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ANINVESPIGATIOIINIOQIEAUIERNATIVETO'BIEWMCESS

Gregory J. Cizek

missuidyexaminedonevariationofthetraditioralgmip-process

procedure for establishing passing standards on a medical specialty

examination using the Angoff methodology. 'Ihe variation consisted of

requiring subject-matter experts to provide Angoff ratings

independently, without group interaction or other sources of

information. 'Ihe study also sought to isolate the effect of group

interaction and information—sharing thrcmgh carparison to a group-

process condition and a condition in Whidl independent item reviewers

were provided with distrihxtions of other the independent mviewers'

ratings.

'Iherewereseveralmajor findinginthestudy. Itwasobserved

that the independent procedure produced a nonsignificantly higher

passingstandardthanthegmip-pmcessproceduredid. 'Iheabsenceof

statistical significance, however, did not exclude large practical

coriseqtiernesfortheinterestedgroips, suchastheexammeesandthe

standard setting board. These practical consequences are described and

discussed. Also, it was observed that individual item reviewers'

ratings were more variable in the independent condition carpeted to the

gram-process procedure. 'Ihe independent condition was also 1&5



 



 
costly to inplanerrt. Item reviewers in both conditions produoed

ratings that exhibited less than desirable accuracy in terns of

estimating the performance of the hypothetical minimlly-oaxpetent

91'0“!)-

'Ihe provision of additional information to the independent group in

theformofdistrihxtionsoftheirowninitial itemratingsresultedin

subsequent ratings that were significantly higher and less variable,

hitdidnotresultinmrepreciseestinatesofperfomarneforthe

minimlly cape-tent group. However, indepenient raters amarerttly

utilized the additional information provided as distributions of

ratings. It was found that krmledge of a reviewer's initial rating

andthegroup'sinitialmeanitemratingwasamderatelygood

predictor of a reviewer's subsequent ratings.

Inplicatiors for future design of standard setting procedures and

policy cmsiderations are discussed.
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I.PK)BLEM

lgtroduction

The 1icensure and certification processes represent the efforts

of govermental and private entities to ascertain and recognize the

competence of individuals in the practice of a profession or trade.

Licensure, as canmonly understood, is the granting, by a governmental

entity, of the right to legally practice a profession or trade. The

right, or license, is granted pursuant to the individual's

demonstrated acquisition of the knowledge or skills required for _sa_fe

practice. 1icensure programs are conducted by governmental entities

in their effort—and charge—to protect the public against unsafe

practice. Certification is the process by which non-goverrmental

entities, commonly professions or associatiors, confer a credential.

'Ihe credential is also usually only conferred upon the individual

after demonstration by the individual that a specified level of

knowledge or skill has been acquired (Shimberg, 1981) .

As reported by Nafziger and Hiscox (1976), over 2000 occupations

employ some type of licensure or certification procedures. That

number is surely increasing, even leading some to label Americans "the

credential society" (Collins, 1979) .

Additionally, many entities which once issued permanent licenses

or certificates have now begun to reassess the concept of lifetime

credential. Instead, time-limited certification or re-credentialing
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concqits have begun to be seriously entertained and often implemented,

especially in rapidly-dengiiig technical fields such as the medical

professiors (American Board of Medical Specialties, 1987) .

The carpetence required of a candidate for licensure or

certification is usually stated in terms of requisite knowledge,

skills, and abilities. Verification that the individual has acquired

the knowledge, skills, and abilities is often linked to one or more of

three canponents: a minimum educational attainment, a minimum practice

crexperiencerequirement, andaminimumlevel ofperformanceonan

cbjectivet$t. 'nieaaxnimtionsusedaspartofthethirdcanponemt

are increasingly criterion-referenced ones.1 Hambleton, Swaminathan,

Algina, and Coulson (1978) have defined such tests as ones that are

"used to ascertain an individual's status (referred to as a datain

score) with respect to a well-defined heavier domain" (p. 2). These

tests consist of items that are a "representative set of items from a

clearly-defined domain of behaviors measuring an objective" (p. 3).

'meprcsentresearchfocissesonthelastofthethree

carponents in licensure and certification testing prograns—the

criterion-referenced test. Specifically, this research examines one

particular test score of unique interest—that score from which

emanates inferences of mastery or conipetence—the passing score.

The passing score on an criterion-referenced examination

represents the establishment of a standard of performance judged to

 

1 It is recognized that terns such as "criterion-referenced,"

"danain-referenced," and "norm-referenced" precisely describe test

score interpretations and inferences rather than the instruments

themselves. However, imprecise use of these terms in referring to

instruments is ubiquitous—even among measurement specialists

(Cronbach, 1989) . 'Ihis relaxed usage, though imprecise, is followed

throughout this manuscript for purposes of ease and clarity.
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beacceptable. Itisthelowestscorethatpemitstheexamineeto

receiveflielioeltseorcrederitial.
Smetimes, thoughlessandless

so, thepassingscoreissetinamfmmamer.
'nntis,

fliepassirigscoreisfbredrelativeto,ordeperdent11pori,
the

performance of sane group. For exanple, a norm-referenced or

"relative" approach to standard-setting might result in requiring

aamineestoscoreatorabovethe85thpercenti1e,
oratorabove

sanemmberofstardarddeviatimsawayfrcmaverageperfomamem

the examinatim.

However, because the forms of licensure and certification

prograns has increasingly becane that of assessing examinees'

cmpeternewithrespecttoapre-judgedstandardofperformance,

mun-referenced standard-setting procedures have been called into

question in terns of their propriety for the stated purpose. In

their place, "absolute" or criterion-referenced methods of

establishingpasflngstaiflardshavebecanemreccmnon. 'Iheabsolute

methodologies, while boasting of greater intuitive and political

appeal, still face diallenges with respect to the validity of

inferencesthataremadeasaresultoftheirresultingstandards

(Jaeger, 1979) . Specifically, the possibility of establishing a

standardthat results inthefailure ofatrulyccupetentperson (a

"false negative") or results in the passing of a truly incompetent

person (a "false positive"), is of particular concern.

Criterion-referenced standard-setting methodologies have clearly

not yet accanplished technical perfection: nuch work remains to be

done in this area (Hanbletcn, et a1, 1978; Angoff, 1988). The prcsent

mseardiaddressesoneaspectoftheprocessbywhidistandardsare
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set on a criterim—referenced certification examination in a medical

specialty.

Mime

Since at least 1954 when Nedelsky sought to derive "absolute

grading standards for objective tests" (Nedelsky, 1954, p. 3), the

probl- of how to establish passing standards on criterion-referenced

ethicational assessments has persisted. Nedelsky's early work

prompted investigation of alternative standard setting procedures

designed to establish passing standards that differed from the

doninant norm-referenced approaches of the tine. Nedelsky's

objective, and that many of contemporary researchers in the field of

standard setting, was straightforward:

"The passing score [siwuld] be based on the instructor's

judgment of what constitutes an adequate achievement on the

partofasttxientandmtcmtheperformancebythestudent

‘ relative to his class or to any other particular group of

students" (Nedelsky, 1954, p. 3).

The past three and one-half decades have witnessed the

introduction of many alternative methodologies that have shared the

sane dejective—novenent away fran the daninant norm-referenced, or

relative, approaches. Among the proposed "absolute" methods as they

are sometimes called, the most well-io'iown are those proposed by

Nedelsky (1954), Angoff (1971), Reel (1972), and Jaeger (1982).

other nethods have also been introduced that have tried to

achieve a cmipranise between the absolute and relative approaches.

Proposals by Bank (1984), deGruijter (1980), and Hofstee (1983)

represent attempts to synthesize absolute and relative nethods.

Taken together, all of these methods represent efforts to



 

 

 



 

fonalize a set of rules for establishing passing standards in a less

arbitrary, or at least more justifiable, fashion than traditional,

norm-referenced practice has offered. 'Ihe methods rely primarily on

the use of subject matter experts' (hereafter called I'm")

judgments concerning one or both of two critin elements: a

conceptualization of the "barely-passing," "minimally-ccmpetent," or

"borderline" examinee; and, an expectation regarding the level of

contenthmledgearflskillthatsuzhanecamineeshouldpossess

(Livingston & Zieky, 1982).

After initial research efforts to derive absolute and, later,

carpmnisenethodsofestablishingpassingstardards, asecondstream

ofresearchdeveloped. 'Ihissecondlineofirqliryfoelssedmainly

on differences pm methodologies (Mills & Melican, 1988).

Investigations carparing two or more methods characterized this

secondphaseofstarriard-settingl'rquiry. AppendixAlistssomeof

these filter-nethodological investigations.

Recently, however, athirdphaseofresearchneedhasenerged.

Researd'l in this phase is characterized by attempts to identify

sources of variation within stardard—setting methods.

field

'Iheproposedreseardiiscloselyalignedwiththethirdphaseof

research into standard setting methodologies and focusses on one

method—the Angoff method. The Angoff method and its variations

(sometimes called "Modified Angoff" procedures) are derived from the

work of Angoff (1971) and others. The Angoff methods require SME‘s to

serve as item reviewers and to scrutinize each iten in an
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examination, usually prior to the administratim of the examination.

'meitenreviewersarethenaskedtojudge, foreachiten, the

proportion ofminimallycmpetentexamireeewhowillanswerthe iten

correctly. ‘Ihe iten reviewers' judgments, in the form of

properties, are canmonly referred to as "Angoff ratings."

'memw-preferredneansofobtainingtheitenreviewers'

judgments utilizes aWformat. In this format, the panel

of SMEs is convened in a single location, provided with training in

the starriard-setting methodology, and directed to provide their

ratings foreachiteninatest. 'megroup-processformatisoften

preferred because, predictably, item reviewers do not produce

identical ratings and the group-process format provides a means of

resolving the differences in ratings. Most researchers agree that

this reduction of variability is desirable (Jaeger', 1988; Meskauskas,

1986; Snith, Smith, Richards, & Earnhardt, 1989). However, it is

cannon that an extensivepportion of a group's meeting time is devoted

to discussions about individual test ite'ns, debate, and, when

applicable, to corsenels-readling regarding the ultimate rating for

each test iten.

Several problems arising frcm this format necessitate the

investigation of alternatives to the traditional group—process

format. Norcini, Lipner, Iangdon, & Strecken (1987) summarized two '

of the problems, including: the tediousness of the task of reviewing

individual items and reaching consensus ratings (especially when a

large number of itens is involved): and, the expense of eupaneling a

sufficiently large group of SMEs in one location for, perhaps,

several days. 'Ihese problens are especially evident in the area of



 

 



 

professional 1icensure and certification where hundreds of

credeltialing prograns employ criterion-referenced steward-setting

methodologies, nest of these relying on subject matter experts

participation in a traditional gram-process format to obtain iteu

ratings.

Another frequently encan'rtered problen is simply arriving at a

single block of time that is available for each SME on the panel of

iten reviewers. This problem has bee'l characterized by Iockwood,

Halpin, and McLean (1986) as one of the "situational'constraints"

(p. 6) in the standard-setting process. Hambleton (1978, p. 282)

specifically addresses the problen of time resource availability as

one of the four primary considerations in selecting a standard-

setting methodology.

In addition to the need for research to suggest alternatives for

addressingtheprobletscreatedthroxghuseofthegroup-process

fontetinstarxiar'd-settingsunies, researchisneededtoecaminethe

effect on resultant standards when such alternative strategies are

tried. Many researchers have conducted comparative studies of

standard-setting methodologies which employ a group-process formt.

Also, most have offered an opinion concerning the appropriateness of

the group-process technique. For example, Brennan and Iocl<wood (1980)

opine:

"Scmetimes...it is suggested that a cutting score be

determined by a reconciliation process. For example, after

the five raters in this study completed the Angoff

procedure, theywereinstructed, asagroup, toreconcile

their differences on each iten. One typical result of

using a reconciliation process is that certain raters tend

to dominate, or to influence unequally, the reconciled

ratings... There is a certain logic to using a

reconciliation process that appears to be compelling. It

might be argued that the ideal of using either the Nedelsky



 

 

 



 

 

ortlnkgoffprocedmeisforraterstoagreemevery

iten. 'Iherefore, why not force them to concur? One

arglmeltagainstthislogicisthatforcedconsensusismt

agreement, although foroed consensus may effectively hide

. Also, a reconciliation process does not

guaranteethatthesameexttingscorewillresulteaditine

a study is replicated" (p. 235-236) .

AltlnlghBremananiIoclmood'srenarksgobeyozfitheeffectof

grum—processardexterdintotherealmofrequiringconsensusofthe

expert group, their logic is equally applicable to the traditional

group-process condition. 'Ihat is, after appropriate training of item

reviewers, the condition of group-process may not be mcessary,

desirable, or efficient for use in all standard-setting procedures.

Jaeger (1988) offered his opinion on another aspect of achieving

agreenent among iten reviewers:

"Achieving consensus on an appropriate standard for a test

isanadmirablegoa1(certain1yguaranteedthroughtheuse

ofasingle judge), butit shouldnotbepursued atthe

expense of fairly representing the population of judges

whosereconmendatiorsarepertine’xttothetaskof

establishing a workable and equitable test standard"

(p. 29).

Maslow (1983) has renarked that lmowledge about "the optimal

size and structure for the group of judges" is "basic to improving

practice in standard setting (p.104), and that "the research

literature gives only brief and unsteady guidance here" (p. 105) .

While some investigation of the issue of optimal group size has begun

(Smith, Smith, et a1, 1989), the issues surrounding optimal group

structure remain largely unaddressed.

Meskauskus, (1986) has appropriately, and succinctly, noted that

"[there] is a need to explore the determinants of intrajudge and

interjudge variance in de " (p. 200).

Mills and Barr (1983) reported that:



 

 



 

"While general information cmcerm'ng procedures for

inplenenting thenethods and alwlating cut-off scores is

available, specific guidelines are less well established.

Issues of training, groupinteraction, independent ratings

vs. discussion all affect the methods, but little is

available in either discussion or guidelines concerning

these and other inplenentation issues" (p. 2-3).

In 1984, Fitzpatrick perceived the need for research m

standard—setting procedures in an integrative work applying research

intheareaofsocialpsydlologytotheproblexsofstandardsetting.

The need persists, as Fitzpatrick (1989) notes; specifically there is

aneedbythoseinvolvedinstandard—settingresearchtoirwestigate

the effects of group processes:

"We must ask whether it is desirable that the decisions

that [item reviewers] make be affected by interpersonal

canparisons, by cognitive learning through the exchange of

information, or by both types of processes" (p. 321) .

Pocassinginonthesocialaspectsthataffectgrwp—basedstandard—

setting methodologies, Fitzpatrick goes on to argue that:

"standard-setting procedures should be designed to both

minimize the effects of social comparison and maximize the

effects of certain informational influences on the

decisions to be made" (p. 322) .

In summary, Fitzpatrick specifically urged that:

"procedures proposed for reducing the impact of undesirable

influences standard-setting context should be

investigated.in Whether or not the suggested procedures will

be effective can only be decided by further research" (p.

325).

Unfortunately, scant attention has been paid to these, and

similar, aspects of intra—methodological variation. Specifically, as

Mills and Barr (1983) and Fitzpatrick (1984) have both remarked,

little evidence has been brought to bear on the effect of the

presence or absence of the group-process condition. Fewer still

appealing alternatives to the group-process format have been
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proposed. alrry (1987) has sunmarized the existing state of affairs

aptly:

"Almst all of these authors [on standard setting]

acknmrledge that the expert group process will have

significant impact on the validity of the outcome, few have

examined the dynamics involved" (p. 1).

m

'Ihe present research attempts to identify an efficient variation

of the traditional group-process method for use with the Angoff

approach to establishing passing standards on a certification

examination.

Using the Angoff (1971) method, the present research canpares

twoproceduresforestablishingpassingstaniardsonamedical

specialty certification examination. The two procedures used are:

1) the traditional group-process method; and, 2) an "independent"

condition in which iten reviewers provide their item ratings in

isolation (i.e., without the effects of group-process). An attempt

ismadetodeterminewhether, afterbothgroupsofitenreviewersare

provided with initial training in the Angoff method, results obtained

from the group-process condition differ from those obtained in the

isolation condition.

The primary focus of the Angoff standard-setting method is to

identify a passing score for an examination. Accordingly, the

primary focus of this research is to establish whether there is

variation in the passing scores that result from exposure to the two

conditions. It is hypothesized that variation will be observed

betww the two conditions, but that the magnitude of variation will

be small. Additionally, it is hypothesized that the isolation
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condition will provide a suitable, efficient alternative to file

traditional group-process method of collecting SME's' Angoff ratings

for test itets.



 



 

II. mammal!

The setting of absolute performance standards on criterion-

referenced educational assessments is a pervasive activity in the

Anerican educational systen (Hanbleton, 1978) and represents an

ongoirg line of inquiry in the field of educational neaslrement.

Criterion-referenced steward-setting methods are alrrently utilized

by groups responsible for industrial personnel selection, educational

and training program evaluation, professional licensure or

certification in medical, allied health, arri hisiness fields, arxi

other national, state, and regional credentialing programs

(AERA/APA/NQGE, 1985: mm, 1986).

AdaptirgtheconceptualviewsggestedbyuillsardMelican

(1988) , research on criterion-referenced standard-setting can be

viewed as having proceeded in three distinct phases: 1)

Methodological Developrent; 2) Inter-Methodologin Research; and, 3)

Inna-Methodological Research. An overview of these three phases

serves as an organizational franework for reviewing previous research

and is presented in the following pages.

Methodolgical Develgmgt

As one author has noted, mentions of criterion-referenced passing

standards are found in early historical accounts of testing

12
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situations:

"Averyearlyminimalcarpeteeyu-waswhenthecilead

Guards challenged the fugitives fran mariam who tried to

crosstheJordanriver. 'Areyouamerberofthetribeof

Ephriam?’ theyasked. Ifthemanreplied thathewasnot,

then they demanded, 'Say Shibboleth.I But if he couldn't

pronolmcethe'sh'andsaidsibbolethinsteadof

Shibboleth he was dragged away and killed. So forty-two

thousard peqale of Eglriam died there at that tine"

(Judges 12: 5-6, me Qvgg‘ Bible, quoted in Mehrens,

1981, p.1).

Since that time, so-called "high-stakes" tests, (though not gm:

high), haverenairedprtminertintheassessmentofcmpetence, and

research efforts have been directed at refining the theoretical and

appliedaspectsof settingpassingscoresonslchtests. Inareview

of existing standard-setting methodologies, Berk (1986) reported that

at least 38 nethods of establishing or adjusting performance standards

have been proposed. Berk (1980; 1986) arxi many others (Glass, 1978:

Hambleton & Eignor, 1980; Hambleton, Swaminathan, Algina, & Coulson,

1978; Jaeger, 1989; Livingston & zieky, 1982; Meskauskas, 1976;

Meskauskas & Noroini, 1980: Millman, 1973; Mills and Melican, 1988;

and, Shepard, 1980a) have also developed several similar catalogues

and classification schenes to organize the various methodologies.

Again from a historical perspective, Nedelsky's (1954) work

probably represents one of the first atbeupts to promote absolute, or

criterion-referenced standards of performance on educational

assessments. As late as the 19705, norm-referenced methodologies

dominated as the preferred standard setting approach. In a 1976

article, Andrew and Hecht reported that:

"At present, the most widely used procedures for selecting

. . .pass-fail levels involves norm-referenced

considerations in which the ecamination steward is set as

a function of the performance of examinees in relation to

one another" (Andrew & Hecht, 1976, p. 45).
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A noticeable shift began to occur during the 1970s and 19805, when

considerable attention to establishing absolute passing standards

resulted from an increasing popularization of criterion-referenced

testing (Glaser, 1963: Popham & Husek, 1969), or—as sate have termed

it—a shift to a focus on educational "outputs" (Isvin, 1978; Rothman,

1989) . Since that time, many entities responsible for establishing

passing standards have reevaluated their use of norm-referenced

methodologies and have opted for implementation of absolute or

compromise methods (Hambleton, 1978; Fabrey, 1988; Mills & Barr,

1983). In 1983, Francis and Holmes reported that "the more

traditional norm-referenced approach is being seriously questioned"

(p. 2). Meskauskas (1986) described the evident trend away from mrm—

referenced and toward absolute (or, "content-referenced") stardard

setting methodologies in the area of licensure and certification

testing and offered this advice:

"For those credentialing agencies still using normative

Irecemendthatplanstochangeoverto

content—referenced standards be initiated" (p. 198).

Nedelsky's ‘ work in search of an absolute standard-setting

neflmdologytlmsrepresentsamarkedmmirgpointinstardard-setting

technology and research. When using the Nedelsky method, subject

matterecpertscarefullyinspectthecontertanditensinan

examination and judge, for each item in the test, the option or

options that a hypothetical minimally-carpetent examines would rule

outas incorrect. .lhe reciprocal ofthe renainingnumberof options

becomes each item's "Nedelsky rating"; the sun of the ratings—or sane

adjustment to the sum—is used as a passing score.

Further research and other now—popular methods of establishing
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absolute passing standards on criterim-refereeed ecaminations

followed—thong; not quickly (Scrivei, 1978)—after Nedelsky's 1954

piblicatim. Angoff (1971) proposed a method that, like Nedelsky's,

requiredSMEBtoreviedtestitemsanitoprovideestimatiomoftre

proportimofasubpowlatimofeamixeesmowouldarswertteitels

correctly:

"Asystenaticprocedurefordecidingmtl'eminimmnraw

scoresforpassirgarrihorersmightbedevelopedas

follows: keeping the hypothetical 'minimally acceptable

person' inmini,orecculdgothrulghthetestitenby

itenarddecidevmethersudlapersmcouldanswer

correctly each item wider consideration. If a score of

aeisgiven foreach itenansweredcorrectlybythe

hypotheticalpersonarriascoreofzeroisgivenforeadl

itenansweredincorrectlybythatperson,tteemnofthe

itenscoreswillequaltherawscoreearnedbythe

'minimally acceptable person'." (Angoff, 1971, pp. 514-

515)..

In practice, a footnoted variation to the procedure Angoff originally

proposed has dominated applications of the Angoff method:

"A slight variation of this procedure is to ask each judge

to state the probability that the 'minimally acceptable

person' would answer each item correctly. In effect,

judges would think of a mmber of minimally acceptable

persons, insteadofmlyeeeldlpersel,andwulld

estimate the proportion of minimally acceptable ' persons

mammaeewereadlitencorrectly. 'Ihesumofthese

probabilities would the: represent the minimally

acceptable score." (Argoff, 1971, p. 515).

A third absolute method was proposed by libel (1972), who also

noted that norm-referenced methods had serious drawbacks:

"The obvious drawback of this approach is that it allows

'of campetence of the examirees at a spelelc testing."

(Ebel, 1972, p. 494).

Ebel's methodology also involves the judgments of subject matter

experts. ‘Ihe‘r'belmethodrequiresamstomakedecisionsaboutthe

difficulty of individual test items and about the criticality of test
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cmtent areas.

Otherabsolutemethodologieshavealsobeenprtposed, sanequite

recently. One alternative based on rating test specifications was

proposed by Gargelosi (1984). Iockwood, et a1 (1986) prcposed a

methodof averagingtheresultsofvarimsstandard—settingapproadles

inordertoata"true" standard, orpreciseestimateofsaleextant

parameter. AmthermethodologyhasbeenproposedbySdlom, Rose»

and Jones (1988) in response to perceived weakness in the Angoff

approach. Sdloon,Rosen,arxiJonesalsodidsomepreliminary

imetigation into their "Direct Standard Settirg netted" (James,

Rosen, & Schoon, 1988), but it, like other alternatives to the Angoff,

Ebel, and Nedelsky methodologies, has not received widespread

acceptance or general use.

A second wave of proposed starriard-setting methodologies followed

early attempts at determining absolute passing starriards.

Predictably, thesecondwave aspiredtoidentifyamiddleground

through the development of methodologies that would strike a

carpromise between plrely norm-referenced (relative) approaches and

absolute methods. Illustrative of these carpromise efforts are

methodologies suggested by Beuk (1984), Grosse and Wright (1986),

Hofstee (1983), and deGruijter (1980). Overviews of these

methodologies are provided in deGruijter (1985) and Mills and Melican

(1986).

The cmprunise methodologies have failed to overtake the earlier

absolute proposals, however. alrrently, in the area of licensure and

certification testing, the Angoff, Ebel, and Nedelsky approaches are

still the most prevalent methodologies for establishing passing
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stardards, particularly the Angoff an: Ebel approaches (Hambleton,

1978: Berk, 1986).

Albeit a ubiquitaw task, the establishment of passing stardards

is not necessarily an easy one. Referring specifically to licensure

and certification testing' programs, theM fgmm g

Mremark mat:

”Defining the level of cmpetence required for licensing

orcertificetionisoneofthe importantand

difficult tasks facing those responsible for aid)

programs" (AERA/APA/Nom, 1985, p. 63).

In a discussion of absolute starriard-setting however, it should

alsobenotedthatocnsiderabledisagreatenteldstsccreenuhgjust

Mammabsolute starriard-settingproceduresare. Glass

(1978) calls decisiamaJdng within the absolute standard-setting

process "judgmental, capricious, and essentially unexamined" (p. 253),

andfurthermtesthat"tomykmwledge, everyattempttoderivea

criterim score is either blatantly arbitrary or derives frum a set of

arbitrary premises" (p. 258). Similarly, Bank (1984) has noted that

"setting standards...is any partly a psychometric problem (p. 147).

Hofstee offers support for the idea that:

"a [steward-setting] solution satisfactory to all persons

involved does not exist and...the choice between

alternatives is ultimately a political, not a scientific,

matter" (1983, p. 109).

Jaeger claims, flatly:

”All staxflard-settirg is judgmental. No amount of data

‘ collection, data analysis, and model building can replace

the ultimate judgmental act of deciding which levels of

performance are meritorious or acceptable and which are

unacceptable or inadequate" (1979, p. 48).

Shepard identified the essence of the problem of arbitrariness in the

so-called absolute methods:
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"[N]one of the [steward-setting] models provides a

scientific meats for discovering the 'true' standard.

'Ihisisnotmlyadeficierrzyoftheanentmethodshrt

is a permanent and insolvable problem bemuse the

underlying carpetencies measuredare and

not dichotomous" (1980b, p. 67; cf, Shepard, 1978, p. 62).

EvenEoel, whosestandard—settingmethodhasmiredmlar,

resigned himself to the fact that a certain ammt of subjectivity

remains in "absolute" standard-setting methods:

"Asecondpcpularbeliefisthatwhenatestisusedto

passorfailsaneone, thedistinctimbetweenflieuao

outcomes is clmrcrt and unequivoml. 'Ihis is almost

never true. Determination of a minimum acceptable

performance always involves sane rather arbitrary and not

wholly satisfactory decisions" (Reel, 1972, p. 492) .

Hambleton summarized the overwhelming consensus of cpinion:

Whatisclearisthatallofthemeuiodsaremm

thispointhasbeenmadeor impliedbyeveryorewhosework

Irevehadanopporumitytoread. 'mepointisnot

disputed by anyone I am aware of." (1978, p. 281).

However arbitrary and problematic (deGruijter & Hambleton, 1984:

Shepard, 1980b), standards are still essential for making certain

inferences and, accordingly, credentialing decisions. The need for

validstarriard—settihgisespeciallyapparentintheareasof

certifimtion and licensure, where ensuring the piblic's protection

agairetmisafepracticeistherealandnecessarydxargeofthe

responsible entities (Lerner, 1979; Maslow, 1983; Shepard, 1983). As

Ievin has remarked:

"Unless all forms of certifimtion are eliminated,

however, a standard is still needed whether the

performarne is sufficient to receive the certifimtion"

(1978, pp. 306-307).

In smmnary, while ambivalence remains over the degree of

arbitrariness inherent in absolute standard-setting methods, their

intuitive appeal, ease of implementation, and perceived advantages in





 

termeofbothpsydmstricprtpertiesanddefereibilityoverthe

previwslypmllarmm-referereedarproameshavebeendoammentedby

minerals researdlers (Berk, 1986; Cross, Impara, Frary, & Jaeger,

1984: Klein, 1984: Meskauskas, 1986). 'Ihe use of absolute standard-

settim methods continues to become increasingly widespread. Research

into development of new methodologies, partimlarly cmprunise

approaches, and alpirimlly-based methods of adjusting standards

(Hambleton, 1978) and into assessing the validity of the resultant

standards (Jaeger, 1979; Kane, 1985) continues.

MW

Having gained increasing acceptance by the measurement profession

generally, absolute methods of establishing passing standards began to 7

realize widespread use in the determination of cut-off scores on

edumtional, licensure, and certifimtion tests (Gross, 1985). A

logiml second phase of research developed: investigation of the

psychometric properties of the various standard—setting procedures.

Ihisseccrdpteseofresearohisdlaracterizedlargelybyattemptsto

omparetwoormorestardard—settirgmethodologiesintermsofflleir

reliability and ability to identify an "acceptable" standard. As late

as 1988, Smith and Smith reported that:

"Mumofuleworkintheareaofstandardsettimhasbeen

concerned with comparisons of different methods for

establishing a criterion." (p. 259).

In testament to the proliferation of inter-methodologiml

research, Berk (1986) reports that in the five-year period, 1981-1986,

ZZSquieswereocnductedtocmlparestaniardsresultingfrunflle

applimtion of different standard-setting methodologies. Ebctensive
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descriptions of the various inter-methodologiml ompariscn studies

are provided elsewhere (Berk, 1986; Jaeger, 1989). A partial listing

ofinterhmethodologimlisalsoprovidedinthismrkasAmendixA.

(Bemuse the presert research is limited to applimtions of one

absclutestardard-settirgapproadi, AppendixAlistsonlythose

studies reporting cmparisons involving one or more absolute standard-

setting methodologies.)

(we result of the wealth of inter-methodologiml research appears

certain: Different standard-setting methodologies yield different

standards (Andrew & Hecht, 1976: Bremen & Iodcwood, 1980; Koffler,

1980.- and Skaklm & Kling, 1980). Different methods even produce

differentperformarnestarflardswhenappliedtofliesametestsbythe

same group of experts (Mills, 1983: Mills & Barr, 1983). More

tentative and method-specific conclusions apply to studies when

different groups of experts, apply the same methodology to the same

test (Cross, at al, 1984; Fabrey & Raymorxi, 1987; Jaeger, 1988, 1989;

Rock, Davis & Wei-ts, 1980).

A second result of the inter-methodologiml research effort is

also compelling: The Angoff approach seems to be the preferred

absolute standard-setting methodology by several criteria. Mills and

Melican (1988) report that,

"the Angoff method appears to be the most widely used.

The method is not difficult to explain and data collection

and analysis are simpler than for other methods in this

mtegory" (p. 272).

Similarly, Klein (1984) noted that the Angoff method is preferable

"because it mn be explained and implemented relatively easily"

(p. 2). Rock, Davis and Werts (1980) concluded that "the Angoff

cutting score seems to be satewhat closer to the 'mark'" (p. 15).
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colton and mean: (1981), in their cmparism of the Argoff, final, and

Nedelskymethodologies, r'eporttletmkgofftedmiqueardtte

Angoff coreensls techniques are experier to the others" (p. 15).

Cross, at al (1984) found that the Angoff method "yielded the most

defereible standards" (p. 113). Berk (1986) ooncluied that ”the

Angoffmethodappearstooffertlebestbalareebeueentedmiml

adequacy and practicability" (p. 147). Meskauskas (1986) states that,

”tlepresentmethodcfchoice forstandard-settingistteAngoff

method (p. 199). Finally, in their study comparing the Angoff and

Nedelsky methods, Smith and Smith (1988) report "an urge to say, 'Yes,

the Argoff amroach is more valid'" (p. 272).

MW

'nelileofirrmiiryjoiredbytlepresentresearchisarevly

emerging one (Mills & Melimn, 1988) that seeks to identify sources of

variation within and efficient refinements of existing standard-

setting methodologies. Few systamtic research efforts have been

directed at this critiml facet within the field of standard-setting

research. As Smith and smith reported bluntly, "little work has been

done to explain why differences in standards occur" (1988, p. 259).

Smithandamith (1990)proceededtopursiecleaspectofuxy

differences in standards might occur in an investigation where item

reviewersusingthekrgoffmethodwereaskedtoattendtomly

specified characteristics of reading comprehension items.

Unfortunately, the authors reported sonewhat discouraging results, and

asked:

"Where does this leave us? First of all, perplexed, as

usual. Second, reluctant to recommend givmg judges
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informatim about what demoteristics to use or ignore"

(p. 22) .

Historimlly, the necessity of idertifying sources of intra-

merdologiml variation has never been totally overlooked by research

effortsinthearea. Nedelskyata'icereccgnizedthereedtoidentify

andreducesourcesofvariatimintl'emethodheprcposed. (me

hypothesized source of variation—and, possibly invalidity—was the

training of item reviewers. Early on in the search for absolute

standards, Nedelsky warned:

"'lomekeaproperjuigmentofthiskim, requirestimeand

considerable pedagogiml and test-wise sqhistimtiom

withrosponsesmoreheterogenisthanintheecamplecited

griliable judgment may be impossible." (Nedelsky, 1954,

Indeed, the proper training of qualified item reviewers has been

repeatedly emphasized by those involved in standard setting research

as crucial to the validity of the process (Francis & Holmes, 1983;

Jaeger, 1979, 1989: Klein, 1984; Scriven, 1978) . For example, in

their procedural guide to several popular standard-setting

methodologies, Livingston and Zieky (1982) restate the necessity of

reducing variation and invalidity of judgments made by SMFs, devoting

extensive portions oftreirmamaltodescribirgthepropertraining

of judges. Smith, et a1. (1989) state succinctly: "Variability in the

judgmental process reeds to be reduced" (p. 7).

Aside from admonitions concerning the training of item reviewers,

attention to other intra-methcdologiml considerations has been

slight, but growing. A beginning, though sophisticated attempt to

identify other sources of intra-methodologiml variation was put forth

by amith and Smith (1988) who compared sources of information used by
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ArgcffaniNedelskyitemreviewersinflaeitenratiJgprcoess. Elbe

primerydajectiveof‘uleirworkwastopinpointdiffereloesbetween

the two methodologies; this, it would still be categorized in the

second-phase of research efforts. Wer, it also clearly repraeits

aeoffllefirstattelptsatidmtifyixgjgmjmm

variation because of its unique investigation into which item

diameteristicsaresalienttoitenreviewerswithintheArgoffand

Nedelskymethods.

Saunders, Ryan, and Huynh (1981) also investigated two variatiae

of the Nedelsky approach, differing only in the extent to which item

reviewers were permitted to respond 'Wecided" when considering

whether mininally—canpetent examinees muld rule out an item's option

as incorrect. 'Ihey found that the two conditions ”prcduce[d]

essentially equivalent results" (p. 209).

Another investigation into the Nedelsky procedure by Gross (1984)

ledtheauthortosugg$tarefinerentinfl1etestconstruotim

prccessthatwmldmximizetheconsistencyoftheNedelsky

methodology.

Flake and Melican (1986) found that, with the Nedelsky method,

item reviewers for a mathematies test made fairly consistent item

ratings, regardless of test length or difficulty. Dillon (1990) found

no strong relationship between the position of an item in an

examination and the Angoff rating reviewers assigned to the item.

Saunders, et a1, (1981) and Halpin, Sigmon, and Halpin (1983)

found significant within-method differences in item reviewers' ratings

due to differences in the reviewers' own levels of achievement in the

subject areas, althaxgh Behuniak, Archambault, and Gable (1982)
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reported firdirg m such differences. Mills and Malian (1990)

reported that little or no differences in passing standards were

observed for randomly equivalent panels of item reviewers.

Norcini, Shea, and Kanya (1988) reported fairly high consisteacy

inexperts' estimates ofborderlinegrurpperformarcevhenusingflle

Angoff method on a medical specialty emiratim. Helicon and Mills

(1987) reported increased p-values and higher intercorrelatiore among

item reviewers' item ratings when reviewers were prcvided with

hmledge about the other reviewers' ratings.

Garrido and Payne (1987) studied uwo variations of the Angcff

method under two cmditions-with and withcxrt item performance

information provided to the item reviewers. In this experiment,

mttraireditenreviewerswereaskedtoirrlepedeitlyprovideratings

for 20 items. The provision of item performance informatim (p-

values) resultedinhigheraveragepassingstandardsandresultedin

reduced interjudge variability. Howwever, the authors note that the

high correlation between "With-Data" judges' ratings and erpirical p-

values (r =, .98) called into question "the creditability of the judges

in their performance of the judging task" (p. 7). 'lhe authors further

murdered:

"Did the presentation of such information influence the

jtflgestouieectentthattheydisregardedtheirmm

judgments and relied soley on the item difficulty index in

determining their prcbabilities?" (p. 8).

(Interesting, Skaknn (1990) also famd that the provision of item

performance data—even purposefully incorrect item performance data—

has the effect of reducing variability in item ratings.)

In another rwent study, Friedman and Ho (1990) invatigated the
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relationship between interj'udge variation (cmsensus) and intrajudge

variation (corsistency) are found that procedures aimed at improving

consensus (such as the provision of item performance information) "did

not have an adverse affect on intrajudge omsistelcy; in

fact...techniques desigred to improve consensus also improved

consistency" (p. 10). 'neauthorsalsoutilizedsever'alprocedures

designed to evaluate the effect of eliminating judges with poor

interrelconsisteeyanijuigeswithpooragreemertwiththegrcup:

however,noreofthemethodsapprearedtoappreciablyaltertre

overall passing standard.

Another study of titre-methodological variation is reported by

Curry(1987) wetnestigatedastandard-settiigmfora

certification examination. Using the Nedelsky starflard-setting

method, and a group-process format, Curry found significant variation

in reviewers' ratings of items resulting in a large percentage of

items requiring exteeive group interaction (i.e., iterations of the

ratirgprocess) toadiieveconsensusonitemratings. Whilenotinga

strmg"grouppresstowardsanorm" arriacriticalreed"toreducethe

normative press involved in the use of an expert group" (Garry, 1987,

p. 2), may does not provide a strong rationale for why the variation

in ratings must be reduced, or information about what effect, if any,

the initial variation in ratings would have upon a resultant passing

score.

Fitzpatrick (1989) reviewed several standard-setting researdi

efforts talc-hing specifically on the group-process format and

reported:

"Discussion among grcupmembers is thought to elicit

informational influences through the exdiange of arguments
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setting process is an important topic for future research"

(p.322).

Fitzpatrickdidretreportmresearchtotesttheeffectsofthe

group-process formetinstarriard-setting. However, shedidptroceedto

strongly suggest that "further studies of starriard-settim that

involve strucuired discdssion or other methods of controlling biased

arglmentatim clearly are warranted" (p. 323).

lastly, a study of intra-methodologicel variation was conflicted by

Norcini, Liprer, langdon, and Strecker (1987). Using the Angoff

method, Ncrcini, et a1. explicitly tested "the comm notion that a

group setting is most amrcpriate for implerentation [of the Argoff

methodJ." (Norcini, et al., 1987, p. 56). 'Ihe research of Norcini,

Liprer, et al. was an attempt "to determire whether more efficient

variations of the process will provide consistent and accurate

results" (p. 56) .

Norcini, et al. found relatively small differences between the

passing scores obtained using three variations of the Angoff method,

each variation differing only in the extent to which item reviewers

were exposed to a group—process format. (Each of the modifications of

the Angoff method used by Norcini, et a1. involved the use of

normative feedback with the item reviewers; that is, reviewers were

provided with the correct responses to the items under review, as well

as with empirically-obtaired difficulty indices (p-values) for each

item.) Norcini, et a1. argued that tentative support had been

provided for the notion that two of the three variations of the Angoff

method resulted in aweptable passing standards and less interrater
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variation.

'nebasiccorelusionofttereseardibyNorcini, etal. is

stzaightforward:

"In conclusion, this work implies that judgments gathered

after an initial traditional group-prom session can

provideamedlaniemforsettirgwttingscoresusinga

modified Angoff method and make more efficient use of

meeting time." (Nomini, et al., 1987, p. 63).

Oretrmblingaspectoftherseard'ireportedbyNorcini, etal.

is the failure to control for possible training or I'pr'dctice" effects

infleitemreviewers. Intheirstudy, SME‘swereaskedtoreviewtest

itemsineachofthreeconditions. Inthefirstcondition, thegroup

reviewedmaterials sentthroughthemaildescribingtleAngoffmethod

tobeused. Next, thereviewersatterriedagroupmeetingmerethe

method was flutter described, definitiors of a"minima11y ctmpetent

examiree," etc., were discussed, and ten practice items were reviewed.

Following this training, the item reviewers then received a booklet

ccmtaining the actual test itels, answer key, normative information

consisting of item performance statistics, and further review of the

Angoff procedures necessary for completing their item ratings. 'Ihese

features are characterized by Norcini, et al., as the "Before-

Meeting" condition.

The secorri condition (called "hiring-Meeting") was characterized

by the same group of item reviewers participating in another meeting

to review the Angoff procedure and definitions. Following this

review, a traditional group—process Angoff procedure was conducted,

with normative information again provided.

The third, and final, condition (called "After—Meeting") was

conducted approximately one month following the "airing—Meeting"
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condition. In the "After-Meeting" conditim, the same group of item

reviewerswereagainse'rtapacketofirsmrcticmalmaterials, aset

of iters, answer key, and normative information, and were asked to

provide item retires.

Norcini, etal., reportthattteresultirepassingscoreeobtaired

in each of the three conditions did vary, thaigh not significantly

[F(2,10) = 2.04, p = .181]. Also reported is an unsurprising

reduction in the variation of item ratings from the "Before-Meeting".

condition to the "After-Meetire" condition. Standard deviations of

the item reviewers' ratings were 5.8, 2.4, and 1.7 for the Before-,

Dirire-, and After-Meeting conditions, respectively.

'mese results might imply, as Norcini, et al., suggest, that

Areoff item retires collected from item reviewers performire

indeperdent item reviews are as reliable as those collected usire a

traditional group—process format. However, a weaker conclusion also

seems tenable: A sirele group of item revieers usire the Areoff

methodterristobecomelessvariableintheiritemretireswhen

affordedrepeatedeqaosuretothemethodardpermittedgreater

opportunities for practice. Additionally, Norcini, et a1. , reported

that, for the retires geerated in the Before-Meetire condition, all

oftheitemreviewers failedtotakeguessireintoaccemtwhen

providing their retires. 'Ihe reviewers were, however, instructed to

account for examiree guessire for retires they subsequently provided

in the mring- and After-Meetire conditions (presumably usire p = .20

or p = .25 as the lowest retire possibility). This factor could well

have contributed substantially to the reduction in variation observed

across conditions.
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Insuwary, anothertestofthepropositiorspxtforthbyNorcini,

eta1.seetswarrentedaxflisofferedinthepreeentsmdy.





 

III.SIUUIH'SIGI

'mepresentreseardihasbdopirposes: 1) todeterminewhether

item reviewers, usire the Areoff (1971) method of assignire

probabilities to examination iters, produce different retires as a

resultofexposuretoetraditioralgroup—processconditionandan

isolation corflition,’ and 2) to investigate the effect of knowledge of

other item reviewers' initial Areoff retires on a subsequent retire of

t11esaneitexs.Me><perinerrtstoaddresstlmesequestiorsare

presented.

Experimrt 1

'Ihe design for the first experiment is one which: 1)rerr1am1y

assigned item reviewers to each of the two conditions; 2) obtained the

reviewers' retiresmaccmmnsetofiters;and, 3) comparedthe

resultant retires.

'Ihe design for Experiment 1 is analogous to the "Posttest-Only

Control Group Design" presented by Campbell and Stanley (1963, p. 25).

Inthemtationsuggestedbythnpoellarristanley,fliistrue

experimental design can be symbolized as follows:

GROUP 1: R 01 [control group - (group-process condition”

GROUP 2: R X 02 [treatment group - (independent condition”,

where:

30
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R indicates randam assignment to a condition,

X indicates the administration of a treatmeit, and

0 indicates an observation or data collection.

Inthepresentresearch, itemreviewerswererandanlyassignedto

one of the two conditions—isolation or group-process. The

traditional group-process condition is analogous to a "no treatment"

or control group, and the isolation condition represents a new

treatment. The above design, called "greatly maderused in educational

and psychological research" (Campbell and Stanley, 1963, p. 26), has

the advantage over other design choices of offering strong resistance

tofactorsthatwouldweakentheintenxalvalidityofthereseard).

'Ihat is, the experimental design—primarily due to the initial randam

assigrmmeit to the two conditions—offers a strore potential for

discoveriretruedifferencesbetveenflxetmngps' retiresafterthe

treatment has been administered, if such differences exist.

Although, "'knmling for sure' that the..groups were 'equal'"

(Camrbell & Stanley, 1963, p. 25) before the experimental treatment is

administered is impossible due to the lack of pre—rendam assignment

comparisons, many of the factors that could weaken the study's

internal validity (particularly, selection) are effectively controlled

for through randamization.

Epirical Imam

axbjectsinthepresentresearchweredividedintotwcgroupsand

were exposed to two differing conditions. For wrposee of clarity,

Grurpl—thegmipthatwasecposedtothetreditionalgmip-precess

condition—will be referred to as the control group; that is, the
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group—process condition can be conceived of as a "no treatment"

cariitim.Grrup2—thegm1pthatwasexposedtotheirflepefle1t

comitim-winberefenedtoasmetreamitgmip;treimepemert

condition represents the application of a new treatment. Precise

descriptions of the characteristics of the control and treatment

gmipsareimportantandarepreseitedbelow.

m

Fadisubjectinthecontrolgmrpwasmailedadescriptimofthe

Angoff (1971) methodology for establishing passing scores

approximately one month prior to a meeting at which the actual item

retires were collected. A copy of these irstructionel materials is

included as Appendix 8. Approximately two weeks prior to the passing

scoremeeting, eediezbjectinthecontrolgmipwastelefiionedbythe

investigator and questioned concernire hisl understanding of the

mailed materials and feelires of preparedness to undertake application

of the Areoff methodology.

A whole-group meeting, including subjects in both the treatment

andcontrol groups, wasconductedbytheinvestigatoronthedayof

the passire score meeting. At this meetire, the packet of

informational materials which was mailed to subjects prior to the

meetire served as a foundation for review of important concepts and

definitions. Together, both the treatment and control groups then

participated in performjre prectice retings for 10 non-operational

test iters. The practice itexs were drawn from a recently

 

1All subjects (treatmentardcontrol groups) inthepresent

weremale.
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administeredtestformframthemedical specialtyprogrammdersmdy

andwerechosentoberepresentativeof iters foundintheupcamire,

operational test form. Practice items covered a represeitative range

of difficulty, discriminatim, and format. Table 1 provides a

description of the 10 practice items.
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Table 1

Description of Practice Items Used in Passire Score Study

Item No. Difficulty Discriminationie Worm*

1

2

10

Group Training Session

.75

.21

.84

.40

.22

.16

.94

.36

.16

.31

.15

.27

.27

.01

.13

.34

.22 ’
U

'
U

"
U

'
U

2
'
U

*
U

'
U

’
0

“
U

Item 1333*“

3
"

3
’

3
’

3
’

3
’

N
N

3
*

3
’

3
’

Notes: * - Discrimination indices reported are point biserial

** - Key to wording: P = positively worded item; N = negatively

*** - Notation for item types is consistent with those suggested

correlations .

worded .

in Hubbard (1978) .
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Moftheprecticeitenswaseccmpaniedbyitemanalysis

information correspondire to the item's reoert use. Provision of item

analysis information is consistent with the suggestions of many

researchers in starriard-settire (Berk, 1986; Caraway, 1979; Jaeger,

1982: Iivingston & Zieky, 1982; and Shepard, 1976; 1979; 19803: 19801::

1983) for inclusion of normative information to item reviewers so that

more reasonable item probabilities (retires) are obtained.

Afterboththetreatnmertarricontrolgmlpsoarpletedratirethe

10prectice iters, allmembersofbothgroupswerepolledtodetermine

theirperceived familiarityandcamfortwithproceedireinthe

application of the Areoff methodology to the operational test form.

greetionsandanswersarriabriefdiswssimmoderetedbythe

investigator followed.

After questions and clarifications, subjects assigned to the

cartrolgrarp(grwp—processce1ditim)rerainedinthegruipsettire

forthererairrierofthemeetiretime. Abooltletcontainirethe

operatioraltestitetswasdistrimtedtoeadierbjectinthecmtrel

group. No additional information except an irriicetor of each item's

keywasprovidedtothecontrolgmip. 'Ihegroupwas, however,

emnegedtoutilizeeediotherandtheirpacketsofmeiled

informational materials on the Areoff method as needed. 'Ihe

investigatorrerainedwiththegrurp—processconditimgroupto

mrnitorthedisaissionof itemsintratgroup, andtoobservethe

frequencyofdiscussion, thecontentofdiscussion, andtheextentto

whichdismssimwasdamiratedbyoreormoregroupmerbers.

Subjectsinthecontrolgroupwerethenaskedtorecordtheir

retires foreachtestitemonaretiresheetttatwasprovided.
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abjectsinflwwrtrolgrwppmoeededmroughuetestitesasa

group, pausing frequently to discuss difficult item wordires, review

theircmcephalizatimofthemirfimally—cmpeterteraminee,andto

oarpare item retires for gumtionable item. Hmever, no forced

Wforitenratingswasrequired,mrmsanyitemrevieder

excouregedtodiareehisitemratire.

In the present research, item difficulty intention (p-values)

wasmtprovidedtosubjectsineitherthetreetJmntorcmtrol

groups. Althaehsanereseardiershavearguedtratitemdifficilty

infonmation (pwalues) shculd be provided to item revieders when

ratiretestiteminordertoincreasethecaisisteicyofratires

(Cross, Impare, et a1, 1984; Narcini, Shea, & Kenya, 1988: and

Suhkoviak & M13, 1986), such informetim was not presented to item

reviewersinthisstnxiybecauseallitemintheto—be-administered

testformbeirerevieaedwerenev (previously untested) item for

mich performance data were not available.

Ratiresheetsaniallmaterialsmrecollectedframeadisubject

inthecmrtrolgroupwhenthegrouphadcmpletedtheirratiresfor

eachitem. Finally, exbjectsinthecontrolgmprespadedtoa

brief questionnaire to obtain descriptive information on the subjects

arriiniicatorsoftheirpereeptia‘scmcemirethepassirescoresufly

methodology.

W

Each subject in the treatment group (isolation condition) has

erposedteerperieaoesidenticaltothoseemmteredbyeibjectsin

fliecontrolgruiptmtilthetimethetreaumeitwasadministered.
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Specifically, eibjectsinthetreatmmertgrumreoeivedthesamepadoet

of informational materials mailed apprrmrimately one month prior to the

passire score study meeting, received a follow-up telephone call

madmatelytwoweekspriortothemeetire,andparticipatedinthe

mule-group practice session and discussiors m the day of the

meeting.

At the occlusion of the practice session, subjects in the

treatmentgraiphereeadiprevidedwiththesemeboonetoftestitem

assubjectsinthecontrolgmip. Subjectsinthetreamrtgrummre

asked to use the booklets and previously mailed informational materials

toprevideratiresonanacccmpanyireratiresheetforeadiiteminthe

testform. Weneibjectsinthetreatmentgruipwereaskedmm

disemstheirratireswifliothertreetrentgrurpmetbers,merbersof

the control group, or other professional colleagues. Rather, eibjects

inthetreetmentgmiphereaskedtocorsiderarxiprwidetheirretires

irxiependentlyerdtoreturntheircatpletedretirefonmtothe

investigator. likethesubjectsinthecontrol group, subjects inthe

treaunertgraipompletedardreunned,alaewiththeirratires,the

post-meeting follow-up questionnaire. All materials were returned by

thetreatmntgrwptotheimestigatorwiflxihtwodaysofthewnle-

groupmeetire.

meets

Subjects forthepresemtreseardmmrelOmetbersoftheWritte-i

Dramination Carmittee of a national medical specialty certificatim

Board. PatersoftheWrittenExamirationOmmitteearechargedwith

establishire performance standards for the Board's examinatiors.
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Subjectsvererecognizedcontertexperiminthemedical specialtyarea

and represented various areas of subspecialty with the profession; each

was also a member of the profession's academy. None of the subjects

possessed expertise in criterion-referenced standard setting

methodologies. Also, each subject indicated that he had not

participated in a previous standard-setting study.

Consent

Each member of the Written Examination Ccmmittee agreed to

participate in the present research. The Board's permission to

corriuctthestuiywasgranteduimighexeertionofacontrectwithflie

American College Testire Program, Inc., to perform various assessment

services. The contract specifically covered the conduct of a passing

scorestudyfortheBoard. Permissiontousedatadrtainedinthe

corductofthepassirescorestudyforreseardipurposeswasobtaired

by the American College 'Destire Program, Inc., and by the investigator

in correspondence with the Ebrecutive Director of the medical specialty

Board. Also, individual subjects were contacted by mail to request

their participation in the study and each subject provided his

consent.

Validity Concerns

For the medical specialty board under study, lereth of service on

the Board is lore, and changes in composition of its Written

Examination Committee are slight from year-to-year. Also, all numbers

ofthestandardsettirebody(n=10) wereincludedinthestmdy.

'Ihus, external validity within the medical wielg gm is
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substantial. Ectenalvalidityisweakervmenviewedmmediml

specialty licensure and certification groups. However, similarities

in the carposition of, experiences, and roles played by other medical

specialtygralpssuggeststhat resultsoftheproposedresearchmaybe

generalizable to other medical specialty groups as well.

A second validity concern also relates to the composition of the

groups. Inthepresentstudy, all subjectsweremale; thequestionof

wetter female item reviewers mild respond differentially to the

treatment (ie, the isolation condition) is not answered by the

proposed research.

Internal validity concerns (previously discussed) are somewhat

ameliorated due to the rerdam assignment of five subjects to each of

thetwoconditions (TreatmentGruip, n=5; ControlGroup, n=5).

'Iwo additional concerns exist, however. First, there is the possible

effect of subjects' knowledge about the plrposes of the study.

Subjectsinboththetreaunentardcontmlgrapsweremadeawareof

watcorditionflmeofiiergroup'smemberswereerposedto. Itis

likely that the subjects were able, with that knowledge, to surmise

flieintentofthestuiy. Itisurflmown,hcmever,wlateffectsxh

krowledgewill haveontheresults ofthepreserrt research, thoughno

systematic bias in either group's item retires is expected. Second,

differences between treatment and control groups could be magnified

(ordepressed) asaresultofthedanirationofdiseissionbyoreor

moreindividual ratersinthecontrolgroup. Forexample, adaminant

persoralityinthecmtrolgrorpcouldinflueroeflmeratiresofothers

sucrlthat ratiresappeartobe less variable thattheywulldhavebeen

intheabserraeofthedomirantpersorality. However, careful





 

4O

attentimwaspaidtothisconcembyflaeixwestigator,whcmoderated

the group-process condition. Although discussions about the

difficulty of individual items and the concept of the minimally-

cmpetentcnrriidatewerecmmainthecontrclgmzp,thedisalssias

wereparticipatedinbyallgruxpmanbers;mdaninanceofdisalssim

orhegenenycverideaseaqzressedwasdoserved.

Afinalintenialvalidityconcenedisraisedbytherelatively

small sanple sizes involved in the study (n = 5 per group),

specifically, the power of the present study to detect true

differencesbetweenthegroups, shouldsudidifferences exist, isonly

modest. 'Ihus, if statistically significant differences between the

gruzpsaremtobserved,strergstata1errtsconcemingthepresernecr

absenceoftruedifferencescamntbenede;thatis,thehypctheses

thattnledifferencesbetweenthegmmsdomtexistardthattnie

differences were simply not detected (a type II error ocwrred) vvculd

remainequallytenable.

Instrumentation

mreeirstnmerrtswereusedtorecordobservationsinthepresent

research. First, a rating form to collect itan reviewers' estimates

offlepreportionofminimally—catpetentexamiieesmwwillansveran

item correctly was used. The same item rating collection form was

usedbybcththetreamentanicontrolgrwps. Asanpleitanratin;

collection form is reproduced in Appendix C.

'lheseccndirstnmentusedmsaquestiomlairedesigredtoelicit

certain information from the item reviewers. Information on the

following variables was desired:
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- length of service on the Written Examination Ocmnittee

- type of professional practice setting (e.g., clinic, university,

private practice) .

Additionally, questions using Likert-type response dicices (LiJcert,

1932) were asked, concerning:

~perceptiorsoftheadequacyofu'ainirqinthestaniard-settin;

nethcdology;

- perceptions of item reviewers' canprehensim of the standard-

setting methodology;

- perceptions of the ease of inplementatim of the standard-

setting methodology; and,

- confidence that application of the standard—setting nethcdclogy

would result in acceptable (accurate) separation of minimally-

canpetent/mt minimally-competent examinees.

Information fromthequesticrmairewasgatheredinordertoobtain

dancgraphicdlaracteristicsoftheconterrtexpertpanelandtc

identify other variables that might be related to precision and

variability in itan ratings. 'Ihe questionnaire was developed by the

investigator following recommendations set forth in Babbie (1973) and

Schaeffer, Merdemall, and Ott (1979). 'Ihe questionnaire is

reproducedinAppeifiixDaIdwasadministeredtcbothtletreaunent

and control groups.

'methirdinstnmentusedinthepresentreseardlwasthenedical

specialty examination itself. The examination is used by the medical

specialty board as a carpcnent of its certification process. One form

of the examimticn is administered annually to amrcximately 750

residency program graduates. ‘Ihe examination consists of 200
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previalsly tmtsted nultiple-dicice questions (types A and K) with

five option choices. 'Ihe examination is developed by the medical

specialty board based on test specifications that imlude eleven

subtest classifications. Previous analyses of the eleven smartest

areas has revealed high subtest intercorrelatiors (some exceeding 1.00

when corrected for unreliability) suggesting a fairly unidimersicnal

examination (Cizek, 1989) . However, on this certification examination,

examinesspassorfailthetestbasedmtheirtctaltestscoreafly.

Previous administrations of examination forms have revealed the

test to be quite reliable: KR-ZO indices of internal consistency

(Kuder & Richardson, 1937) for the past eight annual administratia'xs

of the test (1982-1989) have been .92, .93, .92, .92, .92, .92, .92,

.92, respectively.

fltisticalm

'Ihepurposeofthestatistical analysesalployedinfibcperimaitl

wasto identifyanydifferencesbetweenthetwcgrcupsthatwwldbe

observableasaresultcftheirexposuretothetwccorditions (group-

process and isolation). Of primary interest is whether the conditiole

result in different passing scores. In each case, an individual itan

reviewer's passing score is defined as the sum of his ratings for each

of the 200 itens. The passing score for each condition is defined as

theaverageofthepassingscoresforeachofthereviewersinthe

condition. 'Ihese definitiore can be represented notationally as:
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isthepassirgscorefcrareviewerj, inconditionc:

istheratingofitanibyreviewerjincmditimc:

istheindexforiten‘s(i=1...200);

istheixdexforitemreviewers(j=1...5);am

istheirflexforconditims(c=1,2).

j=1 .jc

is the passing score for a condition, and

isdefinedasabove.

'merealsoexistsameanratingforeadiitenwitheadigrcup,

which is obtained by averaging the individual reviewers' ratings for

theitan. 'Ihatisthereexists, foranitem, i,ameanratingacrcss

reviewers in a condition, represented by § such that:

i.c
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where: x againrepresentstheratingofitemibyreviewerj

ijc

inconditionc.

Investigation into possible effects on rating nears and variance

preducedbyexposmetothetwoconditiorsisofprimaryinportarcein

theptresentresearch. Recallthatthepassingscorefcreadi

cmditionisthesmnoftheaverageditemratingsforeadiitanfrtm

eadi reviewer assigned to that condition. A test for significant

differencebetveenthemconditimmeans,§ and i wasperformed

..l ..2

usingprcceduresforcorrhctingaone—way analysis ofvariance (ANOVA)

asoutlinedinGlassandHopkins (1984). 'Ihetestwasconductedto

.
‘

.

determine if the treatment (isolation) condition resulted in a

differentpassingscorethanthatresultirgfrunthegrqu-prccess

condition.

Althcnghtheprimarypractical interestoftheresearchwasin

ascertainingvmefllertherewerebetweeirgrmpmeandifferernes,fl1e

possible existence of within-group mean differences (ie, variation in

passing scores assigned by individual reviauers) was also of interest.

Specifically, do reviewers within a condition vary significantly in

theirdividualpassirqscorestheysuggest? ‘Ihemeanpassingscore

of each reviewer within conditions, that is, the five § and the

.jl

five 35 , were observed for within-corriition mean differences

.j2

using separate randomized block ANOVAs to test for such differences

with reviewers' (p = 5) ratings blocked by itens (n = 200).

'Iheseconiquestioncfprimaryinterestwas:0idassigmenttothe





 

45

two conditions result in differential variability in reviewers' iten

ratings? AreviewofAmendixEstnvsthat, acrossjtrigeswithin

cariiticms, variability in item ratings can be observed. 'mis

variability of ratings for an item, 1, across raters in cmditim 1,

2

can be represented notationally as $1.1 . Two columrs of these item

rating variances (one column for each condition) are shown in Table 1.

'IteresultsoftheWorandanizedblodcmVAs (above)were

cmbined forthenextanalysis. AnF-testusingtheratioofthem

errorvariameswasconductedtothelikelihoodofrmcgereityof

within-condition variances. 'Ihetestalsoprovidedameansof

answeringthesecondquestimofprineryinterest: didassignmentto

the two coalitions affect the within-block variability of reviavers '

ratings?

No correlation coefficients were also calculated on the

caflitimmeanitanratings (ie, onthex sand; 8) toanswer

1.1 1.2

thequestion: Dothetwomethodsofratingitens (independentand

group-process) produce similar orderings of item ratings? In this

case , the Pearson product-mment correlation coefficient was

calmlatedtoassesstheextenttowhidialirearrelatiorshipeidsted

between the ratings of reviewers assigned to each ccmdition. Also,

the rank order correlation coefficient was calculated to obtain an

irriicatimofthemlttowhidithetmcmditiorspmducesimilar

rankings of Angoff values.

An intercor'relation matrix of reviewers' ratings based on the 200-

itan set was also calculated. The intercorrelation matrix lends

itself to 1) visual examination of the row entries, and 2) statistical
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testing for differences between within-group mean correlaticns. For

ample, eadlrwcanbevisuallyexamiredtoverifythehypothesis

that a reviaeer's ratirgs stmld correlate more highly with other same-

groupreviaaers' ratingsthantheystnlldwiththeratingsofreviemrs

assigned to the other cordition. More specifically, it was

hypothesized that the mean of the group-process revieders'

intercorrelatiors slmld exceed that of the independent cmditim,

primrilyduetothesharingof informatimthatoccnlrsduringthe

grum—prccessccmdition. 'l’oadiressthishyporthesis,atestfor

differences in the mean intra-group correlations was performed.

'Iwonethodswereusedtoevaluatethecalparabilityofthem

caditicns using an additional source of data—the expirical item

performance statistics frun administration of the examination for

which itemswererated. 'Ihefirstevaluationwasbasedaltheextent

to which the tam conditions resulted in dependable classification

(pass/fail) decisions. As the

W(1985) state:

"estimates of the reliability of licensure or

certification decisions should be provided". . . and "the

reliability of the decision of whether or not to certify

is of primry importance" (p. 65) .

Two estimates of decision consistency were utilized, 3° and it.

 

These estimates of decision consistency, using randomly parallel

tests, are elegantly defined by Millman (1979). Millman has

characterized so as "the proportion of individuals classified the same

wayoneach administration [ofatest]" andhedefinesfcas'flle

proportion of the total number of agreements [in classification] above

the chance level of agreement" (p. 86). It is also possible to

conceive of these two indices as an indicator of classification
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consistency ( £0 ), and an indicator of the relative contribution of

the test to that level of classification consistency ( 3E ).

Procedures are available for obtainirg estimates of decisim

corsistencyusingmlyoneformofatest, andtheseprccedureswere

usedinthepresentreseardl. Detailedexplications oftheprccedures

have been provided by l-Iuynh (1976) and Subkcviak (1976; 1984; 1988).

'nlesecondevaluationconsistedoftwowaysofexaminingthe

relaticxship between reviewers' ratings and item statistics obtained

from the actual administration of the examination. For one analysis,

individual itan reviewers' ratings for each item were compared with

empirically-mired difficulty indicos (pdvalues) derived from the

administration of the zoo-item test. Modified p—values (synbolized

p ) were used for this comparison. 'Ihe modification consisted of

i

calmlatin; the p-values based upon the performance of "minimally-

coupetent" examinees only, rather than on the total group, following

the suggestions of others (see, for example, Kane, 1984; 1986; Dadaurc

& Pwers, 1990; Cramer, 1990). For this analysis, minimally—

carpetentexamireesveredefiredasulosescoringwithintmstarmrd

errorsofneasurementoftheoperaticnalpassingscoremthe

aaminationz. The analysis consisted of obtaining an indication of

absolute error, or the extent to which reviewers' item ratings

approximated the itens' actual performance in the minimally-calpetent

 

2 Forpdvaluestobecalculatedbasedcnlyupontherespozsesof

the "minimally-carpetent" group, an external criterion was

needed. That is, theminimally—ccmpetentgmlpcouldmtbe

establishedwith referencetothepassingstandardbasedupon

the Angoff ratings. For the examination under study, the

actual operational passing standard was established using the

Beuk (1984) methodology, thereby avoiding a circular

definition of carpetenoe.
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gram. Fbllowingtheconcepmal framarorkalggestedbyothers (vander

m, 1982; Subkcviak & Huff, 1986; Friedmn & Ho, 1990) the variable

E was created to reflect error, or misspecification of item performnce

bythereviewers. 'nms, theabsoluterootmeansquarederrcr (RISE) of

@ecification for a reviewer, j, in condition c, is represented by:

 

/ 200 2

E = / Z ( X " P ) (n " 1)

.jc / ijc i // i

/ i=1

where x istheratingofitemibyreviewerjincmditimc

ijc

andp isthemodifiedpmlue for itemi (describedabcve).

i

Asecordanalysiswascorductedtodatainanindicatimof

relative error, or the extent to which reviewers' ratings approadmated

group mean itan ratings. Thus, the relative RISE of specification for

areviewerj inconditicncisgivenby:

 

/200 _ 2

E'=/ (x -x)/<n-1)
ojC / Z ijc i.c / i

/ i=1

wl'leretheelanentsaredefinedasabove. Overall,theabeolubeand

relativeerrcranalyseswereainedatdeteminingwhetherthetwo

treatments differed in the extent to which they affected reviewers'

approxinationsofmeangrmpratingsorapprmdmatimsoftheacmal

performance oftheminimally—cmpetentexamineegmlp.

FurtheranalysesvereconiuctedusingEarriE'asdescribedabove

todetermineiftheacalracy30fitenreviewers'ratingswas

 

3 'meterm"acalracy"isusedsanevmatinacalratelyinthis

context. Strictly speaking, accuracy would apply more

appropriately to a situation in which reviewers ' estimates
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significantly related to the variables identified in the Post-Meeting

glestimnaire (i.e., with length of service on the examinatim

cmmittee,practicesetting,andperceptiorsoftheadequacyof

training, perceptions of the adequacy of mterials, and pereeptiors of

the ease of inplanenting the Angoff methodology). For this analysis,

an intercorrelation matrix was produced using each reviewer's responses

to questionnaire itens and average errors of specification (E and E')

asinput. 'Iheplrposeofthisanalysisisstraightforward, asking: Are

any of the questionnaire variables significantly related to reviewer

acalracy (as operationalized in E and E') or to each other?

Generalizability analyses were also conducted, following

procedures set forth by Crcnbach, Gleser, Nada, and Rajaratnam (1972)

and Bremen (1983) . Generalizability analyses were conceptually mite

appropriateforthepresentreseardlbecauseof‘lmoprinery

characteristics. First, generalizability theory allows for

differentiation bebween multiple sources of rating variation (error)

inthetwoproceduressmdied. Further,italsoallowsfor

cmpariscns of the relative magnitude of the variances. 'Ihis second

characteristic is especially useful in designing subsequent

measurement procedures of improved dependability under different

calbinatiors of items, raters, and procedures. For exanple,

generalizability results might point to dlanging the mnnber of itan

 

couldbecarparedtoalomnstarflardorto"truth." However,

becausetheconstructofminimal—cmpetenceismtafixed,

knowable parameter, it is not precisely correct to discuss

’ parameter

context refers not to the ability of item reviewers to

ammodmate truth, but to their ability to approximate an

admittedly weak proxy for it. For the sake of clarity,

however, this relaxed usage of the term "accuracy" will be

followed.
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reviewers using one condition to achieve a level of dependability

associated with the other condition. In that serse, the

generalizability study (G—study) results using "real" data from the

prtposedreseardlcalldcmplenentthesimlatimstudiesdaeby

anith, et a1 (1989) regarding the optiml mmlber of item reviewers for

inplanenting a passing score methodology.

In the generalizability study (following notational cmventicns

alggestedbyarennan, 1983), thefacetstobeexaminedwerethoseof 

iteus and raters. 'Ihe generalizability study (Gr-study) design used is

formlly referred to as a completely crossed, randan factor 1 x r

design where:

i isthe indicator forthe item facet (rarrian) and,

r is the indicator for the item rater facet (random).

In the i x r design, itens are cmpletely crossed with raters.

'Ihe G—study design employed yields three estimable effects

(variance calponents):

- the effect associated with items, 6‘ (i) ;

- the effect associated with raters, 6' (r); and,

- the effect associated with an item by rater interaction,

‘ 2

0‘ (ir).

The following generalizability analyses were of primary interest.

First, examination of the relative magnitude of the variance

catponentswasperfomedtorevealtheextenttowhichitats, item

reviewers, prowdures, and interactions contribute to variability in



 

-—‘_‘_—‘
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item ratings. 'lhe analysis of variance components associated with

thesefaoetsshedsadditional lightmtheprinaryquestim: Isthe

alter-native methodology (i.e., the indepenient omdition) a viable

alternative to the traditional group-process format for gathering item

ratings? For example, a cmparatively large variame carponerrt

associated with procedures mild suggest that raters do assign

differentratingstoitarsdependingontheprocedureused

(independent or gram-process) .

Secondly, mo indioes describing the magnitude of error associated

with the item ratings were calculated. An index of absolute error

2

varianceisgivenby 6'(A)whid1isthesumofa11variame

culponentsexoeptthat for itens, that is:

2 2 2

a’(A) - d"(r)+ 6’ (ix).

Aniniexofrelativeerrorvarianceisgivenby 03(J),whichis

thesmofallinteractimvariarnecmpomntstrntom'rtainmeobject

ofneasurenentirdex—inflfiscase,theiniexforitems—ardissham

below. (Notethatfortheixrdesign,onlytheirinteraction

varianceccnporentoontaixsflieobjectofneasurmtirflex.)

2 2

fur) = 0"(ir).

2

Ageneralirriexofneasurementdepexfiabilityisgivenbylip,

where:

2 2 / 2 2

EP =6’(i)/(o’(i) +6'(A) )-

The generalizability analysis (G—smdy) also provided the

estimates of variance carponents necessary for subsequent decision
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studie (d-smdies). One of the major goals of obtaining estimates of

variarnecaxponentsinaG—smdyissothat"theseestimatescanbe

used to design efficient measuranent procedures for queratia'lal use"

(Brennan, 1983, p. 63). films, d-studies were designed to observe how

reconfiguration oftheneasuremerrtprocesscwldreduceerrorvariance

(and, accordingly, irrrrease £19) to sane acceptable level. For

exanple, a relatively large variance outpatient associated with raters

would sunaort the recamexflation that additional item reviewers be

utilizedinfumreusesoftlmixdepmdertcorditimtocmpensate for

its cmparatively reduced dependability and the number of additional

reviewers necessary could be established. It would also be of

substantial interest to learn, for example, that Um adiiticmal

reviewers in the independent condition would yield as dependable a

standard setting procedure as in the group-process condition.

Finally, a cost analysis was performed. Because the independent

condition is offered as a cost-effective alternative to the

traditional group-process condition, an investigation of that

hypothesis was warranted and of considerable interest. Specifically,

thecostsintermsoftime, travelexpenses, postalfees, andon-site

ecpenses were examined for conducting the standard-setting methodology

under each of the two conditiors.

Emerimart 2

Inthefirstexperiment, each itenreviewerwasexposedtooneof

two oddities—independent or traditional gram-process. In the

irdependerrt condition, item reviewers were able to draw on only

internal sources of information—their own experiences, expertise, and



 ‘fl'mm .4-" \-
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Wasofaminimllycmpetentexaminee. Onflieotherhand,

tinsereviewersassigmdtothegruip-processcmditimwere

influencedbyboththeirownirrtemalresamaswellasthe

'me information gleaned frun the group interaction is, however, of

two different types (Fitzpatrick, 1984; 1989). First, there are what

can be called "ere" informational influences; that is, relevant

intonation about the difficulty of the itan, the appropriateness of

the itan, the conception of the minimlly-ompetent examinee, etc.,

thatiscbtainedfromorthers inthegroup.

The second kind of information gained is less pure. Information

ofthesocialcmiparisontypeislessappropriatetomestamard

settingtask. 'miskindof influencemuaeitenratingsconsistsof

irdividual'sresponsestopressuretoconfomtotheopiniorsof

others, for various social reasons. 'lhe second experiment attenpted

toassesstheextenttowhichpurewr, gevant) informational

influences affect the Angoff ratings of item reviewers.

gypirical fitment

'medesignforthesecoxriecperinentwasanalogwstothem

Group Pretest-Posttest Design" presented by Ganrbell and Stanley

(1963, p. 7), and is symbolized as follows:

GRCUPl- o X o [treatientgroupfindepexrientcnnditimn

1 2

where:

0 indicates and observation or data collection, and

X indicates administration of a treatment.

Inthesecorristudy,subjectswerethesame(n=5)itemreviewers



 
mnpanicipatedmuefifiepefimtcuflidmforflemthgofitam

in Ebcperimentl. 'mefirstobservationccxsistedofthesesubjects'

ratingsmthefirstlooitemfrcmfimperimtl.

'lhetreat:nentin£bcperinent2wasdefinedasthepresentatim,to

eadiitenreviewer,ofthedistributimofitanratingsfrunthe

initial rating oftheloo item. 'Ihat is, eachreviewerwasptrovided

with all five ratings (one frun each reviewer, including himself) for

eachoftheloo item. Reviewerswerethenaskedtoreviewthe

distributicmofratimsforeadiitenanitoprovideaseccniratin;

foreachoftheloo item.

'No precautions were taken. First, in the distributions of

ratings presented reviewers, a reviewer's initial rating was not

identified. Second, motherinformation, suchasthemeanratirq for

each item or item difficulty value, was given to the reviewers. 'mese

precautions were taken in order to (I) avoid the possibility that

reviewers would autcmatically provide a second rating that was

identical to their initial rating, and (2) to avoid the possibility

thatreviewersvmldsinplyselectthegroupmeanoftheinitial

ratingsfortheseconirating.

Forthesecondexperiment,allmaterialsweremailedtotheiten

reviewers. Each subject was given the same informational packet

provided for the initial rating collection, a booklet containing the

testitamtoberated,andaformmwhid1torecordhisratings.

'meboddetcontairedthesamefirstlooitemfruntheinitialrating

task. Subjectswereagain askedtoprovideAngoff ratings forthe

setofitem,arxiwereinstructedncttoconsultwithothergm1p

metbersabmttheratings ortoconsultoflierinformational sources,
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such as textbooks, resident physicians, etc.

1511'! :

'memostprunirentvalidityooncernsassociatedwithcmducting

theseconiecperimentcentermaspectsofintenialvalidity.

AIMSeveraltlueatstovalidinferencesofeauseardeffectare

controlled for in the experimental design, mo threats to valid

inferences warrant attention.

First, mmaconcern. 'Iheinitial ratingsprrovidedbythe

iten reviewers represented the first attempt for each reviewer at

application of the Angoff methodology. 'lhe second set of ratings

collectedaspartofrbcperinentZrepresentthereviewers' second

experience with the nethodology. (No reviewer used the methodology

between the data collection for Ecperiment 1 arri the data collectim

for Experiment 2.) It is possible that experience with the

netmdologycwldaccamtforsmediangeinthesecafiitenratings.

It is believed, however, that the extensive training arrl practice with

the nethodology prior to collection of the initial ratings was

sufficient and, therefore, little subsequent charge would take place

sinply due to experience with the methodology.

Secondly, as with Experiment 1, statistical conclusion validity

isofsaneconcern. 'lhenodestsanplesizeenployedinthesecond

emerinerrtneansflaatafailuretodetectsignificantdlargesinflue

group's item ratings could be attributable either to the possibility

thatmtrued’aangeoccurredortothepossibilitythatatypen

errorwascrmnitted.
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Wm

'IhesameinstnnnentatimwasusedinmperinentZtocollectthe

securisetofratimfrunitenreviewersaswasmedtocollecttheir

ratmgsinmcperimentl. InEbtperinentz,however,therating

collectimformwereshorteredtoaccmdatetheratinmforloo

itemandtheoriginal fiveratingsforeadlnarginwereprintedm

theformnexttoeachitennmbenhsanpleratimformfor

Wzmhypometicaldistrihrtiasofitmratirgsis

providedinAmendixF.

mm

Statistical analyses ofthedata collectedforfihqaerimentZwere

aimed at identifying any differences in reviewers' ratings resulting

franemoenetothetreatnent. Ofprinaryirrterestwaswxetherthe

previsim of information (the distrihrtims of ratings) to itan

reviewers affected the reviewers' subsecpent ratings.

Analyticmethodsusedmthedatacollected formperinentZwere

similartothoseusetoanalyzethedatafrunmperinentl. Asin

mm 1, primaryinterestcenteredmanycbservabledifferences

in mean ratings and on the possibility of differential variability in

ratingsasaresultoftheadditional informationprovidedtoiten

reviewers. An investigation into possible differences in variability

vastn'dertakenusingatestforequalityofvariamesinpaired

observations as described in Glass and Hopkins (1984, pp. 268-269).

'nleseresultsadiressedtheqmstionofwhetherthepmvisimof

addititrlal informtim to iten reviewers has a variance reducing

effect, a polarizing (variance increasing) effect, or no effect on
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variation in the overall item ratings.

Arepeatedneaelresanalysisofvariamewasalsoperforned (two

observations per subject). 'Ihe repeated measures design treated item

astheobjectsofmeasurenent (n=100),withraters (n=5) being

observeddifferent conditiors (n=2). 'Jheanalysespresentedinthe

nextdlapterfoclsonthemaineffectsofconditimsardraters. A

significant effect of conditions would point to the fairly unanbiguous

conclusion that exposure to the two conditions produces different

passing scores. A significant effect of raters (across conditions)

would similarly irriicate that different raters procmce different

passing scores. A rater by condition interaction effect was also

testedandaplotofthefiveraters' meansundereadioftheuwo

conditions was constructed to help interpret the interaction effect.

In smmry, these analyses should provide information identifying

which factors contribute to differences in item ratings under the two

conditions--independent/no-information and independent/with-

infornation.

Further investigation into the effects of the treatments on

resulting passing scores parallel the analyses proposed in szeri-

ment 1. For example, the Pearson product-moment correlation and rank

order correlation coefficients were cmprted to observe the

relationship between item ratings under the "no-information" and

"with-information" conditiors.

Decision consistency analyses were also performed to help

ascertain whether the provision of additional information actually

results in any improvement in the categorical classificatiors (ie,

pass/fail decisiors) that are trade on certification and licersure
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etaminaticns.Asinfl1efirste)qeriuent, theuwwoprocedureswere

evaluated using consistejcy of the classification decisions as the

criterion. The classification corsistency indices of 3° and I? were

calculated and cmpared for the two conditions.

As in mperinent 1, absolute error of specification (E) was used

as the criterion to assess whether the information or no-informtion

condition resulted in more accurate approximations by the reviewers of

the empirical (modified) pwaluee. Relative error of specification

(E')wasalsoexamined, ingratingsmiereaohcoraitimtouae

condition mean ratings for each item.

Finally, to discern the extent to which iten reviewers qwerate

under an implicit "opinion revision" model, a regression analysis was

corriucted. 'lhe linear model for the regression equation has:

=a+Bx +13 +e

2

y
ij 1 ij H

-
X
I

where: y istherevised(2rri)ratingforanitemibyareviewerj

ii

intheindeperderrtgmlp:

x is the original (lst) rating for item i by reviewer j:

§ is the original group mean rating (across reviewers for

item 1:

a is a constant: and,

e is an error term.

The winion revision model postulates that the eventual (with

information) item rating for a reviewer is predicted from knowledge of

the reviewer's original rating ( x ) and the effect of knowledge of

ii
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thegruxp'soriginalratings(§ ). Suchamodelisusefulbecause

i

it further illuminates the effect of pure informational influences on

reviewers' subsequent item ratings.





 

IV.RFSUI£I'S

Etperimltl

mMean Differences

Ofprimaryinterestinfibqaerinentlwasvmetherexposmetothetwo

conditions (i.e., the independent rating of item or the use of the

group-process method) resulted in differing overall passing standards.

Table 2 provides descriptive statistics comparing the ratirgs produced

mderthetvncorditimsandFigurelprovidesaplotofthegrouparfl

iniependent reviewers' means.

Visual inspection of the individual reviewer means listed in Table

2 suggests some interesting observations. First, each conditions

apparently contains one or more outliers. For example, while the

reviewer means and standard deviations for the independent condition

appear to be fairly similar (High to low range of means equals 11.00)

the variability of Reviewer 5's ratings is quite large canpared to the

rest of the reviewers in the independent condition. Similarly, in the

group-process condition, Reviewer 10 produced an overall mean rating

that was substantially lower that the other group-process condition

reviewers. Of note also is that the variability of Reviewer 6's

ratingsissatewhatgreaterthattheoflierreviewersinhisgmlp,

although still not as large as the variability exhibited by Reviewer

5. Interestingly, Reviewer 10, who produced the lowest overall

60  
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Table 2

Descriptive Statistics for Independent and Group—Process Reviewers

Across 200 Item

  

Indepenient Condition Group-Process Condition

Standard Staniard

w. m Migtion M Rev;E; 1E!) Mm° fig

1 60.23 17. 67 -. 255 6 45.57 21.91 .646

2 49.23 17.96 .252 7 60.68 16.56 -.561

3 57.23 16.66 -.201 8 64.13 15.24 -.771

4 51.18 17.26 .019 9 50.55 17.61 .140

5 58.79 26.55 -.217 10 34.13 14.41 1.373

Means 55.33 51.01
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Reviewer Number

Figure 1

Plot of Indeperdent and Group—Process Condition Reviewers' Means
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rating, also produced sane disproportionately low ratings within his

own distribution of ratings, as evidenced by his relatively large

positive value for skewness (1.373) .

As a first step in exploring for possible differences between the

two corditiors, two variables were created (mm and MIPRATE)

torepresenttheoverall rating foreadditanwithineadiconditim.

INDEPRAIErepresentstheoverallratingforeadlofthezooitem

providedbyreviewersintheiniependentcondition.GRaJPRATE

representstheoverall rating foreachofthe200 itemsprovidedby

reviewers in the group-process condition. In each case, INDEERATE

“Wmobtairedbycalwlatingtheneanratingforeadl

iten across reviewers within the respective conditions. This

procedure resulted in 200 pairs of ratings (one pair for each item).

A correlation between the 200 pairs of overall ratings provided under

each condition (i.e., between INDEPRATE and MPRATE) was also

calculated and found to be .712, which was significantly different

fran zero at p < .001. adbstantively, the magnitude of the

correlation seem to indicate that the reviewers in the two conditions

tendedtoagreeontheoverall ratings foritem.

The overall condition means calculated for the group-process

condition and the independent conditions were 51.01 and 55.33,

respectively. It shouldbenotedthatthesevaluesrepresenta

proposed passing score for each condition, expressed as a percentage.

'lhat is, application of the standard proposed by reviewers in the

group-process condition would result in a passing percentage of

approximately 51% compared to the approximately 55% correct standard

that would result from application of the standard based on the



 



 

 

indepefierrtratings. 'mismeans,interusofrawscoretmits,that

the indeperlent condition mean of 55.33% correct would reqaire

examineestorespondcorrectlytollliteminordertopassthe

examination, “measthepassingstandardsuggestedbythegrulp'

process condition (51.01%) would be only 102 item correct. It is

fairly obvious then, that regardless of whether the difference in the

caddition meats proves to be statistically significant, the nine-point

rawscoredifferenceinpassingstandardssuggestedbythetwo

corriitims is clearly of practical significance.

A test for a statistically significant difference between the two

mwerallcariitimnearswasconductedusingaaae—wayanalysisof

variance (ANOVA). ‘Ihe resllts of the significance test are presented

in Table 3. Despite the practical significance of the difference

betweexthetwosuggestedpassingstandardethereeiltsofthe

analysis of variance failed to reveal a statistically significant

difference between the two passing scores. The F test for sigiificant

meandifferencesbetweedtheoverall reviewerpassingscorenearswas

nmsignificant, with F (1,8) = 0.55.
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Table 3

Test for Significant Mean Differences between Independent

and Grown-Process Cordition Passing Scores

 

INIEPRA‘I'E W

Mean 55.33 51.01

Standard Deviatim 12.81 11.78

r INDEPRATE,W= .712 p < .001

Mean Difference ‘ = 4.318

Standard Deviation of 4.85 12.05

Overall Reviewer

Means

m realm df F

Corditions 46.70 1 0.554 rs

Error 84.30 8 -

'lotal 80.12 9 -
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Itisinterostingatthispointtomtethatthepresenoeof

profound practical significance in the absence of statistically

significant differences is a sanewhat unocmnm finding. It is

regularly observed that statistically significant findings can be of

little practical inportame (see, for exanple, Glass and Hopldns,

1984, p. 215-216). In the present study, however, although the mean

difference in condition passing standards was not statistically

significant, a substantial effect on pass/fail classifications could

reantfrunevensmalldiffererncsinfllesuggostedpassingstmflards.

It should be noted that while the Insignificant F-test rant does

not indicate that the treaUnent was ineffective, neither can the

presence of practical significame be omfidently attributed to the

encperimentaltreatment. 'Ihedifferenoabetveenthetreatmentard

oartrolgrulpsggdbemxetothetreatment, altlnaghbecauseofthe

small sanple sizesused, thatclaimcanmrtbesubstantiatedbasedupm

thisexperinent. Inothermrds, fixecbserveddifferernesoafldhedue

solely to randan error and different groups of item reviewers could

produce different results.

'me extent of classification changes that would be seen if the

iniependentandgruxp—pmossstandardswereappliedtotheacmal

distributim of scores observed for this examination was explored.

Application of the group-process condition standard (approximately 102

itemsoorrect) wouldhaverosultedinapassingrateof93.0%arda

oonmpordingfailurerateofmoik. Ontheortherhand,hadthe

independent oordition standard been applied (requiring approximately

111 itans correct), the passing rate wmld have been 85.8% and the

failure rate (14.2%) would have nearly doubled oarpared to the
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iniepaident ccnditim failure rate.

Finally, to ascertain whether overall itan rating variarms for the

ungruxpswerehanogeneas,anF-testusingflaeraticofthe

mimcfmammwasperformd. Inthiscase,flae

ratio of thevariances was 1.18, whidldidmtaaceedthecritical

value of 1.32 for a11ma= .05 withdf=199rnmeratorandde1mimtcn

'misffldingsuggestsfliatthecverallratingsweremtmrevariable

mdereitherofthetwocmflitiors.

mm

Separate ranianized block AMVAs [with n = 200 itals (rarrian) arrl

n=5raters (randann mperformedtoleamifthecverallratirgs

of individual reviewers within a condition differed significantly fran

eadlather. Additionally, theresults oftheuromswerelsedtc

adiressflleqmstimcfvmeuierexposuetoeifluerflueirdepafientor

group-process condition affects the variability of reviewers' ratings.

Plotscfthegmxpandindependentraters' cverallmeansareprcvided

inFigurelarflAbDVAresultsareprwtedinTableL Inspectioncf

Figurelrevealsthat ratersinbcthcorditimswerevariable intheir

ratings. 'Iheresults cfthetmrarflanizedblcckANOVAsprmentedin

Table 4 present a similar picture. 'Ihe ANOVAs reveal a significant

effect for raters in both the group-pm (F 4,796 = 143.12, p <

.001) and iniepenient (F 4,796 = 17.17, p < .001) coniitions,

indicating that raters within a condition dc produce different ratings

(passing standards). As would be expected, the effect of itans was

also significant in both the group and independent conditiors.





 

Table 4

RarfianizedBlockAMJVAResults fcrIrdepenimtard

Gram-Process auditions

Iniependent Condition

 

m mg I

Items 820.03 199 2.99*

(810616)

Raters 4701. 19 4 17.17*

Residual 273.79 796

'Ibtal 5795.01 999

*=p<.001

Gram-Process audition

 

may: fit B

693.64

29016.19

202.74

29912.57

199 3.42*

4 143.12*

796

999
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Asecadvariabilityisalewasaddressedusingtheresultsfranthe

two randcmized block ANOVAs. Specifically, it was of interest to

learnwletherexposmetothetwocaflitions leadtomorevariable

Madras. 'Ibassessthiseffect, theratiooftheresidual

variances fran each ANOVA were carpared. Althmgh the residual

variances actually contain two sources of error (interactim effect

plus error), a non-significant finding would lead to the inference

that a within-block effect ms absent.

Because it was hypothesized that the iraeperaent ccniitim might

lead to greater within-block variability, the variance estimate from

theinieperdentccxditionwasdwsenasthemnneratorfortheF-test.

The test revealed a significant F ratio (F 796,796 = 1.35, p < .001),

indicating that the hypothesis of increased withirr-block variability

for the independent condition renains tenable.

 

As reported earlier in Table 3, a significant Pearson product-

mrtcorrelatimbetweengrup-processcaditimamndeperflent

ca'ditimcverall itemratingswasobserved (rINDEPRA'IE, mm:

.712, p < .001). Calculation of the rank order correlation

coefficient yielded similar'results (r W, GUIPRA'IErank =

.702, p < .001). These results indicate that the group-process and

irdependent conditions provided overall item ratings of moderately

corresponiin; linear relationship and rank.

'me intercorrelation matrix of all reviewers' item ratings was also

producedandispresentedinTableS. Visualirepectionofthe

correlations did not inmediately lend support to the hypothesis that a





 

 

and Gram-Process audition Revieders

Intercorrelation Matrix of Ratings fran Independent

 

Group-Process Cordition Reviewers Independent Cbndition Reviewers

 

IRl ‘R2 1R3

 

-
.
.
.
J

9

R6 R7 R8 R9 ‘R10

.425

.331

.398

.301

.299

.336

.290

.347

.306

.345

.451

.247

.413

.351

.175

.283

.172

.317

.233

.353

.328

.292

.443

.351

.414

 

8
8
8
%

.337

.270

.446

.340

.388

.
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reviewer's ratings would generally correlate more highly with other

within-condition reviewers' ratings than they would with ratings

provided by reviewers assigned to the other condition. In fact, the

correlatiors ofhighestarrllawestmagnituiewerecbservedm

conditions (highest: r 1,8 = .451; lowest: r 2,9 = .172). However,

all correlations were significantly different fran zero (p < .01).

To test for significant differences between the average within-

condition correlations, the within-condition correlations (enclosed by

dashes in Table 5) were first transformed using Fisher's r to Z

transformation. After transformation, a mean correlation for each

auditiui was calculated and a test for significant difference between

the mean independent and group-process correlations was conducted.

Although the mean correlations differed (mean group-process condition

correlation = .348; mean independent condition correlation = .311) the

difference was norsignificant.

Eision Oonsiieggz

'nleextenttowhichexposuretothegmlp-prccesscorriitionani

exposure to the independent condition results in differing levels of

classification consistency was also examined. Indies: of

classification consistency, so and 3‘: , were calculated and are

presentedinTable 6. Asthetable shows, thegroupprocesscondition

achibited a slightly greater index of overall coreistency than the

independent condition (80 = .958 and .930, respectively). However, it

should be noted that the contribution of the examination itself to

consistency of classification decisions was slightly reduced under the
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A

gram-processcariitimascmparedtotheindepetflentcaflitim(k=

.647 and .681, resmectively).
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Table 6

Indices of Decision Consistency for Independent and

Gram-Process Conditions

0 O O A A

mug: W B: Is

Independent 111 .930 .681

crap-process 102 .958 .647
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ati

Forreviewers inthegmlp-processarriiniqaerflartrating

canditiors, overall item ratings foreachofthezoo itanswere

 

cmparedtotheitandiffialltyvaluesdxainedfrmaculal

administration of the examinatim. For all analyses cmparing the

reviewers' ratings to obtained difficulty indices, however, modified p-

values (MDDP) were used. The modification consisted of calculating the

p-valusbasedmlyoftherespmsesofacaminees(n=217)whose

totalsoorewaswithintwcstandardermrsoftheoperationalpassing

score.

First, correlations were calculated between the overall iniependent

andgroup-processcorriitionratings (DHJEPRATEaIdGRaJPRATE)ani

mop. Correlations were also mlculated for individual item

reviewer's ratings and map. For both conditiors, indivimial

reviewer's ratings were found to be only weakly related to the

modified p-values. All individuals' correlations with LDDP were

significantly different from zero at p <.001, but ranged only fran a

low of .306 (for indepenient condition Reviewer 2) to a high of .423

(for group-process condition Reviewer 5) . Overall condition item

rating correlatiors with m were only sanewhat greater. The

correlation for the overall group-process condition ratings and

modified p—values was slightly but not significantly lower than the

correlation between independent condition ratings and modified p-

values (r = .535 and .544, respectively).

lI\«roirriicesx.rerealsocreatedtoreflectthedegreeofagreement

between reviewers' ratings and two important criteria. The first

variable, E, was created to reflect the extent of agreement between a
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reviewer's ratings and the modified p-values. ‘Ihe variable E can be

conceptualized as an index of absolute error of specification. 'me

secaadvariable, E', reflectsthedegreeofagreenentbetweala

reviewer's ratirrysardtheneanratingsprovidedbyrevienerswithina

particular condition. Cavitationany, E' for a reviewer j in

ca'ditimcvescalculatedbyaveragingtheratingsofreviavers

except reviewer j within condition c. This variable, 8', can be

caiceptnalized as an index of relative error of mecification.

Table7presentstheobtainedvaluesofEandE' forthefive

reviewers in each condition. Examination of the table leads to some

interesting observations. First, cmpariscm of the values of E and 13'

across conditions indicates that, in general, item reviewers exhibited

disconcertingly large errors of specification, although it is clear

thattleyweremfiubetteratestimatingrmotherrevieversintheir

caditimwmldrateitersthantheywereatpredictinghowthe

hypothetical minimally-carpetent group would perform. Second, when





 
Table 7

Absolute and Relative Errors of Specification for Iten Reviewers

in Independent and Group-Process Conditions

  

Miller E 51 Mr E E:

1 23.46 14.31 6 28.10 15.99

2 26.42 15.58 7 23.49 15.74

3 23.72 13.51 8 24.56 17.75

4 24.53 13.26 9 25.33 13.47

5 27.90 19.59 10 32. 37 19.86

man 25.21 15.25 26.77 16.56

Starflard 1.90 2.59 3.57 2.39

Deviation

  



 

 



 

e""a‘1\’lat.:i.rgtheoverall performance ofthetwocaditicts, itarpears

that. theirdepedentcmditimresultsinsligntlyinprovedaccuracy

of. Specification in both the absolute and relative sense.

 

Resporseeprovidedbythemitenreviewersmtl'iepost-Meetihg

mestiarairewereusedtohelpassessvmeflieranybadcgrqndvariable

ordiaracteristic oftheitenreviewerswasassociatedwithirmeased

precisim in estimation of iten ratings. Correlations were calculated

behweenbackgmndvariables (cbtained frantheQuestiamaire) ardthe

two irdices of error of specification (E ard E').

Forthetotalgroupofreviewersetployedinthesudy,m

background variable or reviewer characteristic appeared to be related

to accuracy in specification. Correlatims between all variables

iroltding years of service on examination cannittee, perceptions of

helpfulness of the informational materials, perceptions of ease of

inplenenting the passing score methodology, etc., ard error of

specification variables, E ard 13', were all small ard not

significantly different frcm zero, ranging frail, -.401 to .026 with

most of the correlations near zero.

misresultisatoncediscmragingaidmsuprising. Ontheone

hard, theresult irdicatesthatthestudydidnotisolateanyrelevant

reviewer characteristics that might help predict which reviewers would

producethenostacelrate itemratings. 0ntheotherhard,this

firdingalsoprovidessaneevidencethatthehanogenemsbadcgrands

ardperceptions ofthepanelof reviewersutilizedwerenotlikelyto

have contributed to the variability in item ratings.
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“no separate caupletely crossed (items x raters) generalizability

Marseswereperformed,oneead1forthegmlp-processard

ixflqaerdentratirgcorditions. AsmaryoftheG-sttdyresultsis

presentedin'l‘ablea. Thetableshowsthatthevariancecomponeits

foritensardthevarianoecmporentsfortheitensbyraters

interactionaresomematsimilarinmagnimdeacrcsscorditiasard

similar to each other, irdicating that each of these two factors

contrihltes roughly equallytothedeperdability ofthemeasurenent

process (i.e., to the rating of iteus). Ingeheral, standard errors

fortheItensandItersxRaters variancecomponentswererelatively

small, irdicating that they were fairly well estimated and that

subsequentd-sttdyanalysesarelikelytobefairlyacalrate. Less

confide'oeinthepreciseestimationcanbeassignedtothevariance

catponents associated with raters in the presence of the relatively

largestardarderrorsforthesecalponents.





 
Table 8

S‘erary of Generalizability (G-study) Results for Irdepe'dent and

Group-Process Corditions

  

Variance Stardard Variance Stardard

met d_f Md: m d_f M m

Item 199 109 . 25 16 . 59 199 98 . 18 13 . 99

Raters 4 22 . 14 13 . 57 4 144 . 07 83 . 76

Items x 796 273 . 79 13 . 71 796 202 . 74 10. 15

Raters
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of particular practical note, however, is the relatively large

variance canpcment (and associated large stardard error) for raters in

the irdeperdentardgroup-processcorditicns. 'lhevariancecanponent

for ratersintheindepedentcmditionislargerfllanismrmally

desirable, relative to the variance competent for itens (about one-

fifth itsmagnitlde). 'lhevariancecarponentfor raters inthegroup-

process condition is extrenely large (144.07) relative to all of the

othergrup—processvariancecmpmemls, ecceedingevelthemagniude

of the variance component for itens (98.18). Taken together, the

negnittdeofthesevariancecaxporentselggeststhat,wereuie

irdeperdentorgrrup—processitenratingprocesseetobeutilizedin

futurestudies, betterratertrainingoranircreaseinthemnnberof

raters would be profitable in terns of improved dependability.

Table9presentsaemrnaryofd-sudyresults. Theentriesinthe

table include estimated variance carponents for five to 20 raters for

each ofthetwocorditions. Asonewould expect,thevariance

canponents associated with raters ard raters by items interaction

decreaseasthemlmberofratersimreases (witht'hemmberofiters

held constant). Absolute error variance [6"(A )1, relative error

variance [cruf )1, indexof deperdability (m2), and signal-to-noise

ratio are also presented in the table. Absolute error variance

represents the variance of the difference between the unit of

neasurenent's observed ard "true" scores or, in this case, the

variance of the difference between the observed ard "true" item

ratings. Relative error variance is another type of error variance,

whosenagnitdedepedsofthedifferencesbetweenobservedardtnle

score variances relative to population means for observed ard true
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Table 9

Sunmary of Geieralizability Analyses (d-Shldy) Milt-s

No. of V.C.

rm 1_t_ar_s

5 109.25

6 109.25

7 109.25

8 109.25

9 109.25

10 109.25

11 109.25

12 109.25

13 109.25

14 109.25

15 109.25

16 109.25

17 109.25

18 109.25

19 109.25

20 109.25

v.C.

4.43

3.69

3.16

2.77

2.46

2.21

2.01

1.84

1.70

1.58

1.47

1.38

1.30

1.23

 

WM

Absolute Relative Mean

V.C. Error S/N Irdex of Error S.E.

Earlenee _erienes B§_iQ .DEEEBQ; YBIiénQEQHEQB

54.76 59.19 54.76 2.00 .649 5.25 2.29

45.63 49.32 45.63 2.39 .689 4.46 2.11

39.11 42.27 42.28 2.79 .721 3.90 1.98

34.22 36.99 34.22 3.19 .747 3.48 1.87

30.42 32.88 30.42 3.59 .769 3.16 1.78

27.38 29.59 27.38 3.99 .787 2.90 1.70

24.89 26.90 24.89 4.39 .802 2.68 1.64

22.82 24.66 22.82 4.79 .816 2.51 1.58

21.06 22.76 X 21.06 5.19 .828 2.35 1.53

19.567 21.14 19.56 5.59 .838 2.22 1.49

18.25 19.73 18.25 5.99 .847 2.11 1.45

17.11 18.50 17.11 6.38 .855 2.02 1.42

16.11 17.41 16.11 6.78 .863 1.93 1.39

15.21 16.44 15.21 7.18 .869 1.85 1.36

14.41 15.58 14.41 7.58 .875 1.78 1.34

13.69 14.79 13.03 7.98 .881 1.67 1.29





Table 9 (Cont'd.)
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Summary of Generalizability Analyses (drstudy) Results

No. of V.C.

Eaters Items

5 98.18

6 98.18

7 98.18

8 98.18

9 98.18

10 98.18

11 98.18

12 98.18

13 98.18

14 98.18

15 98.18

16 98.18

17 98.18

18 98.18

19 98.18

20 98.18

 

  

   

Absolute Relative Dksna

V.C. V.C. Error Error S/N Index of Error S.E.

Eaters 1.8;8. Earlenee Earlene: Ratio Depend. yarianee used

28.81 40.55 69.36 40.55 2.42 .586 29.51 5.43

24.01 33.79 57.80 33.79 2.91 .629 24.67 4.98

_20.58 28.96 49.54 28.96 3.39 .665 21.22 4.61

18.01 25.34 43.35 25.34 3.87 .694 18.63 4.32

16.01 22.53 38.53 22.53 4.36 .718 16.61 4.08

14.41 20.27 34.68 20.27 4.84 .739 15.00 3.87

13.09 18.43 31.53 18.43 5.33 .757 13.68 3.70

12.01 16.90 28.90 16.90 5.81 .773 12.58 3.55

11.08 15.60 26.68 15.60 6.29 .786 11.65 3.41

10.29 14.484 24.77 14.48 6.78 .799 10.85 3.29

9.60 13.52 23.12 13.52 7.26 .809 10.16 3.19

9.00 12.67 21.68 12.67 7.75 .819 9.56 3.09

8.47 11.93 20.40 11.93 8.23 .828 9.03 3.00

8.00 11.26 19.27 11.26 8.72 .836 8.55 2.92

7.58 10.67 18.25 10.67 9.20 .843 8.13 2.85

7.20 10.14 17.34 10.14 9.69 .850 7.74 2.78
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Scabres. 'Iheirdexofdeperdability (sanctimesalsoreferredtoasa

Wimbflity coefficient) in this case takes into account the

bat-Ween-rater variance ouupu'ient, since systematic bias in reviewers'

ratings would cartribute error to the estimation of an item's "true"

rating. 'me signal-to-mise ratio is the ratio of true score variance

to error variance ard provides amther "reliability-like" irdex. For

example, a sigml-to—noise ratio of 2.00 would irdicate that the

estimtedlmiversescorevarianceistwiceaslargeastheestimated

error variance.

Bofluthegralp-processardirdepedentcorditionsappeartoproduce

moderate signal-to-noise ratios and irdices of depedability with as

few as five raters. of significant interest, however, are the

relatively large variance carponents for raters in the group-process

condition ard the correspondingly larger absolute error variance.

Interestingly, due to the relatively snaller rater variance cmponent

associated with the irdependent cordition, higher overall irdices of

deperdability for the irdependent condition canpared to the group-

process cordition were observed. A practical application of this

relationship means, for example, that to achieve the same level of

deperdability fourd with only eleven raters in the indeperdent

cordition (approximately .80) would require 14 raters using the group-

process procedure.

Table9also inclLdestheneanerrorvarianceardthestardard

error of the mean for five to 20 raters in each of the two corditions.

These values provide information on how well the passing score is

estimated across the samples of itens and raters. 'Ihe irdeperdent

cordition rating procedure appears to result in a more precise estimate
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Ot the passing score than the grep-process ratings: for a ZOO-item

test. thestardarderrorofthemeanixdicatesfliattheconfidede

intenralarundthepassingsoorewmldvaryfrmaboutthreetofive

item for the irdeperdent oorditim (.0129 x 200 = 2.58; .0229 x 200 =

4.58) but fran six to 11 item for the grep-process cadition (.0278 x

200 = 5.56; .0543 x 200 = 10.86).

Inevaluatingtheseresults,astaxdarderroroftheerttirgscore  of lasthantwoitemwasusedasamininallyacceptablestardard,

following criteria suggested by Norcini, et a1. (1987) . Applying this

criterion, only the ratings generated using the indepedent cordition

with at least seven raters would approach acceptability for stardard

setting procedures (see Table 9). Wer, for both corditions,

signal-to—noise ratios ard indices of dependability teded to be

smaller than would be desirable for stardard setting.

m Analfiis

As Norcini, et a1. (1987) and Ioclmood, et a1. (1986) have noted,

factors other than psychanetric concerns can influence decisions

regarding the conduct of passing score studies. Specifically, the cost

of expaneling item reviewers (MS) may be prohibitive in many cases.

Because differing costs would likely be associated with implementation

of the group-process or indeperdent corditions, an examination of the

relative costs for each cordition was undertaken.

For the following cost analyses, several assumptions were made.

First, itwasasentedfiiatagrmlpofSlVlELs(n=10)weretobe

empaneled to provide ratings for a ZOO-iten examination. For analysis

of the group-process cordition, it was assumed that nine of the ten
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Mademvmldinelrairtravel,lodging,ardnealeqaesesinorder

wtraveltothepassingscorestudysiteardparticipateinaniten

review procedure lasting two days.

Two variatiors of the irdepexdent rating condition were explored in

theanalysis, inadditiontothegroup—processcordition. Forone

variation (hereafter called the 'Vithort—meeting" cordition) , it was

assumed that the panel of reviewers would be nailed informational

materials explaining the passing score methodology, then the test item

tobereviewedwouldberated irdepexdentlyardretmrnedbymailtoa

central site. The secord variation of the ixdeperdent condition

(hereafter called the "with-meetirg" oordition) , assumes that reviewers

wouldtravel toasingle site foraone—halfdayneetinginorderto

beccme familiar with the passing score methodology. Reviewers in this

condition would then receive a booklet of test item to be rated, would

return to their cities of origin, ard would return their ratings by

mail.

'I‘ablelOpresentsasrmmaryofcostcatparisons forthegroup—

process cordition ard the two variations of the indepedent cordition.

CostsestimatedinTable 10arebaseduponfigurespublishedinthe

grate Travel Irdex for 1988, the most recent year for which

complete information was available. (To adjust for inflation, figures

listedintheMwereincreasedbyafactcrof 1.1236. The

adjustment factorassumesauniform 6%peryearincreaseincostsdue

to inflation ard was applied to all travel expense categories.)

 

    

 





 

86

Table 10

CmparismofCostsforOorductjngaPassirgScoresuflymfler

Gram-Process and Independent Conditions

Group-Process Coalition Indeperflent Oonditicms

 

Time 2 days/2 nights

Air Travel $4000.00

Lodging 1309.99

Haals * 1014.84

Transportation ** 200.00

Informational 12.50

Mailirg +

'nest Item n/a

Mailing ++

Test ItamReturn n/a

Mailirg++

UIHEIS $6537.33

Notes:

with Meetirg

1 day/O nights 0 days/0 nights

$4000.00

n/amu

507.42

200.00

12.50

85.00

85.00

$4889.92

*=inc1udestaxandgratuity.

**=assmnes$10.00perpersonead1waytoandfrunneeting

site .

*1": = assumes travel to and from meeting site in one day.

+ = first-class postage costs only.

H- = secure-method postage costs only.

Without Meeting

n/a

n/a

85.00

$182.50
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The Mprovidescostsassociatedwithtraveleaqaersemtegories

rankedbymajorcity. ‘Ibdeterminecostsforthisshidy, themedian

city listedintheLfiexwasused. Forenanple, formealcosts,

Harrisburg, Pexmsylvania represented the median of 100 U.S. cities for

malcosts. 'Ihus, mealcostswereestimatedusirgthedatasqplied

for Harrisburg; however, for other travel categories, the median najor

city within the category was used (i.e., not necessarily Harrisburg).

Itshouldfurtherberntedthatexpexmesassociatedwithtravelard

consultation by a psychometrician or testing organization

representative have not been included in the following analyses.

Because licensure and certification boards vary in the extent to which

they utilize in-house psychometric services or contract with external

caisultarrts, itwasdecidedtoanituiisvariablecostfrmead:

ccndition presented. Also excluded because of wide variability are

expersesforconferenceroanrentalandequiprentrentalforthe

group-process and with-meeting conditions. Like the area of

psychanetric services, organizations vary widely in the extent to

which they utilize "hate office" facilities or conduct meetings off

site. It is recognized that the exclusion of these experses probably

resultsinadowmardbiasintheoverallcostestimtesforthe

gram-process and with-meeting conditions.

'No additional assumptions should be noted. First, because air

travel costs are extranely variable, depending on the city of origin,

destination, class of service, and time of week, the costs for air

travel were estimated to be $400.00 per person using figures obtained

frun a national travel service agency for round-trip weekend travel to

and frun "Anywhere, U.S.A." Also, the with-Heating variation assumes
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flat tevieuersvmldmtrequireovernightlodginginorderto

participate in the meeting. In situations where overnight lodging is

required due to distance travelled, flight connectiam, etc., lodging

costsmildbeirun'red. 'Itms, fliewith—nnetingcostlistedin'rable

10 represents a lower bound estimate for that variation.

Eamimtionof'rablemsuygests, basedupmtotalcostsforeadi

of the three conditiorm, that the 'Witlmt-meetirq" coalition is by

fartheleastcostlymethodofcordictirgapassingscoresmdy.

Malestinatedcostsforfliethreeconditimsarezerotp-prooess

condition, $6537.33; With-meeting condition, $4889.92; ard Withcut-

meeting condition, $182.50.

mile it is true that the without-meeting condition is the least

costlywayofconductingastarflardsettirgprocedurewienorfly

mtaryexperdituresarecmsidered,therearecertain1yother

factors that stmld be discussed. For example, earlier in this

sectionitwasobservedthatthegroup—processcmriitimsand

indepmderrt conditions resulted in statistically and practically

meaningfuldifferenoesinpassingscores. misiscertainlymta

factor that should be ignored. Arnther factor beside mtary cost

thatstnfldbeconsideredisthecostintenmoftime. Formany

professions, it is quite difficult to identify SME‘s who would be

willing to forego two days of personal time or time away from

professional activities in order to participate in a passing score

study. For this reason, the "Withait-meeting" condition, which would

not require set-aside nesting time, could be viewed as the most

econanical. However, it should be noted that no data were collected

asapartoflbcperinentltoaddressthepsydimetricpropertiesof
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the Vim-meeting condition. For that reason, this alternative an

cnly be evaluated in terns of its ecormic feasibility and to

conclusions regarding the accuracy or variability of withaIt-meeting

procedure results can be offered.

Insumary, itwasobservedthatexpeotedsavingsintemsoftime

and financial resources were observed for the "With-neeting" and

"Withort—meeting" variations of the independent condition when

carpared to the group-process condition. War, it should be

furthermtedthatanysavingsirnuredmideranynetlwdwouldresmt

in trade-offs that should be considered when those responsible for

standard setting actually select a procedure. Also, sane

investigation of actual results from a without-meeting standard

settingsuriyseenswarrantedbeforeanystatementsregardingits

propriety should be made.

W2

WinnMan Differences

OfprinaryintereetinfibcperinentZWaswhetherexposureto

additional information (i.e., the distribution of the reviewers' own

initial item ratings) would result in differing overall passing

standards. Table 11 provides descriptive statistics comparing the

ratings produced under the two conditions: "no-information" and "with-

information." 'Ihe no-information condition is defined as the

iniependent provision by reviewers of Angoff ratings for the 100

items. These ratings were collected as part of Dcperiment 1. The

with-information condition is defined as the independent provision of
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amusetratingsforthesanelooitembythesanerevieders,who

were subsequently provided withthedistriblition of ratings gewerated

under the rue-information condition. Figure 2 shows a plot of the

reviewers' mearsacross 100 item, observedundereadi oftheseovo

conditions .

 





 
Table 11

Descriptive Statistiee for No-Information and With-Information

Reviewers Across 100 Item

  

First mting Second Rating

(No Information) (With Infornation)

Standard Standard

Miewer fin Miation Lew m Deviation S_kg

l 57.35 17.56 -.l41 62.50 18.46 -.382

2 52.95 19.93 .015 62.64 18.45 -.784

3 55.75 17.02 -.053 61.99 21.77 -.288

4 51.80 18.11 -.092 59.75 14.64 -.450

5 56.64 25.70 -.076 53.50 22.59 -.024
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Plot of No-Information and With-Information Reviewers' Meats
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As stmninboth'l‘ablellarriFigure 2, overallratingsproduced

With lmowlédge of the other reviewers' ratings are sanewhat greater

ard less variable. Again, as in Experiment 1, one reviewer's pattern

ofratingsdivergedfrunthetrenisuggestedbyflierestofthegmip.

Eamimtim of Figure 2 reveals that Reviewer 5's overall ratings

decreased under the with-information condition canpared to the other

reviewers whose overall ratings increased. Reviewer 5's overall with-

information rating was also quite different fran the fairly tmiform

overall with-information ratings provided by the other reviewers.

'movariableswerecreated (NOINFOandWI'n-ENFD) toreflecteach

iten's overall rating under the two conditions. NOINFO represerts the

initial overall rating provided by the reviewers for each of the 100

item. WI'n-IINFO represents the second (with information) rating

provided by the reviewers for the same item. In each case, NOMO

arriWI'nfiNFOwereobtainedbycalmlatirgtheneanratirg foreach

item across reviewers within the run-information and wifli-informtion

conditions. This procedure resulted in 100 pairs of ratings (one for

each item) .

The overall means for each condition and other descriptive

statistics are presented in Table 12. The correlation between the

overall ratings provided under each condition is also reported in

Table 12. The magnitude of this correlation indicates fairly strong

intra-reviewer agreement between initial and subsequent iten ratings.
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Table 12

Descriptive Statistics for No-Informtim

and With-Information Caditim Passing Scores

NOINFD WI'IHINI‘O

Mean 54.90 60.08

Standard Deviation 13.38 14.31

r NOMO, WI'HIDIPO = .890 p < .001

khan Differene 5. 178
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It. shouldagainberntedthattheoverall caaditicnmeansrepresent

theproposedpassirgscore, expressedasaperoentage, thatwould

result frcm each condition. For exanple, the ran-information condition

would result in a passing peroe'rtage of approximately 54.9% canpared

totheGO.1%thatIm1dresultifthepassirgstarflardwere

established using the with-information ratings. This means that the

tic-information standard of 54.9% would require examinees to respond

correctly to approximately 110 item on a full test of 200 item in

ordertopasstheexamination. 'mepassingstarxiardeiggestedby

reviewers in the with-information condition (60.1%) would trarslate

into a passing score of approximately 120 item correct on a ZOO-item

test. Regardless of the statistical significance of the difference

betweenthetwoconiitionmeans, the 10 rawscoreunitdifferenoein

passing scores over a zoo-item examination is clearly of practical

significance.

'Iotestwhetherthedifferenoeinoverall conditionmeanswas

statistically significant, a repeated measures analysis of variance

(ANOVA) was conducted. The full model specified three factors: Item

(n = 100); Raters (n = 5); and Conditions (replication) (n = 2).

ResultsoftherepeatedneasuresANOVAarepresentedinTablen.

Despite the substantial practical significance noted earlier, results

of the repeated measures ANOVA failed to reveal a statistically

significant difference between the two conditions. However,

inspection of Table 13 shows an expected significant effect for item

and a significant effect for raters. Clearly, the results irriicate

that both items and raters affect overall passing scores.
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Table 13

mated Measures ANOVA Results for No-Information and

With-Information Conditions

marge W mm 91 r

W

Raters 9526.25 2381.56 4 11.71*

11'” . Sub. I

conditions 881.75 881.75 1 0.77 ns

Raters x conditions 4557.75 1139.44 4

Item 179325.73 1811.37 99 8.91*

Item x Raters 80505.22 203.30 396 .72

Item x conditions 10940.29 110.51 99 .39 ns

I x R x c, e 111660.91 281.97 396

m 397398.00 397.80 999

*=p<.001
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A test for homogeneity of variances with paired (dependent)

diservations was also performed. The calculated statistic (t = 1.46)

did not exceed the critical value of 1.98 at alpha = .05 with 98

degreesoffreedan. 'niisresultfurthersuggeststhatoverall iten

ratings were not more or less variable tmder either condition.

gationship between With-Information and No-Eormatim mtm'

As shown in Table 12, a significant Pearson product-manert

correlation between rue-information ratings and with-informatim

ratings was observed ( r NOINFO, WITHINFO =.890, p < .001).

Calculation of the rank order correlation coefficient yielded similar

results (r NOINFOrank, WI'IHINI‘Orank = .871. p < .001). These results

indicate that the I'D-information and with-informaticm conditions

provided iten ratings that were highly similar.

An intercorrelation matrix of iten reviewers' first and second

ratingswasalsoproducedaniispresentedinTableM. Visual

inspection of Table 14 reveals that reviewers' first ard second

ratings (i.c. , under tic-information and with-informtim conditions)

are generally moderately correlated, ranging frun a high of .759 (for

Reviewer 5) to a low of .485 (for Reviewer 4) with a mean of .673.

 





 
Interoorrelation Matrix of Ratings frun No-Informtion

and With-Information Condition Reviewers

bio-Information Reviewers

(Initial Rating)

Table 14

With-Information Reviewers

(Second Rating)

 

R11 R21 R31 R41

 

R11'\—- .389 .367 .249

\

R21 “e:- .305 .259

m1 ‘ ‘ v: .338

R41 \ ‘7‘

R51

R12

R22

R32

R42

-
n
-
—
—
—
—
—
—
—
—

.650

.522

.455

.276

.323

R22

.484

.749

.449

.473

.449

R32

.306

.372

.722

.296

.436

R42

.255

.474

.251

.485

.244

R52

.273

.399

.452

.559

.759

 

.433

.483

—

\

.321

.516

.294

.401

.517

.519

.320

\
-
—
-
.
.
—
-
-
—
—
—
—
—
—
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'IVdogroupscfcorrelatiaisareenclosedbydashedlinesinTable

14. 'meeciroledvalueeoorrespcrdtothecorrelatiorsbasedonlyon

Ila-information ratings (upper left) and those based only on with-

informtim ratings (lower right). After transforming these

correlations using Fisher's r to z tramfornatim, a mean correlation

foreadicaflitimmscmprtedanithetwooverallneanswere

cmpared. As hypothesized, the average with-information correlation

exceeded the average no-infornation correlation (.473 > .337);

however, thedifferernebetweenthemomeancorrelatimswasmt

statistically significant.

12 i . g . !

‘meectenttowhidiecposuretothem-informaticnarriwith-

information conditions resulted in differing levels of classification

consistency was also examined. Indices of classification consistency

p and k were calculated for each cordition using the passing scores

suggestedbyeach. Theresultsaresl'nwninT‘able 15. AsTablelS

shows, application of the tic-information passing score would result in

a higher overall index of classification consistency ( so = .934 ),

cmpared to the with-information condition index ( so =- .898 ).

Accordingly, the contribution to classification of the examination

itself to consisteacy of pass/fail classifications was greater under

the with-information condition ( ’k = .706 ) ocmpared to the no-

A

information condition ( k = .678 ).
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Table 15

Indices of Decision Consistency for No-Information and

With-Information Coalitions

,. A

m’tion W B; Is

No Information 54.9% (110) .934 .678

With Information 60.1% (120) .898 .706
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ati ' f ' t'

For iten reviewers in the Ira-information (NOW) and with-

information (WITHJNFD) conditions, overall iten ratings for the 100

item were catpared to item difficulty indices resulting fran the

actual administration of the examination. As in Experiment 1,

modified p-Hvalues (mop) were used, obtained by calculating each

iten's difficulty based only on the respormes of examinees whose total

scorewaswithintmstardarderrorsofuiepassingscore.

Correlatiors were calculated betweei the overall NOINFD and

WITi-UNFO ratings and 1430?. Correlations were also calculated between

individual iten reviezers' ratings and mop. For both conditions,

individual reviewers' ratings were found to be moderately related to

FDDP. Interestingly, the lowest correlation with FDDP ( r = .197 )

was observed for a reviewer in the with-information condition, while

thehighestcorrelationwithmDP(r= .505)wasobservedfcra

reviewer in the no-information condition. Also, surprisingly, the no-

infcrmation condition produced a higher (thcugh man-significantly)

overall correlation with modified mlues ( r = .590 ) than the with-

information condition ( r = .573 ).

Themoindicescreatedtoreflectthedegreeofagreenentbeoween

reviewers' ratings and certain criteria (E and E') were also

calculated for each reviewer. Table 16 presents the obtained values

of absolute error of specification (E) and relative error of

specification (E') for the five reviewers under no-information and

with-information conditions. Oaxparison of the values displayed in

Table 16 indicates that, generally, absolute errors of specification

are wily slightly reduced through the provision of additional
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information. The mean absolute error Of Specification for the with-

information condition (24.12) was quite close to the mean for the no-

informaticn condition (24.93). However, relative errors of

specification were also sightly reduced under the with-information

condition (mean = 13.43) cmpared to the no-information condition

(mean = 14.81).
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Table 16

Absolute ard Relative Errors of Specification for Iten Reviewers

in No—Informaticn and With-Information Cmditiors

tic-Information Condition With-Information Condition

 

were: E E: E E1

1 23.52 14.09 22.48 12.98

2 26.27 14.76 22.89 10.99

3 23.95 13.24 24.95 14.36

4 25.94 13.77 25.84 12.78

5 24.99 18.17 24.46 16.04

Mean 24.93 14.81 24.12 13.43

Standard 1.20 1.96 1.41 1.89

Deviation
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In evaluating the effect of the provision of additional

informtim, it is again observed that individual iten reviewers were

mare proficient at estimating the overall group rating for the item

thanttsyvereatpredictinghawuiehypoflieticalminimally-ompetert

amines 91'qu would perform.

grass—1mm

In order to further evaluate the effect of providing additional

informatim to iten reviewers, five regression analyses were

performed. A regression model was developed which reflects the

hypothmis that an individual reviewer's second (i.e., with-

information) rating can be predicted by kmwledge of his original

(without-information) rating and with knowledge of the group's

original mean rating (with the group mean calculated etcluiing the

iniividualreviewer). Thesetmratingswereusedastheirdeperflent

variables in the regression equatiors with the reviewer's revised

(with-information) rating used as the dependent variable.

Theoretically, the model assumes that reviewers' make their juignents

about iten ratings based upon their own procedure-related knowledge;

that is, knowledge regarding the hypothetical minimally-cmpetent

examinee group and the difficulty of the item being rated. And,

reviewers take into account information gleaned from other reviewers:

in this case, fran the distribution of reviewers' initial ratings that

wasprovided fortheiruseinthesecondroundofratings.

To assess the likelihood of such an effect, five regression

analyses were conducted, one for each reviewer according to the

proceduredescribedabove. Resultsoftheanalysesarepresentedin
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Raw (non-standardized) nultiple regression equations are

Wintheuble,almmgwithuleoonelatiombetveenthetvn

Table 17 .

iniqendent variables, the multiple R, and R squared. In each case,

the correlations between the independent variables are low to

moderate, suggesting that the choice of independent variables does not

pose a threat of nulticollinearity. For each regression performed,

analyses of plots of predicted values against residuals revealed no

disconcerting patter-rs; plots were broadly scattered and all residuals

hadmeansatornearzero.



 



 

1 y = 8.805 + .535(x1)

2 y = 5.745 + .526(x1)

3 y =—1.o73 + .789(x1)

4 y =29.528 + .290(x1)

5 y =-7.161 + .537(x1)

+

+

+

+
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Table 17

.424(x2) + e

524(2) + e

.349(x2) + e

.273(x2) + e

.555(x2) +'e

.425

.461

.456

.480

.476

Regression Analyses for Individual Reviewers in Experiment 2

.715

.827

.750

.537

.807

Notes: xl=original rating for itenibyreviewer j, and

2

MWK

.511

.683

.563

.288

.652

)Q = group's original mean rating for item 1 oarputed with

reviewer j excluded.
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'me hypothesized influence of additional informticn appeared to be

Wident in each of the regression analyses. For every reviewer,

Values of b and b were tested for significant difference fran zero;

in all oasis, thezt statistic were significant at p < .01. Further,

the moderately high values of multiple R and (with the enceptim of

Revie9er4)themoderatevaluesofquuaredsuggestthatthe

regression model has accounted for at least half of the variation in

reviewers' ratings.

Ccnbined Imults

Selectedresults franEbcperiuentlardEbrperimentZwerecmbined

to achieve an overall assessment of the effect of the various standard

setting procedures. First, the grep-process ratings frcm Ecperiment

lwerereanalyzedtoobtainthepassingstandardthatwouldresult

usingrating forthefirst 100 itens only. 'Ihiswasdonescthat

directcatparisorscouldbemadebetweenthepassingstarflards

suggested by the group-process condition, the independent/m-

infcrmaticn condition, and the irdepenient/with—infcrmation condition,

ardthestardardstobeoouparedwoildbebasedupmratingsofme

same 100 items.

Table 18 presents the results of the combined analysis. Several

striking differences between the three procedures are apparent.

First, the mean item ratings for the three procedures differ

ccrsiderably, from a low of 48.88% (for the group-process condition)

to a high of 60.08% (for the indeperdent/with—infomation condition).

The dramatic impact that differences of this magnitmde would have on



 



 

mum classificatim decisions is also shown in Table 18. For

ample, the lowest passing rate (77.4%) was observed for the

independent/with—information condition, while the highest passing rate

(95.0%) was observed for the group—process condition. Accordingly,

failure rates also varied dramatically, frm 5.0% for the group-

processconiitimtonearly41/2timesasgreatforthe

iifieperfieTt/with-informtim condition (22.6%) .
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Tab1e18

Omparismoffihrperimerrtlandmperimentz

SuggestedPassingStandards

 -————oonditic-s

Ixrlependerrt Iniependent

Mean Iten Rating 48.88 54.90 60.08

(across reviewers)

Standard Deviation of 11.60 2.41 3.86

Reviewers' Overall

Ratings

Standard Error 5.19 1.08 1.73

Passing Score 97.76(98) 109.80(110) 120.16(120)

(rounded)* .

95% Confidence Interval 88, 108 108,112 117, 124

for Passing Score

Percent mssing 95.0(5.0) 86.8(13.2) 77.4(22.6)

(Failing) **

* = adjusted to reflect passing standard for a 200—item test.

** =based onpassing score obtainedusing Beuk (1984) method.
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'Ihe issue of variability among individual reviewers' overall

ratings (i.e, suggested passing standards) is also highlighted by the

results displayed in Table 18. 'me wide variability across reviewers

inthegrelp-prccessconditicnisecpressstatistieallyinthelarge

standard deviation of group-process reviewers' ratings (11.60). This

fairly large value for the standard deviation of group-process

reviewers' ratirgs is also reflected in a correspondingly large

standard error (5.19) and a very wide confidence interval (88, 108).

On the other hand, both of the indepenien‘t conditions (i.e., the

no-information and with-information conditions) displayed

canparatively smaller standard deviations for reviewers' overall

ratings and correspondingly smaller standard errors and confidence

intervals. Surprisingly, the smallest standard error (1.08) and

narrowestconfidenceinterval(plusormi1msZrawscore1mits)was

observed for the irdeperxient/m-informatim condition.

In sunmary, it should be emphasized that thee fairly large

differences nay—or may not—be attributable to exposure to the

experinental conditiors. Because of the small panels of item reviewers

utilized, it is possible that the results could be explained by randcm

error. Althcugh the social interaction hypothesis would predict the

observed results, the failure to achieve statistical significance for

gmupneandifferencesdoeemtmlearttheobservationofthese

results due to chance.
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missuldycorsistedoftmecperinents. 'Ihepurposeofthefirst

eqaerinentwastoexamineonevariatimofthetraditicnalgrulp-

processprocedurecf establishingpassingstandardsusihgtheAngoff

standard setting methodology. 'Ihe variation studied consisted of

having iten reviewers generate their Angoff ratings under an

"iniepenient" coalition in which the usual effects of the gralp-

process procedure (e.g., social cauparison, sharing of information,

etc.) Guild be controlled.

'meplrposeoftheseconiecperinentwastoisolatetheeffectof

one souroe of information that item reviewers use in generating their

ratings—lowledye of the ratings provided by other (peer) revieaers.

'Iheresults of eadleqaerinerrtareemrarizedbelwardalistof

major firdings and implications of these results is presented.

mperimrtlamry

Mean Ratyfi and Variabiligy

Ten item reviewers in Experiment 1 provided Angoff ratings for 200

items on a medical specialty certification examination. Before

providing their ratings, reviewers were given informational materials

and participated in a training session to ensure their familiarity

with the methodology. After this, reviewers were randanly assigned to

111
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oneoftwoconditions: anindependentconditiminwhidlreviewershad

no interreviewer interactions concerning their ratings, and a group-

process condition in which reviewers freely discussed their ratings

for item, iten difficulty and relevance, and their omoeptiom of the

hypothetical minimally-canpetent candidate group.

Wiretothetwoconditionsproduoedvariedresults. 'Ihe

primarqustionofinterestwaswheflierecposmetothecorflitias

would yield differing passing standards. In Experiment 1, the passing

stardardsdatainedshewedflntuleirdeperflentomfiitimrosultedina

stardardfllatwasarprmdmatelynirerawscorepointshigherfllanthe

group-process condition. However, that difference was not

statistically significant. Although the independent condition

standard was higher, overall group iten ratings provided by reviewers

in each condition were nearly equally variable and fairly highly

correlated.

Asecondvariabilityissueaddressedinfibtperimentlwaswhether

the two conditions resulted in differential ratings for individual

items. As hypothesized, independent reviewers exhibited, on average,

a slightly wider spread of ratings for individual items than did

revielers in the group-process condition. This result complements the

earlierobservationofthehigherstarriardsuggestedbythe independent

grwpinthattheabserneofreviewerinteractioninuleindepenient

group may have contributed to this result. Conversely, the variability

of the group-process condition ratings for individual items may have

been reduced due to the effect of group interaction.

It is critical at this point, however, to highlight the failure

to achieve statistical significance for observed differences between
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neanratingsforthetmcorditiorsinmperiuentl. Alttnlghthe

resultswmldsurelyrosultinlargepracticnlcasequenoesforthe

examines pqlulation, the profession, and the certifying board,

cmfidentstatenentsregardirguiereproducabnityofuiereantcarmt

be made. Specifically, the failure to reject the null hypothesis for

group mean differences means that the results could be explained sinply

with reference to randan error: Different groups of iten reviewers

calldbeelpanelledandarriveatidenticalpassirgscoresorevenat

differ'e'rtpassingscoreeinuleqpositedirectimasttnseobservedin

thisstudy.

gision Comm

Boththe iiflepeflentardgroup-processconditiasyieldedhigh

indicee of decision consistency, as evidenced by the coefficients a

andlt. However, reitherthefaotthatbothirfliceswerehighortls

fact that the group-process condition yielded slightly higher

coefficients is particularly mtenrthy: these findings can be

explained by sinply noting that the examination itself was highly

reliableardthatboththeinieperrlentardgrmp-pmwsspassing

scoresweremtveryclosetotheoverallneanscoremthe

examinatim (with the group-process condition passing standard located

sligl'rtlyfurtherfrantheoverallneanscorethanthestamd

Wbytheirdepeiflentg
rulp).

Relationship of Ratggs' to Obtained Item Statistics

fig Reviewer Characteristics

Ratings frm itenreviewersintheirriepexflenta
ndgmlp-process

conditions were cmpared to p—values which were calculated using only
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the respcmas of the hypothetical minimally-ccmpetent candidate group.

Althmgh, for all individual reviewers, correlatious between item

ratings and modified p-values were significantly different frtm zero,

all of the correlatiors were uniformly low. men when catbined to

form group average item ratings, correlations with modified pwalues

were noderate at best.

Similarly, the magnitude of the variables E and E'

(concqaulalized as average errors of specification for iten ratings)

indicated that individual item reviewers, in general, exhibited a

fairly large degree of error when attempting to estimate the

performance of the minimally-carpetent group, as evidenced by the

large values of E. It is of snall consolation that reviewers could

more accurately provide estimates of their overall group item ratirgs,

as evidenced by the relatively smaller values of E' .

These findings, taken together, all confirm one carillon criticisn

of the Angoff standard setting methodology—that iten reviewers often

experience some difficulty in accurately conceptualizing the

minimally-competent examines group.

Further, precision in estimation of item ratings does not appear

tobedepenientuponanyofthereviewercharacteristiosneasuredin

this study. For exanple, one might suspect that the more experience a

reviewer had with producing and reviewing test items would lead to

more accurate specifimticn in item ratings. This result was not

deserved. Likewise, neither was a significant relationship observed

betweentheextenttowhichreviewersreportedtomlderstarrlthe

Angoff nethodology or their confidence in its results am! the

precision of their ratings. These results do not rule out the



 



 
Possibility that other reviewer characteristics do cartribute

Slbstantially to accuracy in iten ratings; perhaps other significant

badcgmnflvariablesexistthatweremtmeasnedinthissuxiy. 0n

theotherharri, itisalsosmlewhatencouragingthatthemeasned

variablesdomtameartoinfluencerevieweracwracy. Ifstandard

settirgbodiescanbelessconcernedabwtthesevariablesvdm

etpaneling reviewers, thepool ofpoterrtial reviewers migntbe larger,

possibly widening to include participation by able reviewers who may

haveotherwisebeenexcluded.

Generalizabilig Analw

Generalizability analysa were conducted to investigate differing

sourcesofvariaticninitemratingssothatpotentialfuture

applications of either the iniependent or group-process procedures

could be developed to yield increased dependability of measurenent

(i.e., dependability of item ratirgs). G-study results indicated that

variance carponents were fairly well estimated (except for the group-

process conditionraters carponent) andwouldbeuseful forelbsequent

d-smdyanalyscs. D-studyresults fortheirdeperdentandgrmp—

prooessconiiticrsweredotained,varyirgthemmberofreviewers

whileholdirgthemmberof itetsoonstant. Theresultsshowedthat

slightly increased measurement dependability was achieved using under

theiniependentcmditimascmparedtoulegrulp-processcuditim,

with acceptable results for operational purposes achieved with

apprecinately 11t015reviewers. This findingiscontrastedwiththe

suggestions ofsanethatat least sixtoseven reviewersbeelpaneled

for passing score decisions, although others (cf., Cross, at al.,
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1984, p. 116) have also smested that eupaneling 15 or more reviewers

is desirable.

D-studyresults alsosggestedthataddirgmoreitanreviaiers

(or, possibly, mre extensive reviewer training) would likely result in

irmeasedneasmarentdeperfiabflitymflereitherflieiniepementor

group-process canditiors, though more so in the group-process

caldition. In practice, of course, increasing the mmber of test items

would also, generally, inprcve overall dependability. Ibwever, with

testlergth forthetestmriersbadyalreadyfairlylaig (n=200

items), more and betterhtrained reviewers would likely be a more

practical, less costly, and more efficacious method of addressing the

issue of increasing the accuracy of item ratings.

Cost Analfiis

Becausetheindependentitanreviewprocedurewasproposedasan

efficient alternative to the gram-process procedure, a cost analysis

wasalso conducted. Asexpected, the financial costsassociatedwith

inplexentaticn of an nxiepenient/with—neeting rating procedure were

lowerthanflIecostsassociatedwiflicmfluctirgthetraditiornlgmxp-

process procedure for a 200—item examination. Substantially lower

costs yet were estimated for an iniepemlent/withcut—neeting procedure.

However, itismtedthatsarecontroloverthestaniardsetting

process is surely lost when either independent condition is utilized.

One potentially inportant element that is excluded from the

wependmt/witimt-neeting condition is the ability of reviewers, as

agrcup, toan‘iveatsatecorsensusregardjngflieirconoeptimofme

mininally—carpetent emminee group—an important aspect of the Angoff
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mandology. And, itismflamnl‘mstarxiardsestablishedusingan

independent/without-meeting procedure would compare to the

irriqaendent/with-meeting or group—process procedures mined in this

research.

Prunisingresultswereobservedforthea'evariatimofflie

irdependent procedure in which iten reviewers assetble only long

enamghtoreceivegrouptraixfim,becanefamiliarwiththe

methodology, and develop cannon referents regarding the minimally-

cmpetent group. This variation was also less expensive that the

traditional group-processmethod, mtwouldrequireagreatertiine

cmnitnentmthepartofpctentialitanreviewers. 'misoption,

however, should probably be corsidered by groups conterplating the

need for a standard setting study in light of earlier findings

regarding the inportance of reviewer training.

Wit 2 Salary

1% Ratm‘ and Variabilig

Five iten reviewers—the same reviewers who participated as

indepenient item reviewers in Experiment 1—were each provided with

the five ratings generated for each of the first 100 items form the

ZOO-item examination used in Eminent 1. 'Ihe reviewers were asked

to reread the 100 items, to review the distribution of initial ratings

for eadu item, and to independently provide a second rating for each

item. 'Ihis procedure created two conditions: a "No-Infometion"

condition represented by the initial ratings generated irrieperdently

before any mrnative information was provided, and a "With-

Infonration" condition represented by the subsequent ratings generated
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With knowledge of the distributions of initial ratings for each item.

Fairly consistently, ratings generated under the with-informtion

cariitionwerehigherthanratingsgereratedbythesamerevieaers

under the m—informatim condition. Differences between the condition

means were of statistical and practical significance. However,

overall mean iten ratings across reviewers were roughly equally

variable for the no-infonnation and with-information corditions,

although at the individual item level, a slight reduction in

variability for the with-information ratings was cbserved.

These findings generally carplenent the findings presented for

Dcperiment 1. For example, the provision of additional informtion—

intheformofthedistributiors of itanratings—mayhavehadthe

effect of cammicating to reviewers a group "expectation" or

conceptualizatim regarding minimal carpetence levels which they used

in generating their second set of ratings. Accordingly, reviewers

moseratingsneyhavebeenextreueinitiallyheresubtlyinducedto

converge on the standard inplied by the distributions of iten ratings,

making their subsequent ratings for individual items sanewhat less

variable. miseffectissimilartowhatsanehavetermedthe

"reality check" aspect of the modified Angoff method in which item

reviewers, after providing an initial set of ratings, are given

empirical iten difficulty levels and asked to generate a second

(revised) set of ratings.

Relationship of Ratm' to Obtained Item Statistics

Ratings frcm iten reviewers in the no—information and with-

infornation conditions. were compared to p-values which were mlculated
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again using mlyflleresponsesoftl‘ehypotheticnl minimally-coupetent

mndidate group. Although, for all individual reviewers, correlations

between iten ratings and mdified pwalues were significantly

different frcm zero, all of the correlatiors were of low to noderate

nagni‘uide. Also, average correlatiors between ratings provided under

the 13m cmfiitions and the modified p-values did rut differ

significantly. 'Ihese results likely mean that the provisim of

additional information did not influence the reviewers to converge on

flestandardthatvmldbesuggestedbytreacmalperformameofflle

mininally-ccnpetent group (as operationalized in this study). Rather,

reviewers converged on their cwn-sanewhat inaccurate—conceptim of

thelevel atmidlanappropriateminimnnstandardstmldbeset. In

fact, reviewers in both the no-information and with-informtim

conditions had similar and fairly large absolute errors of

specification. Mean relative errors of specification for the two

coniitias were also quite close.

Beoausethesamereviezerswhoprovidedratings forExperimentl

also provided ratings for the second experiment, the results are

saneihatdepenient;t1elowdegreeofaccdracyfctmdinfibcperiment1

is,toscneextent,carriedoverto£b<perinent2. 'Iheresults

presented here, however, strongly suggest that providing item

reviewers with additional information in the form of distributions of

initial ratings—althwgh this has been promoted by other researchers

intreareaofstandardsettingasameansofdecreasingtte

variability of ratings—does not contribute substantially, if at all,

to the accuracy of those ratings.
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Severalregressimanalysesmreperfornedtoascertainmiat

impact certain factors had on individual revieaer's with-information

ratings. A model was proposed that suggested individual revieer's

with-infornetion ratings could be predicted with )o'lowledge of the

reviewer's initial ideas about an iten (i.e., the revieaer's initial,

m—informatim rating) and kmwledge of the initial group opinion

about the item (i.e., the initial group iten rating gleaned form the

distribution of initial ratings).

In all five cases, reviewers' subsequent ratings were

substantially and significantly affected by their initial ratings and

by the group opinion. In each case, the mltiple regression equatim

for an individual revieler explained approximately 50% of the

variation in reviewers' subsequent ratings. Although this result is

partially encouraging, it does leave cousiderable roan for inprovenent

in predictim power-

(me possible factor that nay have moderated this result is the

time period that passed between initial (i.e., m—infornetim) and

subsequent (with-information) ratings. In this study, approximtely

fwrweekspassedbe‘meenthetineinitial ratingsweregatheredand

the time distributiore of initial ratings were mailed to reviewers.

It is possible that during the interim tine period, reviewers lost

smeoftheirfamiliaritywithconceptscentraltothestandard

settingmethodologythatthiscontributedmesmroeoferrortothe

seconisetsofratings. Itmlldbeofinteresttolearnifvarying

the time period between tic-information and with-infometion ratings is

relatedtothedegreetowhidlthesecorxisetofratirgscanbe



 

 

 



 

accurately predicted.

Discussim of Cmbined Analysis

mperimentlcalparedAngoff itenratingsgeneratedbytwogrums

ofcontentexpertitanreviewers: Quip-processreviewerswhoshared

opinions about individual items and intonation cornerning the

construct of "minimal ccnpetence," and ilfleperrierrt reviewers who

provided their iten ratings without such interaction (sharing of

information). A deck on the reasonableness of Ecperiment 1 results

wasundertakeninfihtperiment 2, inwhichreviewerswereprchibited

from personal interaction, but were provided with information

concerningothers' ratings of items. Sudiadleckwasil'riicated

primrily because sample sizes used in Ehrperiment 1 were small and

sane verification that the effect of providing information could exert

a predictable effect on item ratings was desired. Also, because the

group-process condition was susceptible to possible over-influence by

one or more reviewers with strongly-held opinions, an attenpt was

made—thrulgh Ebtperiment 2—to examine how suggested passing standards

might mange when the social influence of individual reviewers was

controlled.

To accanplish this, the same independent reviewers fran

quaerimentlreratedasubsetoffllesaneitenstheyratedaspartof

Experiment 1. However, for their second sets of ratings, reviewers in

Ebcperimem 2 were provided with relevant information in the form of

distributions of their original ratings generated during Dcperiment 1.

Acanbinedanalysisofthetwoexperinentsacrossthethree
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differing conditions (i.e., group-process, indeperdent/m-informtim,

and indepexflart/with-infonatim) presented sane unexpected results.

First, each of the oorditia‘ls resulted in different overall passing

standards. Maven and possibly due to the relatively snall sanple

sizes, differencesbetveenthesggestedpassingstarxiardsweremt

statistically significant. 'mis observation can, in practice, result

in fairly great practical consequernas, though: Application of the

differing passing standards would yield substantially differing

passing and failing rates and, corsequently, would result in different

certification decisions for fairly large proportions of examinees.

me three conditions also displayed differences with respect to

the variability of individual reviewers' passing standards. And, the

observed differences in variability were not always in the

hypothesized direction. Specifically, although the presence of

information (whether in the form of group-process interaction, or

through the provision of initial item ratings only) tended to rault

in less variability across reviewers for individual item ratings, it

did not have a predictable effect on overall passing standards. For

exanple, reviewers overall ratings (i.e., passing stewards) were

least variable under the iniepenient/m—information condition and most

variable in the group—process format—a finding that would not be

expected if the influence of information gained in the group-process

settingexertedits influenceaswulldbeexpected. Also,

surprisingly, in comparing the irxiependent/with-infonnation and

indeperldent/m-information conditions, variability in overall ratings

was reduced—though slightly—in the Ito-information condition.

Finally, it was expected that the iniependent/with—infornetim
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mitimvmld rosultinasuggestedpassingstandardthatwould fall

We between the standards suggested by theW

procedure and the iniepenient/m—infornetim procedure. Or,

canoepmally, it was expected that the effect of providing the

distributions of initial iten ratings would be to moderate the social

effects of the group—procas condition, while also tapering the wide

variability anticipated for reviewers who rate items independmtly.

'meseexpectedresultswerenotobserved. Instead,reviewerswho

rated itars in fine independent/with—informatim condition provided the

highest overall stardardofthethreegrmps—astaniardhigherthat

eitherthegruip-processstarflardanihigherttentheirowninitial

(no-information) standard.

Inevaluatingtheseresults itisobservedagainthatcautimis

irriicated because of the size of the sample employed. For exanple,

interpretationofsaneofthesefilflirqscan,tosmeextent,be

explainedwith referenoetotheextreneratingsprovidedbyasetof

one or nore reviewers in each of the three rating situatiors.

However, extreme or aberrant ratings are a characteristic of most

standard setting applications. In practice, as nany others have noted

in psydnnetric analyses, variation in individual and overall ratings

will certainly be observed and will contribute to the dependability of

the standard setting process.

Fran another perspective, however, the results presented above

help to make explicit some of the often implicit policy consideratiors

in standard setting. Certainly choice of standard setting methodology

is a policy decision, given what is already known about the likely

effects of methodology on the magnitude of resulting passing



 



 

standards. Also, in this study, within the Angoff methodology, three

variations for implementing that methodology were examined. A policy

decision to utilize one of these or other Angoff variations will also

smelyhaveaninpactoftheresultingsuggestedpassingstaniard.

Finally, policy decisions might arise if corsideratim is given to the

extent of interreviewer variation that is acceptable, either in terns

of individual iten ratings or for overall passing standards across

reviewers. Resultspresentedinthissuriyhavenedethispolicy

consideration especially salient, with the effects of irriividual

reviewers highlighting the need for further attention to variance-

reducingmeasures.

'Ihis section presents a distillation of the twelve key findings

of the soldy, with inplications for fuelre research and standard

setting practice.

1. Finding: 'nlegraip-procsswocednefor

establishingapassingstaniarddidmtrosultina

pastysooreflnttassigrfificantlydiffmtfrm

iniepadentcaditim.

Inplication: Because of the failure to achieve

statistical significance, observed differences

betweentheindependentandgrmlp—processproceduros
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may be attributable to chance. hoover, in the

contextofstandardsettirg, evenchancedifferences

canpresentpractical concerns. Fbrexanple, itis

oftenapracticalcoroemforstandardsettirqbodies

that the standard setting methodology utilized might

yield a standard that results in an unacceptably high

failure rate. Use of the independent procedure

studied here might heighten such concerts, although

because of the failure to observe statistically

significant differences, the same result my not be

dlserved in other applications of the procedure. It

is clearly desirable for further research to be done

comparing the independent and group-process

procedures so that assurance regarding any true

differencesbetweentheprocedurescenbeattained.

Additionally, the praent research addressed

mlygroup-processaniirfleperdentvariatiotsofthe

Angoff nethodology; however, of the absolute stardard

setting methodologies in prevalent usage (Angoff,

noel, Nedelsky), it is often reported that the Angoff

method yields higher passing scores than the others.

It is possible, therefore, that in some instances the

irdeperdent variation of the Angoff nethod described

inthis stLfiywulldyieldpassingstamlardsthatare

not politically or practically feasible. Replication

of this research with other, larger samples, and

replication using other methodologies seems



 

 

  



 

warranted.

2. Fiming: Iargepractimlca'seqtaneshere

Slew-steam! the grep-mowers and irfleperdart

procedlres.

Iuplications: Despite the fact that mean differences

for the independent and group-procas conditiors were

not statistically significant, the observed

differences inpassingstandards forthetwogroups

would result in substantial practical corsequences.

Forexanple, itwasnotedthatthepercentageof

examinees who would pass under the two standards

varied frcm 86.8% for the independent condition to

95.0% for the group-process condition. Accordingly,

the failure rates more than doubled for the

independent condition (13.2%) carpared to the group-

process condition (5.0%). Standard errors also

varied substantially for the two conditions (grolp-

process = 5.19; irrlependent = 1.08).

It is noteworthy that such large differences can

occur in the absence of statistical significance.

Obviously, this result is related to the small sample

of reviewers employed for the rating of itars.

However, it is also worth mentioning that fairly

small samples are often utilized for standard setting
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purposes. Accordingly, it is suggested that the

uncertainty regarding "true" classifications

associated with passing standards established with

judgmental nethodologies should beccue more prominent

in standard setting discussions. Specifically, the

confidereethatcanbeplacedintheacolracyofthe

passing stardard (i.e., the size of the stardard

errors) directly translates into confidence abolt

decisions made for individual examinees (e.g.,

certify/donotcertify) andintosonetimesstrog

inferences abort those examinees (e.g., safe to

practice/unsafe practitioner) .

It is recommended that the uncertainty

associated with passing score estimation assure a

more pruninent place not only in deliberations by

stardardsettingentities,h1talsoinreportingm

procedurerosultstothoseresponsibleforthe

standards, and possibly in reporting to those

affected by the standards (e.g., professional

groups, individual examinees, the public). It is

interesting to note that "information on how to

interpretthereportedscore, andanycutscoreused

for classification" is listed as a primary standard

in them for Educational and Molgigl

W(AERA/APA/NQ‘IE, 1985, p. 53). However,

the notion that "where cut scores are specified for

selection or classification, the standard error of



 

  

 

 



 

measlrenentstnlldbereportedforscorelevelsator

reartheortscore"islistedasasecondarystardard

1731mm (p. 22). Secondarystardardsare

describedasthosethatare'flikelybeymdreasonalbe

expectation in many situations" (p.33). No mention

ismadeofreportingtheacolracywithwhidlthe

passingscoreisestimatedinthesectimofthe

m dealing with professional and occupational

licensure and certification testing (Section 11) . It

might be appropriate for that section of the

em to be revised to include reporting, to

those affected by the pass/fail decisions, of the

confidence that can be placed in the accuracy of

passing score estimation.

3. Finiing: Interrateragreenait (within item) has

smthathigherforfllegrqu-procaspmmineflnn

fortheiniqzdentprocedure.

Implication: Because the group-process procedure

tended to produce ratings for individual itens that

were smewhat less variable across reviewers than did

the independent procedure, the grolp—process

procedure may be preferrable to the independent

procedure for its variance reducing effect. This

giggestionmlldbetrueifinterrateragreementm

ratings for individual items remains a goal of



 

 

 

  



 

stardard setting methodologies. However, for

standard setting applications in whidl there is

coreemthatthegroxp-processproceduremightbe

mybiasedbyoreormredoninarrtraters,tte

independentprocedurenaybepreferable.

4. Finiing: variatimbemealrevieers'leare

across all itals was mighly equal for the

Maximum—processpmcedlnes.

Inplication: The use of either the independent or

group-process procedure does not seen to constrict

the spread of iten ratings when viewed across ites.

Reviewers using either procedure appear to be able to

make fairly consistent discriminations between

relatively easier and more difficult itexs.

5. Firfling: Neither itanrevieaers inthe

gram-process audition exhibited desirable levels of

minimllycmpetaitexamineegroup.

Implication: Reviewers in both the irdependent

and group-process conditions were fairly poor at

predicting the p-values that were actually obtained

fron administration of the examination. 'Ihus, it



 

 

 



 

appears that the effect of group interactim, while

increasixg precision smewhat, has no positive effect

on recmction of rating bias. It is possible that

efforts to reduce variation between reviewers may not

be as profitable as efforts to help reviewers

internalize an accurate conception of minimlly

competent performance. 'ihe provision of iten p-

values during the rating process has already been

suggested by others as a means of ixereasing

aconacy; however, theresultsofthissuldysuggest

that modified p-values, rather than conventional p-

valueo, sholldbeusedwhenitisdecidedtoprovide

6. Finiirg: Madvelylargevariareemipam

forraterswerewservedforboththeirdqlarhltard

gulp-process coditins.

Implication: large variance components

associated with iten revielers suggests that large

differences in dlserved passing scores oolld be noted

if different groups of iten reviewers are empareled.

As mentioned earlier (see Firxiing 2), the attendant

uncertainty with which the passing score is estimated

should probably become a matter of wider

acknowledgment, discussion, and reporting.

At least two nethods for reducing the magnitude



 

  



 

131

of variance associated with reiviewers' item ratings

are knom: improving reviewer training and

increasing the nunber of reviewers. ‘Ihe inportance

ofappropriatereviewertraininghasbeenstmssedby

several researchers in the area of stardard setting.

This study acknowledges the criticality of

appropriate training in the passing score methodology

to be used, prior to data collection. Certainly, it

wasalso observedthat increasingthemmberof iten

reviewers leads to increased measurement

deperriability. War, it is noted that, even when

the mmber of iten reviewers is increased—the

solution suggested most frequently to reduce this

source of variation—only modest gains in overall

neasnenent dependability were observed. An obvious

inplication of this finding is that standard setting

bodieswuilddomlltoincreasethemmberof

reviewersaswellaseaqaerflfluetinenecassaryto

ensure that all iten reviewers clearly grasp the

nednnics of the methodology employed and possess

clear conceptioxs of elements central to the

methodology (such as that of the minimally carpetent

candidate, acceptable performance, etc.) .

7. Finiing: Forbomtheirrquaflmtarrlgrup-

maturities, acceptable dqxen'lability of

masuralart‘asdxtainedwithlltolsitan
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reviewers.

Inplication: 'mis finding is contrasted with the

earlier work of Smith, Smith, et a1. , (1988) that

suggestssixtosevenratersasanacceptablemmber

of reviewers for conflicting the passing score

methodology, but agrees with the recannendations of

others (cf. Cross, at al., 1984).

Certification and licensure entities considering

implanentirg a passing score methodology should

ecpectresultstobecomeverymistableasferer iten

reviewers are utilized. Greater mmbers of reviewers

should, of course, be utilized whenever feasible (as

suggestedbyCross, etal, 1984) toimprovethe

dependability of the standard setting procedure. For

exanple, this research found that, using the

independent or group—process procedures, a

dependability irdex of approximately .70 could be

attained with six to eight iten reviewers,

respectively. A dependability index of approximme

.80 was obtained with 11 to 14 reviewers. Although

themnnbersofreviewers inthesecasesaresimilar

tothemmbersofreviewerscammnlyenployedin

standard setting procedures, the corresponding

indices of dependability seem sanewhat low for

decisionmaking purposes. On the other hand, it was

observed that a dependability index of approximately



 

 

 

 



 

.90cou1dbeattainedusimatleast200rmre

reviewers for eadn of the procedures. It is,

however, mm for sudq a large gruip to be

epaneled for standard setting procedures, especially

in the areas of health and business professiors

credentialling. 'Ihis fact points to the unavoidable

needforstandardsettingemtitiestocarefullyweigh

theinportanceofprecisepassimscoreestimtim

with their own practical, financial, and logistical

considerations. In most case, an increase in

confidence about the passing score can be "bought"

withbetteritemrevieiertraining, anincreased

numberof reviewers, orborthofthese. Inanycase,

it is again noted that, regardless of the

configuration of the procedure in terms of training,

nunber of reviewers, etc., those responsible for

standard setting would do well to recognize,

evaluate, and to report the trade-offs that played a

partinthedetermimtimofhowfliestandardsettirg

process was configured (e.g., which methodology was

used, what training was implemented, how many

reviewers were enpaneled, etc.).

8. Finling: 'lheiniepa'flentmriitimwasfarla

costlytoinplanentthanthegruzp—processcxxflitim.

Implication: For standard setting bodies that





 

have severely constrained financial resources, the

independert procedure presents an eoonanicnlly

efficient alternative to a mltiple-day meeting for

purposes of establishing a passing standard.

Additionally, if it is desired to increase the mmber

of iten reviewers, the independent procedure also

presents an econanical way to widen participaticn.

However, thenecessity ofsoundreviewertrainingis

not obviated and should again be emphasized. 'lhe

variation of the independent condition in which

revieersarecorwenedmlylongenightoreceive

methodological training and to arrive at consensus m

key conceptual issues before providing their ratings

in isolation would seen to be a good alternative if

the full (group-process) procedure is not possible.

9. Firrling: Providing iniqxeadeit caditim

ttntweregexerallyhigxerardlasvariable.

Inplicatim: 'me provision of additional

information to item reviewers, in the form of

distributions of their original iten retings, tends

to muse revielers to converge on an implicit

standard of performance. It is not knem, however,

whatdegreeofconfidencecanbeemressedthatthe



 

 

 



 

provision of this kind of additional information will

alwaysreeiltinsubsequentratingsthatarehigher

than the original ratings. Confirmatin of the

directionality of the effect cmld be adiressed by

furtherreseardn. Itislikelythwgh,thatthis

result and the rednticn in intro-iten variability of

ratings are fairly dependable outcanes of providing

the additional information.

10. Firdirg: 'nne m—infonnatim ard with-

infomtim cariiticrs produced overall iten ratixgs

that were of mghly ecpal variability.

Inplication: 'Ihe provision of additional

informtion did not have the effect of reducing the

spread of iten ratings when viewed across itens.

'Ihus, itamearsthatrevieersdomtrednwetheir

notions of a rating "floor" or "ceiling" due to the

provision of additional information and can still

make fairly consistent discriminations between items

they perceive as easier or more difficult for the

minimally conpetent ecaminee group.

11. Birding: 'Ihe provisian of adiitianl

infomtimtoitanreviawersinunefcnnof

distrihitiarsoforiginalratirgscbsmtagpearto

reeiltinmrepreciseestinatsoftheperfmne

ofthemininallymnpetettexamineegruxp.



 



 

Implication: Although the provision of

additional information had the effect of enabling

revieiers to better mm the eventual group

average rating for an iten, it did not appreciably

increasethereviewers' acolracyinestin'etingthe

performance of the minimally canpetent enaminee

group. As with the group-process procedure,

additional information of the kinnd provided in this

studydoesnotappeartohavethedesiredeffectof

helping reviewers to better estimate the "mien

stanndard. Perhaps, in additicm to the provision of

modified p-values during the rating process,

' procedures for identifying iten reviewers who are

more familiar with the knowledge, skills, and

abilities of the minimally capstan-rt examinee group

should be investigated and utilized in future

12. Finding: Rimlecbeofotheritm reviewers'

ratingsisasignifimntsourceofinfornatimflnat

owniten ratings.

Implication: A reviewer's em initial opinionn

about the difficulty of an iten for the minimally

competent examinee group is often revised after

exposure to information provided regarding peer



 

 

  



 

reviewers' opinions about the iten. Although a

revieer's finnal rating can be fairly well predicted

from knewledge of the reviewer's initial rating and

knowledge of the initial group cpinion, other factors

contributingtothefinal ratingcertainnlyexist:

further research is needed to identify which other

key variables incline revieners to alter their

initialratingswhenaniterativeprocessis

utilized. Because of the relatively enall

'interrater variation in overall passing standards

observed in this study using the independent

procedure, an independent, iterative procedure

appears to offer sane pranise. Future applications

of independent methodologies usinng Delphi techniques

mightservetotakeadvantageofunepositive

characteristics of independent rating generation

noted in this sudy: provision of relevant normative

information and restriction of unwanted social

canparison and other sources of irrelevant influences

on iten ratings.

IimitatiansandStgpstia‘sfoerhnreRaseardn

The primary limitation of this study was the relatively enall

sample sizes enployed and the consequent risk of a failure to be able

to identify true differences between groups when such differences

existed. Specifically, this means that sane of the seemingly large
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group differences inmnexpecteddirectionsfinatwereobservedinthis

study could be attributed to dnance.

However, despite this limitation in terns of statistical power,

itwasdaservedthatchancedifferenneswouldhavesubstantial

practicnlconmnerdesforfinoseaffectedbyfinepassingscore

estimation procedure (e.g., ecaminees, fine professim, the public,

etc.). This siunation has been cause for reexamination of the

distinction between statistical and practical significance in the

contextofstardardsetting. Infinisstudy, evenstatistieally

nonsignificant findings resulted in often strikingly disparate

practical consequences, such as differences in pass/fail rates and

individual classification decisions. 'Ihis situation has also been

cause forreenaminationoffinesuggestedstandardsfordoomentingand

reportingfineattedantmncertaintyinfinerosultsofjudgmental

passing score methodologies.

Another limitation of the study was that iten reviewers were all

male. Itisnntknowniffinesameresultsnmldbeobtainedfor

female reviewers. Also, it would be advisable to investigate fine

applicability of the results described in'this study with other,

different medical specialty certification groups, as well as wifin

other areas altogether (e.g., teacher licensure examinations, businness

credentialling programs, industrial selection applications, etc.) .

Similarly, fineresultsdescribedinthisstndyweredntained

using fine Angoff standard setting methodology. One might wonder if

finesameresultswouldhavebeenobservedifamfinerabsolute

methodology (e.g., Ebel or Nedelsky) or if a cannon variation of fine

Angoff mefinodology (e.g., one of the "modified Angoff" approaches) had
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been utilized.

As mentioned earlier, sone investigation of fine effect of fine

mint of time finat passes between initial iten ratings, fine provision

of additional infornetion, and fine generation of subsequent ratings

seenswarranted. Itwonldbeofinteresttolearniffineeffectof

providing fine additional information was stable over time or if finere

were an optimal time period for providing fine data to iten reviewers.

Also, resultsofthisstudyhaveservedtonakesalienttheoften

implicit policy considerations inherent in standard setting

applioations. Among finese considerations are fine choice of standard

setting methodology, fine mannnner in which fine mefinodology is actually

inplenented, fine kind of training provided, fine number of item

reviewers utilized, and the degree of variability that will be judged

acceptable. rInnis study has highlighted finese concerns, and it is

suggested finat entities responsible for standard setting begin fineir

investigation and planning for standard setting procedures

sufficientlyinadvanoeoffinetimefinatresultsareneededsofinat

policy considerations such as finose listed above can be debated, made

more explicit, and considered when the operational passing standard is

set.

Finally, a recurring recomnendation in this study has been that

itenreviewersrequirebettertraininginthestardardsetting

mefinodology in order to accurately predict performance of fine minimally

conpetent examinee group. If fine ability for iten revierers to "zero

in" on a standard delimiting sons "tune" line between acceptable and

unacceptable performance is truly desired—and not just fine ability of

reviewers to provide similar ratings—finen serious effort should be



 

 



 
140

Wtowardidentifyingmefinodsofassistingreviewerstoencoeed

at that task.

It was suggested earlier finat providing reviewers with modified

p-Naluesduringfineratingproesssandpnrposefullyselecting

reviewersdnoalreadypossessakeenconceptionoffinelmowledye,

skills, experiences, and abilities of fine minimally conpetent examinee

group would be beneficial. Pussibly, fine integration of already

accepted and well-researched practiceguidelines fronn ofiner areas of

education would also help to reduce error in iten reviewers'

estimates; it is apparent finat simply increasing fine number of

reviewers is not enough. For exannple, applying prinnciples of

instructional designandenlistingfineassistanceofeiqnertsinfine

training field for designing and/or coducting fine initial mefinodology

orientation sessios might help address fine issue of rating accuracy.

thdoubtedly, fine necessity for setting fair, defensible, and

accurate standards will renain. As long as nneeds for professional

recognition, certification of coupetence, public protection, and

personnel selection exist, criteria will need to be established finat

delineate acceptable fron unacceptable performarnce. As log as

strategies for setting standards finat hinge on subjective

conceptualizatios of a hypofinetical group are employed, variability

of human degments will coexist. This study reaffirnns fine nnotion finat

reductioninfinevariability offinosejudgmerrts shalldbeagoalof

standard setting applications: Surely, a standard could nnot be

stronglyarguedtobeavalidstandardiffinemeasurenents

contributing to it (i.e., fine reviewers' jtdgments) were not reliable.

However, this study has also demonstrated finat individual and
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cMllective reviewer judgments about fine "truth" regarding finat line

dalimiting minimal canpetenoe can finenselves be fairly inaccurate.

Perhaps, a redirection of effort, away from (or in addition to)

attanpts to make more consistent subjective juignnennts, and toward

attenptstomakesudnjtflgmentslesssubjectivewillprovetobea

rewardingrnesearchagenda.
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ESTABLISHING A SUGGESTED STANDARD OF PERFORHA¥CE

[FOR THE EXAMINATION

Overview

The [ ] Examination [ g] has been designed to assess the

[ ] knowledge and skills of Board candidates. The Board has

determined that a criterion reference standard of performance should be

established on the [ ]so that candidate scores can be compared to a level of

mastery that a group of experts in [ 1 has judged to be sufficient

for a given level of specialty practice. Setting a sufficient level of

performance, or a standard of mastery, on the [ ] requires experts in

[ ] to determine what constitutes a mastery level of performance for

effective practice at the specified level.

There are a number of procedures available for establishing standards of

performance, each based upon subjective judgments of a grOup of content

experts selected to be representative of important perspectives in the

profession. One of the most popular is the Angoff method. In this method,

each expert examines each question in the test and estimates how many

examinees whose level of knowledge is sufficient and acceptable for entry into

practice will respond correctly. When the estimates for all items are summed

and averaged across all experts, the result is the Suggested standard of

mastery for the test.

Before specific instructions for conducting this method are presented, a

brief explanation of the notion of a "sufficient and acceptable level of

knowledge" might be helpful.
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Notion of an "Acceptable Level of Knowledge"

The purpose of most examinations is to measure an examinee's level of

knowledge in the content area covered by the examination. The purpose of a

suggested standard of performance for the l ] would be to differentiate

between those physicians who have a sufficient and acceptable level of

knowledge for the safe practice of [ ], and those who do not. In

setting the standard of performance, it is essential to keep in mind the

concept of the examinee whose knowledge is right at a "sufficient and

acceptable level" for safe practice.

It is important to have a clear conceptualization of this hypothetical

examinee. Suppose a group of physicians who seek to practice [ l is

assembled. These physicians are lined up, from the most knowledgeable

physician to the least knowledgeable physician. The challenge is to start at

the end of the line with the physician who has the greatest knowledge and walk

toward the other end of the line to the physician who has the least

knowledge. At some point it is possible to stop and say, "All the physicians

whom I have walked past have a sufficient and acceptable level of knowledge.

All of the physicians whom I have not walked past do not have a sufficient

level of knowledge."

Now consider two physicians in the line: the last one you walked past

(Physician A) and the next one whom you did not walk past (Physician B).

Physician A will be considered prepared to practice as a [ ] .

This is the physician who has the least knowledge of all those considered to

have a sufficient and acceptable level of knowledge. Physician A knows just

enough to practice safely. Physician B has the greatest knowledge of all



 



 

146

those Who will be judged NOT to have a sufficient and acceptable level of

knowledge. This physician does not know quite enough to practice safely as an

I 1 -

Now think again about Physician A, who knows just encugh to begin

practicing safely as a [ ] --that is, he has a sufficient and

acceptable level of knowledge for entry into the profession. How would this

physician be described? How much does this physician know? What kinds of

problems should be entrusted to this physician? "hat are this physician's

skills? Thinking about the knowledge and skills a physician must have to

perform effectively is important as you participate in the Angoff standard-

setting method. The following descriptors and questions may help to further

conceptualize the borderline examinee:

An [ ] who has a sufficient and acceptable level of knowledge

for entry into practice will:

1) demonstrate a knowledge base sufficient to diagnose and manage

disease.

2) know the boundaries of the specialty and the profession. What types of

problems should such a physician refer to other professionals?

3) make some errors. What types of errors cannot be tolerated?

4) be aware of the standards, laws, and ethical issues related to specialty

practice. What do these include?

Once the notion of a "sufficient and acceptable level of knowledge"

becomes clearer, the Angoff method can be conducted.

Instructions for Conducting the Angoff Method

Suppose that a hypothetical group of 100 physicians who 5312 a sufficient

and acceptable level of knowledge--physicians just like Physician A--are

gathered in a room. These 100 physicians have been asked to respond to each

question in the [ ].
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To conduct the Angoff method, you will need to complete two basic steps

for each item in the WQE:

1) Read the item thoroughly. Think about how frequently the knowledge or

skill tested in the item is used in the practice of . Also

think about how critical that knowledge or skill is to the practice of

]. For example, if a piece of knowledge or a skill is always

critical, there will always be a serious adverse effect (for example,

]) if it is not known or is used incompetently. You might expect

that a large percentage of examinees would respond correctly to critical-

knowledge test items.

2) Next, estimate the percentage of sufficiently prepared examinees--

examinees like Physician A--who will answer the question correctly.

this percentage in the blank labeled Item 1 on your rating sheet.

Remember that some of these examinees will answer correctly by guessing.

Write

Please provide your estimates in multiples of 5. If y0u are not familiar

with the content of a particular item and feel uncomfortable about rating it,

you may leave the item blank. Please try, however, to rate as many items as

you can.

Example:

1. Melanin is synthesized from which of the following amino acids?

A. Lysine

B. Leucine

*C. Tyrosine

D. Histidine

E. Phenylalanine

A patient who has insulin-dependent diabetes experiences early-morning

hyperglycemia that is not preceded by hypoglycemia. The insulin dosage

need not be changed, because the hyperglycemia is due to:

A. insulin resistance.

B. waning of the insulin's effect.

C. excessive levels of glycosylated hemoglobin.

D. adrenocorticoid fluctuation.

*E. a surge of growth hormone.

Suppose a rater reads question 1 and determines that it is testing

relevant knowledge that is critical in certain situations, but only

occasionally needed in the practice of [ ]. The rater estimates
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tlLat 40 out of 100 examinees who are prepared for practice will answer this

tvaestion correctly. The rater then reads question 2 and determines that the

information it is testing is fundamental and nearly all adequately prepared

examinees will answer it correctly. The rater's rating sheet would be

completed as follows:

Estimated

Percentage of

Examinees Who Will

Item No. Answer the Item Correctly

1. £9
2. 3

Once each rater has completed all the estimates for each item, the

estimates will be averaged across raters and then across items. The result

will be the suggested standard for this particular form of the [ ]. To

illustrate, the following hypothetical example involves five content experts

rating a lO-item test. Each rater's estimates are provided below, by item

 

 

number.

Rater

Item Item

No. l 2 3 4 5 Average

1 7O 80 65 70 50 67

2 70 90 60 60 75 71

3 85 9O 70 70 6O 75

4 8O 70 45 70 40 61

5 75 80 50 50 70 65

6 75 30 40 4O 50 47

7 7O 90 45 60 65 66

8 65 80 60 50 75 66

9 7O 80 60 60 50 64

10 75 40 8O 60 50 61

Rater Average 73.5 73.0 57.5 59.0 58.5 643/10 =

64.32 or

6.43 items

The standard of mastery for this test wOuld be set at 6 items out of 10.

Examinees answering 6 or more items correctly would meet the performance

standard for the test.
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Sample Item Rating Collection Form

Directions:

Consider a hypothetical group of 100 physicians who have a sufficient and

acceptable level of knowledge for safe practice of [ ]. What

percentage of these physicians will answer each question correctly? Please

enter your estimates clearly beside each item number. Please keep your

estimates in multiples of 5 (e.g., 45, 60, 65,...).

Estimated Percentage of

Examinees Who

Item Will Answer Item

No. Correctly

l

2
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Sample Post-Meeting Passing Score Study Questionnaire

Directions: For questions 1-3, please write your response in the underlined

space provided.

1) Please indicate the number of years you have served

as a [ ] Board Director. years

2) Please indicate the number of years you have served

on the[ ] Written Examination Committee. years

3) Please indicate your primary practice setting.

(e.g. private practice, teaching hospital. etc.)

For questions 4-7, please circle the number of the response that best

characterizes your level of agreement with the statements below.

4) The informational materials were easy to understand and helpful.

1 2 3 4 S

Strongly Disagree Unsure Agree Strongly

Disagree Agree

5) The item rating practice session was clear and helpful.

1 2 3 4 S

Strongly Disagree Unsure Agree Strongly

Disagree Agree

6) The standard setting method used is easy to implement.

1 2 3 ' 4 5

Strongly Disagree Unsure Agree Strongly

Disagree Agree

7) The standard setting method used will result in a standard that adequately

distinquishes between acceptably and unacceptably prepared examinees.

1 2 3 a 5

Strongly Disagree Unsure Agree Strongly

Disagree Agree

Please write any additional comments or suggestions on the lines provided.

 

 

 

 

 

Thank you. Please place this questionnaire in the enclosed envelope and

return it to [ ].
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Data Layout for Experiment 1
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