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~~ ~~would be violated . Of equal importance to the study was a compari son of
the one- and three-pa rameter logistic models to each other as well as to
a traditional paper-and-penci l achievement test. A total of 110 under-
graduate students enrolled in an introductory educational psychology and
meas urement course at the University of Missouri -Columbia served as examinees
for the study . A counterbalanced test-retest design was employed in which
there we re two separate test sessions one week apart for each exami nee ,
with both the one- and three-parameter tests administered at each session .
The tailored tests were administered on Applied Digital Data Systems Consu~l980 cathode ray tube terminals which were connected to an IBM 370/168 /
computer through a timesharing system. Relative efficiency curves , testy
retest reliability coefficients , goodness of fit of the models , descrjptlve
statistics, content validity , and the correlation of the taij.~xe4-t~~tability estimates wi th the traditional course exa! co es ere used to
compare the models. Item pool s were const~uet~~ through the use of link-
ing procedures to place item p ramete~

’r~s from different test calibrationsonto the same scale. D~~ ,ig” the tailored test, items were selected for
administration based,~a1~i the information function , and maximum likelihood
ability estimation fl~as employed . In addition , an attitude survey was
administered after ~~ch test session to determine student attitudes towardthe tailored tests. The results of the study indicated that neither tailored
test procedure performed as wel l as the traditional course exam in terms
of reliability . However, the three-parameter procedure had higher test
information and better fit of observed responses to the model than the
one-parameter procedure . Neither the one-parameter nor the three-parameter
tailored tests yielded satisfactory content validity . The attitude scale
results indicated generally favorable student attitudes toward tailored
testing .
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PRELEMS IN I~PPLICATION OF LATENT TRAIT

IDDELS TO TAILORED TEST I NG

Tailored testing has frequently been proposed as an innovative solution
to many age-old measurement problems . In particular , tailored testing
procedures can theoretically alleviate many commonly encountered problems
with conventional , paper-and-pencil multiple choice tests . One problem
with conventional tests, in which all the exami nees are administered the
same questions , is that test items are often of inappropriate difficulty
for many exami nees . An exami nee with low ability may be frustrated by
the difficult i tems on the test, and therefore , will resort to random
guessing or to i tem omissions . On the other hand , an exami nee wi th a
high ability level will often find many test i tems to be to) easy and
unchallengi ng . In general , there is a tendency for conventional tests
to be most appropriate and accurate for measuring the average exami nee.
This tendency is reflected by the fact that the standard error of measure-
ment of a test is usually higher at the extremes than in the mi ddle of
the ability range . The result of imprecise measurement , of course , is
l ower overal l test reliability . Other commonly cited problems wi th conven-
tional tests incl ude time limit pressures and effects of test administration
differences (Weiss , 1974).

Tailored testing procedures (Lord , 1970) have been developed in an
attempt to alleviate these and other problems with conventional tests ,
but tailored testing strategies may often be accompanied by a whole new
host of problems. The purpose of this report is to describe some of the
difficulties which became evident while conducting tailored testing research
at the University of Missouri-Columbia. First , however, it may be helpful
to briefly discuss the rational e behind tailored testing and some of its
primary characteristics .

The basic goal of tailored testing is to mi nimi ze the errors of
measurement when estimating an examinee ’s ability or achievement level .
As suc h , a primary distinguishing feature of tailored testing is its attempt
to administer test i tems of appropriate diffi culty level to each examinee .
That is , rather than administering the same set of test i tems to all exam-
inees , the tailored testing procedures attempt to “tailor make hl the test
for each indiv idual. This is accomplished by selecting i tems for adminis-
tration that maximi ze the i nformation about an exami nee ’s estimated ability
level , resulting in efficient measurement that facilitates the control
of test errors .

Tailored testing is often based on item characteristi c curve (ICC)
theory (Lord, 1952; Lord and Novick , 1968) which i nvolves relatively
sophisticated mathematical models. In order to implement tailored testing
it is usually necessary to utilize computer capabilit ies for several steps.
First , tailored testing requires a precalibrated pool of i tems for the selection
of test i tems to be administered . Calibration of i tems is usually accom-
pu shed by submi tting i tem response data from some conventional test to

______________________ ___________  
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one of ~evot ’ al  ox i s t i  rig latent t ra i t  cal ibrat ion programs (Wright and
Par ichapakes an , 1969 ; Wood , Wingersky , and Lord , 1976 ; an d Urry , 1975)
in order to obta in item parameter estimates such as diffi culty , discr iniin-
at io n , and que~s ing index es .

Ano ther requi t e d  .tep is the development of a computer program to
operate the ta i lo red test ing procedure on an in teract ive basis wi th the
exam i nee . In d~ve1 op i ny t hi s program , many dec is i ot is must he itade as to
the operat ional cha rac te r i s t i cs  of the test i t se l f :  (a ) the entry point
i n to the i tent pool (the f i rs t i tent administered ) , (b ) the ab i l i ty  es t I ma—
tion procedure to ho ut i l i zed  (usuall y either a Bayesia n or max i mum
likelihood technique ), (c) the method used to select successive i tems ,
qi~ en responses on the prev i ous i tems , and (d) a stopping rule to terniin-
ate the test.

As might be expected , nu merous prob l ems may arise that must be dealt
w i t h  in order to establish tailored testing as a viable alternative to
conventiona l testing . In particu lar , the i tem cal ib ra t ion  and ab i l i t y
est imat io n phases of tailored testing present special difficulti es. These
~.‘i1l he considered in greater detail later in this report , but it will
~ut ice for now to note that , f i rst , sample s i ze i s an im portant  determi nant
of item ca l ibrat ion quality (Reckase , 1977 ). Moreover , calibration weak-
nesses niay be compounded when data froni several small sample cal ibrat ions
are 1 i nked toge ther us i rig i tents in common to form a 1 arger I tent pool
~nother problem that may occur under certa in cir cumst ances is the noncon-
vo ryo nce of ab i l ity est i mation procedures. Fina lly, some of the assumptions
o~ the latent t ra i t  models nay be v io lated in tai lored test ing procedures ,
result ing In  problems when , for example , an extension is nude front abi lity
t os t ir1 ~1 to app l ica t ions  in achievemen t testing .

Latent Trai t  Models

The Rasch (1960), or one-parameter logistic (1PL) model , has been
thorough ly described by Wright (1977) .  In general , the 1PL model requires
only one abi 1 i ty parameter , o~ , for each person and one i tern diff iculty
~arank~ter , bi , for each i toni in order to represent the interact ion between
an oxam inee and a test item . The exponential form of the 1PL model is

ex p(u. .(~ 
— b.  ) )

p 1 )
... 1 3 3  1 (1 )~U 1 1 1 + exP (tt~ - b. )

where u1 is the score (0 or 1) on Item i by Person j  , oj and b~ are as
defined ~bove , and P(u~~) is the probability that Uj j is equal to 0 or 1.

In contrast , the three-para meter logist ic  (3PL) model presented by
Ri rnbaurn (1968 ) requ I res the esti rn ion of three i tern parameters to
r epresent  the interaction between test items and exami nees . The model
is ulven by
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exp( Da .(~ . - b.))
= P(u~ 1) = c1 + ( 1 - c1 ) 1 + ex~(D~1 (e.

1
- b,)) 

(2)

where P(uij = 1) is the probabili ty of a correct response by Person j
to Item I; c 1 is the guessing pa rameter for Item i; D is a scaling constant
equal to 1. 7; a1 is the i tem dis crimination parameter; b 1 is the item
difficulty parameter; and 

~j 
is the ability parameter for Person i. The

probability of an incorrect response , Q~ j is defined simply as 1 - P~~.

Both models have in commo n the assumptions that the i tems are scored
d i c h o t o m o u s l y , that the latent trait being measured by the items is uni-
dimensional , that the model describes the interaction between a person
and an item , and that loca l independence holds (Lord and Novick , 1968).
This last assumption simply means that the probability of a response
(correct or incorrect) to any given item on a test is unaffected by any
previous response .

The unidimensionality assumption has particular relevance when con-
sidering tailored testing app l ications to ability tests compared to achieve-
ment tests . In the former case , factor ana lytic procedures usually y ield
one domi nant factor being measured by the test itenis . Certain ly this
is the case for abi l i ty measures such as verbal or quanti tat ive aptitude ,
and often is the case for intelligence tests.

C)n the other hand , achieve ment tests are usually constructed with
multidimensional measure ment as a prinia ry goa l. Since most achievement
tt ’ .ts at .e based on the object ive of samp ling d is t inc t content areas or
domains , multidi rnensiona lity inevitably seems to be built into the tests .
~it h th is being the case , the unidimens ional assumption of latent trait
measurement needs to be examined for ach ievement test app l icat ions of
t a i l o red  testing. The present study brings evidence to bear on this issue
and w i l l  be discussed in detail later. However , it is convenient as a
ha . i s  for comparison to f irst summarize the resu lts of a previous study
reporte d on tailored testing applied to unidimensional vocabulary ability
measurement (Koch and Reckase , 1978).

Vocabulary Tailored Testing Study

The purpose of the study was to compare the 1PL and 3PL models in
a tai lored testing application to vocabulary ability measurement. A
counterbalanced test-retest design was employed in which there were two
sepa rate test sessions one wee k apart for each exami nee , wi t h both the
1PL and 3PL tests administered at each session . The calibration programs
used to obtain item par ameter estimates for the 72 items contained in
the vocabu lary pool were the Wright and Panchapakesan (1968) program for
the 1PL model and the LOGIST program (Wood , Wingersky , and Lord , 1976)
for the 3PL model. Test items were selected for administration to maxi-
mize the information function (Birnbaum , 1 968 ) for the maximum likelihood
abi lity est imates.

—~~~..._ _ _  _ _ _
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in general the t’e~u l t~ denK~nStrated that tailored tests based on
e i t n t ’r of these two latent trait models could be successfully appl i ed
to vocabulary abi l i ty  ‘st’asuromont. however , there were severa l specific
areas w het- c one ta t  lorej testing method performed better than the other.
For example , the 3PL te st  was found not onl y to have more total test infor-
mation than the 1PL test , but also to have a better f i t  betwee n the empiri-
c~ l lv  obtained responses and those predicted by the model .

In regard to re l iabi l i ty , the 3PL procedures resu lted in a signif i-
cantly higher reliab ility coeffic ient than the 1PL test .  The va lues , which
rei lec ted a combination of t e s t — r e t e s t  and equivalent forms reliability ,
~ere ‘- = 77 and r = 61 , respectively. However , it must be emphasized
t h a t  the 3PL procedure , in conjunct ion w i t h  maxi mum likelihood ability
estim ati on , failed to converge to ability estimates in nearly one-third
of the ta i lot -ed tests. W ith these non converg enc e cases i nclu ded in  the
rc1ia ~ i li tv cal culation , the correlation coefficient for the 3PL tests

ropped to r = .36 . W ith flax imum likelihood scoring bei rig a major tech—
I que for a:~ iii ty est imat ion , the nonconverqenc e phenomenon consti tuted

a ~ ‘r i OUS p rob i em . The hy pothes i s was forwarded that the noticonvergence
was due to the i tern pool hei rig too d i f f icu l t  overall for numerous exaininees
~t is important to note that nonconvergence of abil i ty estimation never
occ urre d in conjunct i on w i th the 1 PL model

Ta ilored Achievement Testinq

W ith the exception of the research reported by the Psychometric
~~~ t h o d s  Program at the t n  vers I ty of Minnesota , virtual ly nothi rig has
been published in the l i terature in regard to the app l icat ion of tailored
t e s t ing  to achieVe’ i~?nt measurement. Although frequently treated as if
they are highl y similar in approach (e .g. Bejar , Weiss and Kingsbury ,
1 977), the tailo red measurement of ab i l i t y  and achieve ment can present
qu t e  different problems . Ability tests commonly make use of high qual i ty .
unidimensiona l pools of items . In contrast , since achievement tests are
cons tructed to measure d is t inc t content areas , the item pools are usually
in 1 tidirnens I onal

However , the hi ol ogy achievement test s tudi ~d 1~ Bej ar , e t al - (1977)
was found to have onl~ one dominant factor. With this being the case ,
1 t ~O ~ not surpr i s  1 119 that the c~ l ibrat ion of the item pool w i th  the un —

dimensional i tern chat -ac te t- St i c cur Ve (ICC ) model proved to he adequate .
t n act , the use of the ICC model with the biology achievement test would
not be expected to he much diff erent than unidimensional aptitude or ability
tests.

A mere interesting appl ication of ICC theory was reported by Brown
and Weiss (1977) in  w it ich an adaptiv e testing procedure was used for an
achievement test which had several content areas . This research nicely
demonstrated that an adapt ive testing strategy utili zing inte r—s uhtest
branching s uhsta nt i  al l ’~ reduced the total test length whi le , at the same
time , providing equa l prec ision of measurement compared wi th the conven-
ti onal achievement test  hat tet ’v . In add i tion , th e correla ti ons between

I ~~. -
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the ad~ptive subtest scores and the conventional subtest scores were quite
high , with the adaptive subtest information curves being nearly identical
to the conventional subtest information curves .

However , even this application of adaptive testing to multidimensional
achievement measurement (Brown and Weiss , 1977) did not address the issue
of the robustness of ICC theory with respect to the violation of the uni-
dimensionality assumption . This was due to the fact that each subtest
or content are a was calibrated separately, rather than having one calibra-
ti on of a multidimensio nal i tem pool . Nor was there any attempt to exami ne
another crucial aspect of achievement testing , namely content validity .
This is the question of whether or not the tailored test samp les the
various content areas in the same proportions or to the same degree as
the conventional test , assumi ng that the conventional test was also constructe d
to have adequate content validity . The current study provided an oppor-
tunity to investigate both the robustness of the ICC model and the content
validity of tailored testing when applied to achievement measurement.

Method

Item Pool Construction

Calibration The i tems calibrated for use in the study were obtained
from a series of classroom achievement tests which were administered as
part of an undergraduate course in educational measurement. Response
data were collected from a total of 11 separate 50 i tem multiple choice
exams , most having 4 al ternatives per i tem, coveri ng the content area of
educational evaluation techniques . All of the tests were calibrated with
both the Wright and Panchapakesan (1969) program and the LOGIST program
(Wood , Wi ngersky , and Lord , 1976) which yielded the 1PL and 3PL item
parameter estimates , respectively. The sample sizes ranged from 96
exarni nees to 314 exarni nees , although most of the tests had sample sizes
of about 200 (see Appendix A-l) .

The classroom tests themselves had been produced according to tradi-
tional achievement test construction principles . Items were included on
the exams if they had moderate to high point biserial discrimi nation indices ,
and in such a manner that the average test difficulties were close to
.75. Being achievement tests , a table of specifications was used to construct
the tests to match course obj ectives . This meant that separate content
areas were identified , behavioral objectives were written at several taxo-
nomi c levels for each are a , and weights were assigned such that the relative
emphasis for different course topics was reflected in the achievement
measurement . (See Appendix A-2 for a detailed table of specifications.)
KR-20 rel i abilities for the exams were found to be consistently in the
range of from +.60 to +.80.

Linking Since all of the achievement tests had numerous items in
coninon across tests , item calibrati on linkings were performed in order
to form a large item pool for tailored testing . In this procedure the
goal was to link all the sepa rate item parameter calibrations into one
final set of item parameters such that parameter estimates obtained from
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different samples were put onto a single scale. Of course it would be
more convenient to have a sing le large sample of examinees (say 1 ,000
or more) to whi ch a single test of 150 or more items could be adminis-
tered.  In this latter s i t uat ion , the need for item parameter linking would
be el imi nated , and more stable i tem parameter estimates would be obtained .

Unfor tunately,  in the typ ical classro om situation it is rare to have
r are tHa n 100 examinees taking a single test at one point in time . More-
o ve r , for test security reasons , it is usually necessary to construct a
neu f orm of the exam for eac h new c lass , although numerous items may over-
lap. Thus we are confronted with a situa tion in which many different
si .a ll sample size calibrations are required to obtain i tem parameter
estimates. One resulting problem is that the parameter scales for each
separate calibration are i ndetermi nate .

In the one-pa rameter program , t he zero poin t  on the di f fi cu l ty  scale
is arbi trarily set to be at the average i tem difficulty level for a particu-
lar tes t .  With the three -parameter program , the zero point is determined
by the avera ge of the abi l i ty  estimates yielded by the cal ibrat ion , which
~s then translated into a zero point on the i tem difficulty scale. It is
easy to see , then , why i tem parameter estimates turn out to be santple
specific. In thi s regard , it i s im portan t to note tha t  these es timates
are equivalent wi thin a linear transformation . This means that we still
maintain the very desirable attribute of latent trait or ICC models referred t
to as invariance of i tem parameters (Lord and hovick , 1968). If the model
assumptions are met , the n the it em p arameters w i l l  be inv a r i an t  across
different sample calibrations , but onl y withinTTransformation of scales .
Hence , some form of linking procedure is necessary in order to build a
single l arge calibr ated i tem pool from several test administrations , So
that the parameters will be on a common scale.

In order to perform linking of the Ibu values (item difficulty para-
meter estimates ) for the one-parameter ICC model , the procedure used in
the current study was to identif y the i tems in common among two or more
tests and then calculate a mean difficul ty value for the common i tems ,
separa tely for each test. One test was then arbitrarily designated as
the “cal ib r a t i o n  base ” for the l i n k i n g. The d i f ference between the mean
d ifficulty for the calibratio n base and the other test mean difficulty
became the scalin g constant for linking. This constant was added to all
the i tem difficulty pa rameters in the second test in order to put them
on the same scale as the calibration base i tem difficulty parameters .
For the common i tems , the t ransforme d parameter estimates were then
combined with the base test parameter estimates using a weighted average
procedure . Essentially, th is procedure amounted to what has been called
a major axis scaling procedure (Reckase , 1979).

L inking procedures for the three-parameter ICC model were somewhat
more complicated. The procedure used to link the “a ” values (i tem dis-
crimi nation parameter estimates) was similar to that used for the one-
parameter difficulty values , except that a multiplicative constant was
used for the scaling . For the i tems in common between the two tests ,
this constant was equal to the ratio of the mean of the “a” values for
the calibration base i tems to the mean of the “a ” values for the i tems
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on the other test. Multiplying all of the “a ” values from the second
test by this constant was used to transform them onto the same scale as
the “a” values from the calibration base. Again , weighting was used to
reflect sample size differences for the two tests .

The linkin g of the three-parameter model “b” values was accomplished
through a linear regression procedure . The “b” values  from the test to
be linked were regressed on the “b’ values from the calibration base for
the i tems in common . The resulting regression equation was then used
to ob t a i n  new est ima tes of the “b’ parameters for the linked test. For
t he common i tems , these new parameter estimates were combined with the
base test parameter estimates using a weighted average procedure . Since
the “c ’ values (i tem guessing parameter estimates) from different tests
were alread y on the same 0 to 1 scale , a s im p le we i ghted avera ge techni-
que was used to accomplish the linking .

Ta b le 1 presents t he means , standard deviations , and ranges of the
i tem parameter estimates resulting from the calibration and linking proce-
dures descri bed above . In add i t ion , Figures 1-A , 1-B , 1-C , and l-D present
histograms of the distribu tions of the i tem parameter estimates in the
final 180 item pools for the tailored achievement tests . The i tem pool
used for the one-parameter tailore d tests contained the same 180 i tems
as the i tem pool for the three-parameter tailored tests . The correlation
between their respective “b” values was .91

Table 1

Descriptive Statistics of Item Parameter
Estimates for Tailored Testing Item Pool s

One—Parameter Three-Pa rameter Calibration
Cali bration

b~ a
~ 

b
~

Mean .518 .758 -1.764 .238
S. D. 1.505 .720 3.800 .115
Low Value -3 .165 .010 ..g ggga .000
High Value 5.437 3.537 21.518 .500
No. of Items 180 180 180 180

• aTh IS value was an arbitrary lower limi t on
the 3PL difficulty parameters .

As can be seen in Figures 1-B and l-D , the distributions of item
difficulty values in the i tem pools were markedly peaked rather than taking
on a uniform distribution which would have been preferred . Even more
disturbing is the distribution of item discrimination parameters show n
in Figure 1-A since nearly two-thi rds of the items had “a” values below

— — - - - - -~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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.80. Finally, as can be seen in Figure 1-C , approximately thirty items
had guessing parameter values above .30 , with twenty of these having “c”
values close to .50. Clearly the item pool was not an optimal one from
a theoretical viewpoint . In practice , it meant that the size of the i tem
pool was severely restricted during the use of the three-parameter tailored
testing procedure , as will be seen later. In fact , the 180 item pool
was functionally reduced to only 28 i tems, since items were selected for
administration on the basis of their i nformation values .

Tailored Testing Procedures

The three required components of the tailored testing procedure were
(a) an i tem selection routine , (b) an ability estimation technique , and
(c) a stopping rule to termi nate the test. These components have been
described elsewhere (Koch and Reckase , 1978; Patience , 1977), but they
will be summarized here .

For both the 1PL and 3PL procedures , i tems were selected for admi n-
istration to maximi ze the value of the information function (Birnbaum ,
1968). The i nformation function described the potential contribution
of each item to the estimation of a given exami nee ’s ability level . Item
information for the 1PL procedure was computed as

exp [ - (O.  - b.)~I (e .)  = ~ 
2 = - b.) (3)

{1 + exp( — (0 . — b~)iJ 3 1

where I(Oj ) is the information of Item i at ability level 9 for Person
e~ and bi having the same meanings as given in formul a 1 , and ~j(x)is the logistic probability density function .

For the 3PL procedure , item information was cal culated as

I(o~
) = D2a~

2
~P(DL~(o~)] - D2a 1P1~ (e~)iP(DL~(e~) - log c1 j (4)

where I( e~) is the information as defi ned above ; L~ (o~) = a1 (e1 — b);
is the probability of a correct response to Item i given ability

level o~; ~p(x) is the logistic probability density function ; and the otherparameters have their definitions given previously. The total test i nfor-
mation was then simply the sum of the i tem information (Birnbaum , 1968)
given by:

n
1(e) = E I(e .) (5)

i=l ~

In the tailored testing procedure , the exami nee ’ s initial ability
estimate was randomly assigned to be either + .50 or - .50. The first item
to be administered was selected such that the information functi on was
maximal at the initial ability estimate . I-f the examinee answered the
f irst item correctly, the ability estimate was increased by a fixed step—
size (.693) (i.e. a more difficult item) . An incorrect response resulted

—- ______________ - ____________ ____________ ______
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I Ii dli ab 1 i ty e st I ma to t hat was dec ro as ed by the s t ~~~ is .: o . A f i xed s tep —
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ta 1 1 ored tes t  111 ( 1 proc t -du rt ’s . The I Os t s wore ai- ranqed so tha t  the exaui 1 nee
could not per _ e l ye i’ec ’ l v i rig two t e s t s  dun riq each sess ion . The computer
pr -oqram began admi iii st  en nir~ the sec ond t e s t  i nunedi ately after ann vi ng
at an a b i l i t y  t s t  i n at e  I rum the f i rs t .  tes t  • so there was no pause between
them . However , s ince  both i toni poni s We re iden t i ca l  iii content  the

-~atri i  t r e e -  were to I U that. o c c i s  i ona I ly they would rece i ye the same test
1 tt’iii to answer tw i  ce .  The idmi iii st r at  ion of t Ilt’ te sts was accomp i i shed
on App ] led I) i q i t  al Rita sys  te;irs ( Aflt’)S ) C o i r su  1 ~l~0 cathode ray tube to,- —
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The subjects pan t i ci pat i nq i n  tIlt’ study were _ j u n  I or and sell I or under—
qi-ad uate students enr’ ,r 11 ed in on in I i eductory course in nk’asun-emo nt and
ova I ant ion . S h o r t l y  i t t o r ’  the s t.udent.s had I aken the i r Ii i-s t course exa m ,
they W ent ’ asked to V o l ant eei t o  take other t e s t s  over th~ same rn~teri a]but in shortened form on a computer tei-nii na 1 . In order to prov ide some
not i vat ion • t he i ns t  ructo r l f l  foy-nk’d each st uderit tli i t the t a i l o red  t e s t s
would be used to  ass i qn a coun~ e qi .i,Ie i t his or - her pt ’i-t oniirance W dS better
t.h,iri t i i t ’ s (0 r~ ~in hi ’ ~onven I i err , i i  cou i-se exa m. In add I t  ion , a 1 s t t4dell t s
who part ic 1 ~.i ted rO t e i ‘~ et t e x t  i-a c i ott it . p0 i nts t owand the it -  co ni -s e qrades
A tota l  of 11 () s tudt ’n t s took part
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Attitude Survey

At the end of each tailored test session , the students were requested
to respond to a 20 i tem attitud e questionnaire . The scale was identi cal
to the one empl oyed in an earlier vocabulary tailored testing study (Koch
and Reckase , 1978) except that a few of the statements were modified
slightly to refer to the course achievement test instead of a vocabulary
test. All of the statements were written in Likert scale fashion with
a five position scale of response alternatives after each item . The items
were scored on a scale from 1 to 5 with 1 signifying that the response
reflected an unfavorable attitude toward tailored testing and 5 indicating
a favorable attitude .

Analyses

The primary research issues in the present achievement test study
included comparisons of (a) the respective test-retest reliability coeffi-
cients for the 1PL and 3PL tailored testing procedures , (b) the goodness
of fit of the two model s using mean squared deviations of observed from
predicted response data , and (c) the total test information functions for
the two tailored testing methods . Also of interest were comparisons of
the ability estimates yielded by the two procedures , the content validity
of the tailored tests , the correlation of the ability estimates with the
conventional course exam , and the attitudes of the students toward tailored
testing .

The reliabil ity comparison was based on correlations between the
ability estimates yielded by the 1PL and 3PL procedures in the two test
sessions . These coefficients were not strictly test-retest reliabilities
since no examinee could possibly receive exactly the same tailored test
twice , due to different starting points in the i tem pool and different
paths through the poo1 . However , numerous i tems were repeated over sessions
as a function of the consistency in ability estimation for a person since
i tems were selected from the same pool on the basis of their information
values. For the three-parameter procedure , in particular , this meant
that highly discriminating i tems tended to be repeated on the tailored
tests . Therefore, the reliability coefficients reflected a mix between
test-retest and equivalent forms reliability . The respective reliabilities
for the two procedures were compared statisti cally using a t-test based
on Fisher ’ s r to z transformation .

The measure used to determine the goodness of fit of the observed
data to the models was the mean squared deviation (MSD ) stat ist ic , which
was calculated by sunining the squared differences for each person between
the actual response to an i tem and the probability of a correct response
predicted by the model. These squared differences were computed using
the formula

-

MSD
J 

= (6) 

_ . -- . .
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where MSDj was the mean squared deviat ion for Person J, ujj  was the actual
response to Item I by Person j ,  P 1 was the probability of a correct response
to I tem i by Person j, and n was the number of i tems in the tai lored test
for Person j. A systematic sample of 29 exarninees was analyzed to conipare
the 1PL and 3PL tests using the MSD statistic as the dependent variable
in a t-test. The sampling was systematic rather than random to insure
that fhe fit comparison covered the whole range of ability estimates yielded
by the tailored tests.

The total test information analyses were performed to compare the
1PL and 3PL procedures in terms of relati ve efficiency (Birnbauni , 1968).
The rela tive efficien cy was the ratio of information provided by each
procedure ’s tailored test (see equations 3, 4, and 5) to the information
provided by the tradition al 50 i terii paper -and-pencil course exam. A plotwas d rawn of the infor riia tioni func t i ons of the tailore d versus the trad i-
tional test LU facili tate comparisons . Ag ain , the p lo t was cons truc ted
based on a selecte d samp le of cas es across the whol e range of tai lored
testing ability estimates.

Other data analyses included a series of correlations among several
variables that were incorporated in the study . For example , the correla-
tions of the ability estimates yielded by the 1PL and 3PL tailored testing
sessions were intercorrelated . Also , the correlation w as calculated
between tailored tes ting ab il i ty estimates and other cr i teria of perfor-
mance . As suggested by Lord (1979) estimated true scores were used for
the correlations . The cr i teria i ncluded the stu dents ’ scores on the
tra diti onal cours e exam over the same content , as well as course exam
scores on other content areas. The pun-poses of these correlations were
twofold: to determin e the degree to which the two tailored testing proce-
dures were measuring the same thing and to see if one procedure correlated
Set te r than the ot her wi th the outsi de criter i a . Descr ip t iv e stat ist ics
from the two tailored testing procedures were also compiled , such as
avera ge tes t length , average test difficulty , number of items actuall y
utili zed from the item pools , etc.

S i nce a major concern of class room or cours e achievemen t tests is
content validity , a series of analyses was conducted to determine the
degree to which both the i teirl pool s and the tailored tests accurately
represented the proper measurement of the course objectives. In Construct -
ing the course exams , a ta b le of s peci f icat io ns was used to insure propor-
tionate weighting of test i tems to specified content areas of the course
material. The question was whether or not the item pools and the tailored
tests themselves also remained faithful to the desired weighting of content
areas. A set of chi square analyses were run to measure the goodness of
fit between desired and observed i tem sampling in this respect.

Another question investigated in the present study was the factor
structure of the traditional course exam. Since we have argued that
achievement tests routinely measure several dimensi ons , the response data
to the converiti onal course exam was submitte d to a pninc ip al components
analysis with varimax rotation to determine it s structure .

A final set of analyses was conducted on the att itude data collected
from the questionnaire that was administer ed after ,ic ii tes t session.

- . . , -~~ - .  ——.. ~~~~~~~~~~~ ~~~~~~~~~~
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Several types of factor analyses were run on the response data such as
principal components , iniage covarlance , and alpha factor analysis , using
var ima x , oblimax , and binormamin rotations . Once the factor structure
was determined , attempts were made to label the factors and to compare
them with the factors that emerged from the previous administration of
the scale (Koch and Reckase , 1978). Coefficient alpha reliabilities were
calculated for each factor , as well as for the total scale.

Frequencies of responses to the five scale positions for each i tem
were tabulated for both test sessions. The purpose was to provide a suniiiary
table of student attitudes toward the tailored testing procedures. Also ,
a multivariate analysis of variance was performed to measure any changes
in attitudes from one test session to the next.

Results

Goodness of Fit

In Table 2 are presented the results for the MSD statistic used in
the goodness of fit comparison of the 1PL and 3PL models. The computed
MSD values for 29 cases for each model are shown , along with the means ,
standard deviations , and the results of a dependent t-test analysis of
the data . The results indicated that the MSD statistic was significantly
smaller for the 3PL tailored testing procedure (p< .01), reflecting better
fit of the 3PL model to the observed responses .

Information Function Analyses

The rel ative efficiency comparison of the total test information for the
1PL and 3PL procedures is shown in Figure 2. The horizontal broken line
indicates the information of the traditional 50 i tem achievement test
which was administered in class as the standard for comparing these two
types of tailored tests . However , the ability scale used for plotting
the 1PL relative efficiency curve is not the same as that for the 3PL
relative efficiency curve. (In general , the ability scale for the 1PL
model will not be the same as that for the 3PL model.) Even so, a sub-
jective visual comparison of the plots is possible.

In general , the plots indicate that neither tailored test procedure
was as informative as the conventional course exam . However , the rela-
tive information of the 3PL procedure came substantially closer to the
traditional paper-and-pencil exam than did the 1PL tailored tests . This
finding was in contrast to the vocabulary tailored testing study results
( Koch and Reckase , 1978) which showed the 3PL procedure to have more infor-
mation than the conventional test , while the 1PL procedure had almost as
much information as the conventional test. The overall shape of the
information re lative efficiency curve was somewhat Irregular for the 1PL
tests , but it was peaked for the 3PL tests . Also , the 1PL procedure had
its highest relative efficiency at the upper extremes of ability where
very few examinees were classified , while the 3PL tests were most

It ... ____- .__..---___ -....... _________ .—...——..--....—----— ——.--—- -— —.. 
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Table 2

Goodness of Fi t  Comparison
Using the MSD Stat ist ic

Observations One-Parameter Three-Parameter

1 .2136 .1115
2 .2156 .2745
3 .2015 .1507
4 .2063 .1808
5 .2119 .1471
6 .1902 .1216
7 .1917 .0979
8 .2184 .2207
9 .2207 .2047
10 .2051 .2311
11 .1677 .1642
12 .1990 .2086
13 .1991 .1897
14 .2099 .21 32
15 .1775 .1515
16 .2064 .0943
17 .2216 .0966
18 .1797 .1166
19 .2094 .1723
20 .2198 .2554
21 .1560 .0962
22 .2133 .1210
23 .2040 .1012
24 .2182 .2841
25 .2034 .0762
26 .2434 .2061
27 .1962 .0672
28 .21 75 .1620
29 .2168 

— — 

.2649

.2046 .1649
S~. .0426 .0701

— 

~(28) 
= 3.727 (p< .01)

informative precisely in the ability range that encompassed most of the
exam i nees.

Reliability

The correlation matrix in Tab le 3 reports the coefficients obtained
from intercorrelat-ing the ability estimates yielded by the two model s

— i______ ..
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in the tailored testing study . The .44 correlation between the ability
estima tes from the first 1PL test (1PL 1) and the second 1PL test (1PL
2) was the reliability coefficient for that procedure . This value ,
although by no “leans high , was significantly greater (a<-°1 ) than the
.00 reliability coefficient obtained from the 3PL tailored testing proce-
dure (3PL 1 vs . 3PL 2). Neither tailored testing procedure attained a
reliabil ity that approached the traditional 50 i teni paper-and-pencil
form of the test (KR-20 = .74). Although both tailored testing rel i abilities
were disturbing ly low , the 3PL .00 reliability was of particular concern .
One factor which impacted on the reliabi lity of the 3PL procedure was
the occurrence of nonconvergence of the maximum likelihood ability esti-
mati on for 9 out of the 110 cases. Nonconvergence is commonly encountered
when using the maximum likelihood ability estimation in conjunction with
the 3PL model . (Recall that nonconvergence occurred in almost one-third
of the vocabulary tailored tests prev i ously mentioned.)

Table 3

Ability Estimate Correlations a

Variables 1 2 3 4

1. 1PL 1 1.00 44(46)b .05,.31 .l2(.24)
2. 1PL 2 1.00 .ll (.33) .l9(.13)
3. 3PL 1 1 .00 .00(.12)
4. 3PL 2 1.00

a(n = 110 cases)
b (reliabi lities when n = 101 , due to deletion of 9 nonconvergence

cases)

The deletion of these 9 cases from the reliability correlation
analyses resulted in the coefficients shown in parentheses in Table 3.
The 1PL reliability increased slightly from .44 to .46 and the 3PL relia-
bility went from .00 to .12. When these rel i abi lities were adjusted with
the Spearman-Brown formula to approximate the length of the 50 item paper-
and pencil test , the 1PL coefficient went up to .68, while the 3PL coeffi-
cient increased to .25 , both still being lower than the reliability of
the traditional test. (Lord (1977) has questioned the use of Spearnian-
Brown corrections for tailored test rel i abilities.)

To search further for sources of the low 3PL reliability , ability
estima tes were examined to locate individual examinees with widely differing
3PL ability scores from one test session to the next. Ten such cases
were identified and studied in detail. These cases are shown in  Table
4. A definite pattern emerged which reflected problems in the operating
procedure of the tailored tests . All 10 cases were situations in which
one of the tailored tests was only 3 or 4 items long , while the other
was 20 items in length . The short test resulted when the exami nee answered
the initial and all the subsequent i tems correctly. Since there was never
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both a correct and i ncorrect response , no maximum like lihood ability esti — 4mate could be computed . Thus each successi ve item administered was more
difficult by a fixed stepsize of about .693 on the ability scale. Oidi-
narily this would not be a probl em with a good quality item pool . However ,
the achievement test Item pool had only 28 out of 180 items above the
zero point on the Item difficulty scale. Moreover , the entry point into
the pool had been set at + .50 or - .50. The result was that it was possible
for an examinee to answe r the first 3 or 4 tailored test items correctly
by chance and “top out” of the item pool . When these cases of unreliable
3PL ability estimation were thrown out , the 3PL test rel iabil ity went
up to .43. Obviously this was achieved only through substantial “massaging ”
of the data . It should be noted that the skewness of the item difficulties
resul ted mainly from th2 item linking procedures discussed earlier.

Table 4

Instances of Unreliable F3PL Ability Estimation

First Test Session Second Test Session

Number of Items Ability Estimate Number of Items Ability Estimate

3 2.579 20 - .317
20 - .776 3 2.579
20 .152 3 2.579
20 .073 4 2.273
4 2.273 20 -.125

20 .010 3 2.579
20 - .270 4 2.273
20 .126 4 2.2 73
20 - .297 3 2.579
3 2.579 4 -1.700

Another problem with the 3PL tailored tests was that the item pool
was functionally limi ted to only about 30 out of the 180 items . Since
items were selected for administration based on the informati on functi on,
onl y those Items with relatively high i tem discrimination values were
administered . The effect of this artificial restriction in the 3PL item
pool was an overlap of more than 80% between the items administered from
the first test session to the next. However , item repetition over tests
was minimal for the 1PL tests . It seemed likely that coniiion items across
tests would favorably affect the 3PL rel i ability . However, partial corre-
lation analyses in previous research indicated that the proportion of
items In common had a negligible effect on the tailored test reliability .

Other Correlation Analyses

In Table 5 are listed the correlations computed between the tailored
test estimated true scores and the scores on the three paper-and-pencil

S. — I _ .~~~~~ .. .~.
_ .  - . 1.
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course exams , as well as a total exam score . Estimated true sco res were
calcu l ated as s i mply the sum of the probabilities of correct responses
to all the items in the pool for each exam inee . In general , the correla-
tions were relati vely low. This was true even for the cor relations between
Exam 1 and the tailored tests , the case in which both types of tests covered
the same content areas. The correlation between the first 3PL tailored
test and Exam 1 was higher than the other tailored test correlations with
Exam 1., but this could be due to chance alone . It should be noted that
there were no major differences between the 1PL and 3PL tailored tests
in terms of their correlations with the course exams. There does appear
to be a substantial drop in the exam correlati ons from the fi rst 3PL tailored
test to the second 3PL test. However , this might have been due to the
high number of cases of unreliable ability estimation for 3PL 2 (see
Table 4).

Table 5

Correlations of Estimated True Scoresa
Wi th Traditional Course Examsb

Variables 1PL 1 1PL 2 3PL 1 3PL 2

Exam 1 .32 .38 .50 .29
Exam 2 .34 .25 .23 .14
Exam 3 .31 .18 .31 .25
Total Score .56 .44 .48 .23

a(Calculated using the formula c .( 0 )  = z P . .(e))
i=l 13

b (~ = 101, since 9 nonconvergence cases were deleted from the
analysis)

Descriptive Statistics

Table 6 presents some descriptive statistics for both test sessions
of the two types of tailored tests . Since the administration of a maxi-
mum of 20 items was one stopping rule for the tailored tests , the values
for the mean number of items administered indicate that most of the tests
went the full distance . This result implied that an ample number of items
was available in the item pool which had sufficient informati on for most
of the examinees ’ ability estimates . The mean proportion of items correct
reflected the overall low difficulty of the items for the majori ty of
the students , since the mean proportion of items correct would have been
expected to be .50 if the items were of exactly appropriate difficulty ,
assum ing no guess ing . The standard deviations of the ability estimates
revealed that the scores yielded by the 3P1 tailored tests had a restricted
range compared to the 1PL tests, at least when the 10 unreliable cases
were removed from the analyses .

- ~~~~~~~~~~~~~~~
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Table 6

Tailored Test Descriptive Statisticsa

One-Parameter Three-Parameter
Variable Tailored Test Tailored Test

Session 1 Session 2 Session 1 Session 2

Mean ~ of i tems administered 19.56 19.72 19.18 18.10
Mean # of i tems correct 12 .59 12.42 13.64 12.98
Mean proportion of items correct .64 .63 .71 .72
Mean of ability estimates 1.74 b 1.75 .06 .18
S.D. of ability estima tes .87(.86 ) .80(.77) .6 1(.27 ) .79(.3 1 )

= 101 , due to deletion of 9 nonconvergence cases)
b(n = 91 , due to deletion of 10 cases with unreliable 3PL

ability estimates)

Content Validity

As can be seen in Table 7, both the 1PL and 3PL i tem pools used for
the tailored tests accurately reflected the weighting of the content areas
in the paper-and-pencil course exam. Of course both item pools had identi-
cal content area breakdowns since the two pools contained the same i tems.
A Chi—Square analysi s indicated no lack of fit for the number of i tems
in each content area of the pools compared to the corresponding number
of items on the course exam . However , the number of items administered
by content area for a systematic s ample of 29 tailored tests showed
significant lack of fit to both the i tem pools and the course exam. The
fit of the 3PL tailored tests in terms of content validity was particu-
larly bad , while the 1PL tests came fairly close to matching the content
area weightings of the i tem pools and the course exam . It should be noted
that no conscious attempt was made in the tailored testing operating pro-
gram to require branching among the content areas . The object was to
see if selecting i tems for administration on the basis of information
would approximate the content area weightings of the i tem pools and the
course exam . The multi-content nature of the course exam was demonstrated
by numerous factor analyses indicating the presence of over 20 factors .

Atti tude Scale Characteristics

The varimax rotated factor loading matrix that was obtained from
a principal components analysis of the first administration of the atti-
tude scale is shown in Table 8. A listing of the i tems on the attitude
scale is in Appendix B. There were six factors present with eigenvalues
greater than one , which accounted for 63% of the variance . The under-
lined values in the table indicate the highest factor loading for each-i tem on the scale among the six factors . A subjective examination of
the i tems loading on each factor resulted in the following factor l abels:

- -
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Table 7

Test Item s by Content Area for Course Exam ,
Item Pool s , and Tailored Tests

Items in Items in
Course Exan’ Items in Items in 29 1PL 29 3PL

Content Items ]PL Pool 3PL Pool Tailored Tests Tailored Tests
Areas Number ~ Number Number ~% Number % Wumber ~

Anec dotal
Records 5 10.0 17 9.4 17 9 .4 49 9.1 57 10 .4

Benav ioral
Objectives 5 10.0 18 10 .0 18 10 .0 56 10 .3 28 5.1

Chec kl is ts 5 10 .0 17 9 .4 17 9.4 59 10.9 51 9.3 H

Peer
Appraisals 2 4.0 7 3.9 7 3.9 13 2.4 0 0.0

Plann i ng
Tests 3 6.0 13 7.2 13 7.2 48 8.9 47 8.6

Rankings 3 6.0 11 6.1 11 6.1 26 4.8 10 1.8

Ratings 6 12.0 23 12.8 23 12.8 75 13 .9 111 20.3

Selection
I tems 8 16.0 26 14.5 26 14.5 76 14.0 111 20.3

Self Report 2 4.0 7 3.9 7 39 32 5.9 45 8.2

Supply
Items 5 10.0 19 10.6 19 10.6 62 11.5 26 4.7

Table of
Specifica-
tions 6 12.0 22 12.2 22 12.2 45 8.3 62 11.3

Note. Listed below are the Chi—Square values for several compari sons. The
critical values for rejection of adequate fit is ~2(10) > 18.31 at= .05.

1. Course exam i tems vs. i tems in 1PL pool , x2 .9978
2. Course exam i tems vs. i tems administered by 1PL tailored tests, x 2 = 28.245
3. Items in 1PL pool vs. i tems administered b,X 1PL tailore d tests , x2 = 21.383
4. Course exam i tems vs. i tems in 3PL pool , x’ = .9978
5. Course exam i tems vs . items administered by 3PL tailored tests , = 134.341
6. Items in 3PL pool vs. items administered by 3PL tailored tests , x 2 = 133.44-8

- ~~~~~~~ a . ,
__ - A - . ~~~~~~~

- , - . . --

~

— — -

~

.

~ 

-



—~~~~~~ - - - --.- - -

-21-

factor I - perceived test performance
factor II - anxiety
factor III - cathode ray tube (CRT) characteristics
factor IV - motivation /test satisfaction
factor V - i tem easiness
factor VI - time pressure

Table 8
Principal Components Analysis:

Varimax Rotated Factor Pattern for
First Attitude Scale Administration

Item No. I II III IV V VI

1 .23 - .60 - .33 .05 - .08 - .08
2 .03 -~ 7 - .02 .01 - .02 - .68
3 .43 -.16 .24 .28 -.41 - T ~4 T~T -.67 .06 -.15 2~ -.05 1- ’
5 .15 .64 - .38 .15 .03
6 .78 -.05 - .09 -.15 .05
7 -.20 - .07 - .55 .11 - .33
S - .25 .62 T1T .02 - .17
9 - .08 .00 T10 .04 .90 - .07
10 .26 - .71 .14 .13 .16
11 .06 TT~ .37 - .02 .08 -.66
12 .66 - .25 .19 - .30 .21
13 - .72 .32 - .16 - .19 - .25
14 .82 -

~~~~~~~~ .04 -.12 -.10 -.08
15 T~~ - .64 .10 - .35 - .20 - .32
16 -.15 -T2 .59 -.12 -.16 -.36
17 .47 -.20 T~2 -.53 .16 -.36
18 TW -.01 - .12 -T~2 .12 .03
19 .04 - .27 .42 -T~T .02 .06
20 .03 - .00 .17 - ‘71 .20 - .00

Note. The underlined values indicate the highest loading of an i tem
on a factor. Broken underl i nes indicate other high loadings .

The data available from the second attitude scale administratio n
were also submi tted to a principal components analysis with a varimax
rotation . Again six factors were present with eigenvalues greater than
one , accounting for 65% of the variance . The rotated factor l oading matri x
is presented in Table 9. The numbering of the factors changed somewhat
and a few of the items switched factors . However , the general pattern
of components was the same as the results from the first scale adminis-
tration . The labeled factors are listed below :

factor I - anxiety/time pressure
factor II - motivation
factor III - perceived test performance
factor IV - i tem easiness
factor V - test satisfaction
fac tor V I - CR1 charac ter isti cs

- — ~~~~~ -. .~~ - ~~~~~~~~~~~~~~~~~~ . -~
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Table 9

Princi pal Components Analysis:
Var imax Rotated Factor Pattern for

Secon d Attitude Scale Administration

Item No . I II III IV V V I

.43 - .41 - .23 - .34 .03 .05
2 -~l5 .14 -.05 -.50 .26
3 T~ - .18 - .53 .04 -To5 .09
4 .81 .12 -T~7 -.03 -.24 - .09
5 -T~~ .78 .01 .11 - .17 - .11
6 .08 TT~ - .73 - .09 - .10 .03
7 .12 .16 -T~~ .17 - .80 .10
8 .16 - .05 - .25 .07 ~~ .70
9 - .01 .03 .22 .75 -.12 -Tö~10 .62 .00 - .13 T~T .09 .25

11 T~~ .18 - .19 .61 - .09 .23
12 .10 .18 - .61 -T~T -.52 -.14
13 .82 .17 -T~~ .16 - ‘i~ .07
14 T14 .15 - .78 .00 - .33 .05
15 .76 .03 -T24 - .01 -.11 .15
16 TTT -.01 .16 .01 - .14 .83
17 .12 - .01 -.33 .13 — .85 T~T
18 .06 .51 .09 -.43 -

~~~~~~~~ .15
19 .07 T71 - .29 .07 - .06 .19
20 .17 T7~ - .06 .03 .13 - .14

Note. The underlined values indicate the highest loading of an i tem
on a factor. Broken underlines indicate other high loadings .

As previ ously ment ioned , several other exploratory factor analyses
were run on the attitude scale data . These included both alpha factor
analysis and image covariance analysis , each wi th varimax , oblimax , and
binormamin rotations. Although the results were quite similar in all
cases , the image covariance analysis wi th varimax rotation was judged
to be the most satisfactory solution. The factor loading matrix result-
ing from the first attitude scale administrati on is presented in Table
10. The l abeled factors are listed below :

factor I - anxiety/time pressure
factor II - perceived test performance
factor III - motivation
factor IV - CRT characteristics
factor V - test satisfaction
factor VI - i tem easiness
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Table 10

Image Covarlance Factor Analysis:
Varimax Rotated Factor Pattern for First

Attitude Scale Administration

Item No. I II III IV V VI

1 .53 .23 - .10 - .06 .22 — .01
2 T4~ .07 .02 .33 .24 .00
3 .31 .43 .02 T3~ -.07 -.13
4 .60 .23 .07 .03 .23
5 -T~4 .18 .55 .35 -.11 .23
6 .17 .69 T~ .09 .07 -.04
7 .24 T~~ .43 .09 .49 .08
8 .26 .17 .07 .55 -T~~ .16
9 .07 -.01 .18 TT4 .06 .50
10 .65 .28 .07 .08 -.08
11 -T~~ .09 .11 .52 .17 .11
12 .19 .59 .24 T~7 .21 .24
13 .73 TT~ .26 .35 .05 - .01
14 TT4 .76 .18 .10 .12 - .02
15 .66 TT~ .36 .27 .19 - .11
16 T47 - .04 .29 .64 - .01 -.01
17 .18 .40 .35 TTT .53 .15
18 .07 .18 .50 -.07 T~ .10
19 .33 .19 T~ö .26 .03 .20
20 .15 .16 T~U .16 .09 .03

Note. The underl i ned values indicate the highest loading of an i tem
on a factor. Broken underl i nes indicate other high loadings .

It should be noted that the factor analysis results obtained from
the attitude scale administrations were similar to those obtained in a
previous study (Koch and Reckase , 1978). However , one difference was
that anxiety and time pressure i tems formerly loaded on separate factors ,
while in the present study they usually formed one factor. Also , i tem
9 on the attitude scale now loaded on its own factor, while previously
it loaded with other perceived test performance i tems . The only real
difference in the attitude scale itself was that the former items referred
to a vocabulary test while the present i tems referred to the
course content areas.

Two types of reliability measures were calculated for the attitude
scale. First , a test-retest relia bility coefficient was computed between
the sets of total attitude scores for the two tailored testing sessions .
The total attitude scores were obtained for each exami nee by suniiiati on
of the scores on the 20 individual i tems . A value of r = .71 was obtained ,
based on 104 cases with attitude data for both sessions.
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Table 12

Discrimination Indexes for Attitude Scale
Items for Two Test Sessions

Item No. Session 1 - Session 2

1 .38 .26
2 .45 .53
3 .33 .45
4 .50 .62
5 .36 .30
6 .41 .44
7 .68 .71
8 .48 .40
9 .07 .08

10 .46 .45
11 .35 .46
12 .65 .61
13 .67 .62
14 .51 .63
15 .64 .63
16 .54 .33
17 .68 .65
18 .35 .38
19 .53 .48
20 .38 .26

that the examinees reported that they were highly motivated to do well
on the tailored tests. However , a substantial percentage of students

-
‘ felt that they could have done better on the test if they had tried harder.

Table 16 summarizes the responses for the cathode ray tube (CR1 char-
acteristics . Most of the exami nees found the screen easy to read and
experienced little eye discomfort. However , there was a split vote on
whether or not the pace of the computer was too slow during the adminis -
tration of the tailored tests . Finally, Table 17 shows the results for
the test satisfa ction factor. Opinion was evenly divided on the issue
of whether the tailored tests did a good job of measuring their abilities .
Many of the students did not feel that their performances on the tests
reflected thei r “true~ knowledge of the course material .

The results of the MANOVA to determine if any changes occurred in
attitudes across test sessions were non-significant. The implication
was that student attitudes toward the various aspects of the tailored
testing situation did not differ from one test session to the next.

__________ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~ ~~~
. 

~~~~~~~~ . ~~~~ .. ~~~~~~~~~~~
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Table 13

Response Percentages for the Anxiety /Time Pressure
Factor for Items and Al ternatives over Both Sessions

1. During the test I was worried about how well I was doing.
sessIon 1 sessIon 2

strongly agree 7 3
agree 40 28
neutral 17 22
disagree 28 38
str ongly disagree 8 9

2. 1 felt less time pressure while taking this test than while taking
conventiona l tests.

session 1 session 2
strongly agree 25 17
agree 41 48
neutral 14 10
disagree 16 23
strongly disagree 4 2

4. The computer terminal made me feel that 1 had to answer the items
as quickly as possible.

session 1 ses sIon 2
strongly agree 2 1
agree 8 3
neutral 9 9
disagree 55 62
strongly disagree 26 25

10. 1 was nervous about coming here to take this test.
sess ion I sessIon 2

strongly agree 1
agree 10 0
neutral 11 5
dIsagree 54 67
strongly disagree 25 27

13. The computer termi nal made me nervous.
sessIon 1 sessIon 2

strongly agree — 2 0
agree 6 5
neutral 6 6
disagree 61 66
stron g ly disagree 25 23

15. 1 felt considerable stress while taking the test.
sessIon 1 sessIon 2

strongly disagree iT
dIsagree 58 72
neutral 9 7
agree 7 4
stron g ly agree 0 0

-. - -- - --- - --~~~~~~~~~~ . - —~~~~~~~ -~~~~~~~ - ~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-- . —- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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Table 14

Response Percentages for the Perceived Difficulty Factor
for Items and Alternatives over Both Sessions

3. I felt that many of :he items were too difficult for me.
session 1 session 2

strongly disayree 1 4
disagree 58 55
neutral 31 33
agree 10 7
strongly agree 0 1

6. I think I did well on the test compared to other people.
sessIon 1 session 2

strongly agree — 0
agree 23 27
neutral 65 64
disagree 12 9
strongly disagree 0 0

12. I feel that I did as well on this test as on other tests I’ve taken .
session 1 session 2

strongly agree — 

7 2
agree 33 39
neutral 22 27
disagree 31 27
strongly disagree 7 5

14. I felt confident that I did well on the test.
session 1 session 2

strongly disagree 2
disagree 24 18
neutral 43 52
agree 30 29
strongly agree 1 0

‘I 

-
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Table 15

Response Percentages for the Motivation Factor
for Items and Al ternatives over Both Sessions

5. I didn ’t care very much about how well I did on the test.
session 1 session 2

strongly disagree 12 9
disagree 54 57
neutral 25 14
agree 7 19
strongly agree 2 1

18. I think I could have done better on the test if I had tried harder.
session 1 session 2

strongly disagree 3 3
disagree 29 31
neutral 28 25
agree 35 37
strongly agree 5 4

19. I was careful to try to select the best answer to each question .
session 1 session 2

strongly disagree - 0 0
disagree 1 4
neutral 7 7
agree 67 72
strongly agree 25 17

20. I tried to finish the test quickly just to receive my 5 points credit.
session 1 session 2

strongly agree 2 0
agree 2 2
neutral 10 12
disagree 58 70
strongly disagree 28 16

___________________ ~~~~~ ~~~~~~~~~~~ - — .~~~~ 
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Table 16

Response Percentages for the CR1 Characteristics Factor
for Items and Altern atives over Both Sessions

8. My eyes were uncomfortable when viewing the screen.
session 1 session 2

strongly agree 5 2
agree 21 18
neutral 10 8
disagree 49 60
strongly disagree 15 12

11. The pace of the computer was so slow that it made me impatient.
session 1 sess Ion 2

strongly disagree 6 2
disagree 37 39
neutral 19 16
agree 30 35
strongly agree 8 8

16. It was easy to read the words and questions on the screen .
session 1 session 2

strongly agree 30 17
agree 55 67
neutra l 7 8
disagree 8 5
strongly disagree 0 3

L_ _ _ _  _ _ _  _ _ _ _  
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Table 17

Response Percentages for the Test Satisfaction Factor
for Items and Alterna tives over Both Sessions

7. I felt that my performance on this test reflected my true know-
led ge of A140.

sessIon 1 sessIon 2
strongly disagree 6 3
disagree 35 40
neutra l 33 27
agree 26 30
stron g ly agree 0 0

17 . I felt that the test did a good job of measuring my ability in
Al40.

session 1 session 2
strongly agree
agree 21 28
neutral 43 31
disagree 32 36
strongly disagree 4 4

Discussion

Goodness of Fit

The superior fit of the observed responses to those predicted by
the 3PL model was expected based on previous research (Koch and Reckase ,
1978; Reckase , 1977). It was not surprising that a model with three i tem
parameters was able to fit observed response data better than a model
with only one item parameter. Since the MSD values reflected an average
fit across the response string for an exanhinee , the implication can be
made that the 3PL tailored tests demonstrated better “person fit ” than
the 1PL tests .

Information Function Analyses

The results of the relative efficiency comparisons shown in Figure
1 clearly demonstrated the inadequacy of both the 1PL and the 3PL tailored
ac hie vement tests compared to the traditional paper-and-pencil achieve-
ment test. This result was contrary to the findings of previous tailored
testing research with vocabulary ability tests. In the latter case , 3PL
tailored tests averaging 19 i tems were more than twice as informative
as the 30 i tem conventional vocabulary test at certain points on the ability
scale. Since the achievement tailored tests averaged onl y about 20 i tems
in length compared to the 50 i tem course exam , a drop was expected in
the tailored test relative efficiency . This was predicated since total
test information is just the suni of the item information . However , i t
was not expected that the 1PL tailored tests would be only about half

L. ______ .

~~~
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-31-

as informative and the 3PL tailored tests only about 80% as informative
as the conventional course exam. No conclusive explanation could be
identified for this result. Perhaps the i tem parameter linking proce-
dures were at fault.

Certainly it was true that the tailored tests had more information
on a per i tem basis. However , that is beside the point . Part of the
merit of tailored tests is that a shortened test may be as informative
about an examinee ’s ability as the conventional full length test. This
is accomplished through more accurate measurement by the administration
of only the appropriate test i tems . Clearly, further research is required .
A final curious result was that the 3PL tailored tests were more infor-
rnative than the 1PL tests in the ability range where most of the exami nees
were concentrated , even though the 1PL tailored tests were signifi cantly
more relia ble.

Reliability

The reliability resul ts provided another setback for the tailored
testing procedures . As has been mentioned earlier , the previous voca-
bulary tailored testing study yielded adequately high reliabilities for
both the 1PL and the 3PL procedures , the values being r = 61 and r =
.77, respectively. But the tailored achievement test reliabilities did
not even approach the course exam reliability . Moreover , the 3PL proce-
dure had zero reliability , for which several contri buting factors were
identified .

One major problem was that the i tem parameter linkings resulted in
a somewhat skewed and shifted distribution of the 3PL difficulty parameters
so that only about 30 out of 180 items were above the zero point on the
scale. This outcome, in  combina t ion  wi th  the tailored testing operational
procedures of the +.50 entry point and the fixed stepsize, resulted in
unrel i able tests for numerous exanlinees . In hindsight , the entry point
into the i tem pool should have been shifted downward on the diffi culty scale
so that approximately an equal number of i tems were above and below the
starting point. In that situation , exami nees who were able to answer
the first few i tems correctly would not have been able to “top out” of
the i tem pool .

Nonconvergence of maximum likelihood ability estimation was another
problem wi th the 3PL tailored tests. When the very large number of non-
convergence cases was observed in the previous vocabulary study , the
hypothesis was forwarded that excessively difficult items were the cause ,
yielding l ong strings of incorrect responses . In such a case no reason-
able maximum likelihood ability estimation could be calculated since the
likelihood function approached a uniform distribution with the ordinate
at the guessing level . Since the achievement tailored tests were based
on the exami nee ’s regular course material over which they had been pre-
v iously tested , the nonconvergence problem was reduced somewhat , with
only 9 out of 110 failures to converge . Several approaches are currently
being stud ied to resolve the nonconvergence problem , including the alter-
native of substituting Bayesian ability estimation in place of maximum
likeli hood . 

— - - -~~~ — - . ~~~~~ ~~~~~~~~~~~~~~~~ -~~~—
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Since neither of the problems discussed i nuiediately above appl i ed
to the 1PL tailored tests , another explanation must be found for the low
reliability of that procedure . The most obvious candidate is the multi-
d unensional ity of the test. Since the principal components analysis of
the regular course Exam 1 indicated the presence of 20 factors with eigen-
values greater than one , it was obvious that the unidimen siona J assumption
of the latent trait models had been violated . Therefore , the low 1PL
reliability could have simp ly been a result of the violation of that assump-
tion and its negative effect on i tem calibration . Of course , the same
argument would apply to the 3PL tailored tests. If indeed future research
shows that the latent trait models are not robust wi th respect to the
violation of the unid imensional i ty assumption , then each content area of
achievement tests will have to be identified and calibrated separately.
In addit i on , intri cate branching schemes will have to be devised so that
the tailored tests can provide ability estimates for each content area.
Scoring would then become a problem in terms of weighting the content
areas . If the content areas were correlated somewhat , it mi ght be possible
to use regression methods to predict the appropriate entry point into a
new content area , given an ability estimate on the previous content area
(Brown and Weiss , 1977).

Content Validity

The content valid ity results demonstrated that , even though the i tem
pools may reflect proportionate content area weightings to a conventional
test , the tailored tests using the i tem pools did not necessarily reflect
the same weightings . For the 1PL procedure this result was somewhat of
a sur prise , since the 1PL tailored tests utilized most of the i tems in
the pool . In such cases , the tailored tests should have performed similar-
ly to a random sampling process from the i tem pools. However , for the
3PL tailored tests , only the most discriminating i tems were administered ,
regardless of content areas , since i tems were selected for administration
on the basis of the information function . Item discrimi nation values do
not come into play for the 1PL procedure since they are all assumed to be
one. Perhaps if a larger samp le than 29 tailored tests had been analyzed ,
the 1PL procedure would have achieved adequate content validity .

In contrast , 3PL tailored testing procedures will undoubtedly require
branching schemes from one content area to another in order to insure
adequate weighting of all the content areas. It is interesting to note
that the correlation between the first 3PL tailored test estimated true
scores and the scores on course Exam 1 was quite high , despite the poor
content va li d ty of the 3PL tailored tests (see Table 5). No explanation
for this arnm~ly is available. In this regard , content validity might
be more appropriately measured in terms of amount of information or preci-
sion of measurement in each content area rather than just number of i tems.

Attitude Scale

The attitude sca le to measure the students ’ attitudes toward tailored
testing wa s found to have fairly high reliability. The test- retest reliability 
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coefficient was r = .70 , and the coefficient a reliabili ty was r = .80.
In  a d d i t i o n , all of the i tems on the scale correlated higher than +.30
with the total score except for i tem 9, which will be revised for future
administrations . The factor analysis results for both testing sessions
were found to be quite similar , with five main factors represented on
the attitude scale.

The results from the attitude scale response data were generally
favorable toward tailored testing. For instance , the majority of the
examinees said they experienced very little time pressure during the
tests . Moreover, few students reported any nervousness or stress in
connection wi th the tailored test or the computer termi nal . Most of the
exami nees reported that the CRT screen was comfortable to view and that
it was easy to read the test i tems . A majority of the students ’ responses
reflected fairly high levels of motivation to do wel l on the tailored
tests and to carefully select answers . However , the opinions of the stu-
dents were divided on whether they could have done better on the tests
if they had tried harder. It should be noted that inconsistencies in
the scale results may call into question the care with which the students
filled out their attitude surveys .

The responses to the i tems for the perceived test performance factor
were about as expected . That is , responses were evenly divided when the
examinees attempted to judge how wel l they performed on the tailored tests .
This result was expected since the aim of the tailored tests was to adminis-
ter i tems of appropriate difficulty for each exami nee . Then too, no feed-
back was provided as to the correctness of responses . On the more negative
side , attitude responses were quite evenly divided on the issue of whether
or not the tailored tests did a good job of measuring the students ’ ability
levels or their “true ” knowledge of the course material .

Previous attitude research had failed to show any significant correla-
tions between the attitudes of the students toward the tailored tests
and their performance on the tests. The presenty study again yielded no
evidence of any linear relationship in this regard . Even though such
variables as motiv ation and anxiety l evels might be expected to interact
wi th test performance, the present research provided no evidence to support
such effects .

Sumary and Conclusion

The results of applying tailored testing procedures to the measure-
ment of unidimensional vocabulary ability were generally satisfactory .
Reliabiliti es and information were comparable to or better than the con-
ventional test for both the 1PL and 3PL tests . However , tailored testing
applied to multidimensional achievement measurement presented many diffi-
culties . Both the 1PL and 3PL procedures were inadequate with regard to
reliability , test information , and content validity . Possible causes
were the small sample sizes used to calibrate the tests , resulting in
unstable item parameter estimates ; a compounding of the instab-l i ty of
the parameter estimates during linking procedures ; poor selection of entry
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points into the i tem pools; the possibil ity that latent trait models may
not be robust w ith respect to violation of the unidimenslon ality assump-
tion by multi-content achievement tests ; and the nonconvergence of the
3P1 tailored tests when using maximum likelihood ability estlmatton .

One way to look at the present study is to view it as an example
of mistakes not to make in tailored achievement testing. From perhaps
a more reasonable perspective , the study Illustrates that very little
can be taken for granted in setting up tailored testing procedures . Rather ,
one must carefully make decisions about the operatIonal procedures , while
consideri ng the effects that such decisions might have . A great deal
more research must be conducted to determi ne optima l levels of the various
components that control tailored testing procedures. A study by Patience
and Reckase (1979) is an important step in this direction .
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APPENDIX A -

Tab l e A - l

Classrooiii Ach ievement Tests Calibrated
for Tailored Testing Usage

One parameter calthration Three-parameter Calibration

Date Sample Size Date Sample Size
10-72 258 4-76 187
12—72 170 9-76 177
2-73 305 11-76 97
4-73 224 2-77 & 4-77 314
9-74 205 9-77 & 10-77 202
9-75 203
4-76 181
q-76 177 F-11-76 96
2-77 & 4-77 314&)~77 & 10-77 202
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APPIND I X A - 2

Table A - 2

T a b le of Speci fi ca t ions tor I ~aiu I

Analy sis .
Knowledge of Synt hes is

Content Terms and Appli cation and [valuation
Areas Tvchn i que’~ of Techniques of Techniques Total’~

Planning the Test 1 1 1 3
behavio ral Object i ve’~ 1 2 2 5
Tab 1 (‘ ef Spec if I cat ions 2 2
Anecdotal Records 1 2 2 5
I~at i  ny Scale’-~ 2 2 2
( heck I i’-~t ’, 1 2 2 5
Rankin q~ 1 1 1 3
Peer Appra i~.a ls 1 1 2
~-.elf Report-~ 1 1 2
~-~e I (‘Ct ~~ i tem’~ -~ -~Supply Items 1 2 2 5

14 1 17 50

-4

— -- -- --------—--‘ -— - .--— - - ~~~~~~~~~~~~~~~~~~ - —- - - —_----— —~~— —---—- — — --  — -----———-- -  .- - - -- - __--___- _ - - --___ -~~~-~~ 

- ____________



-39-

APPENDIX B

Attitude Survey Administered after each Tailored Test Session

Please circle the response to each statement below wh ich most nearly
refl ects your feelings or attitude .

1. During the test I was worried about how well I was doing .

strongly strongly
agree agree neutral disagree disagree

2. I felt less time pressure while taking this test than while taking
conventional tests.

strongly strongly
agree agree neutral disagree disagree

3. I felt that many of the items were too difficult for me.

strongly strongly
disagree disagree neutral agree agree

4. The computer terminal made me feel that I had to answer the items
as quickly as possible.

strongly strongly
agree agree neutral disagree disagree

5. I didn ’t care very much about how wel l I did on the test.

strongly strongly
disagree disagree neutral agree agree

6. I think I did wel l on the test compared to other people.

strongly strongly
agree agree neutral disagree disagree

7. I felt that my performance on this test reflected my true knowl edge
of A140 .

strongly strongly
disagree disagree neutral agree agree

8. My eyes were uncomfortable when viewing the screen .

strongly strongly
agree agree neutral disagree disagree

9. I fel t that many of the Items on the test were too easy .

strongly strongly
disagree disagree netural agree agree

- 
~~~~~ 1-_
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10. 1 was nervous about comi ng here to take this t est.
strongly stron gly
agree agree neutral disagree disa gree

11 . The pace of the computer was so slow that it made me Impatient .
strongly strongly
disagree disagree neutral agree agree

12. 1 feel that I did as well on this test as on other test s I’ ve taken .
strongly s trongly

agree agree neutral disagr ee disa g ree
13. The computer terminal made me nervous .

strongly strongly
agree agree neu tra l disagree disagree

14. 1 felt confi dent that I did well on the test.

strongl y strongly
disagre e disagree netural agree agree

15. 1 fel t considerable stress while taking the test.

strongly strongly
d isagree disagree neutral agree agree

16. It was easy to read the words and questions on the screen .

strongly strong ly
agree agree neutral disagree disagree

17. 1 felt that the test did a good job of measuring my ability in A140.

strongly strongly
agree agree neutral disagree disagree

18. 1 think I could have done better on the test if I had tried harder .

strongly strongly
disagree disagree neutral agree agree

19. 1 was careful to try to select the best answer to each question .

strongly strongly
disagree disagree neutral agree - agree

20. 1 tried to finish the test quickly just to receive my 5 points credit.

strongly stron gly
agree agree neutra l disa gree disagree
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