standard—as opposed

to the distribution of scores attu.ngd by other examinees; which is the case

. with RRTs.

1t mit first be decided vhathar 2 CRT, as omiond tolc NRT, 1is aﬁpr,oprht,e.
CRT. scores do not lend themselves to ordering individuals along a contimum,
thus if the printy use of test results is to select among individuals for
m' special hﬁmxs. ntc.. ‘testing is contraindicated. Whenever

' ‘tnfomu.on is desired for put'poou of, ca-pu'i.u mnlmu, "R testin; appur-

to be mors appropriate than CR tuting ru- lppnu to tests of nehieven-t,
-ed;o. and performancs.
| CR testing 1is uu.nlly the technique of choicc vhen ndutim are to
be made on the _bacil of an individual's schicvement of opeclti.c'objecuvu. :

Here the primary question of interest i1s: "How well can an individul

3 perfo.m Telative to an external stsndard?®, rather than: “How well does

an individual do compared to others?®.




R R e e e p—

Contemporary Views

71

Cost Effectiveness

CETs msy be more expensive to develop and administer than NRTs, in
terms of absolute costs. CkI-specific development costs are dus largely
to the need for carefully deriving and specifying objectives, while

additional administration costs may result from the necessity of co-pa:ing‘

m performance to external standards. lcvetthe‘l.uc. CR testing may
well be aore cost—effective in the long run, if there is & genuine need |
to ascertain an individual's ability to perform a specific task.

Indirect approaches to criterion-referencing, by' covrelating symbolic
performance and/or job knowledze test results ﬁth performance measures, |
may be an approach to alleviating the bhigh costs of C2Ts. Such approaches
tavolve the development of two tests at different levels of fidelity for '
each objective, and subsequent validation of tle indirect -euutu against
the performance -emtu. Justification for these approaches center on
savings in administration time and coats.

n.'.mpqu' of dirsct CETs appears justified, desirable nnd
cost~effective, 1f there 1is a ucd to ensure that individuals will be able
to pcrfon .dcqutcly on the tuh for vhich they are being trained. When
there h a need for mum: winimal, shsolute levels of performance, CI-
tut_ing 1s the -ppto‘cll of choj.e.. :
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Screening and Diagnosis

CXTs axre applicable iot‘m as screening devices in cases v&u there
is & possibility that individuals may be able to perfors tasks without
training. If a person can achieve the criterion level on a CET, he should
be able to enter the job'vithout intervening training. Shthrly."cx‘h |

be used to determine the appropriate point 1 a training cycle for an

‘'individual to commence training.

CRTs may aho be used as diagnostic sids. Persons. aéhie'dlng the
critertion level night be channeled hto advanced instructiom, or tuedhtion
might be suggested for those faning belov criterion level on certain
objectives. CR testing for diagnostic purposes is 1ikely to be more difficult
and more expensive than CR testing for achievement of objectives, because
detailed documentaticn cn the W' bdnvio: is required. m- nay
Decessitate more u{d.un'lnd/or more elaborate schemes for collecting data.

tvaluation of Instructional Programs

dwide from the iuuqnut of Mividud pecrformance against absolute

standards, CRTs may also be 'used to evaluate instructional prognu; Here,

the primary question of intereat is: "Has my mtmcgional prdgtu taught o

what 1t 1s -uppoud o teach?”, m tuting is less appropriate for such

an application than 1is QR tuting. since vide score ranges bcforc and after

" administration of :h. instructional program are not mcuudly gnmnc

to the question of interest. CRTs designed :o; this application are
presumably bud directly upon iutmciiml.bbjccttnl since the bntc
quutm 1- vhcthct or not th. progrn hu mccnfuuy nugh: pcrfomn¢'

e.-p.cuu with she m:mtlml nbjacti.m. CR7s thus ptwldo data ’nving
diroet nlﬂucc to the qnu:uu ' '

N = S —A———
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Construction ﬁethodolggf and Rélated I1ssues

Due to the relative recency of the CR tis_ting concept, nny theoretiui
and practical aspects of CRT construction uthodolﬁgy axs not 80 well defined
as is ths case for NRTs. A\dditimi noph;itication in CRT édn-trnction
sethodology must await further resecrch on theoreticel uiues, and results
from more extensive attempts at CXT ;;npl'mtatiou. Nevertheless, some

general "do's and don'ts" for CET construction can be extracted from the

" methodological literature.

‘Task Analysis

FMrst, CRT comnetruction requires careful analysis of the tasks
comprising the test's subject. While conduct of the uik analysis itself
may be outluidc the test developer's domain, the féot developer must obtain
analytic data on: (1) skills and 'ﬁwvledgu necé.afy for task performance,
(2) required performcés cutod. in hWorﬂ terms, . (3) criteria uooch_tad
vith each identified ﬁeztomnc.. .nd (4) conditions under which the tasks

must be pcrfomd

‘uthout thm data. ‘the test developer cannot ndequntcly definc objec-

A tinl, and consequently cannot uteh test items to objectivu. Nor can he

m- the content valid:lty of the test. If unnblo CRTs sre to be eoutmtcd

mk analyses are nccuury pnroquiu:u.

Prgparlqg:0bjectives

Preparing objoctivu is one of the first formal steps u conntrucun;
a CXT. Mager (1962) has documented a useful procodurc ,!or fomtcing these

objectives. lugct'o' wuc_lttnu for ngmturj.h; objectives also appear

~
N,
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'appropriate. Information to be used in preparing objectives is bes; derived
from thorough ﬁaék analyt#c data.

If the test deveioper's input includes a list of unitary objectives--
‘objectives covering éepatate, single-tasks——the.test developer's primary
task is to match test items to these objggtives. The test developer must
assum; thatvobjectives are properly matched to the actual job ta.xs. If
this assumption is violated, the resulting CRT will lack content validity.
"If however, the as§umption is accurate, and the developer propoe:ly matches
items to objectiveé. conte:.t validity will be achieved. Thus, the test
develober must be knowledg¢eable abqu;.apbrop;iate formats and.quality
‘standards for objectives in order to make an adequate assessment of their

suitabiliiy for CRT development.

Aatching Items to Objectives

Mager (1972) has provided a sound pla£ for matching CRT items to:
objcctivin; Mager's plan involves matching pétfornancen and conditions
stated in or impliad by objectives, with correspcnding item performances
and conditions. Hager'l plan o.i;- a procedure for matching l:andnrdl
lloug objcctiveo and test 1::-. howvever implies that -tandardl should
nlao be matched. i

The test conlttﬁctor' :a-k ds to credte test 1ten- that are. congruent
with objdétivca. To the extent that objectives are "fuzzy”, the test
constructor cannot Create lppropti.t. itens. 1t s rcco-ncnded thit he

send !uzzy objectives back to their ori;lnntot. annotnting their dlfficulticl

and roquo.ting 8 roeonnldo:ation

L g - e
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When the teat developer has received an adequate objectiic (or set of
objectives) for vhich a test 1s to be constructed, a mmber of factors must
be considered before items are matched to objectives. These factors include:
practical constraints in the testing -1tuatioh. test fidelity, test format,
and mmber of items required to test a given objective.

Practical constraints tust be systematically aueg.?d beforé test
items can be constructed io that the items can be built with petf#nu_nce
1nd1utari vhﬁ:h are suitable for such cousiderations as: testing conditioms,
tester availability, time lvailabi‘lity. fncility and equipment _lva_ihbility.
stc. These considerations obviously impact on test fidﬁiq. cxr items
skculd b;'constmcted at the higheét level of f:ldelity puctiubie. con-
sistent with situational constraints.. In cases vhgre critical objectives
.atc to - be tested, special care ngx;t be taken to develop sufficiently high
fidelity items so that critical task mastery can belacc'utitely assessed.

Selecting Among Objectives

The tactic of selecting among objectives, that is, randonly testing

a subset of objectives, may be used in some 1mlltr§ncu, as long as trainees
do not hwv'the subset to be test;d.' This tactic must g_gﬁrlbe used when |
critical objectives are involved. For objectives of a non-critivca']. nnn;re,
-elegt;on iay be used to évercone pr;c'tial ;:onsttaintn inpoied_ by the
testing litugtion, without nécuaitating uiodificatipn of objeé:fivu.
Selection among objectives should never be d_én'e vwhen 1t 1s necessary to

certify that individuals qualify on all objectives.

v i
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Number of Items

Mo bard and fast rules for specifying the mmber of items to be

created for a given objective exist. It 1s recommended that as many items
as test situation time availability will peruit, within limits suggested
by considerations of motivational and fatigue factors, should be included.
As Graham (1974) has noted, "even for highly ‘honogeneotu tests, four or
five items may be necessary to nitfimize classification etrﬁn." Thus,
even for CRTs measuring a single, well-specified ob'jective vith fev con-
founding factors, additional items may help to ieduce measurement error.
For more heterog‘encous te-ti, the desireability of having extra 1tm‘ may

be even more pronounced.

Format

Test format may, in many cases, be largely dicfnted by objectives.
Certain objectives for example, my reéuire hands-on performance tel.ting.
- Such things as number of items to be included, and practical constraints
such 28 time and manpower availability, may also help deternine formet—e.g.,
a li'tunt‘ionalviten, mltiﬁlo—choice format might be the only feasible way
of tasting some sets of objectives. A general guideline might pe based
" on ﬁdgert&n'- (1974) suggescion, that item styies mot ‘be mixed in the |
sanme test, 'S0 as to avdid‘ measuring "test taking skill® instead of subject
matter competence. |

vItvvgenerat'ion 11.;128. such as "item forms™ and "facets" are not
yet sufriciently researched tb v‘a.rra'nt qsé ﬁy.personnel' vho are'not soph=-

isticated in psychometrics. Hence, for objecti,ve-"thlt may be', tested by
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an unlimited number ¢f items, such as those dealing with concepts, the
best suggestion that can be offered testing. personnel at this time, is to
be sure that each item matches the objective it tests. .

Item Pocls

After the test develope; has considered such factors as fidelity,
mmber of items, etc., items can.be matched to objectives using principles
similar to those advanced by Mager (1973); The test develdper should con-
ltruct a pool of 1tems considerably larger than the nunber required for |
the test, so that the best items can be selected. Items are then constructed’

at the level of fidelity and in the format pteviously determined.

Traditional item analysis techniques, like other statistical techniques
developed in conjunctién wvith NR testing, have limited applicability for

CR testing (due to restricted ranges of score variance in CRTs). Although

recent studies have suggested techniques for increasing vatiance of CRT
scores (e.g., Haladyna. 1973; voodson, 1973) these techniques are experi-
:zn:nl". and 1t is not yet appropriate to apply them as a natter of course.
Connequently, until ndditionll relearch developl and refines new approaches -
to item annlysin apptopriate for CR testing, a simple index which relies
on the use of "masters” and "non-nasterl" (e.g., those vho are beginning
training and tho-e vho have conpleted txnining) appear- to be an appropriate
tecbniqu.. v

'“H;-térl" and "non-nmttett”.ate.testeJ aqd_fheir patternsvof pass

and fail on the items are recorded.. 55 coefficient. are computed using

R St iy vty
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four-fold tables ("master”-"nommaster”, pass-fail) for each item. Gzod

items are those wvhich are passed by "masters" and failed by "noomasters.”

, Items are poor if there is little difference on pass-fail patterus between

"masters” and “nonmasters”, or if more "nonmasters” than "masters” pass thes.
Lov er negative ﬂ coefficients act as warning flags. Items receiving lov '
coefficients should either dbe thrown out or, at least, iecouzdered cate-.
fully before inclusion in a CRT. These warning flags are relevauc if the
pool aof items 1is homogeneous, or if it is composed of items testing several
objectives. |

Care must be exercised to ensure that all objectives are represented by

the proper number of items, as determined previously. Item balance among

disparate objectives measured by the same test should be maintained as planned.

CRT Administration and Scoring

Administration

Like all tests, CRTs must be administered under standardized conditions.
CRTs should include ncccmpa'nying‘ documentation which specifies: (1) test

sdministration conditioas; (2) hutructi:on'l; 3) ndnini:t;atibn»ftoceduru

. (inclnding‘bov to handle questions, how to check and set up test ;uppliu '

and equipment, etc. s (4) circumstances for excusing examinees from the

test, due to illness, fatigue, c:c‘.; (5) eudfoméaul circumstances under
vhich test administration should be cancelled; an_d‘ (6)'lcor1ng prdcédurgs.
Test aéminiitfatorn must be tr#ud- to follow specifications precisely.
Since cnccif:lc’:im will apply to any test, documentation acconpmying a
specific CRT need not «nec’uurny be extremely detailed—except tor‘j'i/béc';nl

thuﬁncnu such as -'ett.ﬁ:g up the test facility, and test scoring.
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Scoring

Test scoring procedures must be developed during the test thctim
process, since they will generally vary as a function of the type of CRT.
There are s mmber of interrelated decisions that must be made concerning
scoring. These include: | ‘

1. Obje;:tiyig of scoring

2. Process va product scoring methods

3. 1‘7?0 of scoring (SOIno-go. rating scales, etc.)

A Cut-off poinu |

S. Non-interference vs assist methods
Objectivity

' Bvery attempt should be made to maxinize objectivity in scot:lng CRTs.
In lowv .fidelity tests, such as those using multiple-choice formats,
‘objectivity is apparent. (Sucb tests can be computer-scored.) Inm lughet
fidelity CRTs, it is relatively simple to maxinize objectivity for hard-
skill subjects, however soft-skill areas, such as tactics, leadership, etc. -
are wore difficult to test objectively. .To the extent that objectiﬂﬁ'h |
not achieved, r'eu.bhicy 1s u:gﬁutd. Efforts must be ‘made to specify’
.oft-sk.i.u objectivu ptecilely. so that approprhu items (with unochted

» objcctivc scoring proccdurcp) csn be prepared. Even in the but of cir-

cu-ntu:?u. hovever, -oft-unlMQ,wﬂl probably have less objective
scoring guides than will tests of ;il-ltd-lki‘ll subjects. One vay to mimize
objectivity an soft-skill R t&tiu is gd réquirc several tnt?rn to assess

" each individual. Ihter—xrntet reliabiltiy can thenlb‘g calculated. If lw".

: ﬁtci"vnép_r tel.#abilit} 1s found conqin;intly. the .tut l-honld‘ be revised. SR
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Process-Product

R.C. Slith'l‘ (1965) guidelinas for detarmining process versus product
-n-:urmt' appear ldequatc‘,. with slight modifications. That 1s, product
measurement is alvays appropriate if the objactive lpeciﬂei a product.
When a product measure is called for, it should be incorporated into the
oijeciive, and carried over into the test items. Product measures are |
called for when: |

(a) the product can be measured as to presence or characteristics

(b) the proce&ute leading to the product can vary without affecting

' the product. | .

Process neaaﬁtenent is indicated when the objective specifies a
required sequence iof ‘performances which can be observed, and the pertor-
mance is as important as the product. Procus measurement is a.loo appro-
priate 1n cases vhere the product cannot be measured for safety or other
constrnining Treasons. .

'l'here may aho be situations vhere both process ud product measure-
ment are apptoptutc for a given objectin. Yollowving ars several examples
of conditim that may call fot botn product and procul uuutment'

(n) A.lthough the product is more important than :he pmcul(e-) vhic.h

lead to 1:3 conpleuon, there are critiul steps which, 1f
usperfornd, may cause dmge to equipment or 1njury to perlonnel.

(b) The procell and_product lte of similar importance, but it cannot

be assumed that the product will meet criterion levels.
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(c) Diagnostic information is needed. (By having process as well as
product measures, information as to why the product does not |
meet the criterion can be obtained.) '

then both process and product measures are obtaﬁed for a lpec:lfic

objective, scoring must follow the criterion specified by the objective.

That is, if the criterion specifies only a product, then process scores |

should not be used to assess achievement of the criterionm.

Type of Scofing
‘The type of scoring system uployod must be appropriats for the

vojective. It the objective specifies an sction or product, & go/no-go
scoring system should be used (either the action occurs in the proper
sequence or it does not; either the product results or it does not). If

tne objective specifies chractethti«;: of a criterion-level product or

_action, a rating scale or other form of point assigment is 1ndiéated.

Point islignnent. sust be made on an explicit, well-defined basis for -
each item. Yor rating scales, inter-rater reliability must be high. Point .

ulign-'cnt- must be tied to criterion lmcis specified in the objective.

Cut—Off Points

Cut-off lﬂeln should rcf.lcet mastery of thc objcctin to ths extent

iequirod. : Sincc factors ‘other than ability to perform a task (such as

o utelu. errors, measurement ctrou, etc.) may affect an individual's score,

cu:-off a.cvdl are oft- set .onzu‘hat below 100 petcent. 1f, for example,
an objective calls for multiplication of two four-digit numbers, thé

¢riterion might lpecity performing 10 such sets within five minutes,
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achieving the correct answer in at least edight cases. Thus, the cut-off
score of 8 (below 8 - fail) reflects an arbiftary definition of mastery.

True mastery would require 10 out of 10.

cuhai (1974) has made some valuable suggestions concerning the setting

of cut-off points. The cut-off, basically, should discriminate masters

. from pon-masters. Howvever, as iteam domains become mors broid, more hetero-

geneous item sets are required. Thus, the confounding influence of skills

and knowledges vhich are not directly related to dbjectivu increases. For

tests measuring objectives having broad domains (or several objectives with

ditferent do-iinl) the overhp'betveen mastery and ipn—hutery scores con-

‘sequently widens.

When littlo overhp occurs between mastery nnd'n'on-nntery scores

‘(as is the case for tests measuring a single objective wvith a telatively

' restricted dmin) setting a cut-off score is less critical. The cur-off

point sbould reflect the staadard specified by the objective, and can do
so without falling ut'o the zons of overlap between masters and non-masters,

n:l.ncc thi. unc. by definiuon. u either narrow or m-exutnt. Oa the

' other hand, 1f the ovcthp is vidc. the point at vhich the cut-off score

19 set, is critical. Hhcuvct thc cut-off. score 1. ut. there will be

ul-'. uoda-sﬁiutim. In -uch cases, thers are two considerations.

First, &jocﬁvu uust bc-iﬁccificd precisely, with item domains as xestricted
28 possible, in order to narrov the iln.t-ry-nom'utu'y overlap. VWhem
achieveaent of several objectives of disparat; nature ltl measured by a

single test, separate oc’o‘ru for each objective's 1:- set should be obtained,

‘ n_ch with it; own cut-off. However, for ttid'-ofreoutqc or vc_nd-of-cycle ‘ '

v
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exams which assess high levels of skill and knoile_dig- integration, a single

cut-off uy be set, qinci wvhat is to be tvdluttd 1. s ch;oter of skills

and knovledges applied in combination. - = | |
s;cond. costs of false positives and ful;c qegitivu must be considered.

1f the costs for false negatives are 't'ehtiv'dyvhigh (e.g., manpower needs

are e;iuc;l) the cut-off score might justifiably be lmfnd. "If the

costs of frlse positives are high, thcln' éﬁi-off scores must remain high.

In any case, viea performance on critical tasks is tested, cut-off points

must be kept high enough to reflect the standards specified in the objectives
for those tasks. . '

Assist vs Non-Interference

1n general, a pon-interferance method of test administration is
preferred over an assist msthod, in CR tusting applications. In the assist
method, the examinee is scored no-go for s missed item, corrected, and then

alloved to proceed. A major problem hctq, is that if the criterion requires

“an exsminee to complete a chain of steps, h'a. should l;e tested on ¢o his

ability to do so. On the job, the examinee will have to complete the

chain of steps correctly, with no help. There Varev hbvcvcr. cases 1n _\vhich

" an sassist ucorinj technique can be profitably used. ‘l'hniu.'involvc usaes of

CR testing for diagnosis. In such cases, the trainee is peraitted to
coaplete & chain of ucp'-‘lnd given assistance on those which he cﬁmt

- parzorm: cdqq\intdy. Ha is typically scored 'no-go‘fot steps where he 1s

assisted. The tocoi'd of no-go steps is a useful dhgnoltic tool—temediation

-
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can 'conccntntc on missed steps. Such records may also be useful for

evaluating instructional materisl, especially if many examinees have

. similar plttem of no-go items.

Reliability and Validity

‘Reliability

Techniques for assessing CRT reliability are, for th; moSt p'art'.
either not fully developed ovr’au based on questionable uquap:ionn'. (¥For
example, see Livingston, 1972; Oakland, 1972; Haladyna, 1974; and Woodson,
1974). The meed for additional work in the area of CRT reliability,
contintnu to be a preuin; one.

A prictical solution 1.0 to assess test-retest reliability ¢':f CRTs, a
procedure which does not depend on internal cmht.ency.'and which increases
tha variability of test results, h&uc of the.two test administrations
required. The ¢ 'coefficieﬁt is useful for analyzing the rédulting four-
fold (first administration-second. gdministration, pass-fail) data. ﬁ

values lu. than +.50 would indicate uucceptablc te.t-retut teliabmt)

lct CXIa.
: Validi‘tx
. Contant validntion is an upq;hlly .appropriate lllcthod» in CRT appli-
cations. A CRT .1-' ‘content valid if the test 1:&- are carefully based on
the pcrfomncu. conditions, and ltmdardo opccified in the objectivu and
'41f the “lt itens approprintcly nnplc objectivu. (Of course, the objec—
tives thmclvu must be uound ) 'nnu, in most 1mn:nncu, careful test

eonlttucziou will, 4itself, enable tho development of content vnlid CRTs.

. . e
—— ..
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Bowever, in instaoces where low fidelity CXTs are constructed, it may be
more difficult to determine content validity, since the items are not likely

to be precisely matched to objectives. In such cases, there are two addi-

- tionzl types of criterion-related validation that are well-suited to CRTs:
concurrent validity and prlodictin vqlidity.

In determining concurrent validity, CRT results are compared with an

ouﬁaidc measure of tbe behaviors tested by the CRI. This outside measure

sust be the Lest available sssessment of performance on the objective(s)
in question. The assessmeft of concurrent validity, involves individual

asvessment via the CRT and the outside measure close together in time

'(conwruntly). ¢ again is used oun the four-fold data (m—bther measure,
w--!lﬂ.).
Predictive validity involves thc sane uou-ptim The outside

seasure must be an accurate messure of the performance in question, or the

 validstion will be mesningless. Predictive validity is calculated the

sane vay, except the autlid. measure is taken at a later time—i.e., vhen
:hc individuah are actudly parforming the jodb tor ch they've bc

trninod. The ¢ estimate 1is calculsted jut as. for ent validity.
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