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4 4 

Computerizedd adaptive testing for  polytomous 
motivationn items: Administratio n mode effects and a 
comparisonn with short forms 

Abstract t 

Administrationn mode effects and efficiency of a computerized adaptive test 
(CAT)) were studied. The item pool consisted of 24 polytomous motivation 
items,, which were selected using Mokken and Molenaar's nonparametric 
counterpartt of Samejima's graded response model (GRM). However, in the 
analysess the parametric GRM was used. Calibration data showed that the 
parametricc GRM did not fit the data optimally. Therefore, a simulation study 
wass done to assess possible consequences. Administration mode effects were 
testedd in a randomized experiment (N=515) in which a computerized test 
(CT)) and a CAT were compared. CAT efficiency was studied by comparing 
CATss of different lengths with two different short forms. The first short form 
consistedd of items most frequently administered in the CAT version. The 
secondd short form consisted of items that had the largest discrimination (a-) 
parameters.. CATs and short forms of the same length were compared: 
lengthss varied between 1 through 23 items1. Results showed no 
administrationn mode effects for CATs consisting of at least 3 items. The 
resultss of the simulation study and the real life CAT study were quite 
similar.. The CAT efficiency analyses showed that CAT outperformed the 
twoo short forms in almost all aspects when results were aggregated along 
thee entire latent trait (0) scale. Inspection of the results concerning four 
specificc intervals along the 0 scale showed that CAT generally performed 
betterr for more extreme 0 values. The short forms performed slightly better 
forr intermediate 0 values. 

11 This idea came up after reading parts of the work by Lord and Novick (1968). 
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4.11 Introductio n 
Overr the past decades psychological and educational research has 
increasinglyy employed item response theory (IRT) in scale and test 
construction.. Most IRT applications have focused on the ability domain 
(Reisee & Henson, 2003). IRT applications in the areas of attitude or 
personalityy assessment are starting to emerge in the literature, but they still 
aree rare. 

Inn addition to other potential advantages of IRT in comparison with 
classicall  test theory (CTT) (see Embretson & Reise, 2000; Reise & Henson, 
2003),, IRT is well suited to increase test efficiency. The characteristics of IRT 
havee facilitated the development of computerized adaptive tests (CATs) 
(Embretsonn & Reise, 2000). CATs consist of an optimally informative set of 
itemss given a particular person. Exams based on CAT can achieve at least as 
goodd precision as a paper and pencil test, using only half of the number of 
itemss (Embretson & Reise, 2000; Weiss, 2004). 

Althoughh the number of studies of CATs for attitude or personality 
measurementt is small, a few studies have appeared. Some of these studies 
consistedd of simulation or real data simulation studies (Dodd et al., 1989; Hoi 
ett alv 2001; Reise & Henson, 2000; Singh et al., 1990; Waller, 1999; Waller & 
Reise,, 1989). In real data simulation studies a CAT procedure is applied to 
itemm response data of items that were administered to participants using 
fixedd length conventional paper and pencil tests or conventional 
computerizedd tests. 

Furthermore,, some studies have appeared involving real lif e CAT 
applicationss in attitude or personality testing using polytomous items2 

(Baek,, 1995; Balasubramanian & Kamakura Wagner, 1989; Koch et al., 1990; 
MacDonald,, 2003). In the present paper, we studied a CAT using 
polytomouss items, as it is this use of CAT (i.e., polytomous items used in the 
measurementt of personality and attitudes) that requires further study. 

Thee (real) data simulations and real lif e CAT applications involving 
polytomouss items that have appeared so far, made use of either one of three 
polytomouss IRT models: the partial credit model (PCM) (Masters, 1982), the 
ratingg scale model (RSM), as described by Andrich (1978), which is a special 
casee of the PCM, or the graded response model (GRM) (Samejima, 1969, 

22 In fact, the Balasubramanian and Kamakura Wagner study dealt with items that were dichotomized after 
participantss first responded to a 6-point Likert scale (Balasubramanian & Kamakura Wagner, 1989, note 6, pp. 
316-317). . 
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1997).. In the present paper the GRM was used, because for the scale being 
studiedd the GRM was the most obvious choice (see Method section). 

CATss involving the application of the GRM were studied in one 
simulationn study (Dodd et al., 1989), four real data simulations (Hol et al., 
2001,, and chapter 2; Reise & Henson, 2000; Singh et al., 1990), and two real 
lif ee CAT studies (MacDonald, 2003; and chapter 3). These studies all showed 
thatt CAT can substantially reduce the number of administered items, while 
maintainingg a high correlation between CAT latent trait (0) estimates and G 
estimatess that were based on the entire item pool. Additionally, the studies 
byy Hoi et al. (2001, chapter 2 and 3) and MacDonald (2003) showed that 
reducingg the number of administered items by CAT administration did not 
appreciablyy affect correlations with other criteria. 

However,, on the basis of a real data simulation, Reise and Henson (2000) 
concludedd that test shortening may be equally efficient to CAT 
administration.. Reise and Henson (2000) administered different CATs all of 
whichh were based on a pool of eight items. Because these CATs generally 
includedd the four best items at the start of the CAT procedure, the results 
suggestedd that a fixed short form of these four items would have performed 
equallyy well. Reise and Henson (2000) acknowledge that their study was 
limitedd in its item pool sizes. If a large pool is available, of which that the 
itemss differ greatly in degree of psychometric information along the 6 
continuum,, then a CAT could be a convenient way to measure examinees 
withh a high precision using a small number of items. The present study 
extendss the real data simulation of Reise and Henson by considering a real 
lif ee CAT based on a larger pool of 24 items. We address the question 
whetherr CAT is more efficiently than a short form test of fixed length 
constructedd from the same item pool. 

Byy definition real lif e CATs are administered by computer, and CAT 
researchh therefore fits well into the research effort addressing the 
psychometricc equivalence of paper-and-pencil tests (PPTs), computerized 
testss (CTs), and CATs. Two meta-analyses have been reported on this 
subject:: the first one studied potential administration mode effects of CT and 
CATT administration of dichotomous ability items (Mead & Drasgow, 1993), 
andd the second one studied potential administration mode effects of CT 
administrationn of the MMPI, which also consists of dichotomous items 
(Fingerr & Ones, 1999). Both studies showed that computerized 
administrationn per se does not greatly affect psychometric quality. In 
addition,, Mead and Drasgow (1993) concluded that there was no additional 
effectt of adaptive administration. The present study includes an 
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experimentall  comparison of CT, and CAT administration of polytomous 
attitudee items. 

Thee goal of the present study is twofold. First, we studied mode effects 
off  CAT versus CT administration in an experimental design. Second, we 
studiedd the efficiency of CAT by comparing the CAT with short forms that 
aree created on the basis of the same item pool. 

4.22 Method 

4.2.11 Participants 
AA total of 515 psychology freshmen (72.1% women, 27.9% men) participated 

inn the experiment in exchange for course credit3. 

4.2.22 Material s 

AA selection of items (24) of the motivation subscale (MS) of the Study 
Questionnairee (SQ) was used. This questionnaire was developed to measure 
attitudess of university students that are important for the educational 
process.. The SQ is based on a questionnaire that is widely used in high 
schoolss in the Netherlands (Vorst, 2000). However, the SQ is specifically 
adaptedd to academic education. 

Eachh of the items consists of a proposition, and the participant is asked 
too judge whether the proposition is applicable to him or her on a three-point 
Likertt scale. The response categories are: that is the case, I don't know4, and that 
isis not the case. An example of an MS item is: / usually study the subject matter of 
mymy study very well. 

4.2.2.11 Scale Construction 

Thee MS (24 items) was selected from the original scale of 48 items with the 
programm Mokken scale analysis for polytomous items (MSP) (Molenaar, Van 
Schuur,, Sijtsma, & Mokken, 2000). This program is suited for item selection 
andd to assess the fit of Molenaar's (1997) extension to polytomous items of 
Mokken'ss (1971, 1997) nonparametric monotone homogeneity model 
(NMHM) .. The NMHM is the nonparametric counterpart of the GRM 

33 At our university psychology freshmen participate in a large number of psychological tests as a part of the 
firstt year study requirements. Students who object to participating are assigned an alternative task. In 
practice,, very few students choose the alternative assignment. 
44 An additional one dimensional homogeneity analysis (HOMALS) in SPSS for Windows on the calibration 
dataa (n-1924) showed that the I don't know option had a category quantification between the two other 
optionss on all 24 items. 
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(Sijtsmaa & Molenaar, 2002, p. 129). If the GRM fits the data, the NMHM also 
fit ss the data. Although the reverse is not necessarily true, some important 
assumptionss of the GRM also apply to the NMHM . If scalability statistics 
givenn by MSP support the use of the NMHM , than the following 
assumptionss of the GRM wil l also be satisfied: unidimensional 
measurement,, local independence, and an item response function (IRF), 
whichh is nondecreasing in 0. 

Thee data that was used to construct the scale consisted of the responses 
too the 48 motivation subscale items of psychology freshmen in three 
previouss years (N=1924), which were gathered using a paper- and pencil 
questionnaire.. The MSP analysis resulted in a scale consisting of 24 items 
(Cronbach'ss a=.90) with a total scale coefficient H=.42, which is indicative of 
onee underlying dominant factor. 

Too date, applications of adaptive testing within the context of IRT have 
onlyy employed parametric IRT models. As nonparametric IRT applications 
inn adaptive testing have yet to appear, the present study was limited to one 
off  the parametric models. Because items showed reasonable fit under the 
NMHM ,, the GRM was the most obvious choice under the parametric 
models,, as the NMHM , it is also a cumulative probability model. 

4.2.2.24.2.2.2 Model Fit 

Sijtsmaa and Molenaar (2002) considered the NMHM as the nonparametric 
versionn of the GRM, but noted that the NMHM is in fact the most general 
modell  of all well-known polytomous IRT models. As described in the 
introduction,, CAT research on attitude measurement made use of one of 
threee models: the GRM, the PCM or the RSM. Both the PCM and the RSM 
aree special cases of the generalized partial credit model (GPCM) (Muraki, 
1992),, which is also a special case of the NMHM (van der Ark, 2001). 
Therefore,, good fit of the NMHM does not automatically force to use the 
GRMM as the best fitting parametric model. The GPCM and its special cases 
couldd still be better alternatives. 

Too test whether the GRM was a reasonable choice as opposed to the 
GPCM,, the method proposed by Drasgow, Levine, Tsien, Williams and 
Meadd (1995, pp. 148-149) was used to compare model fit using the 
calibrationn sample (N=1924). The GRM performed slightly better than the 
GPCM,, and could therefore be considered as a reasonable choice as 
comparedd to the GPCM. 

Thee studies that applied this method of examining model fit 
(Chernyshenko,, Stark, Chan, Drasgow, & Williams, 2001; Drasgow et al., 
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1995)) recommended that a ratio of X2 (corrected to a sample size of 3,000) to 
degreess of freedom of over 3 should be considered as indicative of misfit. 
Althoughh the GRM fit slightly better than the GPCM, both models showed 
model-dataa misfit given this criterion. Therefore, the analyses in the present 
studyy were complemented by a simulation study (see the section Simulation 
study).. The results of this simulation study were used to assess whether 
theoreticall  model predictions did occur in the real data, and were used to 
indicatee whether application of the GRM could be useful regardless of a 
certainn degree of model-data misfit. 

Althoughh the model-data misfit was suggested by the criterion 
describedd above, we emphasize that the data did satisfy a commonly used 
criterionn (Reckase, 1979). This involves determining whether a dominant 
factorr is present in the data. For acceptable item calibration, Reckase (1979) 
recommendedd a dominant first factor that accounts for at least 20% of the 
testt variance. An exploratory factor analysis on polychoric correlations of the 
entiree data set (N=1924) showed that the first factor accounted for 44% of the 
testt variance. In addition, the ratio of the eigenvalues of the first and the 
secondd factor was 4.7. 

4.2.2.33 Calibratio n of Item Parameters 

Itemm parameters were estimated using the data (N=1924) of the 24 items 
selectedd using the MSP program, by the marginal maximum likelihood 
methodd in Multilog (Thissen, 2003). In this analysis, 9 was specified to have a 
normall  distribution with mean 0 and standard deviation 1. Two versions of 
thee GRM were compared. The GRM with equal discrimination (a-) 
parameterss for all items was tested against the GRM that allows a-
parameterss to differ across items (Bock & Lieberman, 1970, p.194). The 
likelihoodd ratio (LR) test showed that the fl-parameters could not be set equal 
(LR(23)=894.1,, p<.05). A description of the items, item «-parameters, and 
locationn (b-) parameters is given in Table 4.1. Figure 4.1 shows the test 
informationn function. 

4.2.2.44 Computerized Versions 

AA computer program was written that administered the 24 motivation items 
onee at the time. Testees could alter their response to an item, as long as it 
wass displayed on the screen. After continuing to the next item, they could 
nott return to the previous items. It was not possible to skip items, the 
programm only proceeded to the next item, after a response was registered. 
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Figuree 4.1. Test information function. 

Thee computer program assigned participants randomly, with equal 
probabilityy to one of two conditions: the CT version, or the CAT version. 

CTCT version of the MS 

Thee CT administered items in the order in which they originally occurred in 
thee paper version of the SQ. This order is shown in Table 4.1. After 
administrationn of the CT, 9 estimates were computed on the basis of 
responsess to all 24 items using the maximum likelihood method (Hambleton 
&&  Swaminathan, 1985, pp. 76-81). 

CATCAT version of the MS 

Thee CAT administered items in an adaptive order. However, no stopping 
rulee was applied during administration, which resulted in complete 
responsee patterns for all 24 items. This was done to facilitate a detailed 
comparisonn of CATs of various lengths. 

Inn the CAT, 9 estimates were computed using the maximum likelihood 
methodd (Hambleton & Swaminathan, 1985, pp. 76-81). Each time a given 
personn responded to an item, a new 9 estimate was computed, which was 
basedd on the response to this item and on the other items, if any, that had 
alreadyy been administered to the given person. New items were selected 
usingg the item information function (Samejima, 1969, p.39, Equation 6-6). 
Thiss involved identifying the item that had the largest value of the item 
informationn function at the most recent 9 estimate. 
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Ass a 9 estimate is absent at the start of a CAT, an initial starting value for 
00 was used to select the first item. Because item parameters were estimated 
byy assuming a Ö scale with a normal distribution with mean 0, the first item 
wass selected given 6=0, which is the best prediction of G for an arbitrary 
personn from this distribution, in the absence of additional information. 

Iff  the responses of a given person are all negative or all positive 
(responsee categories 1 or 3), the maximum likelihood estimate of 0 assumes 
thee value of either -«> or <» In this case the 0 estimate cannot be used to select 
itemss with the item information function. However, if the responses are all 
intermediatee (i.e., the second response category), a maximum likelihood 
estimatee can be computed (see also Dodd et al., 1989, p. 135). This implies 
thatt a maximum likelihood estimate can be computed only if a person 
respondedd once by choosing category 2, or if a person had at least one 
responsee in both extreme response categories (1 and 3). Because there is a 
highh probability of extreme response patterns at the start of the CAT, an 
adaptedd version of the variable step size method (Dodd et al., 1989) was 
usedd to compute provisional 0 values5. 

Becausee all items were administered in the CAT, it was possible to 
determinee CAT 0 estimates for CATs of various lengths. As the study was 
aimedd at comparing fixed short form versions with CAT versions, 0 
estimatess were computed for 24 fixed length CATs consisting of 1 through 
244 items. 

4.2.33 Administratio n mode effects 

Administrationn mode effects were tested by means of f-tests of 0 estimates 
withh administration mode (CT or CAT) as independent variable. In each t-
test,, the full CT version (24 items) was compared to a fixed length (1 through 
244 items) CAT. The full CAT version of 24 items was also included to check 
forr potential item order effects, because administration order was the only 
aspectt in which the CT version and the full CAT version differed. 

Priorr to the f-tests, Levene's test for homogeneity was used to test for the 
equalityy of variances between the experimental groups. If this assumption 

55 The step size method computes a new initial value by taking the mean of the earlier initial value (0) and the 
valuee +3 when the response is on the extreme positive side of the scale. It takes the mean of the initial value 
(0)) and the value -3 when the response is on the extreme negative side of the scale. The new initial 8 value is 
usedd to select the second item with the item information function. When a participant continues to respond in 
thee same extreme response category, then again a new initial value is computed as the mean of the last initial 
valuee and the value +3 or -3. This procedure of computing initial values continues until the participant selects 
anotherr category than the extreme category that he/she selected before. At that point, maximum-likelihood 0 
estimatess can be computed and subsequent items can be selected by using these estimates in the item 
informationn function. 
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wass violated, the Mann-Whitney 17 test (Gibbons, 1985) was applied to the 
data. . 

Thee availability of the full CAT version also enabled tests for 
administrationn mode effects on separate items. To this end, chi-square tests 
withh administration mode as independent variable were applied to the 
responsess to the separate items. 

Al ll  analyses concerning administration mode effects were tested at the 
5%% significance level. Overall Type I error rate was controlled with the 
Bonferroni-Hochbergg procedure (Hochberg, 1988). 

4.2.44 Compar ison of CAT and short form s 

4.2.4.11 Short forms M 

Reisee and Henson (2000) showed that a fixed short form, which consisted of 
itemss that were mostly administered at the start of the CAT, would have 
performedd equally well compared to the CAT version. To test whether this is 
alsoo the case in the present study, fixed short forms were created on the basis 
off  the CAT results. 

AA total of 23 fixed short forms were created that comprised of i=l , 2, ..., 
233 items. Each short form of i items was created by taking i items, which had 
thee lowest mean points of item administration in the full CAT version (short 
formss M). Because the CAT administered all items to the participants in 
adaptivee order, it was possible to compute the mean point of item 
administrationn of each item. For each item, its mean point of administration 
couldd theoretically range from 1 through 24. A mean point of 1 corresponds 
withh an item that is always administered as the first item; a mean point of 24 
wouldd correspond with an item that is always administered as the last item. 

Forr each short form, maximum likelihood 0 estimates were computed. 
Becausee these short forms were based on CAT results, they were directly 
relatedd to item information, which is dependent on both «-parameters and b-
parameters.. In fact, the fixed short forms optimized total test information for 
mostt persons. 

4.2.4.22 Short forms A 

Thee psychometric literature shows consistently that the item a-parameters 
havee a large influence on item exposure in a CAT (e.g., Chang et al., 2001). 
Therefore,, it is possible that short forms selected only on the size of a-
parameterss (short forms A) perform equally well compared to CATs or to 
thee short forms created in the previous section. To test this hypothesis, fixed 
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shortt forms were created on the basis of a-parameter sizes. 23 fixed short 
formss were created that consisted of i=l, 2, ..., 23 items. Each short form of i 
itemss was created by taking i items with the largest a-parameters from the 
itemm pool. For each short form maximum likelihood 0 estimates were 
computed. . 

4.2.4.33 Analyses concerning short forms 

Mostt literature on polytomous CATs used 0 estimates on the total item pool 
ass a criterion for CAT performance. Generally, in the literature, correlations 
aree reported between CAT Ö estimates and full-scale 0 estimates, or other 
measuress based on the difference between CAT 0 estimates and full-scale 0 
estimates.. In the present study, correlations, root mean square differences 
(RMSD),, and averaged signed differences (ASD) of the full-scale versus CAT 
andd short form 0 estimates are reported. The RMSD indicates the level of 
aggregatee error between full-scale versus CAT or short form 0 estimates. The 
ASDD indicates the mean difference between full-scale versus CAT or short 
formm 0 estimates. 

Noo 0 estimates based on the CAT or the short forms were available for 
personss with consistently extreme response patterns, as maximum 
likelihoodd estimates in this case are undefined. Because subtests consisted of 
11 through 24 items, the probability of extreme response patterns was quite 
highh especially for the very small subtests. Simply ignoring the data of 
personss with extreme answer patterns would have led to a substantial 
reductionn of available data for the smaller subtests. Therefore, Multilog 
(Thissen,, 2003) was used to compute maximum a posteriori (MAP) 0 
estimatess for the persons with extreme response patterns. MAP 0 estimates 
weree computed separately for each CAT and short form for each specific 
length,, because the MAP 0 estimates had to be based only on the specific 
subsett of items that was administered in the particular short form or CAT. 

Insteadd of mixing maximum likelihood 0 estimates with MAP 0 
estimates,, it would be more consistent to use MAP 0 estimates in all cases. 
However,, MAP 0 estimates are biased especially when the number of items 
iss small (Embretson & Reise, 2000, p. 174). Because analyses were done for 
CATT and short form lengths that varied between 1 and 24 items, we 
preferredd to use maximum likelihood 0 estimates where possible. 

4.2.4.44 Relations with an external measure 

Previouss research at our psychology department showed that motivation as 
measuredd by the SQ and other motivation measures were positively 
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correlatedd with academic performance. At our department, motivation is a 
betterr predictor of academic performance than various intelligence 
measures.. This is partly due to the highly selective school system in the 
Netherlands.. Very early (about age 14) students in high schools are assigned 
too different classes varying in difficulty level. Only students who complete 
thee most difficul t level in high school are admitted to university. 

Too assess the performance of the CAT and the short forms of various 
lengths,, 0 estimates were correlated with the mean of exam marks on the 
firstt three exams in the first year: introduction to psychology, 
psychophysiology,, and statistics. In the event of missing marks, the average 
wass based on the available marks. 

4.2.4.55 Simulation study 

Too assess whether model-data misfit affected the results described in the 
previouss sections, 10,000 cases were simulated according to the GRM. The 
itemm parameters in Table 4.1 were used to generate item responses with the 
GRMM using the method described by Dodd et al. (1989). Simulated "true" 0 
valuess were drawn from a normal distribution with mean 0 and standard 
deviationn 1, because item parameters were also estimated using this 
assumption. . 

Thee analyses involving the comparison of CAT and short forms as 
describedd above were also applied to the simulated data. 

4.2.4.66 Additiona l results for  intervals along the 0 scale. 

A nn anonymous reviewer raised the issue that the results of the comparisons 
betweenn the CAT and the short forms were reported over the entire range of 
thee 0 scale. Therefore, conclusions from this study may be true overall, but 
nott for particular ranges along the 0 scale. To test this assumption, all 
comparisonss between CAT and short forms were carried out for four 
intervalss along the 0 scale: 0<-1.5, -1.5<0<O, O<0<1.5, 0>1.5. 

4.33 Results 
Off  the 515 participants, 46.8% («=241) were randomly assigned to the CT 
condition,, and 53.2% (n=274) were assigned to the CAT condition. 
AA chi-square test on gender, and a f-test on the mean of marks on the three 
firstt exams with administration mode as independent variable were done to 
checkk if random assignment yielded two equivalent groups. Both tests 
indicatedd that the groups were comparable. 
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4.3.11 Missing data 

Becausee it was not possible to skip items without responding in the CT and 
thee CAT version, complete response patterns were available for all students 
whoo participated. 

Examm marks were available for 91.1% (n=469) of the participants. For 
71.3%% of the students three exam marks were available, for 14.6% two exam 
markss were available, for 5.2% one exam mark was available. 

4.3.22 Administratio n mode effects 

Meanss and standard deviations of motivation 0 estimates in the 
experimentall  conditions are given in Table 4.2. 

Thee application of the NMHM to the data in the experimental 
conditions,, resulted in scale coefficients of H=.46 for the CT version, and 
H=.400 for the CAT version (on all 24 items). These values are close to the 
valuee of H=.42, that was found in the paper-and-pencil calibration sample. 

Tablee 4.2. Means and standard deviations (in parentheses) of subscale 0 
estimatess in the experimental conditions 

Experimentall  condition Numberr of items Meann (Standard deviation) 

CAT T 

CAT T 

CAT T 

CAT T 

CAT T 

CAT T 

CAT T 

CAT T 

CAT T 

CAT T 

CAT T 

CAT T 

CAT T 

CAT T 

CAT T 

CAT T 

CAT T 

CAT T 

CAT T 

CAT T 

CAT T 

CAT T 

CAT T 

CAT T 

CT T 

1 1 

2 2 

3 3 

4 4 

5 5 

6 6 

7 7 

8 8 

9 9 

10 0 

11 1 

12 2 

13 3 

14 4 

15 5 

16 6 

17 7 

18 8 

19 9 

20 0 

21 1 

22 2 

23 3 

24 4 

24 4 

-0.11 1 
0.00 0 
0.07 7 
0.07 7 
0.07 7 
0.11 1 
0.11 1 
0.12 2 
0.13 3 
0.13 3 
0.14 4 
0.14 4 
0.13 3 
0.14 4 
0.13 3 
0.13 3 
0.13 3 
0.13 3 
0.13 3 
0.13 3 
0.13 3 
0.13 3 
0.13 3 
0.13 3 
0.10 0 

(0.57) ) 
(0.84) ) 
(1.05) ) 
(1.16) ) 
(1.31) ) 
(1.36) ) 
(1.37) ) 
(1.34) ) 
(1.34) ) 
(1.34) ) 

(1.31) ) 
(1.30) ) 
(1.29) ) 
(1.29) ) 
(1.28) ) 
(1.27) ) 
(1.26) ) 
(1.26) ) 
(1.26) ) 
(1.25) ) 
(1.25) ) 
(1.25) ) 
(1.25) ) 
(1.25) ) 
(1.31) ) 

69 9 



4.3.2.11 Tests of homogeneity of variances 

Afterr controlling for Type I error with the Bonferroni-Hochberg procedure 
(Hochberg,, 1988), the null hypothesis of equality of variances was rejected 
forr the comparison of the CT group with the CATs that consisted of 1, and 2 
itemss (F(l,513)=103.56, p=.000; F (1,513)=29.82, p=. 000, respectively). This was 
probablyy due to the fact that for these short CAT versions only a few values 
off  9 could occur. Three and nine values of 9, respectively, occurred for the 
CATss consisting of 1 and 2 items. For the remaining comparisons of the CT 
versionn with the CATs consisting of 3 through 24 items, the null hypotheses 
off  equality of variances were not rejected. 

4.3.2.22 Effects on medians and means of 0 estimates 

Too test for administration mode effects on 0 estimates of the CATs of the 24 
differentt test lengths in comparison with the conventional CT version, 24 
significancee tests were done. Type I error was controlled with the 
Bonferroni-Hochbergg procedure (Hochberg, 1988). 

Mann-WhitneyMann-Whitney U tests 

Becausee the equality of variances was not tenable for the comparison of the 
CTT version with the CATs consisting of 1, and 2 items, Mann-Whitney U 
testss (corrected for ties) (Gibbons, 1985) were used to check for 
administrationn mode effects. The null hypothesis of equal medians of 0 
estimatess was never rejected for the comparisons between the CT group and 
thee CAT groups consisting of 1, and 2 items. 

t-t- tests 

t-testss with administration mode as independent variable were carried out to 
comparee the CT group with the CAT group versions consisting of 3 through 
244 items. The null hypotheses of equal mean 0 estimates across groups were 
neverr rejected. 

4.3.2.33 Effects on separate items 

Chi-squaree tests were used to study whether administration mode affected 
itemm response behavior on separate items. The chi-square value was 
computedd on the basis of a 2 (administration mode) X 3 (item response 
category)) contingency table. In all administration mode conditions, item 
responsess were available, because no stopping rule was applied to the CAT 
dataa during the experiment. The null hypothesis of no effect on response 
behaviorr was never rejected. 
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4.3.33 Comparison of CAT and Short Forms 

Inn this section results pertaining to correlations, RMSD, and ASD values are 
expressedd in various figures. Each figure consists of two graphs (a and b) 
thatt show the results for both the real data (a) and the simulated data (b). 

Analysess of the simulated data showed that the GRM fit the data very 
welll  according to the method proposed by Drasgow et al. (1995). Analysis 
withh MSP (Molenaar et al., 2000) showed that the 24 simulated items had a 
scalee coefficient H=.43. 

RMSDD and ASD values are reported that were based on the difference 
betweenn full-scale 9 estimates and 9 estimates of CATs and short forms of 
variouss lengths. Additionally, 9 estimates of the CATs and short forms of 
variouss lengths were correlated with the full-scale 9 estimates. 

Too avoid incomplete data sets MA P 9 estimates were computed for 
extremee response patterns that occurred in the CAT and short form versions. 
Figuree 4.2 shows the percentage of extreme response patterns in these 
groupss for the real and simulated data. Both the real and simulated data 
showedd that, as the number of items increased, the number of extreme 
responsee patterns decreased much more rapidly in the CAT group. 
Figuree 4.3 shows the RMSD values for the difference between full-scale 9 
estimatess and 9 estimates resulting from the CATs and short forms of 
variouss lengths. Both the real and simulated data showed that short forms M 
andd A resulted in higher RMSD values than the CATs. Moreover, the RMSD 
valuess of real and simulated data were very similar, and therefore RMSD 

(a)) REAL DATA (n=274) (b) SIMULATED DATA (n=10,000) 

Figuree 4.2. Percentage of extreme response patterns in CATs and short 
forms. . 
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valuess in the real data did not seem to be affected by model misfit. 
Figuree 4.4 shows the ASD values for the difference between full-scale 9 

estimatess and 9 estimates resulting from the CATs and short forms of 
variouss lengths. Both the real and simulated data showed that short forms M 
andd A resulted in higher ASD values than the CAT ASD values which 
stabilizedd around 0 after 8 items. However, ASD values for the short forms 
MM and A were higher in the real data than in the simulated data. In contrast, 
thee CAT ASD values in the real data were similar to the simulated data. This 
couldd indicate that 9 values estimated on the short forms suffered more from 
modell  misfit than did the CAT 9 estimates. 

Figuree 4.5 shows the correlation of CAT and short form 9 estimates with 
thee full-scale 9 estimates. Both the real and simulated data showed that 
generallyy CAT 9 estimates correlated higher with the full-scale 9 estimates. 

4.3.3.11 Relations wit h an External Measure 

Figuree 4.6 shows the correlations between CAT and short forms 9 estimates 
withh the mean of exam marks. CAT 9 estimates generally correlated higher 
than,, or equal to, short form 9 estimates, but in a few cases short forms 
correlationss with exam marks were higher. The highest correlation with 
examm marks was found for the short form A that consisted of 13 
administeredd items. 

REALL DATA [n= 274) 

Version n 

DD CAT 

Shortt forms M 

 Short forms A 

11 3 5 7 9 11 13 fS 17 19 21 23 

22 4 6 8 10 12 14 16 18 20 22 24 

Numberr of administered items 

Figur ee 4.6. Pmcc correlations of CAT or short forms 9 estimates with the 
meann of exam marks. 
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(a)) REAL DATA (n=274) (b)) SIMULATED DATA (AMO.000) 

33 5 7 9 11 13 15 17 19 21 23 

!! A 6 8 10 12 14 16 18 20 22 24 

Numberr of administered items Numberr of administered items 

Figuree 4.3. RMSD values between full-scale 9 estimates and CAT or short form 0 estimates. 

fa)) REAL DATA (n=274) (b)) SIMULATED DATA [N=10,000) 

'' Short ft 

'' Short fc 
133 15 17 19 21 23 

100 12 14 16 18 20 22 24 

Numberr of administered items Numberr of administered items 

Figuree 4.4. ASD values between full-scale 0 estimates and CAT or short form 0 estimates. 

(a)) REAL DATA (n=274) (b)) SIMULATED DATA <W=10,000) 

'' Short ft 

11 Short fc 
133 15 17 19 21 23 

122 14 16 18 20 22 24 

33 5 7 9 11 13 15 17 19 21 23 

66 B 10 12 14 16 18 20 22 24 

Numberr of administered items Numberr of administered item, 

Figuree 4.5. Correlations of CAT or short forms 0 estimates with full-scale 0 estimates. 
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4.3.3.22 Additiona l Results for  Interval s Along the 0 Scale 

Thee CAT and short form comparisons that were made in the previous 
sectionss concerning RMSD values, ASD values, and correlations were 
repeatedd for four intervals along the 6 scale: 0<-1.5, -1.5<0<O, O<0<1.5, 0>1.5. 
Thiss was done for both the real and the simulated data. Figure 4.7 shows the 
intervall  results of the real data, Figure 4.8 shows the results of the simulated 
data. . 

Forr very short test lengths for the intervals 0<-1.5 and 9>1.5 in the real 
data,, the correlation with the full-scale 0 estimates could not always be 
computed,, because all participants had an equal 0 estimate. For the interval 
0<-1.55 (n=18), this occurred for the CAT and short form M consisting of 1 or 2 
items,, and for short form A it occurred for test lengths from 1 through 6 
items.. For the interval 0>1.5 (n=42), this occurred for the CAT consisting of 1 
item,, short form M consisting of 1 or 2 items, and short form A consisting of 
11 through 5 items. In these cases, results are absent in the correlation graphs 
inn Figure 4.7. Although 0 estimates were sometimes constant, RMSD and 
ASDD values were always computed anyway, to give an indication of the 
contributionn of the extreme intervals to the RMSD and ASD values on the 
aggregatee level. 

RealReal Data 

Inspectionn of the four specific intervals in the real data in Figure 4.7 showed 
thatt CAT especially performed better than the short forms for the more 
extremee positive 0 values (i.e., 9>1.5). For the more extreme negative 0 
valuess (i.e., 0<-1.5), the CAT generally performed slightly better (concerning 
correlationss CAT was clearly better), but these results were only based on 
thee data of 18 participants. In the middle of the 0 continuum, short forms 
generallyy performed better, with respect to RMSD values and correlations, 
thann the CAT for small through intermediate (12 items) test lengths. 
Differencess between the CAT and short forms were larger for the extreme 
intervalss (especially for 0>1.5). This caused the CAT results in the previous 
sections,, which were aggregated across the 0 scale, to be generally better for 
mostt test lengths. 

SimulatedSimulated Data 

Thee comparisons of the four specific intervals in the simulated data showed 
thatt overall the CAT performed better than the short forms for the more 
extremee 0 values (i.e., 0<-1.5 and 9>1.5). Especially concerning RMSD values 
inn both intervals in the middle of the 0 continuum, short forms performed 
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betterr than the CAT for small through medium test lengths (7 and 10 items 
forr -1.5<0<O and O<0<1.5, respectively). The short form and the CAT 
performancee was similar for ASD values and correlations in the middle of 
thee Ö continuum. 

ComparisonComparison of Real and Simulated Data 

Generally,, the real and the simulated data results were similar. Again, this 
indicatess that the real data results were not greatly affected by model misfit. 

Thee results obtained with both the real and the simulated data indicated 
thatt the CAT performed better than the short forms for the most positive 6 
interval.. For the most negative G interval the simulated data also indicated 
thatt CAT performed better than the short forms. For this interval in the real 
dataa («=18), CAT only performed clearly better concerning correlations with 
thee full-scale 0 estimates. 

Inn the middle of the 0 continuum short forms performed slightly better 
thann the CAT for small through medium test lengths, especially concerning 
RMSDD values. 

Generally,, the differences between the CAT and the short forms were 
largerr for more extreme 0 values, which resulted in a better general CAT 
performancee on all criteria when aggregated along the entire 0 continuum. 

4.44 Discussion 
CATT administration generally did not lead to administration mode effects 
whenn compared to a full-scale CT version of 24 items. Only very short CATs 
consistingg of 1 or 2 items led to administration mode effects, but for these 
CATss differences between the CT and the CAT group were limited to the 
variances.. In chapter 3, a PPT, a CT, and a CAT were compared in an 
experimentall  study, which also involved a motivation scale of 48 
polytomouss items. Small but inconsequential CAT administration mode 
effectss were detected, which however were greatest for the shortest CATs. 
Thee present study generally showed very littl e administration mode effect. 
However,, when effects occurred, it was also for the short CATs. 

Concerningg the short form and CAT comparisons, the results showed 
that,, when measured along the entire 0 scale, the CAT performed better than 
twoo types of fixed short forms, which were both especially constructed to be 
goodd CAT competitors. CAT administration generally resulted in less 
extremee response patterns, lower RMSD and ASD values, and higher 
correlationss with full-scale 0 estimates. These results run counter to those of 
Reisee and Henson (2000), who concluded that a fixed short form based on 

77 77 



thee best and most early administered items in a CAT would perform equally 
welll  as a CAT. 

Thee difference in results with the Reise and Henson (2000) study is not 
duee to a more informative item pool over the entire range of 0 in the present 
study.. In the present study, the item pool also had a quite peaked 
informationn function (see Figure 4.1), but the item pool was larger (24 items) 
thann the small item pool (8 items) used by Reise and Henson (2000). 
Therefore,, an important conclusion of the present study is that CAT 
administrationn could be more efficient than short forms, even with a quite 
peakedd information function. Clearly, item pool size is an important factor in 
determiningg CAT efficiency. 

Additionall  inspection of the data showed that the results of the CAT and 
thee short form performance were more differentiated when considering four 
specificc intervals along the 9 scale. Overall, CAT performed better for more 
extremee 0 values. For the intermediate intervals, both the real and simulated 
dataa showed that short forms performed better than the CAT for small 
throughh medium test lengths concerning RMSD values; for the real data, 
shortt forms also performed better with respect to correlations with full-scale 
99 estimates. Generally, differences between CAT and short form 
performancee were larger for the most positive and most negative 0 intervals 
thann for the intermediate intervals. This caused CAT performance to be 
betterr than short form performance when results were aggregated along the 
99 scale. 

Inn general CAT administration provided satisfying results. When CAT 
andd short form results were considered along the entire 9 continuum, CAT 
outperformedd the short forms. In a real test situation, where nothing is 
knownn about 9, CAT seems to be the best way to increase test efficiency. 

Thee results along the entire 0 continuum showed that in many cases the 
qualityy of CAT and short forms more or less converged when a very small or 
veryy large part of the total item pool was used. This is because, at the start 
andd at the end, the short forms and the CAT are very much alike. However, 
whenn increasing test efficiency in a real situation the number of 
administeredd items wil l lie somewhere between a very small and a very 
largee part of the test, for example at 9 items. When CAT was compared to 
thee short forms for 9 administered items, CAT led to the lowest RMSD and 
ASDD values and CAT 0 estimates had the highest correlation with full-scale 0 
estimatess and exam marks. 

Itt might be argued that administration of a 24-item scale does not take 
alll  that long in the first place, and that a reduction to, say, 9 items does not 
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constitutee a great improvement. However, in assessment situations generally 
multiplee tests consisting of multiple scales are administered to participants, 
andd in that case all of these scales could be administered adaptively, which 
wouldd result in a substantial reduction of total testing time. CATs may also 
bee used in polling and marketing research, which frequently uses scales 
consistingg of polytomous items. Surveys should be brief to prevent 
respondentss from breaking off. Here CAT would be useful to reduce survey 
length. . 

Thee similarity that was found between real CAT and simulated CAT 
resultss has favorable implications for the testing practice. When planning 
CATT implementation for practical assessment situations, simulation studies 
mayy be used to assess the possible efficiency gain beforehand. 

Althoughh the CAT performed quite satisfactorily in the present study, a 
quitee basic CAT design was used. In CATs for dichotomous ability items 
moree advanced techniques have been developed to optimize item selection, 
orr to avoid item overexposure. Overexposure problems may be less 
importantt in personality or attitude measurement. However, techniques that 
optimizee item selection could also be useful in CATs consisting of 
polytomouss attitude or personality items, because they can further increase 
CATT efficiency. Because studies on polytomous CAT using the GRM are 
relativelyy rare, much work remains to be done. However, recently a 
simulationn study has been reported that focused on item selection in CAT 
earlyy stage using the GRM (Lima Passos, Berger, & Tan, 2004). It is possible 
thatt new item selection techniques improve CAT performance in the middle 
off  the 0 continuum when compared to short form performance. 

4.55 Conclusion 
Forr a CAT consisting of at least 3 items, no administration mode effects were 
observed,, when compared to a full-scale CT version that consisted of 24 
items.. A comparison of short forms and CATs of varying length as methods 
forr increasing test efficiency showed that CAT generally outperformed the 
shortt forms. However, the short forms performed slightly better for 
intermediatee 0 values. Overall, a CAT, which shortened the conventional test 
lengthh by 62.5% to 9 items, was most efficient in the present study. 
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