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Behavior on Objective Tests Under Tasoreticslly Adequate,
inadequate and Unspeclitied Scoring Rules

Stanley S. Jacobs, Unlversity of Plttsburgh

Abstrect

Investigated were the effects of two levels of penalty

for Incorrect responses on two dependent variables (s mes-

sure of risk-taking or confidence, based on nonsense |tems,

and the number of response-asttempts to legitimate ;| tems)

for three treatment groups In 8 2 x 3, multi-response re-

peated measures, multivariate ANOVA dostgn. Ss responded

under one of three scoring-edwministrative rules: canven-~

tional Coombs=-type directions and two variants suggesfed '

as mathematically more adequete. Results Indicated signl-

ficant differences both among groups and across conditions.

The results werg discussed with reference to the question

of test vallidity In general, and the problems posed for

criterion-referenced meesurement.

A number of alternative administrative snd scoring procedures for objec-
tive tests have been suggested (e.g. Coomds, 1953; de Finetti, 1963; Edbel, 1965;
Rippey, 1968) which have as thelr cosmon cbjective a more adequate sssessment
of the degree of partlal knowledge held by a8 given student with reference to a
given Item,!
A proosdure known as ‘option-eliminiation' or 'Coombs-type directions'

(CTD) seems quite applicable to the typlical classroom testing situation. With
CTD, the student Is required to ldentify as many of the j-| distractors among
the J ltem options as he or she Is able. With the usual scoring rule, a stu-
dent earns one polint for each distractor so ldentifled. A penalty of =(j-I)
polnts Is suffered |f the correct answer s ldentitled as a distractor. |tem

scores, then, can range from -(j-1) points to +(j-1) points, having 2(j=~1)+i

1Ses Echternacht (1972) for a comprehensive description and review of a
number of alternative testing procedures.
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possible values, rather than simply the | or 0 earned under conventional con-
ditions. Apparently, CTD have the potential for discerning Inter=sdiate levels
of knowledge.

Hritz ond Jocobs (1970) demonstrated, however, that the probdblems asso-
clated with the correction-for-guessing, documented by Votaw (1936) and Sher-
ritts and Bromer (1954), have apparentiy been simply shifted from the |tem
level ™ the option level under CTD. Ust#q CTD all Ss behaved comsefvatively,
Identitying too few distractors. There teem to be rellsble and extreme Indl-
vidual| differences In the tendency to respond to |tems under an announced
guessing penalty and, simllarly, to ldentity distractors under a procedure
which effectively Incorporates such a penalty. Furthermore, these differe tial
response tendencies seem to be moderated by personallty variables unrelsted to
the varfiable measured by the test under scrutiny (Siakter, 1968; Jacobs, 1971).

it has been suggested that the differentlal tendency to "take risks" In
the ldentification of some number of the J-| options may be controlied by In-

‘croaslng the level of penalty Imposed for Incorrect responses (Arnold and
Arnold, I970.vp. 13). There Is, to the auttor's knowledge, no direct empirical
evidence for this suggestion where CTD are concerned. However, |f one extends
the "argument by analogy™ from the simliar results cbtalned in the Sherritfs
and Boomer (1954) and Hritz and Jacobs (1970) studles, the results of Waters
(1967) may be relevant. Waters found that Increased levels of penalty re-
sulted In signlticant Increases In the numbor of omltted Items In a conventional
multiple~cholce testing situation. One might hypothesize thst Incressing the
level of penalty under CTO would result {n snalogous behavior; !.e., Ss wii{
identity fewer of the J-| distractors.

Arnoid and Arnold (1970) have aliso suggested that the usual credit-pen-
alty arrangement used with CTD, descrited sbove, |s mathematicsily Inadequate
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They then present, under a game-theoretic model, what Is proposed as a more
adequste system. 1he credit-penalty arrangement Is such that the following
sre the "fslr scores" assigned to varlous responses to a four-option mu!tiple-

cholce |tem.

TABLE |

Falr Scores for a Four-Option Multipie-Cholce |tem, as Developed by
Arnold and Amoid (1970), and Used In the "A & A, Specltled”
Conditlon In the Present Study

Outcoms Falr Score

lhcludlng the correct answer In the

set of optlons Identlfled as distrac- -\

tors

No ulstraéctors ldentiflec - 0

One distractor correctly identlfled /3

Two distractors correctly ldentlfled I

Three distractors corractly ldent!tled 3

ol

Unfortunately, some of the derlivations Involve the Introduction of the
assumption of a rardom-guessing model, simllar to that which Is Involved In
the derivation of the usual guessing correction formulae. |t seems Inconsis-
tent to develop a model for behavior under CTD (which theoretically Involves a
rational partitioning of |tem options Into two sets, one of which S feels con-
tailns the correct answer) wnich assumes a random process in responding. Also,
the data offered by Arnold and Arnold In support of thelr scoring procedure
ars suspect, since Ss In thelr study were simply told that it they guessed
thelr expected galn would be zero. No actual Informatlon as to credit or pen-

alty was provided to glve Ss some basls for decision making. ¥There Is evidence
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that even minor chenges In the directions provided S§s can produce sloniflicant
changes In test scores, on mesasures of cognitive varisbles (Yemamoto and Dlz-
ney, 1965) and on measures of personallty (Jacobs, 1972), acbtalned under more
conventional conditions.

The purpose of the present study was to examine the effects cf Increas-
Ing penalty level, under three types of CTD instructions, on performance on a
multiple-cholce vocabulary test. The three credlt-penalty arrangements were:
(1) tha conventional approach described above and (2) two varliants of the
Armold and Arnold approach; (a) one with all welghts speclfied and (b) one
without, with Ss simply Informed that guessing would result In a8 zero expe:ted
galn (or, In the case of Increased penaity, an expected loss to S). Under |

and 2a, announced penaltlies were doubled under the Increased penaity conditlion.

Method
Materlials
Two randomly parallel 50 Item multiple-cholce vocabulary tests, which
Inciuded 10 nonsense ftems for use with Slakter's (1967) measure of risk-teking
were developed for the study. (See Table 2 for descriptive data.)
TABLE 2

Descriptive Data for the Two Randomly Parallel
Vocabulary Tests Used In the Present Study

Form n k x s.d. " Foe a8
A 32 40 24.9 5.3 .99 (ns) .99 (ns) .76
B X2 0 2.6 6.7

%test on means
%493t On variasnces
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The date presented In Table 2 are based on the 40 legitimate Items only,
and were collected on a group of 22 Ss simllar to those In the present study.
The tests were administered In a constent A-B order for al| Ss, under Instruc-
tions which lndldafad Ss should respond to all |toms; scores were based on the
number correct. The t and F tests Indicate that the means and varisnces, re-
spectively, are not significantiy ditferent (p > .05). The between-forms cor-
relation of .76 Indicates the two forms produce data sufticlontly cnnelsluns
to justify thelr use In a repented moosiu 05 oxporiment.

Two dependent varisbies were ured: & measure of contldence or risk-
taking, based on Slakter's (1967) formuls and respcnses to the 10 nonsense
Items on each form, and a related index, the number of !tem options responded ’
to on the 40 legltimate [tems on mach form. The dlfferences In scoring rules
makes 8 comparison of actual scores meaningless It computed according ”!ER:-

rules presented.

Sw jects .

After development and tryout of the two vocsbulary tests to be used In
the present study, subjects were recrulted from the enrol iment of two sections
of the Introductory master's level research methods course in the School of
Education at the University of Plttsburgh. They were asked to particlipate In
a study to be conducted during an hour of class tIme, which would serve 2s @

vehicie for subsequent |ectures and discussions throughout the term. All stu-
dents agreed to participate,

Procedure

The 87 Ss were roendomly assigned to the three treatment groups mentlonec
above. Each S recelved Instructions, several worke! examples, and test mate-
rlals 1o enable Indlvidusl work without nesd for expianation from E. This al-
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lowed Ss In different treatments to remain In the sams room. An error In as-
signment resulted In one S being misassigned (note the n's in Table 3). Thir-
¥y minutes were allowed for form A, whereupon ail matorliais were collected,
ond m'forlals tfor form 8 distributed. Thirty minutes were also allowed for
form B. All materlals were than col lected, and Ss wers thoroughly debrlefed

concerning the sfudy.

Design

The design of the study was conceptuaiized as 8 3 x 2 full reank multl-
response repeated msasures design and was analyzed as such uslng procedurss
discussed by Timm and Carison (1973) and Timm (1974).

The design of the 'study Is presented In Figure |, to enable the reader

to relate the varlious hypothesls tests to thea design.

Dependent Varlable !(v|> Dependent Variabje 2(V2)
Treatments -
Condition 1(C,) | Condltlon 2(C,) Conditlon 1(C,) | Conditlon 2(C,)
T T Y2 s Vig
L) ¥2i uz2 uzs Y24
Ty My 3o y3 Vyg

1.

.

Design Used In the Present Study

Results

Fig. |. Plan of the 3 x 2 Multl-response Repeated Measures

Results descriptive of the effects ot treatwents and condlﬂong on the

two dependent variables employed are presented In Table 3 in a format cons's-

tent with Figure |, and I{lustrated in Figures 2 and 3.

ot the dependent varisbles are presented In Table 4.

The Intercorrelations
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The data presented !n Table 3 Indicate that the Increased penalty had a
simllar Impact on the two dependent variables in the three experimental groups;
in all casss, Increased penalty (elther speciflied or Implied) resulted In a de-
crease In Index averages. |t may also be seen that the two dependent varlables
are signiflicently and substantlally correlatad within penalty conditions within
freatment groups.

TABLE 3

Means and Standard Devliations of the Two Dependent Variables Used, Under the
Two Penalty Condltlons for the Three Experimental Groups In the Present Study

Penalty Condltions and Variables

risk (Vl) response attempts (Vz)

low penalfy(cl) high penal“ry(cz) low penalfy(C.) high penalfy(Cz)

n X s.d. x s.d. X . s.d. 3 s.d.
DT 30 14.60 6.74 6.97 7.96 81.73 14.20 71.70 15.71
A, speclfled(Tz) 28 17.68 8.49 10.18 8.30 85.82 17.56 76.39 20.72
A, unspeclfled(Ts) 29 19.59 6.72 12.59 7.72 93.55 15.62 84.86 17.18

20 T

15 +

0 | i
CI c
Flg. 2. Flot of Data Polnts for Varlable One, Risk-taking or Contldence,

Across Two Penalty Conditions (C| and C,)
for the Three Treatment Groups
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Flg. 3. Plot of Data Polnts for Varlable Two, Number of Response Attempts,
Across the Penalfy Condl tbons (C' and C‘l\, for tho Throw Tivatiment b‘ruups

A mititua. tuio F-test was performed to test dlffarences amonq treatments,

( ' ( 1 \
¥ ¥24 r 2]
u u u
Hs 2| Y22 ] | ¥
Uis Uas Vi3
L ¥4 L ¥2g ) U M3y )

In other words, the significance of dlfforénoes among the Tl' T2 and
T3 mean vectors was tested. The results of this analysis are presented In
Table 5; the muitivariate Fa' 162 of 1.795 has a chance probabliity of approxi-
mateiy .08. (See Table 5)

“»



TABLE 4

Intercorrelations of the Two Dependent Varlables Under the Two Penalty
Condltions for the Three Experimental Groups of the Present Study!

Trsatment Conditions and Variab|es
Experimental '
Groups risk (v) response attempts (V,)
low penalfy(c|> high penalfy(cz> low ponalfy(c'> high penalty (cz)
vlc| 1.00 .
, -
CTD (T)) ViC -63 .00 .
(n = 30) V.S .85 .29 1.00
v,C, .49 .55 .52 .00
\%‘C' {.00 ‘
AL&A v.C, .68 -~ 1.00
wclfled(Tz)
(n = 28) vzcl .88 .55 1.00
v.C, .55 | .19 .65 1.00
o v,C, 1.00 |
. A&A v,C, .45 1.00
~.spec|f|ed(T3>
(n = 29) V.C .85 .22 | I .00
v.C, .45 .58 .54 1.00
R S ORp RIS §

ltor n = 30, df = 28, r > .306, p < .05 and r > .463, p < .O|
for n =29, df = 27, r > 31|, p < .05 and r > .471, p < .O!
for n = 28, df = 26, r > .317, p < .05 and r > .479, p < .0Il




TABLE 5
Mulﬂcvarlafo ANOVA Suuiary Table; "Treatments" Hypothesis

Source DF sSSP Multivariate F | p-vaive

reatments (T) 8 | [ 382.112  (sym) 1.795 0814

_rror

801.143 2115.842
392.378 964.627 469.501
| 893.49| 2351.827 1075.491 2614.493

162 | [ a311.842 (Sym)
8185.214 21005,46

2861.542 5839.247 5366.108

| 5438.981 13775.771 7836.081 27008.427

O

Thls analysls 1:esfs for the colncldence ‘of the four data points obtatned within
each of the three treatments. The overs!l F Is regarded as Indicating a sig-
niflcant departure from colncldence (p < .10).
Confldence Intervals were calculated for d]fferences between treatments !
data pointc. |t was determinsd fhaf slgn'lflcan? dltferences for V'CP vzc',
V,C,, and y‘lL,cz exIsted between T,(CTD) and T, (A & A, unspsclfied), only (p < .10).
A multivariate F-test was then performed to test the signlticance of

ditferences across the two penalty conditions, Cl and Cz, sImui{ taneously for )

both varlables,
4 3 . 3
Ui r Y2
[ Y22
) 4
s LU I iR
A" u I3 ' ’ ‘\5'4 -
_ 173 | vz
\ V33 | { M3gq ) “'\

\
The multivariate F of 44,702 has a chance probablility of less than .001;
¢ 6,166 " . ) . ’

8 summary of the analysis Is presented in"Yable 6.
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TABLE 6
* Multivariate ANOVA Sumary Table; "Conditions" Hypothesis

.Source d¢ | sSSP Multivariate F | p-vaiue
Condi tions (C) 6 4884.134 6131.934 14.702 < ,001
. 6131.934 7698.971 .

Error 166 3954.867 ©6743.067
6743.067 20462.031

The calculation of confidence Intervals for the cbtalned differences
scross penalty conditions Indicated that the incressed level of penalty had a
signlflicent effect (p < .05) on variable | (a measure of confidence or risk~-
taking), but not varisble 2 (the number of responses made to the optlions of
legitimate Items), and the effect was simllar for all three treatment groups.

A multivariaste F-test of the Interaction (T x C) hypothesis produced »
nonsignificant: F, .o of 0.70 (p = .9911). In view of the nonsignificant
Interaction, two additional analyses were performed.

The first analysls compared dl fferences among treatment groups by con-
trasting vectors of V, V, averages simditaneously, collapsed across conditions:

IR A
2 2 2
HO: -' =
Bistu g Bystiyy ugghuy,
\ 2 ) \ 2 J X 2 )

The multivariate F-test produced an F‘ 166 of 2.941, which has a chance pro-
. »

babl i1ty of approximately .0221. The results of this analysis are sumwnar!zed
In Table 7.



TABLE 7
Mulﬂvarlafo ANOVA Summary Table; "Trestments'" Hypothesis

Source d¢ -SSP Multivariste F | p-vaive
Treatments' (T') 4 395.592 933.689 . 2.941 0221
933.609 2358.497 ' '
Error 166 3850.258 6324.860
6324 .880 18891.279

Confldence Intervals caiculated lndlca.fod the signiticant difterences
were between T, (CTD) and ’l"3 (A8A, unspecified), only (p < .05) and only for
varlable | (risk-taking, ocollapsed across conditions).

The second analysis contrasted condltions C' and Cz by confrasﬂ'ng vec-

tors of V|, V, averages simultanecus|y over the three treatment groups:
tu”/3 ] [ tu|2/3

:"ISD Ly /3

The multivariate F-test resulted In an F2 8

»

of this analysis Is presented in Yable 8.
TABLE 8

Multivariate ANOVA Summary Table; "Conditions'" Hypothes!s

H

3 of 55.566, p < .0001. A summery

/
/

Source da¢ | ' Nulﬂvarlaﬁ F | p-value
| B ERN L
Conditions' (C') 2 4860.935 6099.982 55.566 < 000!

6099.982 7634.860

~  Error 83 | [ 3954.867 6743.067
6743.067 20462.031
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when confldence Intervals were calculated for obtalned dlfferences ac-
ross cond!tions Cl and C2 for varlables (Vl and Vz) collapsed across treast-
ments (T|, Tz and T,). 1t was found that differences for both variables were
signlficant. That Is, when "condition eftects" are obtalned by averaging ac-
ross treatment groups, the effect Is signlficant for both dependent vari-

adbles (p < .05},

Summary and Discusslon

Although the dascriptive data presented In Table 3 and In Flgures 2
and 3 seem to Indicate that Increased penalty-level has a simllar effect on
both dependent varlables, several analyses Indicate that V|. Slakter's mea-
sure of risk-taking, I|s apparently the more sensitive and conslsfonf dependent
variable.

The test of the first "treatments" hypothesis (see Table 5) Indlcated
elgnificant differences between Tl and T3 for both dependent varlables and
both conditions, but with p < .10. A second test of thls hypothesis, based
on v|. Vz averages, collapsed across condltions Indlcated that significant
differences exlsted between T' and T3 (p < .05), but only for V' (see Table
n.

when both "condltlons" hypotheses were tested (see Tables 6 and 8),
V| reflected a signiticant decline from C, to C2 in both analyses; V2 dld so
only In the latter analysls.

Variable one, then, a measure of risk-taking (as Slakter termed It) or,
more descriptively, a measure of confidence exhiblited In attempting to answer

what pouLdaLly appesr to Ss as very difficult {tems, seems to be more af fected
Ly both the Increase In penalty and the Imuitaations In test directions.
Although It Is usually not considered qood practice to develop proce-

dures unde- one set of conditlors, with the cuxpacietion they w!il readlly gen-
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eralize to snother set, the data of the present study Indicate that the dif-
tferences In behavior between ccndltions where the detalls of a scoring rule

are presented, and where they are not, are not statistically signiticant. How-
ever, with respect to CTD in thelr usual form, and fo a condition where penal-
tles are Implied but not speclfied, |t appears that students exhidblt more con-
tidence In attempting to answer nonsense Items (which,.8t least logically,

may have a8 "stimulus-vslue" analogous to an extraordinarily difficult leglt!-
mate Item) under the latter conditions. These results are consistent with
those of Waters, who found that students spparently view completely imspocléled
scoring welghts as indicating zero welghts for incorrect answers.

The results of the present study Indicate that the problem of conserva-
tive responding under CTD noted by Hritz and Jacobs (1.e. all Ss tended to
ldentlfy too few distractors) may be partially resolved using procedures parai- )
leilng those of TS‘ The question of the effect on test validity and the pos-
sible Intersction with subject (attribute) variables needs ]nvosﬂgaﬂon. Aiso,
one Is left wondering what the long term effects of experience with the pro-
cedures in the present study would be, 6.g. after some experience, would Ss
in T and Ty condition behave in a #ore simliar fashion? Would an Interaction
between leve! of penalty and subject characteris¥ics dov_.l%“

The present study has impiications for the generel domaln known as cri-
terion-referenced testing. While most of the effort In this area thus far has ‘;;
centered around strategles for Item and test dovolop."u'/tf. I tem and test admin-
istration and |tem and Test analysis, a very fundementa | question remains; what
should Ss be fc!d when they confront a crlforlon-nf‘nneod test? The results

!

of the present study Indicate that behsvior cbserved mey vary ss a function of |

Item'difficulty, Instructions to the S, and pensity for Incorrect responses. !
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Stnce behavior Is compered with some criterion or standard, one cannot assume
that the effect (If any) Is constant across all Ss (which would permit leglti-
mete norm-referenced comparisons) therefore of no Importsnce. One may Instead
oconsistently over-or under-estimate the leve! of performance of a group of Ss,

depending upon how the criterion Information was generatéd,
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