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Abstract

Computer-adaptive classification tests focus orsifging respondents in different
proficiency groups (e.g., for pass/fail decisiois).date, adaptive classification testing has been
dominated by research on dichotomous response feigna classifications in two groups. This
paper extends this line of research to polytomdassdication tests for two- and three-group
scenarios (e.g., inferior, mediocre, and superniofigiencies). Results of two simulation
experiments with generated and real respori$es2000) to established personality scales of
different length (12, 20 or 29 items) demonstratd idaptive item presentations significantly
reduce the number of items required to make swdsification decisions, while maintaining a
consistent classification accuracy. Furthermore siimulations highlight the importance of the

selected test termination criterion, which haggaificant impact on the average test length.
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Polytomous adaptive classification testing:

Effects of item pool size, test termination crideriand number of cutscores

By administering items in a sequential manner adaptssessment procedures usually
reduce the average length of computerized testowitsignificantly increasing their
measurement error (cf. Fayers, 2007; Forbey, 2B@i&e, Ainsworth, & Haviland, 2005). A
variant of such procedures are adaptive clasdificaests that focus on validly classifying
respondents in two or more proficiency groupsgimple, to differentiate between students
who already master a specific subject and thosedehaot. So far, adaptive classification testing
has been dominated by dichotomous achievement(eegts Hambleton & Xing, 2006; Jodoin,
Zenisky, & Hambleton, 2006; Vos & Glas, 2010). Mapplied settings, however, administer
instruments with polytomous response formats. kan®le, miscellaneous clinical symptoms
(e.g., anxiety or depression) are frequently agsbgsth polyomous self-report scales.
Comparably, occupational aptitude testing thataasingly relys on web-based screening
procedures to eliminate obviously unqualified cdatis from the recruitment process (cf. Nye,
Do, Drasgow, & Fine, 2008) frequently incorporgtessonality scales with polytomous response
formats (Ployhart, Weekley, Holtz, & Kemp, 2003).doth cases adaptive classifcation testing
can reduce the burden placed on respondents byetiening fewer items while still allowing for
an efficient and precise classification of, for ede, patients or applicants in groups with
inferior vs. superior trait levels. However, upntow, reasearch goolytomousadaptive
classification testing is scarce and addressedfew atudies only.

The purpose of this study is twofold. First, itexds existing findings concerning test
efficiency on dichotomous adaptive classificatiesting (Finkelman, 2008, 2010, Wouda &

Eggen, 2009) to polytomous items. It is demongtrttat frequently used personality scales,
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which contain as few as 12 items, can be furthertehed by adopting a procedure of sequential
item presentation. Second, a simulation experimaderpins the importance of choosing an
appropriate stopping rule, as the test terminatrderion significantly affects the average test
length.
Adaptive classification testing

In conventional fixed length tests all examineeswsually presented with the same items.
As a consequence, proficient examinees are frelyugahinistered items that are too easy for
them, and less proficient examinees receive tooyrddficult items. These items are not very
informative and hardly contribute to an individgaproficiency estimate. Furthermore, proficient
candidates become quickly demotivated, and led&cfaot candidates frustrated. "Conventional
tests are inefficient [...]. Examinee ability-itedifficulty mismatches result in wasted testing time
and may create fatigue, boredom, or carelessngds¢N¥lead & Drasgow, 1993, p. 450). In
computerized adaptive testing (CAT), items are aistered examinee-driven in a sequential
order. The choice of the next item depends on am&ee’s interim proficiency estimate. In
CATs, each examinee is administered different itantonly as many items as required to reach
a decision in terms of sequential testing (Waldl7)9As a consequence, CATs usually lead to a
significantly reduced test length (Hol, Vorst, & Mmbergh, 2007, Reise & Henson, 2000). A
special form of traditional CATs are computerizeldative classification tests (CACT), which
classify examinees in two or more groups. In catti@ a point estimate of an invididual’s
proficiency (as is done in CATS), the goal of CAG3 ¢he accurate classification of examinees in
different proficiency groups. As soon as an unambigs classification decision for an examinee
is reached, the testing procedure is stopped. dhstiwction of a CACT requires numerous
decisions by the test developer that can affeetdtsiracy and average test length, such as the

choice of proficiency estimator (Yang, Poggio, &&&happ, 2006), the item selection algorithm

4



(Thompson, 2009), or practical constraints likenitexposure or content controls (Eggen &
Straetmans, 2000). This study focuses on threaatf slements that have been proven to be
influential for dichotomous CACT (Finkelman, 2008yompson, 2007, Wouda & Eggen, 2009):
(a) the size of the item pool, (b) the test termoracriterion, and (c) the number of classificatio
groups.
Item pool size

As the item selection algorithm has to select matghiems for each proficiency level,
adaptive tests usually require large item pool® Jike of the item pool affects the test efficiency
and also the classification accuracy (Lau & War899). Larger pools usually contain more
informative items around the cutscore and thusmse the overall test quality. Typical pools for
dichotomous items usually contain more than 10@stesometimes even more than 300 items. So
far, the only study that explicitly compared théeef of the item pool size on polytomous CACTs
reported a better classification accuracy andefisiency for a larger item pool containing 266
items as opposed to a smaller 90 item pool (Lau @&y 1999). For the smaller pool the average
test lengh increased about 47%, while simultanopidgucing up to a third more classification
errors. Both item pools in this study, however,evather large and, thus, are rather unrealistic
for clinical or personality assessments in appsettings. In the context of polytomous CATs
there are reports that item pools with as few a®Z3 items might be sufficient to reach reliable
proficiency estimates (Dodd, Ayala, & Koch, 199%ldt al., 2007, Wang & Wang, 2001). Reise
and Henson (2000) even demonstrated that the fat#te NEO PI-R, which contain eight items
each, can be reduced to the half by applying aptagsitem presentation procedure. So far, no
study has demonstrated yet if well-establishedgrexiity scales, which form only short item
pools, can benefit comparably from polytomous CACT.

Test termination criterion



A commonly used test termination criterion is tequential probability ratio test (SPRT;
Wald, 1947), a simple likelihood ratio test betwé&sn competing hypotheses (such as mastering
vs nonmastering for an examinee). In the first steptscord. is set on the latent proficiency
scale to determine the classification groups. Thaoe of6. is typically based on the empirical
distribution of the relevant proficiency in a redace sample or on subjective professional
judgements of an expert group (see Cascio, Alexag&dBarret, 1988, for a review). In
personnel selection, for example, a cutscore magstablished from an incumbant group (e.g.,
current employees of an organization) and - basedadous cost-benefit considerations - set at a
value below the mean to exclude obviously candgdateo do not possess a required miminum
value of an elemental proficiency from the selatpoocess (cf. SIOP, 2003). In the second step
an indifference regiof is specified around that cutscore within whichrekeees cannot be
properly classified. For an intermediate proficigestimatefy, after administeringg items, the
SPRT then tests the hypothesis 6 = 6 + 6 vs. H = 0. - & by calculating the ratio between two
likelihoods,A = L(6; +8) / L(6¢ - 5). An evaluation of the ratio with regard to twacton points,
A=a/(1-B)andB=(1-a)/p, leads to one of three conclusions (Spray & Rexkd896, Wald,
1947): (a) ifa is less than or equal £ then H is accepted, (b) if the ratio is greater than or
equal toB, then H is accepted, or (c) if the likelihood ratio falistweenA andB, then another
item is administered.

The SPRT can be inefficient in cases where it agn@rs another item, even though this
observation cannot change an examinee’s classificdécision. This is illustrated by Finkelman
(2008, example 1): after presenting Kieitem, the likelihood ratio statistiG might be moderate
enough to satisfy neither decision (a) nor (b). ideer, even if one administered all remaining
items, the classification decision would be unlkiel change. For such cases, Finkelman (2008,

2010) has recently proposed stochastically cudaitrsions of the SPRT (SCSPRT), which also



halt further testing when the probability of a charmf the classification decision is rather
unlikely or even impossible. The SCSPRT extendSIABT by specifying two additional
stopping rules. Givek observations, the SCSPRT also halts further tgstimd accepts Hlif the
probability of keeping the current classificaticectsion after presentation of the remaining items
is higher than a predefined threshaldConversely, the SCSPRT stops and accepttthis
probability exceedg'. This curtailed version of the SPRT can leadigmiéicantly reduced
average test lengths in both two-group (Finkeln2&®8, 2010) and three-group classifications
(Wouda & Eggen, 2009), while maintaining a consgist#assification accuracy. So far, the
SCSPRT has not yet been evaluated in the contgxdlgfomous CACT.
Number of cutscores

The goal of typical CACTs is the classificationesxfaminees in one of two groups, such as
failing vs. passing. In some cases, however, maltfassification decisions are of interest; for
example, when identifying job applicants with inéer mediocre, and superior proficiencies.
Multiple cutscores put an additional strain oniteen pool. The proficiency area, that is, where a
test requires the greatest number of items to raakecision, is near the cutscore (Spray &
Reckase, 1996). When using more than one cutst@réem pool has to be large enough to
provide a reasonably large number near all cutsc@e far, research on polytomous CACT with
multiple cutscores is scarce and supported bygiesstudy only. Thompson (2007) compared
various design features of polytomous CACT, inahgdihe shape of the item bank, the choice of
test termination criterion, item selection procedand number of cutscores (two vs. three-group
classifications). Compared to the other factordietly the latter resulted in considerably longer
tests; three-group classifications required nefarly times as many items as comparable
two-group classifications. The study, however, usedther artifical pool of 60 simulated items.

So far, no study has established yet if CACT presidn advantage with regard to test efficiency



for personality scales that comprise of only a $s®tl of items for the classification of examinees
in more than two groups.
Overview of studies

Two Monte Carlos studies evaluated the impact dftpmous CACTSs on established
personality tests for two dependent variablesth@)average test length (ATL) and (b) the
percentage of correct classifications (PCC). Theearmental design manipulated three
independent variables: (a) the length of the saatelsthus the available size of the item p&oK
12,k, = 20, andks = 29 items respectively), (b) two test terminatiates, SPRT (Spray &
Reckase, 1996) and SCSPRT (Finkelman, 2008), aridgaumber of cutscores, resulting in
two-group classifications to identify individualstivinferior proficiencies and three-group
classifications that distinguish examinees witteiidr, mediocre, and superior trait levels. As
smaller item pools are likely to have fewer matghiems around the cutscore, PCC is assumed
to be larger for short scales, particularly foleugroup classifications. In line with previous
results for dichotomous items (Finkelman, 2008, 4&& Eggen, 2009), it is assumed that the
SCSPRT will outperform SPRT and result in a low@iLAwhile maintaining a consistent PCC.

This yielded a completely crossed 3 (item pool)siz2 (test termination criterion) x 2
(number of cutscores) ANOVA design. All simulatiomere programmed in R (R Development
Core Team, 2009).

Study |
Method

Simulees

Proficiency estimates for the simulees were sedeat®1 equidistant points withir4, 4].
For each estimate, responses to the items of the Htales (see instrument section) according to

the graded response model (Samejima, 1969) werdatied for 2000 simulees, thus generating a
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total sample size dfl = 42000.
Instruments and item parameter estimation

The choice of instruments was motivated by thest ength, thus resulting in different
item pool sizes for the CACT simulations. Hence,sekected three established scales in
personality research for our analysésnscientiousnessas assessed with 12 items from the
German version of the NEO-FFI (Borkenau & Ostendb®B3),achievement motivationas
operationalized with a 29-item schley Schuler and Prochaska (2001), gederalized opinion
leadershipwas measured with 20 items by Batinic, Gnambs,eAgmd Wiesner (submitted). All
items were answered on five-point response scales.

Item parameter estimation

The item parameters for the conscientiousness emnedveement motivation scale were
estimated from a random sampleNbf 1500 prospective students (883 women), who pealal
series of cognitive and self-report measures asoparvoluntary study orientation program (see
Bergmann, 2008, for details). Iltem calibrationtod generalized opinion leadership scale was
conducted with the norm samph £ 1575, 848 women) presented in Batinic et al. ifsttied).

CACTs require known item parameters. The item patanestimation process involves
three steps: 1) checking the assumption of unidsoaality for the item set, 2) identifying the
appropriate response model and estimation of éme garameters, and 3) adjuging the fit of the
items to the selected response model.

Dimensionality.To assert that an individual’s response probglidia function of one
latent trait, the dimensionality of the items sg&s analyzed by factor-analyzing the polychoric
correlation matrices of the data sets. Parallelyaisaand a visual comparison of the second
eigenvalues confirmed that the three data sets tndyeunidimensional. In addition, the ratios of

the first and second eigenvalue were 5.2 (consoigsriess), 3.30 (achievement motivation), and



9.13 (opinion leadership). Furthermore, Reckas&gl8ecommended that the dominant first
factor accounted for at least 20% of the itemsarare for acceptable item calibration. For the
three items sets, the first factor explained 42éf¢cientiousness), 30% (achievement
motivation), and 52% (opinion leadership) of theiaace of items, indicating an adequate latent
factor.

Model selectionTo determine the optimal response model for tha det, four
polytomous IRT models were fitted to response$eftivo samples withim (Rizopoulos, 2006)
and compared on the basis of Schwarz's Bayesiarmaation criterion (BIC; cf. Kang, Cohen, &
Sung, 2009): (a) generalized partial credit mo@RCM; Muraki, 1992), (b) GPCM with equal
discrimination parameters, (c) graded response h{GdM; Samejima, 1969), and (d) GRM
with equal discrimination parameters for all itef®s the basis of the BIC criterion, the GRM
was deemed the optimal response model for all rakes. The resulting item parameters for the

three scales are summarized in table 1.

| Insert table 1 around here |

Item fit. To assess the fit of the items to the response Inibeeadjusted chi-square
statistic to degree of freedom ratio (Chernysheitark, Chan, Drasgow, & Williams, 2001) for
item pairs and triplets were inspected. Ratios edicey 3.5 indicate severe model misfit. The
opinion leadership scale displayed moderate migfth about 20% of all margins exeeceding the
specified threshold. The graded response modelewenyis rather robust when the number of
deviant items is smaller than the remaining itet(Smar & Zickar, 2002). The two- and
three-way margins for the conscientiousness an@a@ment motivation scale exhibited no item

misfit (less then five percent of pairs and triplekceeded the specified threshold).
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Altogether, the graded response model representag@opriate response model for the
three scales in this study.
CACT simulation

A simulee’s latent proficiency was derived by theighted maximum likelihood
estimator (Warm, 1989). Cutscores were selectéduea?5th and 75th percentile of the
proficiency distribution in the calibration samplés = {-0.48, 0.68} for conscientiousnes$g, =
{-0.64, 0.65} for opinion leadership, ad = {-0.61, 0.70} for achievement motivation. Them
sequence for a simulee was determined by maximkintpack-Leibler information at the
cutscore, which selects items based on their phbditiscriminate between simulees near the
cutscore (cf. Thompson, 2009). For the three-diaasion case, Kullback-Leibler information
was maximized at the cutpoint nearest to the ctfrestimate (cf. Wouda & Eggen, 2009).
Regarding the indifference regiai,previous simulations demonstrated that an inereas
results in significantly longer tests (Eggen, 1998y & Wang, 1999). As our simulations used
rather small item pools — 12 items in one cadavas set at a rather high value of 0.2, the upper
limit studied by Eggen (1999), to increase the pholities of reaching a classification decision
without administering the complete scales. Follaykiinkelman (2008), the error raieandp
were set at .05, resulting &= 1 /19 and = 19. For the SCSPRT, the probability threshglds
andy’, which indicate early test termination, were givaalues of .95. The SPRT for three-group
classifications followed the generalized Sobel Wald (1949) procedure proposed by Eggen and

Straetmans (2000).

| Insert figure 1 around here |

Results
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The ATLs of the tests (see figure 1) were highHui@nced by the test termination
criterion. The difference in mean number of itehmst twvere administered between the SPRT and
the SCSPRT varied along the latent proficiencyest@a conscientiousness withirk = [3.04,

8.26], for opinion leadership withifsk = [1.00, 8.88], and for achievement motivation withAk
=[2.99, 18.20]. The number of cutscores had Migue effect on these results, with the
exception of a comparable increase in ATL arourdsiicond cutpoint. Considering the latent
proficiencies, the SCSPRT demonstrated to be pdatiy effective around the cutscores. As the
item pools obviously had difficulties in classifgisimulees near the cutscores, the traditional
termination criterion, SPRT, continued to adminisiems, even though they were insufficient to
improve the classification decisions. Thus, the BBministered the complete scales around the
cutscores. The SCSPRT, however, prevented thencaatiitem presentation, which resulted in
considerably shorter test lengths: ATL near the@urte reached 5.02 (conscientiousness), 9.92
(opinion leadership), and 9.84 (achievement mabwatfor two-group classifications and 5.41,
10.17, and 10.93 for three-group classificationsné¢, the SCSPRT cut the longer scales to
about the half or even the third of their origifeaigth, while maintaining a comparable

classification accuracy as the SPRT.

| Insert figure 2 around here |

The respective classification accuracies of the TAnulations were only marginally
affected by the test termination criterion (se@féy2). For two-group classifications, the
classification accuracy reached an average PC@bdtconscientiousness), .98 (opinion
leadership), and .97 (achievement motivation).tRoe-group classifications, the PCC was
slightly lower, with .93, .96, and .95. The moreaservative stopping rule, SCSPRT, had
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virtually no effect on the PCC and lead for alllssain both two- and three-group conditions, to
an average decrease in PCC of less than .01. Ajth@enerally, PCC seemed quite high, it was
highly dependent on the proficiency level. PCC waxy high at the more extreme proficiencies,
but decreased considerably around the cutscoresh&donger scales, PCC fell to about .74
around the cutscores, and for the short conscigsriess scale, PCC was even as low as .60.
However, as seen before, the CACTs using SPRT ashaeried the complete scales near the
cutscores. Hence, the decreased PCCs are notliaofefie adaptive presentation mode itself, but
rather a reflection of the overall quality of thdn@nistered scales and their limited measurement
precision, that is their increased measurement,ataohe cutscores.

Study Il

The second study extends the previous resultsarinyortant aspects. First, we

compared polytomous CACTSs to fixed length testRaise and Henson (2000) reported that
some adaptive tests do not outperform tests wiitked length when administering a selection of,
for example, the most discriminating items to apondents. Hence, the first aim of the second
simulation was a comparison of adaptive classificetests with tests containing a fixed number
of items. Second, we replicated the results frardyst with empirical responses. Although the
use of simulated data is common practice in psyd@toaresearch, there is no guarantee that
generated pseudo-samples are indeed represerdbtiza@ data (cf. Micceri, 1989; Steiger, 1977).
In practice, item responses can be influenced yamaus factors, for example, the current mood,
response sets, or less than perfect fit of theieghtem response model. Hence, the second goal
of the study was a confirmation of the adpativéstemdvantages with regard to their test length
under more naturalistic conditions.

Method

Simulees and participants

13



The proficiencies for the simulees were randomgwdr from normal distributions with
means and standard deviations that were derived the proficiency distributions estimated in
the calibration samples (see previous stubllyyx .097 SD= .860) for conscientiousnesd,
=.003 D= .957) for opinion leadership, aMi= .045 SD= .972) for achievement motivation.
For each scale, responses to the items accordihg tgraded response model (Samejima, 1969)
were simulated for 50000 proficiencies.

The empirical responses stem from two independenptes. The first sample includis
= 4110 (2354 women) prospective students with anage oM = 19.24 D= 1.14) from
Bergmann (2008). From the available data set ojéfaes 2003 to 2009% = 2000 students were
randomly selected for the real-data simulationudirig the conscientiousness and achievement
motivation scale. A second samplehof 2000 (1347 women) members of a commercial market
research panel (mean age= 28.00,SD= 11.13) provided measures of opinion leadershipaats
of an anonymous web-based survey.

Item parameters and test procedures

The CACT simulations were conducted analogoushtudy | with the same item
parameters. In addition, a series of fixed leng#tst was created for each scale by ranking;the
items according to their discrimination indices amthsequently administering the items in this
order to all respondents. This resultedifixed length tests for each scale comprising sf1 ...
ki items. Each fixed length test was created by 8abpthe firsti; administered items of the scale

(see Hol et al., 2007, for a similar procedure).

| Insert table 2 around here |

Results
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In line with the previous study, the CACT simulatsodemonstrated a considerable
reduction in the number of administered items fosttonditions, particularily for two-group
classifications with the modified test terminatizniterion, SCSPRT. Using the traditional
stopping rule, SPRT, the simulation administeredftil 12-item conscientiousness scale in
nearly 60 percent of all cases and resulted inheerdarge ATL of 10.24 items (see bar chart in
figure 3). Although the longer scales yielded larggvings of about 8.58 (opinion leadership) and
11.52 items (achievement motivation) and, thusjced these scales to about 57% of their
original length, the complete scales were still adstered to about a quarter to a third of all
simulees. In contrast, the more conservative &stihation criterion, SCSPRT, lead to
considerably shorter tests, particularly, for thoases near the cutscores that could not be
classified unambigously. Hence, testing was stofpedll simulees before the complete scales
were administered (see bar charts in figure 3)a&ensequence, the SCSPRT used only about
21% (achievement motivation) to 31% (opinion leatigr) of the available item sets. These
results for the generated response sets were glogebred by the real data simulations, which
displayed comparable test reductions (see tabledd)in, the SPRT had difficulties in classifying
simulees around the cutscores and thus reduced éilysmarginally (see table 2). SCSPRT, by
contrast, was more parsimonious and lead to ATl4& @4 (conscientiousness), 8.56 (opinion
leadership), and 8.82 (achievement motivationja-group classifications. Hence, the
superiority of the modified test termination criter for polytomous CACTSs could be equally
demonstrated with simulated and empirical responses

Although the SCSPRT resulted in significantly shotests, it had only a marginal impact
on PCCs. The difference in PCCs between SPRT ai®PRC varied from .01 to .03, with higher
differences for the short conscientiousness sgaldlaee-group classifications (see table 2).

Furthermore, in terms of their classification aeies the adaptive procedures even proved
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superior to comparable fixed-length tests (see loés in the lower charts of figure 3). As
expected, with an increase in the number of adteirgd items the PCCs of the fixed length tests
gradually rise until they reach the maximum clasatfon accuracy of the complete scales
(horizontal line in figure 3). However, the adaptprocedures (dashed and dotted lines in figure
3) do not function significantly worse than testattadminister the complete scales. Although
they use less items their PCCs are comparablestfuthscales” accuracies. While the SPRT
reaches similar PCCs to the complete scales, atesrtor the SCSPRT fall on average one to
two points below those of the full scales. No fixedgth tests that contained only a subset of
items resulted in comparable or even higher PC@as tihe adaptive procedures. Hence, simply
selecting the most discriminating items to creatisfixed length versions of a test did not result

in classification accuracies that are comparabtbdse of the adaptive procedures.

| Insert figure 3 around here |

Discussion

Polytomous CACTs resulted in considerably shodstst while maintaining comparable
classification accuracies. The presented simulattiamonstrated for both two- and three-group
decisions that the ATLs of the administered instnta were reduced to, in the best of cases,
about 30 to 40 percent of the entire scale. This eaafirmed with simulated data sets and also
with empirical responses. Difficulties mainly ardee proficiencies near the cutscores.
Depending on the overall measurement precisiohefrtstruments, the PCCs increased
considerably in this region. This was, however,spHcific to the adaptive presentation mode, but
was an inherent weakness of the instruments thesseClassifications that were based on the

entire scales resulted in virtually identical emrates as classifications with CACTs using SPRT.
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Hence, in the area around the cutscores, increasedrates are to be expected in any case.
Adaptive procedures cannot change this. CACTSs, kiewyeeach comparable classification
results with a considerably reduced number of itemaverage.

The actual ATLs of CACTs were highly influencedthyee factors: (a) the length of the
original scale and thus the available size of thmipool, (b) the test termination criterion, aoy (
the number of classification groups.

Item pool size

The number of available items that can be admirgdtéo an examinee primarily affected
the classification accuracies around the cutsc&estter scales have fewer items that are
informative near the cutscores and thus cannasifyasxaminees in this region properly. To
account for the limited classification precisiortfiis area the adaptive tests administered more
items of the scales. In many cases, however, tddigional items were little informative and did
not improve the classification accuracy. Hencethershortest scale in this study, which
contained 12 items only, PCC fell about 10 perpamts below that of the two longer scales.
This was even worse for three-group classificatiarigere informative items around two
cutscores are needed. By contrast, the two lorugdes hardly differed in terms of PCC. Even
ATLs were comparable for both longer scales, atleden considering the SCSPRT. This
mirrors previous results for polytomous CATs (Dadhl., 1995, Hol et al., 2007), concluding
that item pools with as few as 20 to 30 items casufficient to reach reliable proficiency
estimates. The item pools in this study, howevsedutems from constructed fixed length scales,
which were not developed for adaptive test adnratisins. These scales usually contain items
that are informative across a broad span on teatlgtroficiency scale. Item pools that have been
explicitly constructed for adaptive classificatiparposes, however, typically include more items

around the cutscores and less items at the taifeegfroficiency distribution. Hence, for
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appropriately constructed item pools the effect€ALCTs on ATLs is likely to be even more
pronounced.
Test termination criterion

The choice of the stopping rule had considerabf#igations for ATLs. As the CACTs
had difficulties in classifying examinees near thiescores, the traditional termination criterion,
SPRT, administered almost all items to these exeesinThis, however, did hardly improve the
classification accuracy. By contrast, the SCSPRlted in early test termination for these cases
and lead to considerably shorter ATLs. This mirqmmavious results for dichotomous CACTs
(Finkelman, 2008, Wouda & Eggen, 2009), Furthermtire modified test termination criterion
was also superior to shortened fixed length téisés,administered the same, i.e. the most
discriminating, items to all respondents. Suchdilength tests resulted in significantly more
misclassifications than adaptive tests with SCSHREhce, fixed length classifiction tests could
not approximate the error rates of adaptive tegts examinee-driven item selection and test
termination.

Cutscores

The cutscores mark the regions on the proficiesaleswhere the most informative items
are required. Hence, the region around the cuts@se exhibited the most misclassifications.
Depending on the location of the cutscores on tb&giency scale, the cutscores have a huge
impact on the overall PCC of a sample. The cursentlations specified the cutscores at the 25th
and 75th percentile of the proficiency distributemd resulted in PCCs around .92 (achievement
motivation) for two-group classifications and a smerably lower PCC of about .83 for three
groups. As the error rates in a sample dependegdlected cutscores, cutscores, for example,
closer to the median of the proficiency distribatere expected to increase the overall PCC.

Furthermore, PCCs are influenced by the qualitthefitem bank; error rates will increase the
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fewer items are located near the cutscores. Fditibaal personality scales, this would most
likely be the case for more extreme cutscoreseat the tail of the proficiency distributions as
these scales usually have less items discriminatgibat the extremes. In terms of test lengths,
the results are in line with Thompson (2007). Tkgesup decisions required about 40 to 50
percent more items and thus increased the ATLBeirtstruments considerably. However, for
CACTs using SCSPRT this translates in about thexed only.
Conclusion

Computerized adaptive testing has become increggpogular during the last two
decades (Reise et al., 2005). Consequently, matg/itecluding admission tests, such as the
well-established Graduate Management Admission (I&RE) have been converted to adaptive
versions (Rudner, 2010). Adaptive tests are a maosnstruct shorter measurement instruments
without sacrificing measurement precision. Tradiéitly, a representative sample of items from a
long scale are selected to form a short versiorthAgxample of the 12-item conscientiousness
scale demonstrated in this paper, such short stldso produce more misclassifications near
the cutscores than longer scales. The present@dia@lprocedure, however, can make use of the
entire scale, while administering only as much g¢man examinee as needed to reach a
classification decision. This leads to a classifazaaccuracy comparable to that of the full scale,
with a considerably reduced number of items onayerThis is particularly true for the modified
test termination criterion proposed by Finkelma®0®@), which reduces the average test length to
about one-third of the entire scale. Although threseilts were demonstrated in two independent
studies with simulated as well as empiriclal regas) the generalizability of the findings might
be affected by the choice of the three personstiifes that were used as item banks for the
simulations. While the use of empirical derived@asl of artificially generated item parameters,

rendered rather realistic conditions for the sittiokes, the study’s results have to be interpreted
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in light of the specific item locations of the itdsanks and might not be readily generalizable to
other instruments. In practice, CACTSs typically agie with explicitly constructed item pools that
optimize item information and thus, include momis near the cutscores. Hence, to derive more
general conclusions about the effects of the &stihation criterion on CACTSs future research
should experimentally vary characteristics of teeni pool (e.g., the number of items near the
cutscore). For appropiately designed item banketteet of the modified test termination criteria,

SCSPRT, on ATL may be even more pronounced.
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Footnotes
! Originally, the scale consists of 30 items. Howewee item had to be excluded for the

present analyses, as it yielded a deficient itesaramnination parameter and thus would be rather

uninformative for the proficiency estimations.
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Table 1.

Summary of item parameter estimates

a by b2 s (o)
Mean 155 -0.75 0.97 194 3.65
Conscientiousness Minimum 093 -163 -026 0.70 122
Maximum  2.73  0.29 264 356 4.90
Mean 1.78 -243 -061 0.64 237
Opinion leadership Minimum 1.16 -3.10 -1.35 0.22 2.07
Maximum  2.07 -1.64 -0.01 1.24 3.18
Mean 116 -2.30 -1.08 0.25 1.16
Achievement motivation Minimum 0.76 -458 -298 -1.64 0.76
Maximum 192 -093 042 1.75 3.33

Notesa ... Discrimination parameteb,...

Threshold parameter
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Table 2

Average test length and percentage of correct dlaasons (Simulation 2)

Simulated responses

Empirical responses

SPRT SCSPRT SPRT SCSPRT
ATL PCC ATL PCC ATL ATL

Two-group classification
Conscientiousness 10.24 .90 3.26 .88 9.98 3.07
Opinion leadership 11.42 .94 6.23 .93 11.54 6.08
Achievement motivation 17.48 .93 5.96 .92 17.72 5.82
Three-group classification
Conscientiousness 11.63 .80 4.66 T7 11.35 4.32
Opinion leadership 16.15 .88 8.57 .86 16.91 9.02
Achievement motivation 25.34 .85 8.84 .83 24.84 8.37

Notes Nsim= 50000,Nenp = 2000, ATL ... Average test length, PCC ... Petage of correct
classifications, SPRT ... Sequential probabilitjoregst, SCSPRT ... Stochastically curtailed SPRT
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Figure Captions

Figure 1 Average test length of CACT simulations (simulatil): Black lines represent
two-group classifications, grey lines represenéghgroup classifications; solid lines use SPRT,
dashed lines use SCSPRT,; vertical lines mark tkecotes

Figure 2 Classification accuracy of CACT simulations (siation 1): Black lines represent
two-group classifications, grey lines represenéghgroup classifications; solid lines use SPRT,
dashed lines use SCSPRT; vertical lines mark tkerotes

Figure 3 Distribution of test lenghts and average clasaifon accuracies for adaptive two-group

classifications in comparison to fixed length téstsulation 2)
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Figure 2.
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Figure 3.
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