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as such should he solved by using a subjective probability decision
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theoretic paradigm. Third, probability testing proccdures should lead
. to more reliable and possibly more valid tests. Fourth, probability
- testing in conjunction with specific utility functions yields a way
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Subjective Probability and the Administration

of Objectiva Tests!

Charles E. Steaqman

University of Pittsburgh

Introductlon

The widespread use of objective tests beaan about forty years ago. Two

persistent concerns of measurcment specialists recarding objective tests since

then have been the developrent of msthods for controlling auessina behavior

and of taking into account partial knowledge. Failure to take into account
quessing bchavior and partial knowledaz, in the wsual -0 scorina rule for
correcf;intorrecf responsas, has led many to conclude that objective i+eh
scores result in a rather crude approximation of a person's actual position on
the continuum of the variable baing measured.

I+ may be arguea, of course, that this concern is misplaced. |f one as-
sumes.a hormogzneous item set, whare the probabiliTy of a correct response by

person i remains constant acroess all k Items in the set, then one should be

- concerned with pik, and not individuai item scores, which cannot equal p; ex-

cept when P; is. | or 0.

While the above is theoretically true, it is also true that decisions are
made on the basis of cither item scorgs or small subsets of item scores, that
is, subfests or scaies of test batteries. The trend toward criterion-refer-
enced measurement indicates that more, rather +ﬁan less, empﬁasis will be
placed on the evaluation of item responses, where thesc responses are assumed

to represent a sample of behavior(s) from some domain. The homoaeneity charac-

1This research was supported in part by a qrant from the Faculty Research
Fund, Schoo! -of Education, University of Pittsburgh.
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terlstic Is a thorny probtem, since horoaencitly can be only partially attained.
Thﬁs far, the complexity of coanitive nrocesses has kept ahead of the itemwri-
tor's attempts at developing the statistically and psychoiogically homogenecous
Item set,

Dissatisfaction with both the conventional methods of admihis+ering and
scoring objective tests and with The wethods advanced fo compensate for the
varlous deficiencies has led several measurement specialists to suggest alter-
native methods for administering snd scorina ohjective ftests. These proposed
methods have had the common objective of i{mprovad precision .in the form of
greater reliability and validity. |

The proposed methods include confidence-weiqhting (Havner, 1932; Soderquist,
1936; Ebel, 1965a,. 1965b), option-gtimination (Ccowdbs, 1953; Coombs et al.,
1956), and probabilis?ic testing (da Finetti, 1965; Shuford et al., 1936). In
confidenée—weigﬁfinq the examince selects the perccived correct option to a mul-
tiple-choice quastion, then indicates his certainty of its correctness on an
accompanying confidence scale. Item scores are dependent upon these two fac-
tors, accuracy and expressed confidence. OpTion»olimina%ion requires the stu-
dent +o'idgn+ify as many of the n-i distracitors as nossible from the set of n
options for the multiple-choice item. Item scores are a2 function of the number
of correct idcn+ifiéa+ions with a penalty for misidentifying the correct answer

as a distractor. Probabilistic testing involves having the ‘examinee assian pro-

babilities to each of the n options of & multiplia-choice item. These probabi-

lities reflect . the studoent's porcqp+ion of the correctness of eoch option.

In comparing the ahove three methods it can be argued that confidence-
weighting and opTion—eliminﬁ#ion are approximations to probabilistic testing.
Confidence-weighting is simply a partial version of the last approach since only

one option (the perceived corrcct answer) is weighted. Also, the confidence
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- welght assigned is wsually {lmited o only four values, while In probabilistic

testing the probabitity woinht con be nssentially any nurber between zero and
one. Option-climination approximates Qrobablllsfic testing since the student
implicitly weights the options and then di chotaml zes Tﬁe options into two sets:
(1) perceived distractors and (2) one or more opticns thought to contain the
right answer. There is no attempt at explicitly mzasuring the weiqghts attached
to the elemenfs of 5;+ {1) or, more iﬁpof?anfly, set (2) when 1t contains more
than one option. d¢ Finetti (1965), in discussing option eliminé*ion, derives
formulae for the threshold values necessary for the individual to eliminate a
given option. That is, one can work Lackwards from The opflons.eliminafed to

" associated with them.

set bouﬁd; on the probability of "correctnoss

Echternacht (1572) discussed these thrae methods under the general heading
of confidence testina. The purpose of his paper is "to describe the various
forms of confidence testing as they have been developed and to provide é brief
evaluation of these forms™ (p. 217). His paper orusents a good review of liter-
ature and overview of the area of "confidence TesTiﬁg.”

The present study will limit i¥se!f to Lchternacht's subcategory "proba-
bility testing" which is assaciated with the personal probability approach of
de Finetti. Whaf_wifl be attemnted here is to presen+ the rationale for proba-
bility testing, to identify the theoratical and empirical findings, and fo sug-
gest some directions for further reéoarchf It is assumad that the reader is

basically familiar with what “pfobabilify tasting” is, at least at the level of

Echternacht (1972), and Lord and Movick (1968, pp. 314=323),

Rationale

Before considering the "measurerent" raticnale for probability testing it
is important to note de Finetti in 1965 was attem;ting to apply a philosophy

of rational decision making under uncertainty to some problems associated with
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objective festing. This philosephy, which is depondent on subjective proba-

blitty,

making under uncertainty and takinag "ohjective tests" is only one such situa-

is infeaded to apply to all situations

tion. A basic postulate of this philosophy is that:

I+ has been a bhasic

wik

tic nature of life in designing psycholoqlcal experiments. |In 1943 he stated

was ona of the

We arc aglvays fivinag and dealing .in conditions of uncor-
tainty. 1§ probabiltistic fhinking is to be the quide in
facing uncertainty, 1+ is essential that wo loarn how to
do it ‘'corroctly.' To know tha rules of probability and
to be acquainted with their practical application is to

free us from the dangsr of inconsistency. (de Finetti,

1970, p. 38)

This postulate is certainly rot limited only to subjective probabilists.

his position as follows:

On the whole, only scatterced recoanition has basn aiven
To the fact that objoct-cue and reans-end relationships
do not hold with the cerfainty obtained in the normcthetic
study of vha so-callaed laws of nature, but are rather of
the character of nrobability relaticnships. This defi-
ciency is rmore clearly reflected in the.psychology of
tearninag which hes proceeded almost exclusively altong a
dialectically dichotomized all-or-none pattern of '"cor-
rect vs, incorrect," "right vs, vrong.”  Situations in
viiich fcod can b found always to the right and never to
the left, or always behind a black door and never behind
a white one, are not representative of the structure of
the environment... They are Tthus not sound as oxperimen-
tal devices from the standpoint of a psycholoay which
wishes to learn, above all other things, something about

behavior under conditions renresentative of actual life...

I have expandzd on this subject to such an extentbe-
Cause | believe that the probability character of the
causal (partial cause-and-effact) relationships in the
environrent calls for a fundamental, all-inclusive shift

in our methodological ideology reqarding psychology.
(p. 260-261) a

Further, when cenfronfoed with uncertainty

All a finite, sub-divine individual can do when acting
is--to use a term of Reichenbach-~to make a posit, or wa-

inlife involving decision

first psvcholoqists to arque for considerina the probabili

tenet of psycholoay for at teast thirty years. Egon Bruns-

G-
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a2r.  The best he can do is +o compromise between cues so
that his -posit approachas the 'best bet' on the basis of
all the probabilities. or past ralativa frequencies, or
relevant interrelationships lumped together. (p. 259)

In a similar manner HI lgard (1951) says:
A oareat many perceptual evperiencas can be undarstood by
considerinag Tha percelving person to be a statistical ma-
chine capoble of quickly estimating probabilities. That
is, each of the cues prasent now is related to many past
experiences, Past exporiences provide a kind of table
of probabilities accordina to which estimates are mada,
but the perceiver has to make use at once of the exper-
ience tables corresponding to cach of the cues, some of
which will point in one direction, some in another.
(po 11I=112)

Recently the psychoiogist David Bakan (1967) has attempted "tfo gain an
understanding of the nature of the learning process through the examination of
one particular formulation of the nature of the scientific method, the prin-
ciple of inverse probability™ (p. 58).

To sea that the theorists of subjective probability intend to develop pro-
cedures applicable fto uncertainty as encounterad in everyday |ife one need
only consider scme of their basic writings. Harold Jeffreys In the preface to

the first edition of his book Theory of Probability (1261) says: "The chief

v

object of this work is to provide a\mewhod of drawing inferences from observa-
tional data that will be self-consistent and can also-be used in practice"

(p. ix). .Also that "the fundamental nroblem of scientific progress, and a fun-
darental one of everyday life, is that of learning from oxperience" (p. 1),
t.J. Good in his book Probability and the Veighing of Evidance (1950) states
that "the aim of the present work is to provide a consistent theory of proba-
bility that is mathematically simple, logically sound and adequate as a basis

for scientific induction for statistics, and for ordinary reasoning" (p. 2).

Eisewhere, Geod (1965) says that: "The difficulties become clear when it.is

realized that we estimate probabilities every minute of the day, at least im-
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plicile, and thot how we do this Is unknown® {p. i¥) and "Mevertheless, for
pufposos‘of makina doci%inns..we do manacd to approximete estimates of probéa-
bilities. How This is done is an intaresting probloem in psycholoay and neuro-
physiology™ (p. 4).

To quote one other source alberoni (1962) arcucs That probabilistic

Cthinking "comes into play evary tiime a man finds himsel £ faced with uncertalnty

and he must take decisicons and a stand with respeci to the future while_basing'
himself on uncertain or incorplete knowladge' (p. 285). t+ is this charaéfer-
istic of answering multiple-cholee rnuuestions that led de Finetti to propose the
usc of alternative moasurement procedures. That is, in the usual testing situ-
ation the student has to moke a decision and take a stand [select cne option

as correct] with resnect to the futurce [his selection will be araded correct
or incorrect] and this decision may be made on uncerfain or incomplete infor-
mation [he knows he does not kn@w ‘he correct answer but is "fairly confident"
about the correctness of some of the options]. For the person who is “certaln"
as to the right answer, ‘the problam of uncartainty doés not exis+ and his best
response is to indicate that option, <2 ~inetti's (1263) paper is normative

in that he is "not interesied here in the actual behavior as it results from
the habits or other psycholoaicsl tendencies of di fferent persons, but in

: , “most v
analyzing what response is =mad advantancous in the face of the uncertainty of

any aiven situalion” (p.. 87).
Winkler and Murphy (1963) in discussing several uses of prébabiliTy scorlng
rules for evajuating meteorologists allude to two ofhér reasons for using pro-
N
babilistic testing.  These are (1) to help people bocore "better' assessors and
(2) to evaluate people in o substantive orea. The.firsf recason is closely re-
3

lated to de Finetti’s philtosophy. That is, ihe multinle-choice testing situa-

tion may be a very good situation for teaching people the fundamentals of pro-
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babilistic docision making, t.u., 1he abilily to accurately specify probabilities
which reflect the person's subjective boeliefs, The application of probability
testing is confounded i f you do not have "snod" probability assessors in the

normative sense of pesseasing zome =xpertise in protability assessment.
}_3__”"" \.)’ Wiq aer L’M. I‘V\ 'rp\y \‘ ?6 5/
cont

The FeatonY s onu thot mesd people in educaticnal measurement would
L MAny -
consider most imporiant., Can probability testing be used to evalunte people

In a substantive context, and if so, do the proccdures yiéld test scores which
are more reliable and/or valid than conventional tosting orocedures? I f the
procedures do not increase reliability and validity then scme will araue why
bother to expend the additional time and wmonzy to use them. To quote Lord and
Novick (1968):

Thus, at prosent, the sole recormandation of these new
rethads is Thelir shrona conceptual attractivenass., In
evaluatinag any new reﬁnnnsc meThéd, it will be naces
sary to show that i+ odds ewore relevant ability varia-
tion to the systom than error variation, and that eny
such retative Increase in information retrieved is
vorth tho effort... (p. 314)

As with all othor mantal dast theories, validity of
this theory must be zstablished by usina it to make

and verify irmportant proedictions. [ tho thaory of
pzrsonal probability in acni&ca?ion to the assessment
of partial knowladae sungests certain emasurement pro-
caduras and reloted item-scoring and itori-weiahtinag
formulas that are then empiricatly astablished to ba
valid predicturs, thon This theory will have been vali-
dated for this particular purpose. (p. 315)

Coorbs (1953), Coombs et al. (19%0) and Shuford, Albert and Masséngill
(1966) all arque that differential choice of distractors allows an examinee to
exhibit partial information and that +this should produce areater item and test
variance but sheoutd reduce error variance.

recson
Another raldowsin for using a decision-theoretic approach is that by using

the concept of a utility function it is pnssible to. specify the types of situ-

ations where a student can "rationally" be a risk taker or where he should be.



"honest' in reporting his brue beliefs (Rcby, 19655 Rippey, 1971 Hurchy and
Winkler, 1970), The problorms associated with quassing and risk taking are

not beculiar to prababilistic tasting, rand if it is arqued that in a given
testing situation these are important corsidorations than probabilistic testing
yields a conceptual and mathermatical feormat for including tham,

To summarize we nave listed the following reasons for considering proba-
bilistic testina. First, testirg involves making decisions under uncertalnty
as do many situations faced.everyday and as such should be solved by usina a
"subjective probability decision theoretic" paradiam. Second, using multiple-
choice testing situalions may b2 a qood way of feaching the sub jective proba-
bility decision theoretic parad}gnn Thifd, probability testing procedures
should lead to more reliable and possibly more valid tests. Fourth, prcbability
testing in conjunction with specific utility func#iohs yields a way of incorpo-

rating and handling "risk" and "quessing" behavior' in testina situations.

Theoratical and Empirical Findinnas

This section will attarpt to eiahorafe on the suhmarizafion and critique
providad by Echiernacht (1972); To avoid duplicotion it is again assumed that
the raeader is %nmiliar with his discussion (pp. 233-232). Some references not

Are
cited by Echternacht swidd aluo b considered and an annotated bibliography is
included as Appendix A

Echternacht (19272, 5. 224) lis%s six preliminary assumptions underlying
probability testing, while Lord and Novick (1268, p. 319) list essentially the
same assurptions but dictinguish only fThree assumptions. Since most of the
rosulfs noted in this section refer to These qgencral assumptions i1 is worth-

while to quote Lord and dHovickTs assumutions,

O
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Fo The sceowring mothod, oas well as the permitled modes of
raspondina, must ba known Fo the subjects.  Furthear-
mora sunjects must not only know the mothod but learn
to undarstand fultly its impliceotions with particuiar
roforance to hehavior in the face of uncertainty, Fi=-
rally they must be able to make the necassary compu-
Tations to determine an optimal strateqy for each [tarm,
2. Fxaminees mus! be heenlv interasted in obtaining a high
total score, nrecisely in the sense of maximizing their
total expectad score.
5. Thev wust ba abie to assian nurerical values to their
subjoctive probabilfities accurately and reliably.
Sinca in probability testing the cxamines Is required to specify through his
subjective probabllities his degrce of belief concernina the various options,
the solutions to problems associated with the nuantification of these be!llefs
and thelr evaluation is central to implementina nreobabiiity testina,

Van Naerssen (1961) in discussing the measurement of subjective probability
was one of the first to note that 1f tho candidates are not informad about the
scorinag method then the score will depend on the "accidentally chosen strateqgy”
of the candidate. WHe araues that by telling how manv points they can get with
each probability rating and explainina that the aim is Yo aet as many points as
possible, "a stronger anchorina of the rating cateqories will be obtained and
also a more impartial experiment in which the selectors (are able to) know how
they stand" (p. 1561). Van Naerssen derives two of the basic scorina rules
(logarithmic and quadratic) used in probability testina. Toda (1963) also ex-
perimented with these two scorina schemes. Van Naerssen also points out that
in deducing these rules it is assumed that the ulility of the score is a I|inear
function of the score itselt and the effects of non-linearity still need to be
determined, Roby (1965) notes that this difficulty is encountered because the
person's expressions of his internal belief are influenced by the person's in-
terpretation of where the "payoff lies." Roby shows a possible solution lies
in rewarding the person in "direct proportion to the validity of his be-

lef'" and that if this is done then the maximum expected value for a per-

son's score occurs when the person "bets™" or responds with his true belliefs. .
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Roby duvelonad a scoring rule for rewarding people which Is calted the "sphori-

cal" scoring system.

. Shuford, Atbert and Hassengi 1D (1906) show that the quadratlic, spherical,
and logarithmlic scoring rules pcessrss the property that an examinee can maxi-
mize his expectod score on a test (assuming a finaar utility functions)
1f, and only if, he honostly reflectad his rersonal probabilitics, that is,
when the exanlnee's expressed probavilitloes corresponded to his tru2 probabi-
ltties. They also point out thui with the quadratic and spherical scoring

. . , . . U¥9
rules the score for any itan is determined by the nrobabliity assianed toYcor-
rect ansvier and the way in which the student's uncertainty [s distrituted over.
the other cptio .. Tor instance, 1f (a) is the correct answer to a three op-
tion test item then the two responses (.4,.4,.2) and (,4,.3,.3) would yield
di fferent scores. Howcver, the scoring rulez are "symmetric"” in the sense that
(.4,.2,.4) would yield 1he same item scora as (.4,.4,.2). On the other hand
the logarithmic scoring rule is a function only of the probabl ity 3ssigned to
the correct answer. They conclude their arquments for using probabilistic
testing by sayina

In considering tha substituticn of admissible nrobability

reasurement procedures for the choice nrocodures in ~ur-

rgnf use, it ts imporiant to realize 4hat no information

W"} be los? through the substitution since a student's

choices ¢on be roconstruected from knowlodee of his pro-

bablfifias and his utility structure with respoct ta the

testina situation, Howevar, vheoe doveloneant of anpropri=-

ate psycharetrics and tost theory vould nreat by facili-

faf? the cxnloitation of the additional information made

available throuah the use o1 adiissibla nrobability rmeu-

surerent procedures.  (p. (44)

dinkler (19672, 19G7b) also discusses some prohlems associated with tho
quantification of judqment. In his 19675 panpcr Yinkler first notes the distinc-
tion between a "aood" assessor with respect to the personalistic theory of pro-
Yability and a "good" assessor who is knowledgeabie In the area under consider-~
O
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ation. The first context dealé with expertise in the qeneral arca of probabi!lity
assassment, while fthe second context deals with expertise in some area of ap-
plication. In using probabillty testing in aducational measurement we are trying
to reward the most knowledanable In the second context assuming that the examinee
has learned to bo .a "good" assassor in the first context. These two contexts

' and "substantive" by Winkler and

are ldentified respectively as the "normative’
Murphy (1968). In.the normative sense a qood probabi lity assessor is one who
obeys certain postulates of coherence (consistency) and who expresses nrobabi-
<
fity assessments which correspond to his subjective beliefs or judgments. The
actual quantification con be accomplilshed through using interrogation and bets
or through usina scoring rules or "penalty functions! which oblige the person,
under linear utility, to express his truc probabilities. I+ is the latver that
are Gﬂﬁi?ﬁl
ke used in prohability testing. WinklerVdoasn - arque that everyons is neces-
sarily a "'good" assessor in the normative sense but he does araue tha™ people
can be trained to be “qeod" asscssors, he expacts people to learn from\exper—
ience. Training and experience should incrense a person's understanding of the
methods and fewer inconsistencies should be observed. Training and experience
should also lecad to a rore reliable specification of subjective beliefs into
_probabilities. Thatl is, naive asssssors fTend to respond in certain idiosyn-
cratic manners, i.e. they use such nurbers as 0, .25, .59, .75 and 1.0 ‘oo of-
ten or in testina they weight only one or twa options.
5] pzrson'i Winkler (l‘M? )
By comparing w3 assessments and the actual values observed Sas&E- argues
. the . . . 1" i .
that & person can use this information to learn to be a "better” assessor in the
second context as well. Such information would be useful to evaluate a person's

1

"bias," i.e. a tendency to consisfently underestimate or to consistently over-

estimate with respect to corfain probabilities and situalions. Shuford and

Massengqil | (1970) present a way of evaluating such bias for people using thelr
Q :
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The assurption of a lincor ulility function and risk-taking and risk-avoiding
t,\\c\‘ . ' .
the noted The probloms associatad with a non=linear
: He doey peint ot that if
utility but did not present a solution in fnis paper. WihnnssspectE=y risk-

, L A
are also raised by dinklerd

taking or risk-avoidina &keds porsiste over Tim@iThen the person is not following
the posfulafés of cmhe}enco or he is opoerating under some other utility function,
Winkler (1969) points out since probability assessments must be made before
the actual outcome is knbwn, thaen no matter which scorina rule is used, the as-
sessor should maximize his expccted score or expected utility. Any of Shuford's
et al. "proper" scoring rules can be used In this regard to evalQaTe assessors
in the normative sense. However, the evaluation of assessors in the substantive
sense occurs after the outcora iz observed. Winkler proves the logariThhic

ty one that is compatable with both types of assessments. He

&
9]
@]
]
3
[{o B
-
c
o
1%
0y
o

also showed that it is possible to relax the assumption of a !linear utility

function provided you know the form of the non-linsar utility function. Thet

is, corrasponding to any utility function U and scoring rule S which is "proper"

under a lincar utility function, it is possible to find a scoring rule whichv
is atso "nroper” under U. This point is extended further in Winkier and Murphy
(1970) and Murphy and Yinkler (1970). Also important in the later article is
an introduction to sensitivity analysic of scoring rutes. That is, how sensi-
tive, in the senso of the scores assiancd, are the scoring rules to deviations
from optimum assessment of prebabilities. The more sehsifiQe the scoring rule
the more it "punishes™ an assessor as he doviates from reporting his true pro-
babilities. For threc valuos of p (Tho #rue’probabili+9) 1haey show that in gen-
eral +he logarithmic ruio is less sensitive than +the quadratic, which jn +grnb
is less sensitive than +hu spherical, althouach for small duviations all three
rules are fairly insensitive, AlthUQh Thej dontt menT}on it, this may be a

plus in favor of these scoring rules when used in probability testina. One
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objection somatimes aiven to probability festing is that unless the evoninee

is an expert in probability assessment you moy i ntroduce more error Qariancé
through its' use than you oliminate. What sensitive analysis miaht show is that
one does not have to assure exportisze in probability assessment before using
probability testina for "substantive" evaluaiion,

Stac! von Hb|s+ein (1970a) notes that the practical uses of scoring rules
as feedback doviées have been rostricted to the areas of meteoroloay and educa-
tional testing., Frobability assessment exnerironts have also been performad In
the areas of fquball (de Finetti, 1062; Winkler, 1967¢), stock market prices
(Stael von Holstein, 1J69) and.woafher forecasts (Stazl von Holstein, 1970b).
These experiments atl used a quadratic scoring rule and show that it is‘feasible'
to obtaln probability assessrents for ncn—dichofomous Situations. It was not

Clear from all the ‘experinments whother the subject

s in fact became better as-
Sessdré in the normative sonse during the course of The ewxperiments. This was
also found in 2 testing sifuation by Hansen (I1971). In addition Hansen found
statistically sianificant correlations bhetwsen a mzasure of deﬁree of cerfainfy
in The.examinee's responses and the scoraes on fhe F'scéle and Kogan and “al lach
rick teking measures, 11 should be noted that although the correlations were
SignfficanT they were also relativaly lew (=.211 to -.411) with most of them
below ~,250. Hénsen used the sphegical scﬁring rule and obtained split-half
test reliabilities of .78] and .766 for his two tests. |

Fhillips (1970) arques that probability judgments can be affécfed to varying
deqrees by memory ond cogﬁifivp processes, prior.experience and information, so-
cial and culfufal norms, personality, and connitive s*yle; Hz concludes that
to the extent we agrce on these variables Théy should be the focus of future
researcﬁ ”sincé affective training. can be desianed onty when we know how these

actors in ence the naive person's judoments’ . 254
factors influence th e T 's jud ts' (p. 254)
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Soma other empirical studices done in educational testing are Michacl (i968),
Rippey (1968, 1970, 1971) and Hembleton, Roberts and Traub (1970). i1i chael
(1968) used Thg scoring rule 5 = r where an is the probabllity assiqned.To Thg
correct answar, fhc probabi lities expressed were also restricted to simple
tenths. Although she found higher reliabkliTies and tower standard errors it
must be noted that this scoring rule is not “admissible" in that it requires the
person not to express his true probabilities when trving to maximize his ex-
pected score under linear u+i|f+y (see Yinkler, 19087b, n. 1111),

Hamble ton ’

Kegaisthem, - Roberts and Traub (]970) compared prebability testing using a loga-
rithmic scoring rule [possible probatbilities were ¢, .05, .10, ..., .95, |.00]
with conventicnal fesTing'andidiffereﬁTial waichtina., They found'probabilify
testing yielded the highest validity (correlation of midterm with final) of
the methods (.720) and the louwest split-half reliability (.655). For the con-
ventional test the validity and reliabilifty ware 621 and .710 réspecfively.

. are .

Two other points of interost in this study ¥ 1he introduction of an answer graph
for reporting probability and mention of the fact that the difficulty of the test
will.effecf the application of probab?IITy festina. For instance, the test they
used was -"easy" for the students involved. in the qroup using probabifity testing
77% of the time they indicated a probabifity of 1,00. In this siTuaTion.as-
sessiﬁngarTia! knowledae may not be a areat concern. |

Rippey (1968) apﬁlied The logorithmic and sﬁherical gcprinq rules to the
Same set of probabilﬁfy responses on a varisty of tests and computed the test
reliabflifies. In comparihq +héso ralisbilities he noted that automatic in-
creases fn re{iabilify werre not found. However, it must be noted the people
involved had no experience with probabilify testing and from +he\?s+ereo+ypicél
student respdnscs”,bbserved probap}y would not have passed even a minimum crf—

terion of a good assessorin the. normative sense. Another drawback Is that as
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Winkler (19670b) and Shuford ef al. (1968) point. out It is important for fhe
person +o knov and understand the methods heing used.  In particular +he scorina
rutes may not vicld consistent results when anplied to the same expressed pro-
babilities. Shu{drd et al. {1966), as well as Winkler and Murphy (1968) note
that the qua}iThmic ruete s concernad only with the probability assianed to the
correct svtiome

owhoomS=GIIUERnS , whl le the spherical and quadratic are concerned with all

of the expressed probabiliTiesw_ However, evan thase two rules weight the proba-
bitities in differont ways. VWinkler and iturphy (1268) ¢ive a numerical éxample
in which the logarithmic rulo yields a highar score for assessor A than assessor
B, but if the spherical or quadratic rule Is used for the same probabilities
assessor € is gfvan a higher scorz than assessor A, This fact could, indeed,

affect the reliability and validity of a test dependina upon the scoring rule

"avidence that

.

used. Théy terper this findina somewhat by notina that they have
rankinas based upon averame scores Jill be reascnably consistent” (p. 756).
Rippey (1970, "1971) reports on another study he complcfedhbn the reliability of
five different scoring Fules.  The 1970 refarence is a journal article while
the 1971 reference is the final report for t#s LSO grant. The experimental
setup was essentially the same as in the 1968 study, in that, it involves naive
subjects and applies five scoring rules +o The same axnrossed probabilities.

The fact that people might and nrdbably should respond dffferenfly under differ-
ent scoring rules was not considered. The probabilities that the subjects were
altowed to usc was limited to simple ninTH, i.e. 0, 1/9, 2/9, ..., 8/9, 1.0.

In his 1970 reference he recommends using the scoring rule S = rs (see Michéel
(1968)) since it yiclds the consistently highest reliabilities although the "Eu-
clidean" rule produced ”cohparably-high reliabitity.”™ In his (|97i) reference

Rippey tempers the recommendation for usir: $ = r_ by notina the objection raised

h

above with respect to Michael's (1968) arTiclé, and by the fact that his sub-

T
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subjects wers malve,  LF stadents o Teoen or o arn dotd cHha opdieus siraicay for
s acorias rala o ches Ty a0 sabenrts The vhalo orocedure,

The asbove maniloncd Viterature indicates that a considerabla amount of
theoretical work has been done. The ampirical studles, at least, indicate
the feasibllity of Frying to Implemsnt prebability festing. Also some of the

ol

stTudies suqgest arcas in need of more resasarch and it is possible to extrapo-

fate other problem arcas from the literature.

Areas for Further Resemrvch

This scection of the papar will attempt fo list some of the areas for fur-
ther research that have been identified by the author and others. |

Much of the literature roviewed above stresses the importance of training
and experience with probabilify tosting in the “normative" sense before 1t can

be used in the "substantive’ sense. Some of the research reports mention at-

tempts to familiarize students with the scorina rulcs, throuah hynothetical
examples, etc.. (Hamilton, et al., 1979; Hanson, 1971). llowever, one could
classify those attempts as crientation rathoer than deliberate training, in

s o]

‘the rigorous sense, with a test for mastery, rctention, etc. Phillips (1970)

mentions some variables that should be examined in tryinag to develop training
pfograms in'nroﬁabiliTV assessment and probability testina. In a related con-
text Novick (ACT Technical Bulletin No.‘B, no date) has suagested the use of
an inferactive computer as o strateqy for the training of naive people ih the
area of Bayesian.sfaTisfical analysis. Ripney (1971) suanests the use of a
computer to suppiy the necessary feedback when using nronability Testing.

~One of Phillips (1970) variables was "paersonality” and it is afso one of
the psycholoaical variables needing further study mentioned by Winkler and

Murphy (1968, 1970), and de Finetti (1970). Literature concerning personality
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characteristics associated suﬂjecTivd probabi Hity, risk taking, and decision
making are reviawed by Orichacek (1970), SloQic (1564), and Koaan and Yallach
(1967),

Winkler and Murphy's (1968) ideas of parfitioning assessors into "good-
ness' categqorics newds to b ewtended,  One qucs#ion of inferest would be how
does "goodngss" in the normative senss affoct reliability and validity of tests.

Closely associated with this is the necd for further work in sensitive analysis

(see Waaner, 1969) to see how much "expartise" In probability assessment is

really needed. They suqaest that the sensifivify question may also be related

to psychological factors. Much of the axperimental work in probability testing

has restricted the examinee to limited probability points such as twentieths,
tenths, or ninths. Are thesc Too restrictive for probabflify testing to be ef-
fective?

Certainly work needé to b done in‘dévelopinq ThG'%ppropriaTe psychomefrics
and tost +heory“¢é make use of ThehaddITional information sunplied by probabi-~
Fity Tesfinﬁ (Shuford, et al., 1968), Since the various scoring rules use the
expressed probabfiifics in different ways, in what +es+ino situations should
different scoring functions ba used? Also should different procedures be de-
veloped for evaluating iten discrimination and difficulty. de Finetti (1970)

suggests lookina ét the distribution of probabitities given o the same events

by different individuals or groups of individuals. e also suggests that indi-

vidual scores be compared with the score of a fictitious person Ywho adopts as
his subjective probabilities for each aevent the average probability given to
this event by a aroup or subqgroun. 1+ often happens that this fictitious player
is near the top of the ﬁerformance ranas” (p. 142).

The implicaffons of non-linear utility functions need more theoretical as

well as experimental work. Sensitivity analysis is also applicable here. How
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Much does the ulility function have to deviate from linearity before the ex-

presscd probabilitics should be shiftoed from dhair drue values? [f we are

forcing students inie situations nocessitating non-linear utility, then should

o b o

we even be using objective tasts no mattar how they

Renlications of previous cxporimental studias
should be carried out. As Hardhleton et al. (1270)
vestigators will be stimulated by the inadequacies

apply The methodoloyy outlined here to investivate

in the area of testing" (p. 81).

are administered?

with improved procedures
says '"Hopefully, other in-
of the present results to

vhat is an important problem
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Introduction to Confidence Testina: /An Annotated Biblloqraphy

Janice Richman, Charles Stearman and Nancy Sorg
Departeent of Cducationatl Rezazarch

University of Pittsburgh, Plttsburah, Pennsylvania 15213

The following annotueted biblioqraphy has bezn included +o introduce potential
researchers to the qencral arca of confidence testina. This is only part of
a more comprehensive biblioqgraphy that is currently beina compiled. Copies
may be obtained by writing to the authors.

Alberdni, F. Contribution to the éfudy of subjective probability. 1, dJour
nal of General Psyahology, 1962, 66,‘24!—264.

This is an dfrempT to determine the psychological meaning of probabl—
lity. The concepts investligated include the idea of probablll+y and
independence. Subjective probabiltity differs from mathematical pro-
bability when cause, rather than chance, is suspected Tc be operating.
This may be posited when an ordcr or pattern of some kind emerqges In
the course of a sample. Another difference {s that subjects interpret
the probability of a sequence as the probability of +ha+ outcome. The
subjects are not always coherent,

Alberonl F. Contribution to the study of subjective probability: Prediction.

I! Journal of General Psychology, 1962, 66, 265-285.

The psychological processes governing probabilistic prediction are h
studied. When subjects were asked to supply the next outcome of a
scquence of red and blue beads, with an equal number of each color,
they used one of three strategles: randomly Generating the next out-
come with an equal probability of selecting either color, respecting
the cyclic nature of the sequence or formally inproving the sequence.
The latter improvemen! assumas that the colors in the sequence will
alternate In an irreqular way. N fourth factor wias added when an un-
equal proportion of the two colors was prasented: the quantitative
improvement of the sequence. This strateqy implies the outcome which

best helps the colors in the sequence reflect the proportion in the
universe. :

Afkinson, J.S., Bastian, J.R., Earl, R.W. and Litwin, G.H., The achievement

motive, goal setting, and probablllfy preferences. Journal of Abnormal
and Social Poychology, 1960, 60, 27-30.

Need for achisvement was related to preferences for certain probabi-
tities in a risk-taking mode!. Those high in need for achievement
preferred more intermediate subjective probabilities than those low
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In need for achicvament, who preforesd to set themselves qoals with very
hioh (easy ahets) or very Jow (aiFiicult shots) probabitltlies 1n an of-
fort to avoid falluve, The suhjective prebabillties wore measured In

two situaticns: A «<hufifoboard oome, in which sub jects could choose
their distence (hore, subjectiva probublility was measured aeoqgraphically!)
and in an imaginary tetting stdvation. The preferences did not hold in
all the betting situations but unly in those with a small monatary re-
ward (30¢) .

Boldt, R.F. A simple canfidence tastina format. YTS Research Bulletin No.
TI-42, 1971, EXIC o, ED 055 098,

CERIC Summary:  "Thie nuper presants the develooment of scoring functions
for use in conjunclion with standard multiple~choice items. In addition
to the wsual indication of {he corract altarnative, the examinee is to
indicate his personnl probabillty of the correctness of his response.
Both lincar and quadratic polyncalal scorlng functions are examined for
suitabl lity, and a unique scoring function ts found such that a score

of zerc is azsiancd when complate uncertainty is Indicated and such

that the examinee can expact to do hest if he reports his personal pro-
babi lity accurately. A table of simple integer approxjmations to the
scoring function is suppliud.™

Boldt, R.F. An approximately raproducing scorinag scheme that allgns random
response and omission, ETS Research Bulietin No, 71-43, 1971, ERIC
No. ED 057 074. :

ERIC Summary: "Ona formulation of confidance scoring requires the ex-
aminee to Indicate as a number his personal prebability of the correct-
ness of each alternative in a multiplo-choice test. For this formula-
tion, a linear transformation of thoe logarithm of the correct response
is maximized 1 the examinee reports accurately his personal probabliity.
To equate omits scores with choice scores, the transformation can be
chosen so that the score is zero if the examines indicates complete
uncertainty. |f this is done, the scoring function depends on the num-
ber of alternatives. One could also alian undertalnty and response
omission by qranting credit for amittinag ftems, though It is felt this
might be hard to explain to examinces."

Cameron, B. and 'tyers, J.L. Sore personality corretates of risk-taking.
Journdl of General Psychology, 1966, 74, 51-60.

The relationships botwsen botting preferances and need states as well
as other personality veriables are investigated. The bettina situation
foltows the paradiam originated by YWard Edwards, and the Edwards Per-
sonal Praference Schedule is the instrument used to measure the person-
ality variables. Betting preferences were measured in both Imaqinary
and actual risik-toking situaticns, in thot order. As in several of Ed-
wards! experimonis, probabllity preferences are confounded with payoff
preferencez. Subjects high in exhibition, aggression, or dominance
tended fo prefer bets with hiah payoff and low probability of winning,
while subjects hiah in autonomy or endurance tended to be more conserva-
Q tive. It is not clear that these five neads on the EPPS are in any way

[ERJ!:‘ similar to need for achfevement as measured by Atkinson. et al. (1960).
o o e :
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Coombs, C.H. On the use of objactive examinations. Eduweabional and Poyeho-

logical Heavnurarome, 1993, 8, 503=310,

noprocedure for aduinistoring and ascoring ob jective tests so as to pro-
vide a scale from complota misinformation through sevaral deqrees of

cpartial Informabian. s proposed (Coombs type directions).  Individuals

should be instructed to cross out all 1he altfernatives thev consider
to be wrena bul nol To quass among the remaining options. The wolghts
used In the scorina procedure are as follows: one point is added for
each wrong ali>enative crossed out, k=1 nolnts are subtracted if the
riaht altaernalbive s crossed out (k is the nunbar of options). Advan-
Tages of this scoring nothod are suncoested,

Coombs, C.H., Mllholland, J.E. and YWomer, F,B8.  The assessment of partial know-

ledge. Educational and Psychological Measurement, 1956, 16, 13-37,

This study compared conventional tesi scoring with the scoring procedure
outlined by Connbs (1953) In tarms of reliabilities, validitles and co-
efficients of discrimination. Positive scores for each Item represent
sore degree of partial informatlion, while neqotive scares represent some
deqarce of misinformation. Results Indicate that examinees with less than
complete information on a qgiven subject may have considerable partial In-
formation and that this may be used as 3 valid basis for discriminating
among them. The reliabilities were hioher for fests administered and
scored by the experimental wethod. This reliabillty was even further in-
creased for more difficult tests. Both types of scoring appear to be
equally valid. Vhat constitutes a cood discriminating item is the same
for . both mathods.

Coorbs, C.H. and Pruiff,'”.G. Corponents of risk in dacision making: Probabi-

ity and variance preferences. Journal of Fxperimental Poychology, 1960,
60, 265-277.

An alternativa to Vard Lduards' theory of maximization of subjectively
expected utiltity is oroposed. This model involves variance preferences,
as well as probability, skewness and oxoectation proferences. /An experi-
mental betting situation supports the hypothesis that variance prefer-
ences oxist and can be aenerated by folding a joint scale. However, for
aach set of varionce preferencas, a nanlinear utility funclton of money
can be found which axplains the ordering equally well. Skewness pre-
ferences were also found to'exist. One concluslon was the subjects are
inconsistent in thoir preferences. :

Dale, H.C.A. A study of subjective probability. British Jownal of Statistical

Psychology, 1360, 13, 19-29,

Adult subjects' predictions ot how a swall numher of items would be se-
tected by chanca fram o long Viet were compared to the objective proba-
bilities. The subjects appeared to avold unlikely configurations but
did not considar all the aspects of the selection prucess that the au-
thors had determined weare important a postariorl. Three aspects of
confliqurations were chosen for consideratian: range, bunching and sym-
metry. None of the models proposed seemed to adequately describe the
subjects! behavior. . :
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Davis, F.B. Estimation and use of scoring woiahts for cach choice in multiple-

choice test [lems, Lau(atzonuu sz Paycliological Heasurement, 1959, 19,
291298, —

Ff the oplilons of o mulliple-choico iten are to be weighted according

to thelr deqgrea of correctness, the aopropriate weiaghts remain to be
determined. 8y administering the itens to a larae ropresentative sample,
a scoring weiaht for ench itam cpfion can be found that is linearly re-
lated fo the averane score on the critericn variabie of those in the try-
out samplo who selected that choice. Since direct computation of the
average criterion score for the qgroun selecting each optlon is very time
consuming, a methot of cstimating the criterifon score means is glven in
tabular form, roquirinq or't tho percent of those in the upper 27% and

in the lower 279, recapecti. | whe avlected the given option. The es-
timated means worn found 4 ~aduce moderatsly reliable weights and very
close to the weights calculared by the actual criterion-score means.

Davis, F.0. and Fifer, G, The etfact on test retiability and validity of
scoring aptitude and achlevement fests with weights for every cholce.
Educational and Psycholciyieal Measurement, 1959, 19, 159-170.

It was found that scoring an arithmetic reasoning test by weighting the
options according 1o their dearee of correctness was more rellable than
conventlional scoring. The validity of the test was unaffected. Weights
vere assiqgned in three wavs: a priorl weights were determined indepen-
dently by two mathematicions, empirical weiants were obtained by using

a function of the average criterion scores of those selecting ea~h cholce
for a previous qroup of exaninees who Tcok the test scored by a priori
weiahts, and modified empirical weichts were approximated from the
scores of the upper and lower 277 of the previous sample. a priorl
weights scenm to be a nacessary feature in determining the subsequent em-
pirical weichts. Otherwise both kinds of empirical weights may actually
be based on differential appeal of the wrong options rather than. degree
of correctness and thus may no+ be assessing partial knowledge,

de Finettl, B. Methods for discriminating levels of partial knowledge concerning
a tast ttem. British Jowwnal of Mathematical and Statistical Psychology,
1965, 18, 87-123.

In the absence of cowciete information a person éhould‘be encouraged to-
attach a probability to each alternative. This probability should cor-
respond to the individual's dearee of belief as to the correctness of

that alternative.- Other answering techniques are discussed, inciuding
Coombs' type of directions. Atl technigues are interpreted geometrically.
Subjective probability leoads to a scoring syatem that makes sense, unlike
“the rank ordering or creossing out of a nurber of wrong alternatives.
Training in the use of a suitably selected technique is recommended. A
strong case is made for assessing and utllizing partial knowledge in-
scoring multiplc~choice questions. '
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de Finetii, B. Loaical foundations and measuremant of suhjective probabilify.

Ebel,

Ebet,

he

R.L. P“VICW of "alid confidence fes

Acta Poychologiea, 1970, 3, 129-145,

Subjective probabitity is considored the onfy meaninaful interpretation
of probabitity, Tares involvina properties osseociated with objective
nrobabilitios, such as avent and slechastic independence, should be
avoided, Frobability is degree of boliet and must he operationally de-
fined by some: davice such as offering a suitable sot of bets, fixing a
penalty, or introducing an opponent. Probabiiities must be consistent
to be admissible; howevor, loagica!l or empirical consideration may sug-
aest further restrictions. Scoring rules are briefly discussed. Ten
pJYLhO‘Qund‘ criteria for evaluating assessors ara outlined. Recourse
to concepts of "objuctive probability" is examined and rejected.

P.L. and Schmid, J. Sowo rodifications of multiple choice items. Fdu-
cataona/ and FuuUH”ZOH%C“/ Mogourcment, 1953, 13, 574-595,

e

Five scoring methods are comparad in tarms of their reliabilities: free

. . . v - TTT———
choice, in which any nuther of options can be calected only one of which
is correct; dearcr of cartainfy, in which the student marks how certain
he/she was zbout the option selected on o scale of | to 4; multiple answer
in which any nurber of options con be selected and more than one option
may be correct; fwo-answer, in which *wo options are correct; and a
conventional test. The hichest reliability was found for the multiple-

answer test. The twoe-answer and dogrees of certainty tests had slightly
higher retiabilities than the conventional foa+

L. Confidencs weichtina and test rellability. Jowrnal of Educational
teasurement, 1965, 2, 49-57 '

A system of confidence-weiohted response and scoring was developed for
frue-false tost ite rs A justification for The use of the trua-false
format in high auality tests of educational achievement is aiven. Pre-
vicus data had shown that tests waiohtod by confidence had significantly
hicher refiabilitics than convenfional tosts, Recent data, however,
showed a nogligible increase in reliability for the weiahted scoring, not
enough to justify the more compiicated technique. Simuiating a set of
responses and scorina by weiahied and conventional techniques suggests
that confidence weiahting should only be appliced to those items with a
frigher fhan chance probabitity of o correct response (the criterlon used
in the sinutation was two-thirds),

‘ing -- demonstration kit." Journal
of Bducational Measurcement, 1938, %, 353-354,
This is a review of Shuford-Massenci|) s materials for Valid Confidence
Testing, which include: SColtule response ald, answer .sheets, a scoring
table, and a class analysis form.  Thé procoss seems complex, and the )
costs séem hinh., Indirsct evidencz as to the Indicated d@qreeg of confi-

dence heing rololed 1o the proportion of correct answers is given. Valid

confidence scores correlate substantially, but not perfectiy, with con-
ventional scores. There is only incomplete support for Shuford and Mas—
senai [1's claims of increasad rnllablllfv and validitv. :
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Echternacht, G. et al. User's handbook for confidence lesting as a diagnostic
aid in technical trainina. ETS Report Mo. PR=-71-12, 1971, ERIC No.
_— EN 055 11%.

FRIC Summary:  "This handbock presents instrucltions for implementing a

confidance testing preagram in technical traininn situations, identifi-
cation of possible areazs of apnlication, tochninues for eVu!uaTinq con-
fidence information, advaniaaes and disadvantaons of confidence testinag,
time considorations, and problem arcas.  Complete instructions for "Pick-

Nne'! and "Distribute 100 Points! confidence testing methods are given

for testing supcrvisors and examinees for both hand and computer scoring."

Echternacht, G. The usae of confidence Festing in objective tests. ETS Research
Bulletin No. 71-41, 1971, ERIC No. ED 0508 307.

RIC Summary: "Confidence testing has been usod in varyina forms over the
ﬁdaf 40 vears az a rethod for incraasing the amount of information avail-
able from objective test ifoms. This paper fracos the development of
+the procedure from Hevner's besinnine mothod us to the- variocus methods in
use today and describes both the testing procedures and scoring methods
used. The farm confidence testing is applied To both probabifistic
testing and confidance weighting procedures. Verious procedures are pre-
sented and their relationship with personality factors discussed."
anfidunce Fasting in objective tests. Review of
T2, 42, 217-236. '

Echternacht. G.J. The us2 of ¢
Fducatioral HAeseare’, 19

Various torws of confidence testing are described and evaluated. In
snite of Jacob's distinction (1771} Letueen confidence wéicghting and
nrobabilistic testing, 1hey are hore subsumed under one rubric, that
of confidence Testing. The sole use of ths crtfe.lon of increasing
reliability in evatualing confidance testing is criticized.

Garvin, 3.D. Confidance weiahtina, Paoer presented at the annual meeting of
+the American kducationaf .Research Association, 1972, ERIC No. ED 062 401,
ERIC Summary:  "Various aspects of Confidence Walghting are examined.
Variant of Confidunce Yeighting, ife effect on test reliabitity, and the
valldtry of Confidance Weighting are discussed.”

Hambleton, R.K., Roberts, U.it. and Traub, R.E. A comparison of the reliability
and validity of 1wo methods for nssessing parfial knowledge on a mul-
tiple-choice test. Journal of Fducaltioncl Heusurement, 1970, 7, 75-82.

Three droups were compared on the basis of different instructions and
scorinag methods:  convantional method, differential walighting of dis- |
tractors according to The dearece of correciness (determinad by 22 experts),
and cenfidence tostine usina an answer graph and & reproducing loga-
rithmic scorina function. Confidence testina was most valid and least
reliable. Validity was determinaed by cor"°|11|nq the scores with midterm
scores. Reliability was estimated from corrected split-half correlations,
a method that has been considered by some to be inappropriate for confi-
dence testing. Two scts of . di ffersntial weighis were developed from the
, _ experts' rankina, one considerably more complex than- the oThérQ The more
complex weights were more valid and less reliable than the simpler weights.
[ERJ!: S The simpler weights were as reliable as conventional Jcortnq and more va!ld
EEEEE A more d1fflcul+ TDST mlan have proved more snformaTtve : :
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Hansen, R. The influance of variables other than knowledae on probahilistic

tests. Jownal of bducational Measwrement, 1971, 8, 9-14.

Individuals who take examinations usina a probabilistic scorina system
display a relatively stable tendency which cannot be accounted for on

the basis of their stability of knawledge. The tendency of an individual
to show cortainty was determined from a function of the probabilities
assigned to the options. This measure is highest where certain options
are assianed probability of |-and lowest when the probabilities are
equal ly distributed ardna the options. The test score was computed using
the spherical scorina function. The correlation between the measures of
coertainty for two successive exams was .702. The correlations between
test score and-the measure of certainty were. low. On the other hand, this
tendency correlated positively with Koaan and Wallach's measure of risk-
takina, the Choice Dilerma Questionnaire and negatively with the F-scale.
Both correlations were moderate (less than .42).

Hopkins, K.D., Hakstian, A.R., and Hopkins, B.R. Validity and reliabillty con-

sequences of confidence weighting. Educational and Psychological Measure-
ment, 1973, 33, 135-141. : ' '

Confidence weightinag studies are summarized in tabular form and are shown
to have resulted qenerally in somewhat hicher reliabilities. Three studies
using subjective protability are subsumed under the C.W. rubric. The
gain in reliability is hypothesized to be » result of a gambling response
style, or irrelevant source, in which case a decrcase in validity might
occur. A final exam was administered with confidence weights, of the
form high, medium and low. An item score could range from -3 to +3. A
short answer exam cn the same material provided the validity criterion.
Conventional scoring rasulfed in slightly higher validity and lower re-
[fability than confidence weighted scorina. The authors conclude that
the added variance in the confidence weighting studies may be irrelevant
response style variance slnce validity was not increased. -

Liverant, S. and Scodel, A. Inferna{ and external control as determinants of

decision making under conditions of risk. Psychologieal Reports, 1960,
7, 59-67. | '

Internal versus external control is found to be another personality vari-

.able entering info making risky decisions. Internal-external control is

a construct which depznds on whether an individual categorizes desirable
and/or undesirable itams as within or beyond his control. The I-E scale
used is an extension of work done by Giames (1957). A betting situation in

~which individuals can choose between bets differina in pay-off confounded

with probability was set up. "1+ was hypothesized that internally con-
trolled persons would tend to employ a strateay which would attempt to
maximize the number of favorable outcomes. Externally-controlled people.
would be disposed to select bets more subjectively, on the basis of
"hunches" or the outcome of previous trials. The !'s did choose more
irmediate and fewer low probability bets. than the E's. Significantly

more |'s than E's never scelected an extreme high or low probability bet.
The amount of money wagered on safe, as opposed fo risky, bets was greater
for I's. : ‘
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Marschak, J. Actual versus consistent decision behavior. Behavioral Seience,

1964, 9, 102-110.

Genzral hypotheses of dacision behavior are suagested to explain how
people make decisions when the problem Is too complex for them to ap-
ply the utility principle. These hypotheses include "rational" or '"con-
sistent’ behavior, learnina theory, stochastic decision theory, applying

- Gestalt theory, and the effect of training. Experiments are proposed to

Michael

Murphy,

determine whether subjects are applying The princities of cxpocted utllity,
namely consistency, admissibility, independence. :

, J.J. The reliability of a mulTiple—choice exami nation under various
test-taking instructions. Journal of Fducational Measurement, 1968,
5, 307-314, :

The reliabilities and standard errors of measurement were compared for
the methods of scoring the same test: conventional scoring, the number
right corrected for auessing, ' and confidence weighting. In the confi-
dence weighting method ten points were to be distributed amona the four
alternatives. That method had the hiaghest relishility and lowest stan-
dard error of measurement of the three. The rellabilities broken down by
sex and 1Q were only $lightly different under confidence weighting. ‘

AH. and Cpstein, E.S5.  Verification of'probabiIiSTic predictions: a
brief review. Jowrnal of Applied Meteorology, 1967, 6, 748-755.

The evaluaticn process is defined as one consisting of several ordered
steps. The first step is to identify the purposes of evaluation, which
in this articlie lead to distinguishing betwean two forms.of evaluation:
operational evaluation, which is concerned with the value to the user of
probabilistic predictions, and empirical evaluation or verification,
which is concerned with how closely the predictions correspond to actual
observations. Desirable properties for empirical evaluation are enumera-
ted as perfecticn and untiasedness and compared with termincloqy adopted
by other zuthors. Seven measures or scores of the properties are consi-

" dered, including probability scores, information ratios, and distance

Murphy,

measures.. Two prediction systems are compared on the basis of different
reasures.

A.H. and Winkler, A.L. Scoring rules in probability assessment and
evaluation. Acta Psychologiea, 1970, éi; 273-286.

Scoring rules are discussed in the contexts of probabillty assessment,.

in which the expected scores are of interest, and evaluation, in which the
"goodness" of the probabilities should be measures. Scoring rules to

be used in assessmant should encouraqe the assessor to be honest in re-
porfing probabiliTies. I|f the assessor has a linear ufility function,
scorina rules should be sensitive to deviations of expected scores from
the probability judaments. Four scorina functions (logarithmic, qua-

dratic, spherical and ranked probability score) were compared in a few

cases as to sensitivity., No conclusions as to which was most sensitive
could be drawn, although the logarithmic function appeared least sensi-
tive. With a nonlinear utility function which is unknown and cannot
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be incorporated inlo iho scoring rulu, the assessor's statements may dif-
far from +ho 135055007 s ac1uu| Judamants. Several frameworks for eval-
vation wore described.  from the infarential viewpoint validity, or the
asscciation betwaen the prebability stotements and the actual outcomes was
most important. Roberts' Bayesian modal using likelihood ratios was
rentioned, as were dacision theoratic fr meworks .

Pascale, P. Innovation in item scoring procedures, 1271, ERIC No. ED 056 096,

ERIC Summary: "This brief review exnslains some alternaté scoring pro-
cedures to the classical method of summing correct responses. The novel
prccedures attempt in some way to retrieve and use even the information
in the wrong responses.”

Ramsay, J.0. A scoring system for multiple choice test items. British Journal

of Mathematical and Statistieal Poychology, 1988, 21, 247-250.

If the purpose of a multiple-choice test is to classify an individual
“into one of two gqroups, each alternative or option can be weighted by
the differences between the probabilities of selecting that opfion for
two criterion groups. Scores weighted in this fashion maximize the sepa-
ration betwsen +he mean scores of the two criterion groups. The results
are extended to more than two critericon groups. Advantaaass of this '
scoring system are that partial knowledae is taken into account, compu-
tations are minimized, item selection is enhanced, and reliability is
expected to be improved. Disadvantages are that the system does not
imply that misclassifications arc minimized and that it may indeed per-
petuate any initial miscalssification. - '

Rippey, R.M. Probabilistic testing. Jowrnal of Educational Measurement, 1968,
5, 2t1-215. .

Four tests were administered and scored probabilistically to determine
whether increases in reliability woutd result. Two scoring functions
were used: spherical and logarithmic. An increase in reliability was
observed in the first test coupled with a corresponding increase in ad-
ministration time. Different iters would be retained in the probabilis-
tic case on the ““vl of item analyses. Stereotypical student responses
were observed, indicatina that students may have trouble in thinking
probabilistically with respect to more than fwo classifications. The
probabilistic score correlated lower with an essay test on the same ma-
terial than did conventional scorinag. in gpneral, tha results were
anomalous,

Rippey, R.t. A comparison of five different scoring functions for confidence
tests. Journal of zduﬂatﬂonal Measurement, 1970a, 7, 165-170.

Five probabilistic scoring functions were compared on the basis of their

reliabilities. All five functions were applied t0o the same tests.  The

functions were: probability assigned to correct answer, logarithmic,

spherical, Euclidean, and inferred choice. The simplest function, the

probability assianed to the corract choice, proved the most reliable.

Inferred choice, which is eauivalent to conventional scoring, was least

Q _ reliable. The conclusions were that the simplest and most Intultive.

ERIC scoring functions were best since they wero most likely to correspond to
rezesiibiaz] the expocfaflons of the ewanlneea. :
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Rippey, R.M. Rationalc for confidence-scored muitipie-choice tests. Psy-
chological Reports, 1970b, 27, 91-98, :

Lf subject responses related to incomplete information, uncertain know-'
ledge, or degree of preference are 1o be sampled, confidence-scoring
precedures for conventional items c¢r the use of intrinsic items is
recommended. Intrinsic items require a distribution of belief over the
options on a multiple-choice test and do not have unique correct re-
sponses. A Euclidean scorina function scores infrinsic Items on the
basis of the distance batween the probabilities of the individual and
the criterion qroup mean for each response. Since items which call for
uniform distributions of confidence over all responses may not discrimi-
nate between the informed and the uninformed, a confidence weight on
the assigned distribution of belief is sugaested.

Rippey, R.M. - Scoring and analyzing confidence tests. Final repdr+ of project
no. 7-0578, U.S. Department of Health, Education and Welfare, 1971,

The fiterature leading up to and including probabitistic testing is re-
viewed. New features. include an entropic scoring function and a Eucli-
dean function weight by deqreac of confidence. Three tests with non-
unique correct answers were devised and scored with the weighted and nun-
weighted Euclidean functions. Confldence was extensively correlated
with sex, grade, and scciosconomic class.

Roby, T.8. .Belicf states and the uses of evidence. Behavioral Sciences, 1965,
10, 255-270. : |

A new notation called B-state or belief state is introduced to facilitate
.updating prior beliefs with current avidence. Advantages of this approach
are that (1) quantitative comparison or combination of the beliefs of
several individuals or one individual at several time periods is possible
and (2) the effects of external evidance can be described as mathematical
operations on the existing belief state. YWith the necessity for absorb-
ing new nc*ation, it is not clear that, the B-state operators are superior
to Bayes' theorem. . ' :

Romberg, 7. et al. Three experiments involving probability measurement proce-
dures with mathematics test items. Wisconsin Research and Development
Center for Cognitive lLearning Report No. Tr-129, 1070, ERIC No.
ED 044 315.

ERIC Summary: "This is a report from the Project on Individually Guided
Mathematics, Phase 2 Analysis of Mathematics Instruction. - The report
outlines some of the characteristics of probability measurement procedures
for scoring objective tests, discusses hypothesized advantanes and disad-
vantages of the methods, and reports the results of three experiments desi-
gned to. learn more about the ftechnique and compare it with standard proce-
dures-of scoring objective tests. The procedure used required the stu-

dents to specify a degree of belief probabilitv - - =ach of the given al-
ternatives to a gquestion. The students were ¢ witiple-choice item

and asked to specify what they belleved to be "'+ nrl ilivy of correctness
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of each choice. The inltial intent of these experirents was to see if a
non-standard fest-taking and scoring procedure would provide useful, re-
tiable information for such tests. The studies indicated that the problem

of getting useful, reliable information on difficult tests -has not been
solved."

Scodel, A., Ratoosh, P. and Minas, J.S5. Soma personality correlates of decision-

making under conditions of risk. Behavioral Science, 1959, 4, 19-28,

Personality variables are incorporated into the utility-maximization
mrocel. Risk taking was measured in a gambling situation following Ed-.
wards' paradigm, in which probability preferences and payoff preferences
were similarly confoundad. The college grouped tended to be more conser-
vative than the military qroup. Intelligence was inversely related to
variability in risk-faking, but not related to degree of risk-taking. The
group choosing low pavoffs had rore fear of failure and less need for
achievement than the hiah or intermediate payoff aroups.

Shuford;“E.H.,.Albert, A. and Massenaill, H.E. Admissible probability measure-

ment procedures. Paychometrika, 1966, 31, 125-145.

A probabilistic scoring system for objective tests which allows the stu-
dent to maximize his/her expected score if and only if he/she honestly
reports the deqgrec-of-belief probabilities which should have the repor-
ducing property. .Necessary and sufflcient conditions for the scoring
system to have a reproducing pronerty are stated and proved. A method
is.given for generating a class of functions, both symmetric and asym-
metric, possessing the reproducina property. Scoring systems are chosen
which reward intelliaent probability assessments: the more probabiiity
placed on the correct option, the hicher the score. YWith a minor modi-

fication the results can be extendad to testing situations in which the

student has fo generatia the answers as well as indicate degree of belief.

Slakter, M.J. Riak taking on objective examinations. ‘American Educatiocnal. Re-

search Journal. 1967, 4, 31-43.

N model of risk- +ukinq on obJec+cve examinations under convenTtonal di-
rections is included. HMeasures of risk-taking used in the past are re-

- viewed, including Swineford's gambling terdency, the number of omitted

responses, and Coombs' type directicens. A new measure of risk-taking is

proposéd. Coombs' type directions are given, and a number of nonsense
questions are inserted into the test. An index is defined, based on the
number of alternatives in the nonsense questions which are crossed out.
A correlational study showed the new measures of risk-taking to be re-
liable. Some evidence for convergent and diccriminant validity is of-
fered. '

SlakTer, M.J. Generality of risk-taking on objective examinations. Educational

and Psychological [Heas uranmnt, 1969, 29, 115-128.

The question of whether risk-taking on objaective tests is a general phenome
non which applies to various kinds of testing situations is examined.  The
reasure of .risk-taking involved imbedding nonsense questions in the +e5+

The generality .of the risk-taking factor was supported by the correlations

bteween the risk-taking measures for four tests: mathematics, language,

- apfitude and achievemont.
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Slovic, P. Conver«ont leada1|on of !ISk ~-taking measures. Journal of Abnormal
and Social Psyehology, 1962, 65, 68-71. :

The intercorralations among several rlsk—lvkann measures of different
kinds were axamined to determiné whether they were high enough to pro-
vide support for convergent validity. The response set measures in-
cluded the Dot Estimation test, which reflected spezed versus accuracy;
Word Meanings, which measured inclusiveness of category width; and Test
Risk used a variant of Cocmbs' type directions and accounted for aqambling
set. Questionnaires used were the Life Experience Inventory and the Job
Preference Inventory. Experimental gamblinag measures were taken with
the Bet Preference and the Self-Crediting test, both of which investi=-
gated variance preferences, low intercorrelations (below .35) indicate

a lack of convergent validity.

Slovic, P. Assussient of risk-taking behavior. Psychological Bulletin, 1964,
61, 220-233. , .

The literature relevant to the vaiidity of various risk-taking measures
is oxtensively reviewed. The studigs are classified Into three cate-
gories: response set and judgmenial measures, guestionnaire measures
and probability and variance nreference measures. The lack of agree--
ment in convergent validity might be due to the multidimensionality of

sk, the subjecfivify involved in perceiving risk, or the emotional or
autonomic response necessary 1to arouse risk-taking Tendcnctes. The
biblioaraphy is Ver”;‘ﬁClUStV”

Stael von Holstein, .C.-A.5. Measurement of subjective probabl||+y Acta Psy -
chologica, 1970, 34, 146-159.

Scoring rules are discussed in a highly understandable wanner. Proper
scoring rules and sfricfly proper scoring rules are defined. Criteria
for selecting on2 scoring rule over ancother are mentioned. These in-
clude Raiffa's prlncaples of relevance, univariance and strong dis-
criminability. Roberts' Bayesian rode! for comparing probabilistic pre-
dictions is shown to invoke thusc three principles. A scoring rule is
developed that is sensitive to distence, or orderinas of the possible
events. This rule conflicts with Raiffa'’s principles. Practical uses of
scoring rules as fecdback devices are presently restricted to the areas
of meteorology and aducational listing. Afsessment techniques not based
on scorinqg rules are briefly reviewed, including Winkler's questionnaire
which uses four methods to elicit underlyina distributions. Toda's
"range betting method" is mentioned.

S+an!ey, J.C. and YWang, M.D. Veighting test items and test-item options, an ..
overview of the analytical and empirical literature. Educational and
Psycao?cgzca7 teasurement, 1970, 30, 21-35. :

The literature encompassing differential weighting of items as well as
options is reviewed. Differential weighting of items with the-same
weights for all examinees seems useless. However, two modifications
s X - seem promising. Birnbaum different taily weighted:items by the levels
: Q . . : . Lo
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of ability of the axaminees, and Cizary developed a procedure for using
individual reqgressior weights. Differentlal weighting of options was
originally developed to maximize the relationship of the instrument

with outside criteria. Guitman keyed each option against a auantitative
criterion using the criterion wean of those who chose that option: as the
scoring weight. A cursory review of the personal probability weightings
of the opticns is prasented, and the approach is recommended with modi~
fications.

Swineford, F. Measurement of a personality trait. Journal of Educational Psy-

chology, 1938, 29, 205-300,

The tendency 1o mamble, @ personality trait affectinag objective test
scores, ‘is measured by incorporatina an instruction into the testing si-
tuation whereby the student can ctaim from two to four points credit for
each item. The student is penalized by doubie the amount of credit
claimed if the wrong option is chosen. The gambling score is the per-
centage of errors marked "4" to the total number of error plus one-half
of the omissions for a frue-false test. The qambling score formula
yields a reliable measure of a trait which is independent of achievement
on the same test. The test should be difficult for this measure to be
reliable. '

Swlneford F. Analysis of a personality trait. dJournal of Educational Psi-

choZoqy, 1941, 32, 438-444.

The tendency to gamble was measured on four tests administered to the
same population. One fourth of the 457 students were eliminated from
consideration since on at ligast one test either no extra credits were
claimed or no arrors were made., - 'n eithar case no aqambling score could
be computed. Boys exhibited a siqnificantly hiaher tendency to garble
than girls, especially on unfamiliar tvpes of tests. -More students
gambled on unfamiliar material. The qarbling scores were in most cases
independent of five mental factors and correlated highly with each
other. '

van Naerssen, R.F. A scale for the mesasurement of subjective probability.

cta Psychologica, 1962, 20, 159-166.

To avoid measuring subjective probability by the more cumbersome method
of paired comparisons, the subject or selector has to choose between a
number of ordered pairs at the same time. A type of scale Is developed
~with a quadratic solution. Aoplications are the measurement of subjec-
tive probabilities as in assessing level of aSplFaTIOﬂ or predictinn suc-
cess or failure for a candidate and the increasing of the rellablllTy of
two choice Tesfr

Winkler, R.L. The assessment of prior distributions in BaYesian'ana!ysis.

dJournal of the American Statistical Assoctation, 1967a, 62, 776-800.

Bniversity of Chicano students were questicned using four Techniques:
Cumulative Distribution Function, Hypothetical Future Samples, Equlva-
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fent Prior Sample Information, and Probability Density Function, in or-
der to olicit enough information to write down their prior distributions.
Sub jects had trouble with CDF's hut in general learned to assess prior
distributions on their own. A\ revised questionnalre is presented in the
appendix.

Winkler, R.L. The quantification of judamerd: some exoerimenfal results. Pro-
cardinmns of the American Statistical ﬂ:sociafion, March [1967b, pp. 386-
395.

The efficacy of scoring rules and bets in keepina assessors of subjec-
tive probahbilities  honest and providing them with feedback is investi-
gated experimentally. The 13 week study involved the weekly assessments
of various probabilities and the expected point spread of weekend football
garmes. The subjects woere qiven feedback from two scoring rules, the qua-
dratic evalualina their probabilities and a squared-error loss evaluating
their spread. They were then given a chance to make bets on the basis of
their probability assianments. The scorinag rules and bets seemed to lead
the assessors to rake careful assessments. A consensus of assessors com-

pared favorably to the performance of The individuals compristna the con-
sensus. :

vlnkler, R.L. The quantification of Judgment: " some methodoloqical suggestions.
Journal of the American btatz stical Assoceitation, 1967c, 62, 1105-1120.

An ideal assessor of personal nrchablllfy who never violates the postu-
lates of coherence, is imaqgined to be faced with choices of bets. In
order to force Tru2 responses as to his perscnal probabilities, a pen-
alty or scoring function must encourage revelation of the probabilitles.
Four proper scoring rules are described: de Finetti's rule, the "Brier
score," the spherical cain, and the loacarithmic loss. The implications
and practicality of these methods are discussed. '

Winkler, R.L. and Hurphy, A.H. '"Good" prohability assessors. Journal of Applied
lleteorology, 1968, 7, 751-758.

A framework for evaluating meteorologists viho assass probabilities must
be consistent with. the theory of subjective probability. Two standards
of "goodness" are described nnrma+nve, which requires the assessor to obey
thepostulates of coherence and make honest assessments, and substantive,
concernad with knowledae of the subject and reflected in the degree of
association béetween the predictions and the observations. Three proper
scoring rules are discussed quadratic, spherical, and logarithmic.
The quar|+hm|c scoring rule only considers the probability of the out-
come that occurs, while the other two are concerned with all +he proba-
bilities. Proper scorina rules encourage assessors to be honest, permit
evaluation of assessors, and help individuals become better assessors.
Proper scoring rules may not vield consistent results, since they may
not assess the same aspacts of the attribute validity. Rankinas based
on average scores may be reasonably consistent.
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Minkler, R.L. and Hurphy, AJH.  Nonlinear u+i|i+y‘and the probability score.
Jowrnal of dpplied fieteorology, 1970, 9, 143-148. :

Proper scoring rules assume that the assessor has a linear utility func-
Fion. If the utility function is actually nonlinear, as in the cases of

a rish-taker and a risk-avoider, factors other than the expected score

may affect the probability forecasts. The expacted utility is found to
depand on the variance of the score as well as the expected probability
score for the risk-taker. The optimal forecast for an extreme risk-taker
would be to assign the event probability one if the assessor's actual sub-
Jjective probability, D, vere greater than one-half and zero If p; were

tess than one-half. A risk-avoider is presumed 1o prefer a small vari-
ance to a‘larage one. An oxtreme risk-avoider would prefer probabilities
close to one~half. 1f the assessor's utility function can be specified,
it should be incorporated into the assessmrent process by defining a new
rule, a composite of the original rule and the utility function. If

the utility function cannot be determined, the assessor'ls statements may
differ from the frue subjective probability judgments.

Ziller, R.C. A measure of the qgambling response=-set. in objective tests. Psy-.

chometrika, 1957, 22, 289-292,
o

A formula for meosuring risk-taking or qambling set in objective tests .
is developed. The index of risk-acceptance dapends on the number of
alternatives the nurber of incorrect responses, and the number of omis-
sions. The indax is desianaed for fests in which examinees are informed
that a correaction for quessing will he applied. A few implications of
this measure for test theory and construction are discussed.
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