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Introductio n n 
Itemm response theory and its applications have been applied widely in 
cognitivee ability measurement. Although item response theory models for 
polytomouss items have been available for a long time, especially IRT 
applicationss for attitude and personality questionnaires that consist of 
polytomouss items are rare. 

Itemm response theory has facilitated the development of computerized 
adaptivee tests (CATs). A CAT administers an optimal set of items to a 
particularr person. In this way latent trait (6) measurement becomes more 
efficient.. Psychometric literature has shown that CATs can reduce exams by 
50%% (Embretson & Reise, 2000; Weiss, 2004), while maintaining the same 
measurementt quality. Reducing test length by 50% can save time, and 
preventt boredom. Moreover when large item pools are available, 
theoreticallyy a CAT can have better measurement quality than a longer 
conventionall  test. In many assessment situations many cognitive tests and 
questionnairess consisting of multiple scales are administered. When 
reducingg all of these scales by 50%, total assessment time can be reduced 
substantially. . 

Studiess on computerized adaptive tests for attitude and personality 
questionnairess consisting of polytomous items are relatively rare. Therefore, 
thee present study addressed two questions concerning CAT administration 
off  these kinds of questionnaires. First, it was questioned whether CAT 
administrationn was psychometrically equivalent to conventional paper and 
pencill  or conventional computerized testing. Second, the efficiency of CAT 
administrationn in comparison with conventional testing was studied. To 
studyy CAT efficiency, systematic comparisons of CATs of different lengths 
weree made. 

Twoo additional studies were done. In the first study, a simple initial 0 
estimationn (SIE) procedure that was used throughout this dissertation was 
comparedd with a somewhat more advanced procedure based on maximum a 
priorii  (MAP) 0 estimation. In the second additional study, a comparison was 
madee between conventional computerized and CAT administration 
concerningg the application of a method to detect aberrant response behavior, 
usingg among others, item response times as an indicator. 
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1.11 Cognitive and non-cognitive CATs 
Mostt CAT literature involves cognitive ability testing. However, in the last 
decadess CAT studies concerning attitude and personality measurement have 
startedd to occur in the literature. Studies have appeared for both 
dichotomouss and polytomous items, but both types of studies are a minority 
inn comparison with the large amount of literature that is available on CAT 
forr cognitive ability measurement. For attitude and personality 
questionnairess that consist of dichotomous items, most of the techniques and 
modelss developed for cognitive ability measurement can be used. However, 
forr questionnaires that consist of polytomous items polytomous IRT models 
shouldd be used. 

Inn recent literature on CATs for cognitive ability measurement a lot of 
researchh is done on avoiding item overexposure. Overexposure of items is a 
riskk in cognitive ability measurement, because items can become widely 
knownn within the population. However, in personality and attitude 
measurementt overexposure does not constitute a problem, because prior 
knowledgee of questions cannot improve the test scores. Of course 
participantss can be dishonest in responding to personality or attitude 
questions,, but such behavior is not influenced by item exposure. Therefore, 
CATss for attitude and personality measurement allow for smaller item banks 
inn comparison with CATs for cognitive ability measurement. 

1.22 Model choice 
Inn the present dissertation CATs are studied that consist of Likert-type items. 
Likert-typee items are polytomous items and are often used for attitude and 
personalityy measurement. An example of an item that is used in the present 
studyy is shown in Figure 1.1. 

II  usually study the subject matter of my study very well. A B C 

Thatt is I don't That is not 
thee case know the case 

Figur ee 1.1. Example of a Likert-type item. 

AA few studies have applied CAT to attitude and personality 
questionnairess that consist of polytomous items (Baek, 1995; Dodd, Koch, & 
dee Ayala, 1989; Koch, Dodd, & Fitzpatrick, 1990; MacDonald, 2003; Reise & 
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Henson,, 2000; Singh, Howell, & Rhoads, 1990). These studies involved the 
applicationn of either one of three IRT models: the partial credit model (PCM) 
(Masters,, 1982), the rating scale model (RSM), as described by Andrich 
(1978),, which is a special case of the PCM, or the graded response model 
(GRM)) (Samejima, 1969,1997). 

Vann Engelenburg (1997) studied the conceptual correspondence between 
IRT-modelss for polytomous data and different ways of responding to 
polytomouss items. The PCM and its special case the RSM are both models 
forr adjacent item categories, which suits a response process where the 
subjectt starts to compare the first two item categories. If the subject prefers 
thee first category, the subject chooses the first category. If the subject prefers 
thee second category above the first, the subject continues to compare the 
secondd category with the third category. This process continues depending 
onn the number of item categories. The GRM is a model for cumulative 
probabilities.. For example, an item with three response categories is treated 
ass a series of two dichotomies (Mellenbergh, 1995). That is, the first category 
versuss the second and the third category; the first and the second category 
versuss the third category. It suits a process where a subject makes a global 
evaluationn to answer an item. The subject immediately seeks his/her position 
onn the scale. This process seems to be the most natural strategy for Likert-
typee items. In addition, a simulation study (Van Engelenburg & Schouwstra, 
1997)) that generated data given three classes of polytomous IRT models 
(amongg others, the PCM and the GRM) and fit these models both to the data 
off  their own class as the data of the other classes showed a small preference 
forr the GRM. Thus, both theoretically and empirically there were reasons to 
preferr the GRM as the optimal IRT model for attitude and personality data. 
Therefore,, it was decided to use the GRM in this study. 

1.33 Research strategies 
Inn the present study CATs were studied by simulation studies, real data 
simulationn studies and real lif e CAT studies. In CAT simulation studies item 
responsee data are generated according to a specific IRT model, and these 
dataa are used to simulate a CAT procedure. In CAT real data simulation 
studies,, item response data gathered with a conventional fixed length testing 
methodd (paper-and-pencil or computerized) are used to simulate a CAT 
procedure.. The responses to the items that would have been selected in a 
reall  CAT procedure are used to compute 0 estimates. In real lif e CAT studies 
participantss respond to a computerized test, which administers items in 
adaptivee order. 
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Inn the present dissertation CATs with different test lengths were 
systematicallyy studied by manipulating 9 precision or by directly 
manipulatingg test length. CATs with different 0 precision or lengths could be 
comparedd with each other and with conventional full-scale questionnaires. 

1.44 Overview 
Inn chapter 2, a CAT procedure was applied by real data simulation to the 
dataa of the dominance scale of the Adjective Checklist (ACL) (Gough & 
Heilbrun,, 1980). The size of the standard error in the stopping rule was 
systematicallyy manipulated to see the effects on CAT measurement quality. 
Measurementt quality was assessed by inspection of the relation of CAT 9 
estimatess with full-scale 9 estimates and the relation of CAT 9 estimates with 
otherr ACL scales. 

Inn the next chapter, an experimental comparison was made between a 
conventionall  paper and pencil test (PPT), a conventional computerized test 
(CT),, and a CAT version of the School Attitude Questionnaire (SAQ) (Vorst, 
2000).. In this study CAT measurement quality was assessed by inspection of 
thee relation of CAT 9 estimates with full-scale 0 estimates and the relation of 
CATT 0 estimates with an external criterion (school marks). In addition, CAT 
resultss were compared to the full-scale conventional PPT and CT. 

Chapterr 4 describes an experimental comparison between a conventional 
CTT and a CAT. In addition, the CAT data was used to study CAT efficiency 
byy creating short forms from the same item pool. For all possible test lengths 
shortt forms and CATs were compared concerning measurement quality. 
Measurementt quality was assessed by inspection of the relation of CAT and 
shortt form 0 estimates with full-scale 0 estimates and the relation of CAT 
andd short form 0 estimates with the external criterion of exam marks. 
Moreover,, chapter 4 included a simulation study to assess whether the 
potentiall  differences found, would also occur with data generated according 
too the GRM. 

Duringg the CATs described in the previous chapters a simple initial 0 
estimationn (SIE) method was used when it was not possible to compute a 
maximumm likelihood 0 estimate. Maximum likelihood estimation is not 
possiblee for participants with a response pattern that only consists of 
responsess in one identical extreme category. Because a 0 estimate is 
necessaryy for item selection in a CAT, the SIE method was used in these 
cases.. However, the SIE method is a very simple method based on 
interpolation.. In chapter 5, the SIE method was compared to a method that 
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usess MAP G estimates as initial latent trait estimates. These methods were 
comparedd using the real CAT data and the simulated data of chapter 4. 

Thee computer program that was used in the chapter 4 study also 
registeredd item response times; the data in chapter 4 were also used in 
chapterr 6. CT and CAT administration were compared concerning a method 
too detect aberrant response behavior by combining Guttman errors, testing 
times,, and item proposition lengths. In this way, eventual differences 
concerningg aberrant response behavior between the CT and the CAT version 
couldd be studied. Moreover, an indication could be given about the 
seriousnesss of the participants' response behavior. 

Inn chapter 7 a summary of the studies in this dissertation and their 
generall  conclusions are given. 
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AA computerized adaptive testing procedure applied to 
ordinall  polytomous personality item responses 

Abstract t 

AA computerized adaptive testing (CAT) procedure was mimicked with 
ordinall  polytomous personality data collected with a conventional paper-
andd pencil test. An adapted Dutch version of the dominance scale of Gough 
andd Heilbrun's Adjective Check List (ACL) was used. This adapted version 
containss Likert response scales with five categories. Item parameters were 
estimatedd using Samejima's Graded Response Model from the responses of 
19255 subjects. The CAT procedure was mimicked with the responses of 1517 
otherr subjects. The value of the required standard error in the stopping rule 
off  the CAT was manipulated (at 0.4, 0.5, 0.6, 0.7, and 0.8). The relationship of 
CATT latent trait estimates with latent trait estimates based on all dominance 
itemss was studied. Additionally, the relationship of CAT latent trait 
estimatess with other ACL scales was compared to the relationship of latent 
traitt estimates based on all items with the other ACL scales. The CAT 
proceduree resulted in latent trait estimates qualitatively equivalent to latent 
traitt estimates based on all items, while a substantial reduction of the 
numberr of used items could be accomplished (at the stopping rule of 0.4 
aboutt 33% of the 36 items was used). 
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2.11 Introductio n 
Inn the area of psychological assessment the development of computerized 
versionss of conventional paper and pencil tests has become increasingly 
popularr (Finger & Ones, 1999; Mead & Drasgow, 1993). The use of 
computerss can improve the efficiency of psychological testing by reducing 
laborr costs, decreasing scoring errors, increasing test standardization, 
increasingg test security, and increasing speed in processing subjects' 
responsess (Drasgow & Olson Buchanan, 1999). Moreover, computerized 
psychologicall  assessment introduces the possibility of more advanced test 
administrationn procedures, which were not possible to implement in 
conventionall  paper- and pencil testing. 

Thee use of computers in testing has another advantage when item 
responsee theory (IRT) is used. In IRT trait levels of different subjects can be 
estimatedd although these subjects answered different sets of items. Yet, these 
traitt levels can be compared to each other. Additionally, it can be determined 
whichh item from a set of items is most informative at a particular trait level. 
Thesee two characteristics are used in a computerized adaptive test (CAT). In 
aa CAT, each time a person answers an item, his/her trait level is estimated, 
andd the most informative item from the item bank is chosen as the next item 
too be administered. When the test score precision is sufficient the 
computerizedd administration of items stops. Items that are most informative 
forr a specific subject are administered to this subject. 

Iff  an item bank is created that consists of items that are informative 
acrosss a wide range of the latent trait scale, the latent trait values can be 
estimatedd more precisely using a CAT than conventional fixed length paper 
andd pencil tests. In a CAT, each time a person is tested, a person specific 
subtestt is selected. Therefore, the same amount of questions in a CAT can 
leadd to test scores with a higher precision than in a conventional paper and 
pencill  test. Literature shows that CAT exams accomplish measurements 
wit hh equal or better precision using an average of 50% of the original 
numberr of items that is used in paper and pencil tests (Embretson & Reise, 
2000). . 

Inn general, IRT has not found as much application in personality 
measurementt as in educational measurement, but Rouse, Finger and Butcher 
(1999)) described that in recent years more studies appear in the literature. 
Nevertheless,, CAT applications that have been developed typically consist 
off  dichotomously scored cognitive ability items (Dodd, De Ayala, & Koch, 
1995).. IRT models for the analysis of ordinal polytomous data do exist, 
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however,, and these can be used for the development of computerized 
adaptivee tests for Likert-type items. Although adaptive testing for 
personalityy assessment is discussed in the literature, the number of 
applicationss is small (Dodd et al., 1995; Reise, 1999; Waller, 1999; Waller & 
Reise,, 1989). Personality tests consisting of dichotomous items could be 
implementedd in computer programs developed for adaptive testing of 
cognitivee abilities. However, the majority of personality tests consists of 
polytomouss items. The objective of this study is to demonstrate the 
applicationn of adaptive testing procedures to personality tests having Likert 
itemss using Samejima's (1969) graded response model (GRM). 

Inn a simulation study with the GRM, Dodd et al. (1989) studied the 
effectss of three variables on the quality of adaptive testing with polytomous 
items.. First, two stopping rules were compared. The stopping rule of a CAT 
decidess whether to stop or to administer a new item from the bank to the 
subject.. A stopping rule based on the value of the standard error of the latent 
traitt (0) estimate was compared with a minimum-information stopping rule. 
Thee minimum-information rule is based on the information of the next item 
thatt wil l be administered to the subject. This item is most informative for the 
subject,, but the CAT stops when the value of the item-information function 
iss smaller than a pre-specified level. However, this resulted in a large 
numberr of nonconvergence problems for persons with extremely high or 
loww trait levels. The standard error based stopping rule stops if the standard 
errorr of the 9 estimate is below a pre-specified level. Almost no 
nonconvergencee problems occurred when this stopping rule was used. 
Therefore,, the standard error based stopping rule is preferred. 

Second,, the study of Dodd et al. (1989) compared two item banks of 
sizess of 30 and 60 items. The results showed that the item bank of 60 items 
performedd better than the item bank of 30 items, but the improvement was 
nott very large. When the standard error stopping rule was used, one 
additionall  item was needed in the 30-item pool condition to achieve the 
samee precision of 0 estimates as in the 60-item pool condition. Therefore, 
Doddd et al. (1989) concluded that it is reasonable to test adaptively with an 
itemm bank consisting of 30 items. 

Third,, Dodd et al. (1989) compared two methods to calculate an initial 0 
valuee for subjects having identical extreme responses to each of the test 
items,, that is, a pattern of responses in the first category of all items, or a 
patternn of responses to the last category of all items. At the start of an 
adaptivee procedure the probability is high that persons have responses in 
onee identical extreme category. An extremely positive response pattern leads 
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too a 0 estimate of °° and an extremely negative response pattern leads to a 9 
estimatee of -°°. These 0 estimates cannot be used to estimate the value of the 
itemm information that is needed to determine the next item that is optimal for 
thee subject. Dodd et al. (1989) compared two stepsize methods to calculate 
ann initial 0 estimate: a fixed and a variable stepsize method. 

Too start a CAT an initial latent trait value is chosen to select the item that 
iss administered as the first item of the test. This initial trait value is equal for 
everyy subject taking a CAT and is also needed in the stepsize methods. For 
thiss initial value, a value is chosen that is a good prediction for a person 
whosee latent trait value is completely unknown. The fixed size method adds 
aa fixed value to the initial value when the response is on the positive side of 
thee scale and subtracts a fixed value from the initial value when the response 
iss on the negative side of the scale. If, for example the initial value is 0 and 
thee fixed value is set at 1 then the new value is 0 + 1=1 when the response is 
onn the positive side of the scale and 0-1=-1 when the response is on the 
negativee side of the scale. The variable stepsize method takes the mean of the 
initiall  value and the largest location (b-) parameter in the item bank when 
thee response is on the positive side of the scale, and it takes the mean of the 
initiall  value and the smallest b-parameter in the item bank when the 
responsee is on the negative side of the scale. This mean value is taken as the 
neww value for 0. Dodd et al. (1989) found no important differences between 
thee fixed and the variable stepsize method and preferred the variable 
stepsizee method. To their opinion this method is more flexible and more 
generallyy applicable. 

Singhh et al. (1990) applied an adaptive procedure to existent polytomous 
itemm response data. The item bank consisted of 12 items measuring 
consumerr satisfaction. They concluded that it was useful to test adaptively, 
becausee the precision of their 0 estimates was sufficient after a mean number 
off  8 items. However, according to Dodd et al. (1995) this study was limited 
byy the extremely small item bank of 12 items. 

Inn the present study an adaptive procedure is applied to existing 
polytomouss item response data of the dominance scale of the Adjective 
Checklistt (ACL) (Gough & Heilbrun, 1980). An adapted Dutch version of the 
ACLL dominance scale was used. This version contains items with five 
orderedd polytomous categories (Hendriks, Meiland, Bakker, & Loos, 1995). 
Thee conclusions of Dodd et al. (1989) about the stopping rule, the size of the 
itemm bank, and the method for estimating an initial 0 value were used in the 
presentt study. The study used real item response data as was done by Singh 
ett al. (1990), but a larger item bank (36 items) was used than in their study. 
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Additionally,, an indication of the validity of adaptive test scores was given 
byy studying the relation between the adaptive test scores and the test scores 
off  other ACL scales. In the adaptive procedure the required precision of the 
finall  0 estimates is manipulated. The effect on the mean number of items, the 
correlationn of adaptive test scores with conventional test scores, and the 
correlationn of adaptive test scores with the other ACL scales is studied. In 
thiss way an indication can be given about the efficiency of adaptive testing 
withh polytomous personality scales. A similar study using paper-and-pencil 
dataa was conducted with a Dutch personality scale measuring neuroticism 
(Hol,, Vorst, & Mellenbergh, 2001); this study showed that it was possible to 
obtainn adaptive personality trait estimates with a substantial reduction of the 
numberr of items. The correlation between adaptive trait estimates and trait 
estimatess based on the entire scale remained reasonably high. In addition, 
thee pattern of correlations between adaptive trait estimates and other 
personalityy scales remained very similar to the pattern of correlations of trait 
estimatess based on the entire neuroticism scale with these personality scales 
(Holl  et al., 2001). 

2.22 Method 

2.2.11 Participant s 

Al ll  psychology freshmen at the University of Amsterdam must take a 
numberr of paper- and pencil tests as an obligatory part of their study 
commitments.. The data of the dominance scale of the ACL from 3587 
participantss of the years 1993 through 2000 was used (29.8% men and 69.2% 
women,, mean age = 21.6 years). The data of the years 1993 through 1997 
(N=1995)) was used to estimate the item parameters, which must be known in 
aa CAT procedure. The 1998 through 2000 data were used for the real data 
simulationn of the adaptive procedure (N=1592). The procedure described 
abovee was used, since it is similar to a real lif e situation where the estimation 
off  item parameters also precedes the use of these item parameters in an IRT 
basedd test application. 

2.2.22 Material s 

Thee ACL dominance scale consists of 40 items, but four of these items could 
nott be used (see section 2.3.1). The items in the ACL are adjectives (Gough & 
Heilbrun,, 1980). An example of an ACL item is: dependent. The common 
versionn of the ACL consists of dichotomous items, but in this study an 
adaptedd Dutch version of the ACL is used in which the subject is instructed 
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too judge the applicability of the adjective to him or herself on a 5-point Likert 
scalee (Hendriks et a l, 1995). 

2.2.33 Item parameters and unidimensional i ty assumption 

Thee administration of a CAT requires item parameters to be known. 
Therefore,, item parameters had to be estimated beforehand. Item parameters 
weree estimated with Multilog (Thissen, 1991), assuming a latent trait that is 
normallyy distributed with mean 0 and standard deviation 1. 

Twoo versions of the GRM were tested against each other using the 1993 
throughh 1997 data (N=1995). 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 a-parameters could not be set 
equall  to each other (LR(35)=1293.9, p<.05). 

Thee Reckase (1979) method was used to assess whether the data 
sufficientlyy satisfied the unidimensionality criterion. For acceptable item 
calibration,, Reckase (1979) recommended a dominant first factor that 
accountss for at least 20% of the test variance. An exploratory factor analysis 
wit hh the program Microfact (Waller, 2003) on polychoric correlations of the 
calibrationn data showed a first dominant factor that accounted for 24% of the 
testt variance. 

2.2.44 Adaptiv e procedures 

Thee latent trait values are estimated using the maximum-likelihood method 
inn the adaptive procedure. The standard errors of the maximum-likelihood 
estimatess are estimated by taking the root of the negative inverse of the 
secondd derivative of the loglikelihood function as is done by Multilog 
(Thissen,, 1991, sec. 4-10)). This term is a by-product of maximum-likelihood 
estimation. . 

Itt is not possible to determine maximum-likelihood estimates for 
responsee patterns having identical extreme responses to each of the test 
items,, that is, a pattern of responses in the first category of all items, or a 
patternn of responses in the last category of all items. Therefore, the data of 
personss having all responses in only one extreme category were deleted 
fromm the 1998 through 2000 data. Although no maximum-likelihood 0 
estimatess can be obtained for persons having an extreme response pattern, 
theirr results are not meaningless in a real test situation. These persons 
probablyy have 0 values that exceed the smallest or largest extreme b-
parameterr of the scale. 
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AA computer program was written to analyze ordinal polytomous item 
responsee data as in a CAT procedure. The program used the logistic version 
off  the GRM (Samejima, 1969, 1997). The item information function 
(Samejima,, 1969, p.39, Equation 6-6) was used to select items in the adaptive 
procedure.. The item information function computes the contribution of an 
itemm to the test information function for a particular 0 value. The value of the 
itemm information function is dependent on this 0 value, the a-parameter of 
thee item and the ^-parameters of the item. Every time an item has to be 
selected,, the values of the information functions of all available items are 
comparedd to each other. The item that has the largestt value is selected. 

Thee CAT starts with the selection of the first item. At the beginning of a 
CATT there is no 6 estimate available. Therefore, an initial 0 value is selected 
beforee the adaptive procedure starts. The best prediction of the trait for any 
arbitraryy selected subject is 0 when a symmetrical normal ability distribution 
withh a mean equal to 0 is assumed. Therefore, the initial 0 value is set equal 
too 0. The item that has the largest item information value at the initial 0 value 
iss selected as the first item. A result of this procedure is that the first item is 
equall  for each of the subjects. 

Iff  the first response of the subject is on the extreme negative or the 
extremee positive side of the scale, the trait estimate would take the value of 
-ooo or °°, respectively. In that case it is not possible to select the second item 
withh the item information function. A new initial value is computed with the 
variablee stepsize method proposed by Dodd et al. (1989). In the present 
studyy a slightly different version of this method was used1. The stepsize 
methodd computes a new initial value by taking the mean of the earlier initial 
valuee (0) and the largest ^-parameter when the response is on the extreme 
positivee side of the scale. It takes the mean of the initial value (0) and the 
smallestt b-parameter when the response is on the extreme negative side of 
thee scale. The new initial latent trait value is used to select the second item 

!! Dodd et al. (1989) always used the variable stepsize method until a subject answered in at least two different 
categories.. The response scale was divided in two sides: a positive and a negative side. When the response on 
thee first item was on the positive side the initial estimate was always averaged with the largest b-parameter, 
whenn the response on the first item was on the negative side the initial estimate was always averaged with 
thee smallest b-parameter. The new initial estimate was used to select the second item with the item 
informationn function. The new initial estimate was again averaged with the smallest or the largest b-
parameter,, depending on the response on the second item. This procedure was continued until the subject 
answeredd in at least two different categories. However, for many response patterns a maximum-likelihood 
estimatee could have been computed earlier when separate categories were used instead of only the positive or 
negativee side. Dodd et al. (1989) chose not to do so, because they preferred a systematic procedure. In the 
presentt study the variable stepsize method was used only for a response in an extreme category or for 
multiplee responses in the same extreme category. This method was preferred, because when it is possible to 
computee a maximum-likelihood estimate, this estimate will be more informative than an estimate computed 
withh the variable stepsize method. 
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withh the item information function. When a subject continues to respond in 
thee same extreme response category, then again a new initial value is 
computedd with the last initial value and the smallest or largest location 
parameter.. This procedure of computing initial values continues until the 
subjectt selects another category than the extreme category that it selected 
before.. At that point maximum-likelihood 9 estimates can be computed and 
subsequentt items can be selected by using these estimates in the item 
informationn function. 

Iff  the first response is not extreme, the CAT determines the 9 estimate 
andd the standard error of this 6 estimate. This new 9 estimate is used to 
computee the value of the item information function of all remaining items. 
Thee item with the largest value is selected as the second item for the subject. 
Thee subject responds to this second item and again a new 9 estimate and its 
standardd error are computed which are now based on the responses of two 
items.. This Ö estimate is used to select the third item. 

Thee procedure continues until the latent trait is estimated with sufficient 
precision.. The precision of the latent trait is measured by its standard error. 
Inn the program, a maximum value of the standard error of the latent trait is 
selected.. The CAT stops administering items to a subject when the standard 
errorr of the 9 estimate drops below this specified maximum value. The rule 
off  stopping item administration if the standard error is below its maximum 
wil ll  be called the stopping rule of the CAT. 

2.2.55 Manipulat io n of the stopping rul e 

Thee maximum of the standard error that is defined in the stopping rule was 
manipulated.. The adaptive procedure was run six times with the following 
settingss of the maximum standard error: 0.3, 0.4, 0.5, 0.6, 0.7 and 0.8. 

2.2.66 Analysis 

Thee effect of the manipulation of the stopping rule was studied in three 
ways.. First, the correlations of the adaptive trait estimates with the trait 
estimatess that are determined using the responses to all 36 items were 
examined.. Second, the correlation of the adaptive trait estimates with 33 
otherr ACL scales were compared with the correlation of trait estimates based 
onn all 36 items with the 33 other ACL scales. Third, the amount of items that 
iss used for the different stopping rule settings was investigated. 
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2.2.77 Expectations 

Thee following four phenomena were expected. First, the adaptive procedure 
wil ll  lead to a reduction in the number of items that is used. Second, the 
precisionn of adaptive trait estimates wil l decrease when the maximally 
allowedd standard error in the stopping rule increases. As a result, the 
correlationn between trait estimates that are determined with the entire scale 
andd the trait estimates that are determined with the adaptive procedure wil l 
decrease.. Third, the mean amount of items that is administered wil l decrease 
whenn the required precision of adaptive trait estimates decreases. Fourth, 
thee correlations between adaptive trait estimates and the scores on the other 
333 scales of the ACL wil l show more changes when the required precision of 
traitt estimates decreases. 

2.33 Results 

2.3.11 Parameter  estimation 

Thee data of 1995 persons were available for the estimation of the item 
parameters.. For 70 persons more than 10% of the responses on the ACL 
itemss were missing. The data of these persons were not used. Item 
parameterss were estimated from the responses of 1925 persons. The 
dominancee scale originally consisted of 40 items. Four items were not used, 
becausee these items had very large ^-parameters and very small a-
parameters.. The very large ^-parameters could have caused calculation 
problemss in the adaptive procedure, and these items would not add much 
informationn to the 9 estimates because of their very small a-parameters. The 
itemm parameters that were estimated on the remainder of 36 items are shown 
inn Table 2.1. 

2.3.22 Adaptive procedures 

Thee data of 1592 persons were available for the adaptive procedure. The 
programm that was written to mimic the adaptive procedure requires answer 
patternss to be complete. For 55 persons more than 10% of the responses on 
thee ACL items were missing; 20 persons had answer patterns with responses 
inn one identical extreme category. The data of these 75 persons were not 
usedd and the real data simulation of the adaptive procedure was done with 
thee data of 1517 persons. 

Figuree 2.1 shows the relationship between the 0 estimates based on the 
responsess on the entire scale of 36 items and the standard errors of these 0 
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estimates.. The standard errors are larger at the right side of the scale, which 
iss probably caused by the distribution of the item ^-parameters. 

Tablee 2.1 shows that the first location (bl) parameters at the negative 
sidee of the scale are more extreme than the last location (b4) parameters at 
thee positive side of the scale. This causes larger positive 9 estimates to have 
largerr standard errors. 

Tablee 2.1. Item a-parameters and ^-parameters 

Itemm a bl bl b3 b4 

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 

25 5 

26 6 

27 7 

28 8 

29 9 

30 0 

31 1 

32 2 

33 3 

34 4 

35 5 

36 6 

1.10 0 

0.89 9 

0.83 3 

1.09 9 

0.80 0 

1.55 5 

0.39 9 

0.73 3 

1.11 1 

0.57 7 

0.53 3 

1.26 6 

1.10 0 

1.09 9 

1.50 0 

0.78 8 

0.69 9 

0.43 3 

1.09 9 

0.96 6 

1.10 0 

0.62 2 

0.87 7 

1.48 8 

1.41 1 

0.94 4 

1.43 3 

1.40 0 

1.38 8 

1.25 5 

1.28 8 

1.03 3 

0.90 0 

0.57 7 

1.67 7 

1.64 4 

(0.07) ) 

(0.06) ) 

(0.06) ) 

(0.07) ) 

(0.06) ) 

(0.08) ) 

(0.06) ) 

(0.06) ) 

(0.07) ) 

(0.06) ) 

(0.06) ) 

(0.07) ) 

(0.07) ) 

(0.07) ) 

(0.07) ) 

(0.06) ) 

(0.06) ) 

(0.07) ) 

(0.07) ) 

(0.07) ) 

(0.07) ) 

(0.06) ) 

(0.06) ) 

(0.08) ) 

(0.07) ) 

(0.06) ) 

(0.07) ) 

(0.07) ) 

(0.08) ) 

(0.07) ) 

(0.08) ) 

(0.06) ) 

(0.06) ) 

(0.25) ) 

(0.09) ) 

(0.08) ) 

-4.22 2 

-5.59 9 

-5.35 5 

-5.96 6 

-4.18 8 

-2.82 2 

-8.35 5 

-5.81 1 

-4.79 9 

-3.06 6 

-3.82 2 

-4.49 9 

-5.78 8 

-4.21 1 

-3.54 4 

-6.70 0 

-4.18 8 

-9.26 6 

-3.03 3 

-4.42 2 

-4.48 8 

-6.37 7 

-5.62 2 

-3.28 8 

-3.31 1 

-4.77 7 

-2.61 1 

-3.39 9 

-4.64 4 

-4.04 4 

-4.87 7 

-4.76 6 

-5.07 7 

-8.24 4 

-4.14 4 

-2.89 9 

(0.33) ) 

(0.49) ) 

(0.46) ) 

(0.66) ) 

(0.36) ) 

(0.15) ) 

(1.26) ) 

(0.55) ) 

(0.39) ) 

(0.30) ) 

(0.45) ) 

(0.39) ) 

(0.61) ) 

(0.32) ) 

(0.23) ) 

(0.76) ) 

(0.39) ) 

(1.33) ) 

(0.19) ) 

(0.33) ) 

(0.38) ) 

(0.62) ) 

(0.50) ) 

(0.20) ) 

(0.20) ) 

(0.40) ) 

(0.28) ) 

(0.21) ) 

(0.43) ) 

(0.31) ) 

(0.45) ) 

(1.19) ) 

(0.45) ) 

(1.13) ) 

(0.36) ) 

(1.36) ) 

-2.08 8 

-2.81 1 

-2.81 1 

-4.03 3 

-1.91 1 

-1.36 6 

-3.03 3 

-2.53 3 

-2.53 3 

-0.27 7 

-0.23 3 

-2.21 1 

-2.78 8 

-2.03 3 

-1.51 1 

-3.95 5 

-1.49 9 

-4.87 7 

-0.89 9 

-2.29 9 

-1.91 1 

-2.59 9 

-3.48 8 

-1.39 9 

-1.74 4 

-2.31 1 

-0.98 8 

-1.62 2 

-3.07 7 

-2.16 6 

-2.91 1 

-2.25 5 

-2.63 3 

-4.94 4 

-2.71 1 

-1.28 8 

(0.14) ) 

(0.20) ) 

(0.21) ) 

(0.33) ) 

(0.16) ) 

(0.08) ) 

(0.40) ) 

(0.24) ) 

(0.15) ) 

(0.12) ) 

(0.12) ) 

(0.15) ) 

(0.18) ) 

(0.13) ) 

(0.08) ) 

(1.13) ) 

(0.16) ) 

(0.64) ) 

(0.08) ) 

(0.16) ) 

(0.13) ) 

(0.24) ) 

(0.26) ) 

(0.08) ) 

(0.09) ) 

(0.17) ) 

(0.13) ) 

(0.09) ) 

(0.19) ) 

(0.13) ) 

(0.18) ) 
i>4**\.] ] 

(0.21) ) 

(0.57) ) 

(0.14) ) 

(0,12) ) 

0.04 4 

-0.21 1 

-0.45 5 

-1.73 3 

0.76 6 

0.25 5 

0.40 0 

-0.32 2 

-0.25 5 

2.11 1 

2.28 8 

-0.18 8 

-1.44 4 

0.15 5 

0.00 0 

-1.92 2 

0.49 9 

-1.22 2 

0.62 2 

-0.43 3 

0.03 3 

0.48 8 

-1.31 1 

-0.01 1 

-0.07 7 

-0.59 9 

0.32 2 

-0.29 9 

-1.77 7 

-0.25 5 

-1.48 8 

-0.41 1 

-1.16 6 

-1.43 3 

-1.34 4 

-0.10 0 

(0.06) ) 

(0.07) ) 

(0.08) ) 

(0.13) ) 

(0.10) ) 

(0.05) ) 

(0.17) ) 

(0.09) ) 

(0.06) ) 

(0.19) ) 

(0.26) ) 

(0.09) ) 

(0.10) ) 

(0.06) ) 

(0.05) ) 

(0.18) ) 

(0.10 0 

(0.18) ) 

(0.07) ) 

(0.07) ) 

(0.06) ) 

(0.11) ) 

(0.11) ) 

(0.05) ) 

(0.05) ) 

(0.08) ) 

(0.11) ) 

(0.05) ) 

(0.11) ) 

(0.06) ) 

(0.09) ) 

/****\ \ 
(0.11) ) 

(0.20) ) 

(0.07) ) 

(0.08) ) 

2.12 2 

3.25 5 

2.36 6 

-0.14 4 

3.49 9 

1.96 6 

5.59 9 

2.34 4 

2.37 7 

6.11 1 

5.48 8 

2.53 3 

0.62 2 

2.88 8 

1.87 7 

0.70 0 

2.64 4 

4.11 1 

2.46 6 

2.31 1 

2.21 1 

4.41 1 

1.90 0 

1.74 4 

2.06 6 

1.50 0 

1.84 4 

1.19 9 

-0.16 6 

2.25 5 

0.22 2 

1.70 0 

0.68 8 

1.87 7 

0.42 2 

1.48 8 

(0.14 4 

(0.23 3 

(0.17 7 

(0.06 6 

(0.24 4 

(0.10 0 

(0.73 3 

(0.21 1 

(0.14 4 

(0-57, , 

(0.55, , 

(0.25, , 

(0.07 7 

(0.17) ) 

(0.10) ) 

(0.11) ) 

(0.24) ) 

(0.43) ) 

(0.15) ) 

(0.17) ) 

(0.14) ) 

(0.37) ) 

(0.16) ) 

(0.09) ) 

(0.11) ) 

(0.12) ) 

(0.21) ) 

(0.08) ) 

(0.05) ) 

(0.13) ) 

(0.06) ) 

(0.12) ) 

(0.09) ) 

(0.22) ) 

(0.05) ) 

(0.14) ) 

Note.. Standard errors of the item parameters are in parentheses. 
JJ (****) : Multilog (Thissen, 1991) could not determine standard errors of these item parameters. 
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thetaa estimated with the entire scale of 36 items 

Figuree 2.1. Relationship between trait estimates determined with the entire 
scalee and the standard errors of these trait estimates. 

Thee first item that was used by the adaptive procedure was item 36. This 
itemm was chosen because it had the largest value of the item-information-
functionn when 8 was 0. This is probably caused by the large a-parameter of 
thiss item and its location parameter -b3- that is very close to 0 (see Table 2.1). 
Recentt literature on CATs for the measurement of abilities shows that 
administeringg tests from the same item bank can cause overexposure of 
items.. In general items with large a-parameters are used more often than 
itemss with small «-parameters (Chang, Qian, & Ying, 2001). Figure 2.2 shows 
thee relationship between «-parameters and their usage percentage for the 
stoppingg rule setting 0.4. There is an apparent relationship between 
percentagee of item use and their a-parameters. Items with large «-parameters 
aree used more often than items with small a-parameters. 

Tablee 2.2 shows for each stopping rule the mean number of items used, 
thee correlation of adaptive 6 estimates with 0 estimates that are based on the 
entiree scale of 36 items, and the mean standard errors of the adaptive 8 
estimates.. When the allowed standard error in the stopping rule increases 
thee mean number of used items decreases, the correlation of adaptive 0 
estimatess with 0 estimates based on the entire scale decreases and the mean 
off  the standard errors of the adaptive 0 estimates increases. The mean of the 
standardd errors is 0.306 for the stopping rule that requires the errors to be 
smallerr than 0.3, which is caused by persons with 0 estimates that still have 
standardd errors greater than 0.3 when the entire scale of 36 items is used. For 
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thesee persons the standard error never drops below the specified maximum 
valuee of the standard error. The use of all 36 items only occurred for the 
smallestt stopping rules (standard errors below 0.3 and 0.4, respectively). The 
stoppingg rule that required errors to be smaller than 0.3 used all items for 
4566 persons (30.1%). The stopping rule that required errors to be smaller 
thann 0.4 used all items for 6 persons (0.4%). The other stopping rules never 
administeredd all items to a person. 

Thee correlations between adaptive 9 estimates and 8 estimates that are 
basedd on the entire scale remained high over the range of all stopping rules. 
However,, this result could be expected. First, adaptive 8 estimates are based 
onn the same data as the 8 estimates based on the entire scale. Second, 8 
estimatess that had very large standard errors caused the adaptive procedure 
too use all items for these estimates. As a result these 8 estimates were the 
samee as the 8 estimates based on the entire scale. 8 estimates that have large 
standardd errors are often extremely positive or extremely negative 8 
estimates.. Therefore, correlations were also computed when the data was 
restrictedd to 8 estimates in the range of -2 and +2 (N=1449). In Table 2.2 these 
correlationss are shown in parentheses next to the original correlations. 
However,, the correlations remained about the same for all settings of the 
stoppingg rule. 

Valuee of the discrimination (a-) panamaer 

Figuree 2.2. Relationship between the value of the «-parameters of the items 
andd the percentage of subjects to which the item is administered for stopping 
rulee setting 0.4. 
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Tablee 2.2. Effect of the manipulation of the stopping rule 

Stoppingg rule Mean amount of items Correlation adaptive 6 estimates with 9 Mean Standard 
usedd estimates based on the entire test errors 

None e 
SE(0)<< 0.3 
S£(6)) < 0.4 
S£(8)<0.5 5 
SE(G)) < 0.6 
SE(6)<0.7 7 
S£(6)) < 0.8 

36 6 
28.13 3 
11.74 4 
6.83 3 
4.79 9 
3.60 0 
2.71 1 

1 1 
.9966 (.994)* 
.9499 (.932) 
.8955 (.868) 
.8811 (.852) 
.8699 (.837) 
.8277 (.792) 

0.293 3 
0.306 6 
0.393 3 
0.480 0 
0.562 2 
0.641 1 
0.727 7 

aThee values in parentheses are correlations of adaptive 0 estimates with Ö estimates based on the entire test 
whenn the data was restricted to 9 estimates in the range of -2 and +2 (N=1449). 

Thee relationship between 0 estimates based on all items and adaptive 6 
estimatess of the six stopping rule settings is shown in Figures 2.3(a), 2.3(c), 
...,, 2.3(k), and for each stopping rule setting the relationship between 
adaptivee 0 estimates and the number of items that was used, is shown in 
Figuress 2.3(b), 2.3(d), ..., 2.3(1). In Figures 2.3(a), 2.3(c), ..., 2.3(k), it can be 
seenn that more variation appears when the precision of adaptive trait 
estimatess becomes smaller. That is, when the allowed standard error in the 
CATT becomes higher, the relationship between trait estimates based on the 
responsess of all items with the adaptive trait estimates becomes weaker. 
Figuree 2.3(b) shows that the number of used items is maximal for the 
extremee trait estimates at the left negative and in particular at the right 
positivee side of the scale. In the middle of the trait scale the CAT also used 
thee entire item bank for many persons, but for the majority the number of 
usedd items was smaller. The adaptive trait estimates that show a deviation 
fromm the trait estimates based on the entire scale are the estimates for which 
aa reduction of the number of items is accomplished. 
Inn general, when the CAT uses more items the relationship between trait 
estimatess based on the entire scale and adaptive trait estimates is more 
linear.. Therefore, the scatter plot in Figure 2.3(a) shows the most linear 
relationshipp in contrast with Figure 2.3(k), which shows most variation. 
Extremee estimates at the right side of the trait scale show a more linear 
relationshipp than trait estimates in the middle of the trait scale. This occurs 
especiallyy at the right side of the scale since more extreme trait estimates 
occurr at that side of the scale. Extreme trait estimates have larger standard 
errors;; hence the CAT stopped after administration of relatively many items 
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aa estimated with adaptive procedure and stopping rule 0 3 thetaa estimated with adaptive procedure and stopping rule 0.3 

- 4 - 3 - 2 - 1 00 1 2 3 

(betaa estimated with adaptive procedure and stopping rule 0.6 

S 3 -- Q % £ 

(i) ) 

- 4 - 3 - 2 - 1 00 1 2 3

thetaa estimated with adaptive procedure and stopping rule 0.7 

(d) ) 

3 3 

taa estimated with adaptive procedure and stopping rule 0.4 

(f) ) 

- 3 - 2 - 1 00 1 2 3 4 

taa estimated with adaptive procedure and stopping rule 0.5 

(h) ) 

JJ -3 -2 -1 0 1 2 3 4 
thetaa estimated with adaptive procedure and stopping rule 0 7 

(I) ) 

-A-A -3 -2 -1 O 1 2 3 ' 

thetaa estimated with adaptive procedure and stopping rule 0.8 

- 4 - 3 - 2 - 1 00 1 2 3 4 

thetaa estimated with adaptive procedure and stopping rule 0.8 

Figuree 2.3. The effect of the manipulation of the stopping rule on the quality 
off  the adaptive trait estimates and the number of items that is used. 
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andd in the stopping rules 0.3 and 0.4 the CAT sometimes used the entire item 
bank. . 

Thee correlations between the 0 estimates based on the entire scale and 
thee adaptive 9 estimates with the other scales of the ACL are shown in Table 
2.3.. The scales of the ACL originally consisted of items that can occur in 
multiplee ACL scales. In this study the items that occur in the ACL 
dominancee scale were eliminated from the other scales to prevent spurious 
correlations. . 

Tablee 2.3 shows that the pattern of correlations between adaptive 0 
estimatess and the sum scores of the ACL personality scales remained the 
same.. In general, absolute correlation values became smaller when the 
allowedd standard error in the stopping rule increased. The last column of 
Tablee 2.3 shows the mean of all absolute correlation values after Fisher-z 
transformation.. The stopping rules that require standard errors to be smaller 
thann 0.3 and 0.4 show correlations that do not differ very much from the 
originall  correlations. Note that the mean number of items used in stopping 
rulee 0.3 was 28.13 and the mean number of items used in stopping rule 0.4 
wass only 11.74. 

2.44 Discussion 
Latentt trait estimates with a sufficient precision could be obtained using a 
meann number of items that was substantially smaller than the total number 
off  items in the entire scale. The stopping rule that required standard errors 
too be smaller than 0.3 needed an average of 78% of the original number of 
items.. The correlation between adaptive 6 estimates and 9 estimates based 
onn the entire scale remained very high (.99). The stopping rule that required 
standardd errors to be smaller than 0.4 needed an average of only 33% of the 
originall  number of items while the correlation between adaptive 9 estimates 
andd 9 estimates based on the entire scale was still .95. The stopping rule 
settingg that requires standard errors to be smaller than 0.4 seems to be the 
bestt setting in this study. A very large correlation between adaptive 0 
estimatess and 0 estimates based on the entire scale is remained while the 
numberr of items that is needed is reduced substantially. In an earlier study 
withh a personality scale measuring neuroticism it was found that a stopping 
rulee setting that required standard errors to be smaller than 0.5 performed 
bestt (Hol et al., 2001). The correlations between the adaptive 0 estimates and 
thee 0 estimates based on the entire scale could be expected to be high 
becausee they were based on the same data. Therefore, an additional study 
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wass done in which adaptive 9 estimates were correlated with the scores of 
thee remaining ACL scales. Items that occurred in the ACL dominance scale 
weree deleted from these scales. The correlations between the adaptive 0 
estimatess and the scores of the other scales of the ACL stayed close to the 
originall  correlations between 0 estimates based on the entire dominance 
scalee and the other ACL scales. Especially, the adaptive 0 estimates obtained 
withh the stopping rules that required standard errors to be smaller than 0.3 
orr 0.4 remained very close to the original correlations. In general, the 
absolutee values of the correlations decreased when the allowed standard 
errorr of the stopping rule increased. Because adaptive 0 estimates are 
partiallyy based on different sets of items it was likely that the pattern of 
correlationss between adaptive 0 estimates and the scores on the remaining 
ACLL scales would change, but this problem did not occur. 

Adaptivee testing applied to real testing situations could lead to some 
losss of predictive value, but an adaptive testing procedure can substantially 
reducee the number of items that is needed. Additionally, it should be 
remarkedd that an adaptive procedure does not have to lead to a loss of 
precisionn compared to conventional paper-and-pencil tests. In this research, 
itemss were used that are developed for a paper-and-pencil test. In general, 
itemss in personality tests for the general population are informative for 0 
valuess close to the mean of the distribution of the personality trait. In this 
wayy a paper-and-pencil test can be informative for a large proportion of a 
population.. A paper-and-pencil test that is informative for a wide range of 
thee trait would require too many items. Adaptive testing could lead to a gain 
inn precision of the 0 estimates if an item-bank can be created that consists of 
manyy items that cover a wide range of the personality trait that is measured. 
Forr each person the most informative items are selected and, therefore, it is 
theoreticallyy possible that 0 estimates with a higher precision can be 
obtainedd using a smaller number of items than in a conventional test. Results 
showedd that extreme 0 values - especially the extreme 0 values at the 
positivee side of the scale in this research - have larger standard errors. 
Consequently,, persons with extreme 0 values needed more items to 
accomplishh a 0 estimate with sufficient precision. In general, extreme 
estimatess tend to have a smaller precision than estimates in the middle of the 
distribution.. Nevertheless, extreme 0 estimates that are more precise could 
bee obtained if items were available that are informative for extreme trait 
values.. Hence, future research should be aimed at creating item-banks that 
consistt of items that are informative for a wide range of the scale. This 
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conclusionn was also made by Koch et al. (1990) in a study that concerned 
computerizedd adaptive administration of an attitude scale. 

Researchh on cognitive ability tests shows that no great difficulties have 
too be expected concerning the equivalence of computerized adaptive, 
computerizedd and paper-and-pencil tests. A meta-analysis conducted by 
Meadd and Drasgow (1993) supported the conclusion that there is no 
significantt effect of administration mode when paper-and-pencil tests are 
comparedd to computerized tests. Furthermore, no significant differences 
weree found between computerized conventional and computerized adaptive 
tests.. It should be noted that an effect of administration mode was found 
concerningg speeded ability tests. However, speed is usually not a factor in 
personalityy questionnaires. In another meta-analysis (Finger & Ones, 1999), 
thee psychometric equivalence of computerized and booklet forms of the 
MMPII  was studied. Finger and Ones (1999) concluded that psychometric 
equivalencee of the two forms was supported, and that booklet-developed 
normss can be safely used with computerized versions. Future research 
shouldd address the question of equivalence of administration mode between 
IRTT based computerized adaptive and paper-and-pencil personality tests. 

Inn some tests, indicative items (positively stated with respect to the trait) 
aree alternated with contra-indicative items (negatively stated with respect to 
thee trait). In a CAT there is a probability that 0 estimates are based on either 
indicativee or contra-indicative items. This probability becomes higher when 
aa CAT substantially reduces the number of items that is administered. 
Programmingg the adaptive procedure to balance indicative with contra-
indicativee items could solve this problem. However, in that case a larger 
item-bankk might be needed. 

Thee order of questions in an adaptive procedure is different for many 
personss and can give rise to different order effects for these persons (Singh et 
al.,, 1990). Order effects could not be studied because responses were 
obtainedd using existing paper-and-pencil test data. Furthermore, in the 
conventionall  paper-and-pencil test that was used the number of 
administeredd items was equal for each of the persons. In an adaptive 
proceduree the number of administered items differs. Hence, eventual effects 
off  fatigue and boredom can be different across persons in a real adaptive test 
situation. . 

Thee literature about CATs for the measurement of abilities shows that 
theree is a risk of overexposure for items with large «-parameters. In recent 
studiess methods were developed to avoid overexposure of items by 
restrictingg item selection procedures in CATs (Chang et al., 2001; Meijer & 
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Nering,, 1999; van der Linden & Reese, 1998). The fl-parameter has a positive 
influencee on the information function and hence items with large a-
parameterss are selected more often than other items. This effect did also 
occurr in this study. Overexposure of ability items can lead to familiarity with 
thesee items in the population of examinees. However, this problem is less 
relevantt in the measurement of personality traits than in the measurement of 
abilities. . 

Inn conclusion, this study indicates that it is worthwhile to develop 
adaptivee tests for personality assessment. This study was based on a real 
dataa simulation of an adaptive procedure, and should be complemented 
withh real lif e computerized adaptive personality testing studies. 
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AA randomized experiment to compare conventional, 
computerized,, and computerized adaptive 
administrationn of ordinal polytomous attitude items 

Abstract t 

5200 high school students were randomly assigned to a paper and pencil test 
(PPT),, a computerized standard test (CST), or a computerized adaptive test 
(CAT)) version of the Dutch School Attitude Questionnaire (SAQ), consisting 
off  ordinal polytomous items. The CST administered items in the same order 
ass the PPT. The CAT administered all items of three SAQ subscales in 
adaptivee order using Samejima's graded response model, so that six 
differentt stopping rule settings could be applied afterwards (0.3, 0.4, 0.5, 0.6, 
0.7,, and 0.8 standard error of the latent trait estimate, respectively). School 
markss were used as external criteria. Results showed significant but small 
multivariatee administration mode effects on conventional raw scores, and 
smalll  to medium effects on maximum likelihood latent trait estimates. When 
thee precision of CAT latent trait estimates decreased, correlations with GPA 
inn general decreased. However, the magnitude of the decrease was not very 
largee as compared to the PPT, the CST and the CAT without stopping rule. 
Especiallyy for stopping rules 0.3 and 0.4, correlations with GPA remained 
aboutt the same, while a substantial reduction of the number of used items 
couldd be accomplished (between 37% and 54% for stopping rule 0.3 and 
betweenn 61% and 72% for stopping rule 0.4). 
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3.11 Introductio n 
Thee last decades show an increase of computerized adaptive test (CAT) 
applicationss using item response theory (IRT) (Embretson & Reise, 2000; 
Meijerr & Nering, 1999). Although CAT was studied extensively, the majority 
off  CAT literature and CAT applications deals with dichotomously scored 
abilityy items (Dodd et al., 1995). A few IRT applications of adaptive testing 
forr personality or attitude assessment using dichotomously scored items 
havee been reported. For example, Embretson and Reise (2000) reported two 
studiess that implemented CAT in attitude or personality assessment. The 
firstt study deals with items that were dichotomized after participants first 
respondedd to a Likert scale (Balasubramanian & Kamakura Wagner, 1989, 
notee 6, pp. 316-317), and the second study deals with real data simulations 
usingg dichotomously scored items (Waller & Reise, 1989). Another example 
off  a study applying adaptive testing to dichotomously scored personality 
itemss is a real data simulation on 51 MMPI items (Waller, 1999). 

Manyy personality tests and attitude questionnaires consist of ordered 
polytomouslyy scored items, such as Likert scales. Although much theoretical 
workk was done concerning adaptive testing, practical research primarily 
focusedd on applications consisting of dichotomous items. When adaptive 
testingg is applied to personality tests and attitude questionnaires consisting 
off  ordinal polytomous items, practical research is necessary. For example, 
testt theory provides no conclusions about the number of items needed in a 
CATT depending on different CAT stopping criteria, about validity of CAT 
scores,, or psychometric equivalence with conventional paper- and pencil 
tests.. In the present paper these issues were studied with an experimental 
comparisonn of paper- and pencil, computerized, and CAT administration of 
orderedd polytomous attitude items. 

Sincee ordered polytomous items were used, a polytomous IRT model 
wass used in the present study. Several IRT-models exist for polytomous item 
responsee data (Mellenbergh, 1995): the partial credit model (PCM) (Masters, 
1982),, the rating scale model (RSM) described by (Andrich, 1978), which is a 
speciall  case of the PCM, the sequential model (Tutz, 1990), and the graded 
responsee model (GRM) (Samejima, 1969,1997). 

Inn the present study it was preferred to use the GRM, which is a model 
forr cumulative probabilities. Although the GRM was preferred in the present 
study,, it is recognized that with the PCM and the RSM satisfactory results 
havee been established as well. For example, Dodd et al. (1989) summarized 
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previouss research that used both the GRM, the PCM, and the RSM 
successfullyy for ordered polytomous attitude data. 

Thee present author found two studies that applied a real lif e CAT to 
attitudee measurement. The first study used the RSM (Koch et al., 1990), and 
thee second study used the PCM (Baek, 1995). No studies were found on real 
lif ee CAT applications for attitude measurement using the GRM in the 
literature. . 

AA simulation study and some real data simulation studies (Dodd et al., 
1989;; Hoi et al., 2001, and chapter 2; Reise & Henson, 2000; Singh et al., 1990) 
havee been reported concerning CATs using the GRM. Real data simulations 
usingg the GRM showed that it is possible to obtain CAT latent trait (0) 
estimatess with a high precision while substantially reducing the number of 
itemss used (Hoi et al., 2001, and chapter 2; Singh et al., 1990). In the real data 
simulationss by Hoi et al. (2001, and chapter 2) the size of the required 
standardd error in the stopping rule was systematically manipulated to assess 
itss effect on the quality of CAT 0 estimates and on the number of items used. 
Inn the present study the effect of the size of the required standard error was 
studiedd in a real lif e CAT application. 

Inn a simulation study, Dodd et al. (1989) studied the effects of stopping 
rulee methods, extreme response handling methods, and the size of the item 
bankss on the quality of adaptive testing with polytomous items using the 
GRM.. First, the study compared two stopping rule methods. Dodd et al. 
(1989)) concluded that a stopping rule based on the standard error of the 0 
estimatee was preferable to a stopping rule based on pre-specified minimum 
itemm information. A stopping rule based on the standard error of the 0 
estimatee wil l stop the CAT when the standard error of the 0 estimate of a 
respondentt drops below a pre-specified level. 

Second,, two methods were compared to calculate an initial 0 value for 
participantss having identical extreme responses to each of the test items, that 
is,, a pattern of responses in the first category of all items, or a pattern of 
responsess in the last category of all items. These initial values are needed, 
becausee a maximum likelihood 0 estimate cannot be computed for extreme 
responsee patterns. No important differences were found between the 
methodss to calculate an initial 0 value. Therefore, the variable stepsize 
methodd was preferred, because it is more flexible and more generally 
applicable.. Both stepsize methods need an initial 0 value that is used to 
selectt the first item in the CAT. This 0 value is the best estimate for a person 
whosee latent trait value is unknown. When a person responds in the first or 
lastt category on the first item, the variable stepsize method takes the mean 
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betweenn the initial 0 value and the smallest location (b-) parameter, or largest 
^-parameter,, respectively. This mean value is taken as the new initial G 
value.. When the participant continues to respond in the same category on 
subsequentt items the variable stepsize method is repeated with this new 
initiall  value. 

Third,, two item banks of sizes of 30 and 60 items were compared. The 
itemm bank that consisted of 60 items performed slightly better than the item 
bankk consisting of 30 items. However, in the 30-item pool condition, on 
averagee only one additional item was needed to obtain the same precision of 
66 estimates as in the 60-item pool condition. Therefore, it is reasonable to use 
ann item bank consisting of 30 items in a CAT (Dodd et alv 1989). 

AA growing body of literature addresses the question of psychometric 
equivalencee of PPTs, CSTs, and CATs containing dichotomous items. It is 
interestingg if the results concerning psychometric equivalence of PPTs, CSTs, 
andd CATs containing polytomous items in the present study wil l be in 
agreementt with the results of psychometric equivalence studies concerning 
dichotomouss items. In a meta-analysis, Mead and Drasgow (1993) found an 
estimatedd effect size of -.04 computed with the standardized mean difference 
betweenn conventional PPTs and computerized ability tests. The majority of 
includedd studies used a within-subjects design. Apart from computerized 
administration,, Mead and Drasgow (1993) studied the potential additional 
effectt of adaptive or speeded administration. They found a significant effect 
forr speeded tests, but not for adaptive tests. Finger and Ones (1999) 
conductedd a meta-analysis that assessed the psychometric equivalence of 
computerizedd and booklet forms of the MMPI, a personality test consisting 
off  dichotomously scored items. The mean observed effect sizes computed as 
thee standardized mean difference between PPTs and computerized tests 
rangedd from -.14 to .05 for the different MMPI subscales. In this meta-
analysiss the majority of included studies also used a within-subjects design. 
Fingerr and Ones (1999) concluded that psychometric equivalence of the two 
formss was supported, and that booklet-developed norms can be safely used 
wit hh computerized versions. 

Wichertss (2002) discussed several methodological issues concerning 
psychometricc equivalence research, and concluded that some studies do not 
emphasizee the importance of power in hypothesis testing. Meta-analyses 
showedd that in general small effects of administration mode have to be 
expected,, and hence the probability of rejecting the null hypothesis wil l be 
smalll  when experimental group sizes are not large enough. Although the 
meta-analysess (Finger & Ones, 1999; Mead & Drasgow, 1993) report 

30 0 



equivalencee studies concerning dichotomous items and the majority of 
studiess used within-subjects designs, the results of the present study might 
bee similar to these studies. Hence, caution was taken to obtain experimental 
groupss large enough, so that sufficient power was created to detect small 
effects.. Goal of the present study was to assess potential administration 
modee effects of CST and CAT administration of polytomous attitude items 
andd the practical importance of these potential effects. Furthermore, the 
effectt of different stopping rules in a CAT on the number of items needed 
andd the correlation with an external measure were studied. 

3.22 Method 

3.2.11 Participant s 

Fivee high schools were willin g to participate with twenty first and second 
yearr classes. In total 520 high school students participated (49.4% boys, 
50.6%% girls, mean age = 13.5 years). 

3.2.22 Material s 

3.2.2.11 PPT version of the School Attitud e Questionnaire 

Thee Dutch School Attitude Questionnaire (SAQ) was used in this study 
(Vorst,, 2000). This 160-item questionnaire is widely used in high schools in 
thee Netherlands. The questionnaire was developed to measure attitudes of 
highh school students that are important for the educational process. The 
questionnairee consists of three 48-item subscales measuring (1) motivation 
concerningg work at school (Cronbach's a=.94), (2) satisfaction or social-
emotionall  attitude concerning lif e at school (Cronbach's a=.91), and (3) self-
confidencee or attitude concerning one's own capabilities (Cronbach's a=.93). 
Comparisonss of different models using confirmatory factor analysis on the 
aggregationn of previously used smaller subscales showed that a three-factor 
modell  fit the data best (Vorst, 2000). 

Unidimensionalityy assessment by the Reckase (1979) criterion showed 
thatt for each of the three subscales the first factor explained more than 20% 
off  the variance (36%, 31%, and 35% for the motivation, satisfaction, and self-
confidencee subscale, respectively). This analysis was done with the program 
Microfactt (Waller, 2003) and consisted of an exploratory factor analysis on 
polychoricc inter-item correlations. 

Thee SAQ also includes a subscale of 16 items that measures social 
desirabilityy (Cronbach's a=.76). The data of these items were not considered, 
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becausee of the short subscale length, and because one item had very extreme 
itemm parameter values. However, to reassure comparability with the original 
PPTT version of the SAQ the 16 social desirability items were also included in 
thee CST and the CAT version of the SAQ. 

Eachh of the SAQ items consists of a proposition, and the participant is 
askedd to judge if the proposition is applicable to him- or herself on a short 
Likertt response scale which has three options: "That is the case", "7 don't 
know",know", and "That is not the case." A one dimensional homogeneity analysis 
(HOMALS)) in SPSS 10.0.1 for Windows showed that the "I don't know" 
optionn had a category quantification between the two other options on 47 
itemss (98%) of the subscale motivation, on 44 items (92%) of the subscale 
satisfactionn and on all items of the subscale self-confidence. Although some 
deviationss were found, it was preferred to use all the original items to 
preservee comparability with the original PPT version of the SAQ. 

Thee PPT version of the SAQ is administered with a booklet; every page 
consistss of 10 items. Items from different subscales are alternated throughout 
thee booklet. 

3.2.2.22 CST version of the SAQ 

Thee CST administered items in the same order as the PPT version, but items 
weree administered one at the time. It was possible to change the response to 
ann item while it was displayed on the screen. After continuing to the next 
itemm it was not possible to return to previous items. It was not possible to 
skipp items without responding in the CST version. 

3.2.2.33 CAT version of the SAQ 

Thee CAT administered items in adaptive order. In the CAT version of the 
SAQ,, items from the three different subscales and the additional social 
desirabilityy scale were alternated. Items were administered one at the time. It 
wass possible to change the response to an item while it was displayed on the 
screen.. After continuing to the next item it was not possible to turn back to 
previouss items. It was not possible to skip items without responding in the 
CATT version. In the CAT version of the SAQ the suggestions of Dodd et al. 
(1989)) concerning the stopping rule, and variable stepsize method were 
used. . 

Thee 144 items of the three subscales were treated as three separate item 
bankss consisting of 48 items, respectively. Consequently, in the CAT version 
threee adaptive procedures were used, alternating items from the different 
itemm banks. Hence, the item bank sizes of the subscales are large enough in 
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vieww of the results of Dodd et al. (1989). It might be argued that a subscale 
partt of a complete questionnaire does not form an item bank. However, the 
applicationn of adaptive testing to attitude and personality questionnaires 
consistingg of ordinal polytomous items is a quite unexplored domain. 
Therefore,, it was preferred to use existing scales instead of creating item 
banks.. The use of existing scales is also a common strategy in real data 
simulationss exploring the application of adaptive testing to personality or 
attitudee measurement (e.g., Hoi et al., 2001; Waller, 1999; Waller & Reise, 
1989). . 

Itemm parameters were estimated using a subsample of 10,000 
participantss randomly selected from a hie consisting of PPT data of 39,370 
participants,, which were gathered by the publisher of the SAQ (Swets & 
Zeitlinger).. The subsample of 10,000 participants consisted of 5,000 first year 
andd 5,000 second year high school students. Item parameters for the three 
subscaless were estimated with the marginal maximum likelihood method of 
Multilogg (Thissen, 1991), assuming 9 to have a normal distribution with 
meann 0 and standard deviation 1. For each subscale items were calibrated in 
aa separate Multilog run, since the three subscales were treated as separate 
dimensions.. Two versions of the GRM were tested against each other for 
eachh subscale. The GRM with equal discrimination (a-) parameters for all 
itemss was tested against the GRM that allows «-parameters to differ across 
itemss (Bock & Lieberman, 1970, p.194). The likelihood ratio (LR) test showed 
thatt the «-parameters could not be set equal to each other for each of the 
threee subscales motivation, satisfaction, and self-confidence (LR(47)=6124.2, 
p<.05,, LR(47)=7232.5, p<.05, and LK(47)=5169.7, p<.05, respectively). A 
descriptionn of the subscale item parameters is given in Table 3.1. Figure 3.1 
showss the test information functions of the subscales motivation, 
satisfaction,, and self-confidence. 

Tablee 3.1 shows that the ^-parameters of the three subscales are quite 
low,, with the minima larger in absolute value than the maxima. Figure 3.1 
showss that the subscales are most informative for students with somewhat 
negativee attitudes toward school. This is perceived as a desirable attribute, 
sincee these students may need additional attention. 
Thee CAT version used the logistic version of the GRM (Samejima, 1969, 
1997).. Latent trait values were estimated using the maximum-likelihood 
method.. The standard errors of the maximum-likelihood estimates were 
estimatedd from the second derivative of the loglikelihood function as is done 
byy Multilog (Thissen, 1991, sec. 4-10), which is a by-product of maximum-
likelihoodd estimation. 
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Tablee 3.1. Distribution of item parameters for each subscale 

Motivation n 
a a 

bl bl 
bl bl 

Satisfaction n 

a a 
bl bl 
bl bl 

Self-confidence e 
a a 
bl bl 
b2 b2 

Mean n 

1.40 0 
-1.76 6 
-0.61 1 

1.35 5 
-2.30 0 
-1.03 3 

1.36 6 
-1.56 6 
-0.55 5 

Standard d 
deviation n 

0.35 5 
0.75 5 
0.70 0 

0.50 0 
0.88 8 
0.78 8 

0.33 3 
0.79 9 
0.65 5 

Minimum m 

0.61 1 
-3.72 2 
-2.26 6 

0.65 5 
-3.80 0 
-2.40 0 

0.64 4 
-3.30 0 
-1.80 0 

Maximum m 

2.10 0 
-0.17 7 
1.56 6 

2.89 9 
0.36 6 
1.21 1 

2.16 6 
0.05 5 
0.85 5 

Inn the CAT version, the item information function (Samejima, 1969, p.39, 
Equationn 6-6) was used to select items adaptively. The item information 
functionn computes the contribution of an item to the test information 
functionn for a particular 0 value. The value of the item information function 
iss dependent on this 9 value, the «-parameter of the item and the location (b-) 
parameterss of the item. Every time an item has to be selected, the values of 
thee information functions of all available, not yet administered items are 
comparedd to each other. The item that has the largest value of the 
informationn function at a participants' most recent 0 estimate is selected. 

Thee CAT starts with the selection of the first item. At the start of a CAT, 
ann estimate of the 0 value is not available. Therefore, an initial 0 value is 
selectedd before the adaptive procedure starts. The best prediction of the trait 
forr any arbitrary selected participant is 0 under the assumption of an ability 
distributionn with a mean equal to 0. Therefore, the initial 0 value is set equal 
too 0. The item that has the largest item information value at the initial 0=0 
valuee is selected as the first item. A result of this procedure is that the first 
itemm is identical for each of the participants. 

Iff  the first response of the participant is on the extreme negative or the 
extremee positive side of the scale, the trait estimate takes the value of -°° or 
°°,, respectively. In that case, it is not possible to select the second item with 
thee item information function. A new initial value is computed using the 
variablee stepsize method proposed by Dodd et al. (1989). In the present 
study,, an adapted version of this method was used. The stepsize method 
computess a new initial value by taking the mean of the earlier initial value 
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Latentt trait value 

Latentt trait value 

Figuree 3.1. Test information functions for the subscales motivation, 
satisfaction,, and self-confidence. 
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(0)) and the value +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 
responsee is on the extreme negative side of the scale1. The new initial 0 value 
iss used to select the second item with the item information function. When a 
participantt continues to respond in the same extreme response category, 
thenn 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 
continuess until the participant selects another category than the extreme 
categoryy that he/she selected before. At that point, maximum-likelihood 0 
estimatess can be computed and subsequent items can be selected by using 
thesee estimates in the item information function. 

Iff  the first response is not extreme, the CAT determines the 0 estimate 
andd the standard error of this G estimate. This new 0 estimate is used to 
computee the value of the item information function of all remaining items. 
Thee item with the largest value is selected as the second item for the 
participant.. The participant responds to this second item and again a new 0 
estimatee and its standard error are computed which are now based on the 
responsess of two items. This 0 estimate is used to select the third item. 

Forr reasons of simplicity the above description of the CAT procedure 
wass written for one subscale. Subscales were treated as separate dimensions 
andd item parameters were calibrated separately for each subscale. Latent 
traitt estimation and item selection took place separately within each 
subscale;; selection of an item was only based on responses on earlier items 
withinn the same subscale. Therefore, the CAT version actually consisted of 
threee separate CATs, but items from the different subscales were alternated 
too maximize independence of response behavior. Therefore the first, second, 

11 Dodd et al. (1989) always used the variable stepsize method until a participant answered in at least two 
differentt categories. The response scale was divided into two sides: a positive and a negative side. When the 
responsee on the first item was on the positive side, the initial estimate was always averaged with the largest 
b-parameter,, when the response on the first item was on the negative side the initial estimate was always 
averagedd with the smallest b-parameter. The new initial estimate was used to select the second item with the 
itemm information function. The new initial estimate was again averaged with the smallest or the largest b-
parameter,, depending on the response on the second item. This procedure was continued until the participant 
answeredd in at least two different categories. However, for many response patterns a maximum-likelihood 
estimatee could have been computed earlier when separate categories were used instead of only the positive or 
negativee side. Dodd et al. (1989) chose not to do so, because they preferred a systematic procedure. In the 
presentt study, the variable stepsize method was used only for a response in an extreme category or for 
multiplee responses in the same extreme category. This method was preferred, because when it is possible to 
computee a maximum-likelihood estimate, this estimate will be more informative than an estimate computed 
withh the variable stepsize method. 

Insteadd of using the smallest or largest b-parameter for the calculation of initial values, the values -3 
andd +3 were used in the present study. These values were used since the b- parameters of the items were not 
distributedd symmetrically around 0. The values +3 and -3 were chosen, because they present the bounds 
betweenn which almost all (99.7%) values will be located in a standard normal distribution. 
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andd third item that are described, should be read as the first, second, and 
thirdd item within one subscale. In reality items of the different scales were 
alternated,, so the first administered item was the first motivation item, the 
secondd item was the first satisfaction item, and the third item was the first 
self-confidencee item. 

Thee procedure continues until the CAT has administered all items of 
eachh SAQ scale. In a real test situation, a CAT would stop administering 
itemss when 0 is estimated with sufficient precision. The precision of 0 is 
measuredd by its standard error. In the program, a maximum value of the 
standardd error of 0 is selected. The CAT stops administering items to a 
participantt when the standard error of the 0 estimate drops below this 
specifiedd maximum value. The rule of stopping item administration if the 
standardd error is below its maximum wil l be called the stopping rule of the 
CAT.. In this study, a comparison is made between PPT, CST, and CAT. 
Therefore,, it is convenient to let the CAT continue administering all items of 
thee SAQ. When all items are administered, different stopping rules can be 
appliedd afterwards, and conclusions can be made on the quality of the 
differentt rules. 

3.2.2.44 School marks 

Schooll  marks were used in this study with the intention that correlations of 
schooll  marks with CAT 0 estimates having different precision could be 
comparedd with the correlations of school marks with PPT, and CST 0 
estimates.. If a CAT results in administration mode effects, these effects 
mightt only show up when results are checked against an external measure. 
Iff  effects do occur, this might have implications for the development of 
CATs. . 

Previouss research showed that school marks were, although weakly, 
associatedd with attitudes concerning school (McCoach, 2002; Vorst, 2000). 
Vorstt (2000) reported significant correlations between school marks and the 
threee major SAQ scales. School marks of different school subjects showed 
significantt correlations with motivation (.17< r <.30), satisfaction (.10< r <.21) 
andd self-confidence (.06< r <.21), respectively. Although the associations 
weree weak, the correlations were found in multiple stratified randomized 
sampless of different schools in the Netherlands (Vorst, 2000). 

McCoachh (2002) used a motivation scale that was similar in content to 
thee SAQ motivation scale and reported a correlation of .49 with self-reported 
gradee point average. Relations of achievement with factors other than ability 
aree often used to explain low achievement of students having sufficient 
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ability.. McCoach and Siegle (2003) summarized some factors that are 
assumedd to be associated with underachievement in previous literature. 
Thesee factors include: low academic self-concept, low self-motivation, low 
goall  valuation and negative attitudes toward school and teachers (McCoach 
&&  Siegle, 2003). 

Thee participating schools in this study were asked to provide school 
markss of all school subjects. The marks provided were based on the first 
trimesterr (from September through December). For this study, school 
subjectss were divided into four groups: alpha, beta, gamma, and delta 
subjects.. A similar division of school subjects in groups is widely used in 
educationall  research in the Netherlands. Alpha subjects consisted of 
languages,, beta subjects consisted of natural sciences subjects, mathematics 
andd technology, gamma subjects consisted of history, geography, economy, 
andd personal healthcare, and delta subjects consisted of artistic subjects and 
sports.. For each student the mean score was computed for alpha, beta, 
gamma,, and delta subjects. Additionally, grade point average (GPA) was 
computedd by taking the mean of all school marks. 

3.2.33 Procedure 

Thee CAT version of the SAQ was pre-tested using 572 high school students. 
Afterr some improvements were made, a version was created that could 
assignn participants randomly to the CST or the CAT version of the SAQ. 
Everyy participant was randomly assigned to the PPT version of the SAQ 
withh probability 1/3 and to the computer version with probability 2/3. The 
computerr again randomly assigned every participant that was assigned to 
thee computer version with probability 1/2 to the CST version or the CAT 
versionn of the SAQ. In this way, every participant had an equal probability 
off  1/3 to end up in the PPT test condition, the CST condition or the CAT 
conditionn of the SAQ. 

Thee CAT administered all items to all participants in adaptive order. 
Afterr the experiment was conducted, a computer program analyzed the CAT 
dataa with six settings of the maximum standard error in the stopping rule: 
0.3,, 0.4, 0.5, 0.6, 0.7, and 0.8. For every participant the 0 estimate, the 
standardd error of the 9 estimate and the number of administered items were 
determinedd for each of the stopping rule settings. This analysis was done 
separatelyy for each subscale. 
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3.2.44 Analysis 

Thee statistical analysis consisted of three sections in which the random 
assignmentt to the experimental groups was checked, experimental effects 
weree tested, and explorative analyses were conducted. Statistical hypotheses 
weree tested at the 5% significance level. In the exploratory analysis 
concerningg effects on separate items, Hochberg's (1988) modification of the 
Bonferronii  procedure was applied to control for Type I error. 

3.2.4.11 Random assignment 

Chi-squaree tests were used to check for random assignment to the three 
experimentall  groups. The tested variables were gender, school year (first or 
secondd year student), class membership (20 classes), and school membership 
(55 schools). 

Additionally,, an ANOVA with administration mode as independent 
variablee was applied to alpha, beta, gamma, and delta school marks, and 
GPA,, which is dependent on alpha, beta, gamma and delta school marks. 
Sincee school marks could not have been influenced by the experiment, no 
effectt of administration mode was expected. 

3.2.4.22 Experimental effects 

MANOVA ss were used to test for experimental effects of administration 
modee on the raw scores, and 0 estimates of the three SAQ subscales 
motivation,, satisfaction and self-confidence. PPT 0 estimates and CST 0 
estimatess were computed using the same item parameter estimates as were 
usedd in the CAT procedure (see: CAT version of the SAQ). 

Priorr to the MANOVAs, Box's M test was used to test for the equality of 
covariancee matrices between the experimental groups. When the assumption 
off  equal covariance matrices between groups was not met, a nonparametric 
MANOVAA was applied to the data. The nonparametric MANOVA method, 
describedd by Zwick (1985), is an extension of the Kruskal-Wallis test to the 
casee of more than one dependent variable. In this method a parametric 
MANOVAA is applied to the ranks of the participants on the dependent 
variables.. The Pillai-Bartlett trace statistic computed on the ranks can be 
usedd to obtain a chi-square statistic, which is used as the multivariate 
omnibuss test. 

Additionally,, the effect of administration mode was studied by 
examiningg the correlations of PPT, CST, and CAT 0 estimates with school 
marks. . 
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3.2.4.33 Explorator y analysis 

Chi-squaree tests with administration mode as independent variable were 
appliedd to the responses to the separate items. Since 48 items were tested per 
subscale,, the Bonferroni-Hochberg method was applied to correct for Type I 
errorr (Hochberg, 1988). Adjusted residuals in the cells of significant chi-
squaree tests were inspected to check for systematic effects of administration 
modee on item response behavior (Everitt, 1977). 

3.33 Results 
Fromm the 520 participants, 31.2% participants (n=162) were assigned to the 
PPTT condition, 32.5% (n=169) were assigned to the CST condition and 36.3% 
(n=189)) were assigned to the CAT condition. 

Stevenss (1996) presented required sample sizes for a three-group 
MANOV AA dependent on experimental requirements concerning power, 
numberr of variables, and expected effect sizes. For a three-group MANOV A 
withh three variables, power=.90, a=.05, and a small expected effect size, 
Stevenss (1996) recommends a sample size of 145 participants per group. 
Sincee group sizes were somewhat larger, it was concluded that the 
requirementt concerning large power was fulfilled. 

3.3.11 Missing data 
Missingg responses could only occur in the PPT group, since it was not 
possiblee to skip items without responding in the CST and the CAT version. 
Missingg responses were handled according to the SAQ manual (Vorst, 2000). 
Responsee patterns that are incomplete for more than 50% of the 160 items 
(includingg the social desirability scale) are not considered according to the 
manual.. For response patterns that are less incomplete, missing responses 
aree replaced by the response value corresponding to the intermediate 
responsee category. 

Thee data contained 15 incomplete response patterns. None of these 
responsee patterns was incomplete for more than 50% of the 160 items. 10 
patternss contained 1, 1 pattern contained 2, 1 pattern contained 14, 1 pattern 
containedd 48 missing responses, 1 pattern contained 49, and 1 pattern 
containedd 80 missing responses, respectively. The missing data handling 
methodd could have led to deviant subscale scores for the 15 response 
patternss containing missing responses. However, inspection showed that the 
subscalee scores could not be classified as deviant. Consequently, these 15 
casess were preserved in the experiment. 
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Fromm the results that concern 8 estimates the data of persons with 
extremee answer patterns were deleted, because for these persons a 
maximumm likelihood 0 estimate cannot be computed. The data of the 
subscalee motivation, satisfaction, and self-confidence consisted of zero, three 
(0.6%),, and six (1.2%) persons, respectively, having extreme answer patterns. 

Schooll  marks were available for 514 (98.8%) of the 520 participants. 

3.3.22 Random assignment checks 

Chi-squaree tests were used to study whether random assignment to the three 
administrationn mode conditions yielded three equivalent groups. The tested 
variabless were gender, school year (first or second year student), class 
membershipp (20 classes), and school membership (5 schools). The null 
hypothesess assumed an equal distribution of these variables in the three 
experimentall  groups. None of the null hypotheses was rejected. 

Ann ANOVA with administration mode as independent variable was run 
fivee times on alpha, beta, gamma, and delta school marks, and GPA. The 
nulll  hypothesis of no effect of administration mode was not rejected for 
alphaa marks, gamma marks, and delta marks. However, it was rejected for 
betaa marks (F(2,511)=3.801, p=.028, rj2=.014) and for GPA (F(2,511)=3.226, 
p=.041,, rj2=0.12); the significant result for GPA is consistent with the 
significantt result for beta marks. 

Sincee the majority of the tests that were used to check for random 
assignmentt to the three experimental groups was not significant, it was 
concludedd that the random assignment procedure had been successful. 

3.3.33 Experimental effects on raw scores 

Meanss and standard deviations of subscale raw scores in the experimental 
conditionss are given in Table 3.2. 

3.3.3.11 Test on (co)variance matrices 

Thee null hypothesis of equal covariance matrices across groups was not 
rejectedd with Box's M test (F(12,1249651)=1.666, p=.067) when applied to the 
raww scores of the PPT, CST, and the CAT group. 

3.3.3.22 MANOV A 

AA MANOVA with administration mode as independent variable was run on 
thee SAQ raw scores of the subscales motivation, satisfaction, and self-
confidence.. The null hypothesis of equal mean raw scores across groups was 
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Tablee 3.2. Means and standard deviations of subscale raw scores in the 
experimentall  conditions (N=520) 

Version n 

PPT T 
CST T 
CAT T 

Motivation n 

108.222 (20.30) 
110.18(19.40) ) 
112.68(18.58) ) 

Satisfaction n 

119.28(14.88) ) 
122.655 (12.32) 
122.555 (12.82) 

Self-confidence e 

117.85(18.91) ) 
115.37(18.94) ) 
116.90(16.39) ) 

Note.. Standard deviations are in parentheses. 

rejectedd (F(6,1030)=2.191, p=.42).However, the effect size was small (n2=.013). 
Pairwisee multivariate tests showed that the null hypothesis of no effect was 
onlyy rejected for the PPT and CST group (F(3,327)=2.906, p=.035). 
Againn the effect size was small (if=.026). Tukey's HSD procedure (Stevens, 
1996)) showed no significant univariate effects on the three variables between 
anyy of the groups. 

3.3.44 Experimental effects on subscale 0 estimates 
Meanss and standard deviations of subscale 0 estimates in the experimental 

conditionss are given in Table 3.3 . 

3.3.4.11 Tests on (co)variance matrices 

Thee null hypothesis of equal covariance matrices of subscale 0 estimates was 
alwayss rejected with Box's M test, when it was applied to the combination of 
thee PPT, the CST and the CAT group. This result was found for the CAT 
groupp without stopping rule, and the six CAT groups with a stopping rule. 

Whenn Box's M test was computed for the PPT, and CST group only, it 
wass not significant (F(6,746595)=0.939, p=A65). Box's M was always 
significantt when computed for the PPT and the CAT group, and the CST and 
thee CAT group. This result was found for the CAT group without stopping 
rule,, and the six CAT groups with a stopping rule. Apparently, (co)variances 
betweenn subscale 0 estimates are similar within the PPT and the CST group, 
whereass (co)variances between subscale 0 estimates within the CAT group 

22 In particular, the means of the subscale 8 estimates of motivation and satisfaction are somewhat below 0. 
Therefore,, the group of students that participated in the experiment may have differed to some extent from 
thee population of students in the calibration sample. An anonymous reviewer noted that this might have 
madee the starting value (0) of 9 too high. As a result, the first item that was selected for each of these scales 
couldd have been suboptimal. However, for both scales computation of item information functions showed 
thatt the first item would have been the same if it was selected at the reported mean of subscale 9 estimates in 
thee CAT group obtained without stopping rule. 
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Tablee 3.3. Means and standard deviations of subscale 0 estimates in the 
experimentall  conditions 

Versionn Motivation Satisfaction Self-confidence 

PPT T 
CST T 
CATT without stopping rule 
CATT with S£ < .3 
CATT with SE < .4 
CATT with SE < .5 
CATT with SE < .6 
CATT with SE < .7 
CATT with SE < .8 

-.55(1.05) ) 
-.47(1.05) ) 

-.355 (0.94) 
-.277 (0.86) 

-.244 (0.86) 
-.199 (0.86) 
-.144 (0.85) 
-.066 (0.87) 

-.055 (0.91) 

-.388 (1.03) 
-.211 (0.87) 

-.200 (0.99) 
-.255 (1.02) 

-.366 (1.09) 
-.433 (1.12) 

-.444 (1.13) 
-.499 (1.14) 

-.488 (1.13) 

.08(1.11) ) 

-.044 (1.06) 

-.033 (0.89) 
-.044 (0.88) 

-.033 (0.86) 
-.044 (0.87) 

-.044 (0.88) 
-.055 (0.90) 

-.088 (0.90) 

Note.. Means and standard deviations were computed for participants having a 8 estimate on all subscales 
(n=511).. Standard deviations are in parentheses. 

aree different. (Co)variances and correlations between subscale 0 estimates 
forr the three experimental groups are shown in Table 3.4. Figure 3.2 shows 
bivariatee scatterplots of the different subscales in the three conditions. In 
Figuree 3.2, CAT latent trait estimates were based on all items. The bivariate 
scatterplotss do not show a clear explanation for the finding that 
(co)variancess between subscale 6 estimates are different within the CAT 
group.. Although a difference in (co)variances was not very clear for the CAT 
groupp without stopping rule, inspection of Table 3.4 showed that in general 
covariancess and correlations between subscale G estimates decreased as the 
precisionn of CAT 6 estimates decreased. 

3.3.4.22 Nonparametric MANOVA s 

Thee nonparametric MANOVA method as described by Zwick (1985) was 
used,, since the (co)variance matrix of subscale 0 estimates was different in 
thee CAT group. Table 3.5 shows the nonparametric MANOVA results. When 
noo stopping rule was applied the null hypothesis of equal medians of Ö 
estimatess across groups was not rejected, which means there are no 
administrationn mode effects on 0 estimates when all items are administered 
inn the CAT group, and that there is no administration mode effect on 0 
estimatess as a result of computerization of the PPT version. When a stopping 
rulee was applied the null hypothesis of equal medians of 0 estimates across 
groupss was always rejected. 

Pairwisee nonparametric MANOVAs on the multivariate significant 
stoppingg rule settings showed that the null hypothesis of equal medians of 0 
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Tablee 3.4. (Co)variance and correlation matrices of 0 estimates of the 
subscaless motivation, satisfaction, and self-confidence within the three 
administrationn mode conditions 

Version n 

PPT T 

«=157 7 

CST T 

r;=168 8 

CATT without stopping rule 

n=186' ' 

CATT with SE< 0.3 

CATT with S£< 0.4 

CATT with SE< 0.5 

CATT with SE < 0.6 

CATT with SE < 0.7 

CATT with SE < 0.8 

MOT T 
SAT T 
SEL L 

MOT T 
SAT T 
SEL L 

MOT T 
SAT T 
SEL L 

MOT T 
SAT T 
SEL L 

MOT T 
SAT T 
SEL L 

MOT T 
SAT T 
SEL L 

MOT T 
SAT T 
SEL L 

MOT T 
SAT T 
SEL L 

MOT T 
SAT T 
SEL L 

MOT T 

1.10 0 
.688 (.63) 
.200 (.18) 

1.10 0 
.500 (.55) 
.099 (.08) 

.89 9 

.555 (.59) 

.244 (.28) 

.74 4 

.455 (.51) 

.200 (.27) 

.74 4 

.444 (.47) 

.199 (.26) 

.75 5 

.411 (.43) 

.133 (.17) 

.73 3 

.355 (.36) 

.077 (.09) 

.76 6 

.311 (.31) 

.099 (.11) 

.83 3 

.300 (.30) 

.044 (.05) 

SAT T 

1.06 6 
.366 (.31) 

.76 6 

.233 (.25) 

.98 8 

.300 (.34) 

1.04 4 
.266 (.30) 

1.18 8 
.266 (.28) 

1.26 6 
.177 (.17) 

1.27 7 
.100 (.11) 

1.30 0 
.088 (.08) 

1.27 7 
.044 (.04) 

SEL L 

1.23 3 

1.12 2 

.79 9 

.75 5 

.74 4 

.76 6 

.78 8 

.81 1 

.81 1 

Note.. (Co)variances were computed for participants having a 6 estimate on all subscales (n=511). Correlations 

aree in parentheses. MOT = motivation; SAT = satisfaction; SEL = self-confidence. 

''' n=186 for all CAT conditions. 

estimatess was rejected for the PPT and the CAT group for all stopping rule 
settings,, and also for the CST and the CAT group for all stopping rule 
settingss (see Table 3.5). 
Thee Mann-Whitney U test (Gibbons, 1985) applied to the pair wise 
multivariatee significant stopping rule settings showed that the univariate 
nulll  hypothesis of equal medians between the PPT and the CAT group was 
rejectedd for the subscale motivation for the stopping rule settings 0.3 (z=-2.89, 
p=.004,, d*=.29), 0.4 (z=-3.21, p=.001, ds=.33), 0.5 (z=-3.76, p=.000, ds=.38), 0.6 (z=-
4.30,, p=.000, ds=.43), 0.7 (z=-4.97, p=.000, ds=5l), and 0.8 (z=-4.85, p=.000, 
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Tablee 3.5. Nonparametric MANOVA s with administration mode as 
independentt variable applied to latent trait estimates of the SAQ subscales 
motivation,, satisfaction, and self-confidence 

Stoppingg rule X2 2 df df 
None e 
S£< .3 3 
SE<A SE<A 
SE<3 SE<3 
SE<.6 6 
SE<.7 7 
S£< .8 8 

11.57 7 
18.45 5 
29.72 2 
40.80 0 
45.05 5 
65.16 6 
61.42 2 

6 6 
6 6 
6 6 
6 6 
6 6 
6 6 
6 6 

.072 2 

.005 5 

.000 0 

.000 0 

.000 0 

.000 0 

.000 0 

Pairwisee PPT-CAT with SE < .3 
Pairwisee PPT-CAT with SE < .4 
Pairwisee PPT-CAT with SE < .5 
Pairwisee PPT-CAT with SE < .6 
Pairwisee PPT-CAT with S£ < .7 
Pairwisee PPT-CAT with S£ < .8 

Pairwisee CST-CAT with SE < .3 
Pairwisee CST-CAT with SE < A 
Pairwisee CST-CAT with SE < .5 
Pairwisee CST-CAT with SE < .6 
Pairwisee CST-CAT with SE < .7 
Pairwisee CST-CAT with SE < .8 

12.00 0 
16.76 6 
24.21 1 
27.08 8 
37.15 5 
34.80 0 

8.53 3 
18.81 1 
26.95 5 
28.88 8 
45.40 0 
42.51 1 

3 3 
3 3 
3 3 
3 3 
3 3 
3 3 

3 3 
3 3 
3 3 
3 3 
3 3 
3 3 

.007 7 

.001 1 

.000 0 

.000 0 

.000 0 

.000 0 

.036 6 

.000 0 

.000 0 

.000 0 

.000 0 

.000 0 

rfs=.51)rfs=.51)33.. Effect sizes measured by the standardized mean difference ds were 
betweenn small and medium for stopping rules 0.3 through 0.6, and medium 
forr stopping rules 0.7 and 0.8 (Cohen, 1988). 

Thee univariate null hypothesis of equal medians between the CST and 
thee CAT group was rejected for the subscale motivation for the stopping rule 
settingss 0.3 (z=-1.98, p=.048, ds=2\), 0.4 (z=-2.28, p=. 023, ^=.24), 0.5 (z=-2.88, 
p=.004,, ds=29), 0.6 (z=-3.49, p=.000, ds=.35), 0.7 (z=-4.52, p=.000, ds=A3), and 0.8 
(z—4.51,, p=.000, ds=A3)4, and for the subscale satisfaction for stopping rule 
settingss 0.4 (z=-2.23, p=.026, ds=-.\5), 0.5 (z=-2.61, p=.009, ds=-22), 0.6 (z=-2.46, 
p=.0U,p=.0U, df=-23), 0.7 (z=-4.52, p=.000, ds=-27), and 0.8 (z=-4.51, p=.000, ds=-27). 
Betweenn the CST and the CAT group, effect sizes measured by the 
standardizedd mean difference d$ were between small and medium for the 
subscaless motivation and satisfaction (Cohen, 1988). 

Thee comparison of the PPT and the CST group and the comparison of 
thee CST and the CAT group showed that in general effect sizes increased as 
thee precision of the latent trait estimates in the CAT group decreased. 

33 SPSS uses the Mann-Whitney U statistic of the group for which it has the smallest value. Therefore, z values 
aree always negative, also when effect sizes are positive. 
44 See Note 3. 
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3.3.4.33 Stopping rule settings 
Tabless 3.6, 3.7 and 3.8 show the effect of the different stopping rules on the 
CATT results of the subscales motivation, satisfaction, and self-confidence, 
respectively.. The tables show for each stopping rule the mean number of 
itemss used, the correlation of CAT 9 estimates with 0 estimates that are 
basedd on the entire scale, and the mean standard errors of the adaptive 0 
estimates.. The effect of the different stopping rules is about the same for the 
threee subscales. When the required precision of CAT 0 estimates decreases 
thee amount of items used decreases, the correlation of CAT 8 estimates with 
00 estimates based on the entire scale decreases and the mean of the standard 
errorss of the adaptive theta's increases. 

Tabless 3.9, 3.10, and 3.11 show the effect of administration mode on 
correlationss of 0 estimates with school marks for the three SAQ subscales. 

Correlationss of PPT, CST, and CAT 0 estimates of the subscales 
motivationn and satisfaction with school marks were all in the same direction. 
Correlationss of PPT, CST, and CAT 0 estimates of the subscale self-
confidencee with school marks were all very low. In general, although not 
entirelyy systematic, correlations of CAT 0 estimates of the subscales 
motivationn and satisfaction with school marks and GPA decreased as the 
precisionn of CAT 0 estimates decreased. This effect did not occur for the 
subscalee self-confidence, and probably resulted from the very low 
correlationss of self-confidence 0 estimates with school marks and GPA. The 
decreasee of correlations with school marks and GPA as a function of CAT 
imprecisionn is in agreement with the decrease of correlations between 
subscalee 0 estimates as a function of CAT imprecision as shown in Table 3.4. 
However,, the decrease in Table 3.4 is more obvious. This may be the result 
off  the simultaneous decrease in precision of all subscale 0 estimates. 

Thee confidence intervals of the correlations between subscale 0 estimates 
andd school marks or GPA are also reported in Tables 3.9 through 3.11. 
Withinn the three subscales, all the confidence intervals of correlations 
overlapp within the specific subset of alpha, beta, gamma, delta marks, and 
GPA,, and the majority of the correlation coefficients fall within each other's 
confidencee intervals. Although a minority of the correlations seems to differ, 
thee confidence intervals do not show a systematic difference between the 
PPT,, the CST and the CAT group. Most CAT correlations obtained with a 
stoppingg rule fell within confidence intervals of the correlations of the PPT, 
CST,, and the CAT group without stopping rule. 
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Tablee 3.6. Effect of different stopping rule settings for the subscale 
motivationn (n=lS9) 

Stopping g 

None e 

S£<.3 3 

SE<A SE<A 

SE<3 SE<3 

S E < .6 6 

SE<.7 SE<.7 

SE<.8 SE<.8 

rule e 

Meann number 

off  items used 

48 8 

21.86 6 

13.40 0 

9.33 3 

6.84 4 

5.01 1 

4.40 0 

Correlationn adaptive 8's 

withh 9's based on the entire test 

Mean n 

standardd errors 

1 1 

.964 4 

.940 0 

.910 0 

.851 1 

.743 3 

.710 0 

.25 5 

.32" " 

.39 9 

.48 8 

.54 4 

.63 3 

.69 9 

Note-'' The mean standard error for stopping rule setting 0.3 is higher than required by the stopping rule. This is caused by data 
off  persons that had larger standard errors than required even when all items were administered. 

Tablee 3.7. Effect of different stopping rule settings for the subscale 
satisfactionn («=187) 

Stoppingg rule 

None e 

S£<.3 3 

S£<.4 4 

S£<.5 5 

S£<.6 6 

S£<.7 7 

S£<.8 8 

Meann number 

off  items used 

48 8 

30.33 3 

18.67 7 

12.63 3 

9.10 0 

6.73 3 

5.36 6 

Correlationn adaptive 0's 

withh 6's based on the entire test 

Mean n 

standardd errors 

1 1 

.968 8 

.917 7 

.864 4 

.837 7 

.791 1 

.755 5 

.32 2 

.36J J 

.42' ' 

.49 9 

.55 5 

.63 3 

.67 7 

Note.. M=187 since two persons had extreme answer patterns on the subscale satisfaction in the CAT condition. 

''' The mean standard errors for stopping rule settings 0.3 and 0.4 are higher than required by the stopping rule. This is caused by 

dataa of persons that had larger standard errors than required even when all items were administered. 

Tablee 3.8. Effect of different stopping rule settings for the subscale self-
confidencee (n=188) 

Stoppingg rule 

None e 

S£< .3 3 

S£<.4 4 

S£< .5 5 

S£<.6 6 

SE<.7 SE<.7 

SE<,8 SE<,8 

Meann number 

off  items used 

48 8 

22.81 1 

13.49 9 

8.86 6 

6.93 3 

4.80 0 

4.04 4 

Correlationn adaptive 9's 

withh 9's based on the entire test 

Mean n 

standardd errors 

1 1 

.952 2 

.890 0 

.810 0 

.747 7 

.658 8 

.570 0 

.26 6 

.32* * 

.40 0 

.48 8 

.54 4 

.62 2 

.70 0 

Note.. ;i=188 since one person had an extreme answer pattern on the subscale self-confidence in the CAT condition. 

**  The mean standard error for stopping rule setting 0.3 is higher than required by the stopping rule. This is caused by data of 
personss that had larger standard errors than required even when all items were administered. 
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Tablee 3.9. Effect of administration mode on correlations of latent trait 
estimatess with school marks for the subscale motivation 

Administrationn mode alpha a beta a gamma a delta a GPA A 
PPTT (n=159) 

CSTT (n=168) 

CATT without stopping rule" 

CATT with SE < 

CATT with S£ < . 

CATT with S£ < 

CATT with SE

CATT with SE <.! 

CATT with S£ < .1 

.294<< .430 <.549 

.037<.037< .187 <.329 

136<< .274<.402 

.137<.137< .275 <.403 

.140<< .278 <.405 

.132<< .270 <,398 

,127<< ,256<3S5 

.069<.069< .210 <.343 

.042<.042< .184 <,319 

.044<198<343 3 

-047<-047< .105 < .252 

-.022<.133<.272 2 

.004<.004< .147 < .284 

007<.150<.287 7 

019<,162019<,162 <.299 

.043<.. 185 <. 320 

.086<.086< .227 < .359 

.05(X.05(X .192 < .326 

.182<.182< .328 < .460 

M3<M3< .212 < .352 

.223<< .355 < .474 

.23«<< .369 < ,4«7 

.229<< .361 < .480 

.206<.206< 339 <: .460 

1S6<.321<.444 4 

.267<< ,303 < .428 

.12S<.267<.395 5 

.173<< .320 < .453 

.063<.063< .212 < .352 

.]«»<.. 323 <. 446 

.280<.315<.439 9 

.I73<.309<.433 3 

.180<.180< .315 <.439 

169<< .305 < .430 

254<.291<417 7 

227<< .266 < .394 

.262<< .401 < .524 

093<093< .241 < .379 

.215<348<.468 8 

.225<.3577 <.476 

.225<.357<.476 6 

.22K.353<473 3 

.2I3<.. 346 <. 466 

200<200< .334 < .456 

.157<.157< .294 < .420 

Note.. The bounds of (95%) confidence intervals of the correlations are shown in italics. 

'' 17=187 for all CAT conditions. 

Tablee 3.10. Effect of administration mode on correlations of latent trait 
estimatess with school marks for the subscale satisfaction 

Administrationn mode alpha a beta a gamma a delta a GPA A 
PPTT (n=159) 

CSTT (n«168) 

CATT witfiout stopping rule* 

CATT with SE < .3 

CATT with SE < .4 

CATT with SE < .5 

CATT with SE < .6 

CATT with SE < .7 

CATT with SE < .8 

.08(X.08(X .233<.375 

-W5<-W5< .067 < 216 

.078<.078< .220 < .353 

.050<.050< .193 <.328 

.016<< .160<.297 

-023<< .122<.262 

-,032<< .I13<.253 

-.05l<-.05l< .094 < .235 

.080<.080< .233<.375 

005<005< .161 < .309 

-.059<-.059< .093 <.241 

.03(X.03(X .174 <.310 

.025<.025< .169 <.306 

.02.02 7< 1 7K .308 

.029<.029< .173 <. 310 

.008<.008< . 152 <. 290 

-.023<-.023< .122 <.262 

005<005< .161 < .309 

.107<< .259<.399 

.088<.088< .236 <.374 

.088<.088< .229 <.361 

M7<M7< .209<.343 

.027<.027< .171 < .308 

.008<.008< .152 < .290 

.0I6<< .160<.297 

-.017<< .128 < .267 

207<< .259<.399 

055<.. 209 <. 354 

031<< .182 <,324 

.109<.109< .249 <. 380 

.103<.103< .244<.375 

.095<< .236<.368 

.098<.098< .239<.370 

.088<.088< .229<.361 

083<083< .225 <. 358 

.05S<< .209 <.354 

I22<< .272 <.411 

039<039< .I89<.331 

256<< .294<.420 

,235<< .274 <.402 

.111<< .25K.3S3 

.09KK .232 < .364 

.076<< .218 <.351 

.046<< .189 <. 324 

.UK.UK 272<.42I 

Note.. The bounds of (95%) confidence intervals of the correlations are shown in italics. Total n-511 since 3 persons had extreme answer patten 
subscalee satisfaction in the subset for which school marks were available. 

55 for all CAT conditions. 

Tablee 3.11. Effect of administration mode on correlations of latent trait 
estimatess with school marks for the subscale self-confidence 

Administrationn mode alpha a beta a gamma a delta a GPA A 
PPTT (n-159) 

CSTT (n-168) 

CATT without stopping rule" 

CATT with S£ < .3 

CATT with SE < .4 

CATT with S£ < .5 

CATT with SE < .6 

CATT with SE < .7 

CATT with SE < .8 

-116<< .042 <.198 8 

-,200<< .053<.203 

-,0S8<-,0S8< .087 < .228 

-.073<< .072<.214 

-M0<-M0< .065  .207 

-M6<-M6< .099 <.239 

-,041<< .103 <.243 

.062<.062< .083<.224 

-.088<-.088< .057<.199 

-2S3<-.026<232 2 

-.222<-.222< -. 073 <. 080 

-,I78<-.035<,209 9 

-.I74<-.03K.I13 3 

,140<< .004 < .140 

-,107<< .037<. 180 

-,081<-,081< .064<.206 

-.073<< .072<.214 

-I04<< .040<. 133 

-.274<-.017<142 2 

-.032<-.032< .120<,267 

.172<-.029<I15 5 

5 5 

<< .007<.151 

-I13<< .03K.174 

<< .020 <. 163 

-144<< .000<.144 

.15«<-.014<130 0 

-I92<< -.035 < .123 

-21H-.06K.092 -21H-.06K.092 

-.065<< .080<.221 

-,067<< .078 <.219 

-051<-051< .094 < .235 

-.048<-.048< .097 <,238 

-039<-039< .105<.245 

-.034<-.034< .110 <.250 

-.04S<< .097 <.238 

164<-.007<.151 1 

,150<< .002<.254 

-.099<-.099< .046<.189 

 .048< 291 

.083<.083< .062 <.204 

-.046<< .099<,239 

.036<.036< .108<.248 

-,051<< .094<.235 

-.080<-.080< .065<.207 

Note.. The bounds of (95%) confidence intervals of the correlations are shown i 

subscalee self-confidence in the subset for which school marks were available. 

'n-1866 for all CAT conditions 

italics.. Total n»508 since 6 persons had extreme patternss on the 
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3.3.55 Explorativ e analyses 

3.3.5.11 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 in a 3 (administration mode) X 3 (item response category) 
contingencyy table. For all administration mode conditions item responses 
weree available, since no stopping rule was applied to the CAT data. The null 
hypothesiss assuming no effect on response behavior was rejected for 21 out 
off  144 items (14.6%). However, when Hochberg's (1988) Bonferroni 
proceduree was applied to control for overall Type I error rate for the 48 tests 
withinn each scale, the null hypothesis assuming no effect on response 
behaviorr was rejected for only 4 out of 144 items (2.8%): two motivation 
items,, one satisfaction item, and one self-confidence item, respectively. 
Inspectionn of adjusted residuals of the 4 significant items showed that in the 
CATT group one motivation item, one satisfaction item, and one self-
confidencee item had more responses in the category corresponding with 
higherr motivation, satisfaction, and self-confidence, respectively. 
Administrationn mode does not seem to have affected response behavior on 
thee majority of items. On a very small minority of items, administration 
modee seems to have influenced response behavior. Inspection of the content 
off  the items that had significant results did not show characteristics that 
couldd have explained administration mode effects. 

3.44 Discussion 

3.4.11 Experimental effects 
Thee experiment showed a small multivariate effect on raw scores, which 
couldd be attributed to a small multivariate effect between the PPT and the 
CSTT group. However, this effect did not persist in univariate tests. 
(Co)variancee matrices of the raw scores of the different subscales were 
similarr in the different administration conditions. In view of these results, 
computerizationn as was done in the CST, in which raw scores could be used, 
doess not seem to lead to essential administration mode effects. 

Multivariatee effects on 0 estimates were tested with a nonparametric 
MANOVA ,, because the (co)variance matrix was always different in the CAT 
group.. Significant multivariate effects were found for all stopping rule 
settings.. However, when no stopping rule was applied to the CAT condition 
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noo significant effect was found. Pairwise multivariate tests on the stopping 
rulee settings showed significant results between the PPT and the CAT 
conditionn and between the CST and the CAT condition. Univariate tests 
betweenn both the PPT and the CAT group and the CST and the CAT group 
showedd significant effects for the subscale motivation for all stopping rules. 
Forr the subscale satisfaction univariate tests showed significant effects for 
thee stopping rules 0.4 through 0.8, but only between the CST and the CAT 
group.. Effect sizes ranged from small through medium and increased as the 
precisionn of latent trait estimates in the CAT decreased. For application of a 
CATT with polytomous items this may indicate that one should be cautious 
whenn applying stopping rules requiring a very small precision of latent trait 
estimates.. This could lead to medium effect sizes, which could be important. 
Inn this study, the stopping rules 0.3 and 0.4 led to effect sizes that were quite 
smalll  (between ds=-.15 and ds=33), so these stopping rules probably do not 
posee large problems. 

Itt is difficult to find a clear explanation for the effects that were found 
concerningg raw scores and 0 estimates. A difference between the conditions 
wass that persons had the freedom to skip questions in the PPT, but not in the 
CSTT and the CAT version. An effect of this procedure could have led to 
differencess both between the PPT and the CST group and between the PPT 
andd the CAT group. However, such a difference was not consistently found. 
Moreover,, only a few participants (9%) had missing responses in the PPT 
versionn of whom the majority only missed one or two responses. Therefore, 
ann effect of the freedom to skip questions in the PPT version does not seem 
veryy plausible. 

Sincee items were calibrated on PPT data, this could also have influenced 
thee experimental results. Although the present analyses were not consistent 
inn a way that would suspect context effects as a result of computerization, 
futuree research could focus on such effects. 

Thee different order of item administration by the CAT version could also 
havee led to administration mode effects. This effect could have led to 
differencess both between the PPT and the CAT group and between the CST 
andd the CAT group, since the PPT and the CST administered items in the 
samee order. Multivariate tests on raw scores did not provide any support for 
thiss idea. The nonparametric MANOVA results concerning 9 estimates 
showedd support for a possible order effect for the subscale motivation for all 
stoppingg rule settings. For the subscale satisfaction effects were only found 
forr the stopping rules 0.4 through 0.8 between the CST and the CAT version. 
However,, when no stopping rule was applied in the CAT condition, no 
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multivariatee significant effect on subscale 0 estimates was found. When an 
orderr effect occurred, a significant effect would have been expected here as 
well.. Effects could also have occurred, because CAT subscale 0 estimates 
thatt were obtained with a stopping rule were based on different subsets of 
itemss than subscale 0 estimates obtained in the PPT and the CST conditions, 
whichh were based on all subscale items. 

Thee results concerning the (co)variance matrices of subscale 0 estimates 
couldd also be interpreted as a CAT administration order effect. The 
(co)variancee matrix of subscale 9 estimates was always different in the CAT 
group,, while it was similar in the PPT and the CST group. Although this 
resultt was not found for raw scores, it might be explained by 0 estimates 
havingg varying values for persons with equal subscale scores. Information 
thatt is contained in 0 estimates may not be contained in raw scores, since the 
responsee pattern itself is not taken into account. Scoring items in a graded 
wayy may increase test information substantially (Samejima, 1969, Chapter 6). 
Hence,, the effect of CAT item administration order on the co(variance) 
matrixx could be contained in the 0 estimates, but not in the raw scores. 

However,, this explanation may not be sufficient when it concerns CAT 0 
estimatess that were determined with a stopping rule. In that case, it is 
somewhatt more difficul t to draw conclusions, since these CAT 0 estimates 
weree based on different items and different numbers of items for different 
persons,, but PPT and CST 0 estimates were based on all items of the three 
subscales.. This procedure could have had an effect on the (co)variance 
structure,, separate from an effect of administration order. Moreover, CAT 0 
estimatess of the different stopping rules decreased simultaneously in 
precision.. This may have been the major reason for the different covariance 
matricess of the CAT stopping rule conditions. Since CAT subscale 0 
estimatess all decreased in precision as a function of the allowed standard 
errorr in the stopping rule, this resulted in more measurement error for each 
subscale,, which probably led to the decrease in subscale covariances. The 
resultt is interesting, however it is not perceived as an essential treat to CAT 
administration.. Covariances and correlations decreased, but since 
measurementt error increased, this result could have been expected. 

3.4.22 Stopping rules and i tem reduction 

Thee different stopping rule settings for the three subscales showed that in 
particularr stopping rule settings 0.3 and 0.4 preserved high correlations 
betweenn CAT 0 estimates and 0 estimates that were based on the entire scale. 
Forr the three subscales, the stopping rule setting 0.3 used between 46%, and 
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63%% of all items, maintaining a correlation larger than .95 with the 0 
estimatess based on the entire scale. The stopping rule setting 0.4 used 
betweenn 28%, and 39% of all items, maintaining a correlation of .89 or larger 
withh the 0 estimates based on the entire scale. In a CAT study using the RSM 
satisfactoryy results were found using a stopping rule of 0.35 (Koch et al., 
1990).. In this study students responded to both a PPT and a CAT version of 
ann attitude scale. Correlations between both versions were used to give an 
indicationn of CAT performance. Although this study used a different model, 
andd a different measure was used to assess CAT performance, it is 
interestingg that the stopping rule settings that performed most satisfactorily 
inn the present study used a minimum required standard error that is close to 
thee value stipulated by Koch et al. (1990). In the present study stopping rules 
requiringg a minimum standard error of 0.5 or higher could not provide an 
acceptablee level of measurement. Moreover, the present study showed that 
forr the subscale motivation effects increased to a medium effect size for 
stoppingg rules 0.7 and 0.8. 

3.4.33.4.3 Stopping rules and correlations wit h school marks 

Inn general correlations of motivation and satisfaction 0 estimates with school 
markss and GPA seemed to decrease as the precision of G estimates 
decreased.. However, confidence intervals of the correlations showed that the 
correlationss of less precise CAT 0 estimates with school marks and GPA 
generallyy fell within confidence intervals of the correlations with school 
markss and GPA of PPT, CST, and more precise CAT 0 estimates. For the 
stoppingg rules 0.3 and 0.4 of the subscales motivation and satisfaction, the 
correlationss with GPA had about the same value when compared with CAT 
00 estimates obtained without a stopping rule. The correlations of 0 estimates 
off  the subscale self-confidence with school marks were almost all very close 
too zero, so these correlations could not be used to describe the quality of 
CATT results. 

Itt is interesting that correlations between the three CAT subscales and 
correlationss of CAT motivation and satisfaction 0 estimates with school 
markss and GPA both seemed to decrease, as the precision of 0 estimates 
decreased.. However, this effect was more obvious between the CAT 
subscales.. This may be because the CAT subscales decreased simultaneously 
inn precision. 

Inn particular, stopping rules 0.3 and 0.4 showed no essential 
administrationn mode effects on CAT 0 estimates. Since correlations of these 
CATT 0 estimates with GPA, which is an external measure, did not show any 
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notablee differences either, this strengthens the idea that CAT administration 
wil ll  not pose large problems for these stopping rules. 

3.4.44 Practical impl icat ion s for  s topping rules 

Althoughh not severely, the motivation subscale appeared to be most affected 
byy CAT administration. It is not clear why exactly and could be interesting 
forr further research. Generally when effects occurred, they increased for 
stoppingg rules requiring a smaller precision. Since the occurrence of effects 
wass not entirely consistent over subscales, the occurrence of effects may not 
generalizee to other studies either. However, the present study showed that it 
iss useful to check for potential effects. If these effects do not occur and when 
accuracyy is less important, such as in the comparison of groups, CATs 
requiringg a small precision of latent trait estimates could be used. 

Thee present study used the value of the standard error as a stopping rule 
criterion,, since it was recommended by a simulation study (Dodd et al., 
1989).. Dodd et al. (1989) preferred the standard error above pre-specified 
minimumm item information as a stopping rule criterion. However, specific 
itemm pool characteristics or measurement requirements may result in other 
choicess such as a fixed length CAT, a CAT based on pre-specified minimum 
itemm information as a stopping rule criterion, or a CAT design based on a 
combinationn of different stopping rule criteria. Additional research on real 
lif ee or simulated CAT administration for attitude measurement could further 
studyy different CAT designs. 

Thee CAT results for each of the stopping rule settings were practically 
identicall  to the CAT results that would have been obtained when a stopping 
rulee was applied directly during administration of the CAT. However, the 
applicationn of a stopping rule may lead to the administration of different 
numberss of items per SAQ subscale, for a given person. For example, 24, 26, 
andd 30 items of the subscales motivation, satisfaction, and self-confidence 
couldd be administered, respectively. At the start of the CAT, items of 
differentt subscales wil l be alternated. When the administration of the 
motivationn subscale is terminated, only satisfaction and self-confidence 
itemss wil l be alternated. At the end, when the administration of satisfaction 
itemss is also finished, the four remaining self-confidence items wil l be 
administeredd without alternation with items of other subscales. Possible 
effectss of the differential alternation of items could not be studied, since the 
CATT in the present study administered items in adaptive order until all 
itemss were used. Alternation of items of different subscales was preferred, 
sincee this procedure was most realistic. Many developed personality and 
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attitudee questionnaires alternate items from different subscales to maximize 
independencee of response behavior to items of the same subscale. Since there 
iss a risk of administering items of only one subscale at the end of the CAT, 
potentiall  administration effects and solutions to this problem have to be 
studied. . 

3.4.55 Explorativ e analyses 

Chi-squaree tests on the responses on individual items showed an 
administrationn mode effect for a minority of the items (2.8%). Inspection of 
thee content of these items did not show characteristics that could have 
explainedd administration mode effects. 

3.55 Conclusion 
AA randomized field experiment with sufficient power showed a small 
administrationn mode effect for CST administration on raw scores. When a 
CATT was applied, effects on latent trait estimates increased as the precision 
off  CAT latent trait estimates decreased. For stopping rules 0.3 and 0.4 effects 
weree quite small, and correlations of latent trait estimates with GPA 
remainedd about the same. For these stopping rules CAT administration 
resultedd in a substantial reduction of the number of items used (between 
37%% and 54% for stopping rule 0.3 and between 61% and 72% for stopping 
rulee 0.4) without loss of construct validity. However, caution should be used 
whenn applying stopping rules requiring a very small precision of latent trait 
estimates,, since the present study showed that these stopping rules could 
leadd to medium effect sizes. 

Computerizedd administration can lead to an increase in efficiency by 
reducingg labor costs, decreasing scoring errors, increasing test 
standardization,, increasing test security, and increasing speed in processing 
subjects'' responses (Drasgow & Olson Buchanan, 1999). Additionally, CAT 
administrationn can increase efficiency by reducing testing time. Since the 
presentt study showed only small administration mode effects of CST and 
CATT administration, both CST and CAT seem attractive alternatives to PPT 
administration.. However, if it is possible to implement CAT administration, 
whichh is dependent on a variety of factors such as the availability of data to 
estimatee item parameters, CAT administration seems to be the most 
preferablee choice to increase test efficiency. 
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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. 

68 8 



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) ) 
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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. 

73 3 



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 
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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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AA comparison of two initia l latent trai t estimation 
procedures s 

Abstract t 

Whenn using the maximum likelihood method in computerized adaptive 
testss (CATs) involving Samejima's graded response model (GRM), no latent 
traitt (Ö) estimate can be computed for response patterns that consist of 
responsess in only one identical extreme response category. However, a 0 
estimatee is necessary to select items in a CAT. Therefore, a few studies have 
usedd a very simple method to compute initial 0 estimates for participants 
withh extreme response patterns (Dodd et al., 1989; Hol et al., 2001, see also 
chapterss 2, 3, and 4). In the present study, this simple method was compared 
withh a method that uses maximum a posteriori (MAP) estimates as initial 0 
estimates.. MAP 0 estimates are more informative, because they incorporate 
priorr information about the 0 distribution. In general, the MAP method 
hardlyy performed better than the simple method. However, both methods 
performedd differently for different 0 intervals. The simple method 
performedd better for extreme 0 values, while the MAP method performed 
betterr for intermediate 0 values. 
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5.11 Introductio n 
Forr psychometric problems both simple and advanced methods can be 
foundd in the literature. For example, for assessing item quality both 
conventionall  item-rest-correlations or item response theory (IRT) a-
parameterss can be used, test scores can be computed using weighted or 
unweightedd sum scores, missing data imputation can be done with simple 
averagee based or more advanced methods. Often it can be questioned 
whetherr and when advanced and complicated methods do constitute 
substantiall  improvements on simple methods. 

Inn the present study, a simple and a more advanced method for initial 
latentt trait (0) estimation in a computerized adaptive test (CAT) involving 
Samejima'ss (1969) graded response model (GRM) were compared. In a CAT 
basedd on maximum likelihood latent trait estimation, initial latent trait 
estimationn is used for participants with a monotone response pattern in one 
extremee response category. For such response patterns, which have a large 
probabilityy to occur during the beginning of a CAT, the maximum likelihood 
estimatee takes on the value of -°° or °°. Such a value cannot be used to select 
itemss in a CAT. 

Thee simple method was used in a previous study (see chapter 4). In the 
presentt study, this simple method and a more advanced method were 
comparedd using the data of the previous study. It was questioned whether 
thee more advanced method would have constituted an improvement. 

Twoo commonly used methods in 0 estimation in item response theory 
(IRT)) are the maximum likelihood (ML) method and the maximum a 
posteriorii  (MAP) method. Both methods have their strengths and 
weaknesses.. The ML method cannot be used for a monotone response 
patternn in one of the two extreme response categories, while the MAP 
methodd is biased, especially for short test lengths (Embretson & Reise, 2000). 

Thee majority of computerized adaptive test (CAT) studies involving 
Samejima'ss (1969) graded response model (GRM) have used the maximum 
likelihoodd method (Dodd et al., 1989; Hol et al., 2001; Lima Passos et al., 
2004;; MacDonald, 2003, see also chapters 2, 3, and 4). During a CAT, 0 
estimatess are used to select subsequent items. With the ML method a 0 
estimatee cannot be computed for a monotone response pattern in one of the 
twoo extreme response categories. Therefore, some CAT studies have used 
veryy simple alternative methods to compute a preliminary 0 estimate (Dodd 
ett al., 1989; Hol et al., 2001, see also chapters 2, 3, and 4). The data that was 
usedd in the present study originated in an earlier study that also used a 
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variationn of this simple initial estimation (SIE) method. This study showed 
thatt CAT overall performed better than fixed length short forms selected 
fromm the same item pool (see chapter 4). However, it also showed that CAT 
generallyy performed better for extreme Ö values, and that the fixed short 
formss generally performed better than the CAT for intermediate 9 values. It 
couldd be that a more advanced preliminary 0 estimation method could make 
CATT administration also more efficient than fixed short forms for 
intermediatee 9 values. A more advanced method to estimate 6 for extreme 
responsee patterns is to use MAP estimates in case of a monotone extreme 
responsee pattern. The present study compared two CAT designs. The first 
CATT design used the SIE method. The second CAT design used the MAP 
method.. Because the MAP method incorporates prior information about 6, it 
wass expected that this method would perform better than the SIE method. 

5.22 Method 

5.2.11 Materials 
AA 24-item motivation scale (MS) was used. The items of this scale are part of 
thee Study Questionnaire (SQ) that was developed to measure attitudes of 
universityy students that are important for the educational process. The items 
off  the SQ are based on the items of a questionnaire that is widely used in 
highh schools in the Netherlands (Vorst, 2000). However, the SQ is 
specificallyy adapted 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 not the case (1), J don't know^ 
(2),, and that is the case (3). An example of an MS item is: J usually study the 
subjectsubject matter of my study very well. 

5.2.22 Calibratio n of item parameters 

Thee calibration sample consisted of 1924 persons that participated in a 
paper-and-pencill  version of the SQ2. Item parameters of the 24 items were 
estimatedd according to the GRM by the marginal maximum likelihood 

11 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. 
22 Previous research showed that no substantial differences occur between paper-and-pencil and computerized 
(adaptive)) administration of tests and questionnaires {Finger & Ones, 1999; Mead & Drasgow, 1993, see also 
chapterr 3). 
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methodd in Multilog (Thissen, 2003). Parameters were estimated assuming a 
normall  distribution of 0 with mean 0 and standard deviation 1. Items and 
itemm parameters of the MS are shown in Table 4.1. 

5.2.33 Model fi t 

Thee motivation scale was selected under the Molenaar's (1997) extension to 
polytomouss items of Mokken's (1971, 1997) nonparametric monotone 
homogeneityy model (NMHM) . The NMHM is considered to be the 
nonparametricc counterpart of the GRM (Sijtsma & Molenaar, 2002, p. 129). 
However,, both the generalized partial credit model (GPCM) (Muraki, 1992) 
ass the GRM are special cases of the NMHM (van der Ark, 2001). A model fit 
studyy by the method of Drasgow, Levine, Tsien, Williams, and Mead (1995) 
showedd that the GRM fit the data slightly better than the GPCM. However, 
bothh models showed misfit according to the criteria set by Drasgow et al. 
(1995).. We emphasize that the data did satisfy a commonly used criterion 
(Reckase,, 1979). This involves determining whether a dominant factor is 
presentt 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. 

5.2.44 Data 

Dataa were used that originated in a previous study (see chapter 4). This 
studyy experimentally compared computerized and computerized adaptive 
administrationn of the MS. The data of the persons (n=274) that participated in 
thee computerized adaptive condition were used in the present study. 

Thee previous study (see chapter 4) also included a simulation study 
(N=10,000)) of which the data will also be used in the present study. Item 
responsess were simulated according to the GRM using the item parameters 
off  the MS. Data were simulated using the method of Dodd et al. (1989). 
Simulatedd true 0 values were drawn from a normal distribution with mean 0 
andd standard deviation 1, because item parameters were also estimated 
usingg this assumption. 
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5.2.55 General CAT design 

00 estimates were computed using the ML method (Hambleton & 
Swaminathan,, 1985, pp. 76-81). Items were selected adaptively with 
Samejima'ss item information function (1969, p.39, Equation 6-6) using the 
itemm parameters in Table 4.1. This involved identifying the item that had the 
largestt value of the item information function at the most recent 6 estimate. 
Ass a 6 estimate is absent at the start of a CAT, an initial 6 value was used to 
selectt the first item. The initial Ö value was set at 0, since this is the best 
predictionn for an arbitrary person from a normal distribution with mean 0. 

5.2.66 Two extreme response pattern handling methods 

Ann extreme response pattern is a pattern that only consists of responses in 
thee most negative or most positive response category. In this study this 
meanss a response pattern consisting of only Is or only 3s. When using the 
MLL method, an extreme response pattern leads to a Ö estimate of either -@ or 
+@.. With these values it is not possible to select subsequent items with the 
itemm information function. 

Therefore,, previous studies have used variations of the SIE method to 
computee initial 0 values (Dodd et al., 1989; Hol et al., 2001, see also chapter 2, 
3,, and 4). The SIE method wil l be compared with a method that uses MAP 0 
estimatess as initial 0 values in cases of extreme response patterns. 

5.2.6.11 SIE method 

Inn the SIE method an initial 0 value is computed by taking the mean of the 
firstt initial value (0) and the value +3 when the response is on the extreme 
positivee side of the scale. It takes the mean of the first initial value (0) and the 
valuee -3 when the response is on the extreme negative side of the scale. The 
neww initial 0 value is used to select the second item with the item 
informationn function. When a participant continues to respond in the same 
extremee response category, then again a new initial value is computed as the 
meann of the last initial value and the value +3 or -3. This procedure of 
computingg initial values continues until the participant selects another 
categoryy than the extreme category that he/she selected before. At that point, 
maximum-likelihoodd 0 estimates can be computed and subsequent items can 
bee selected by using these estimates in the item information function. 
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5.2.6.22 MA P method 

Whenn the response on the first item is on the extreme positive or negative 
sidee of the scale a MA P 9 estimate is computed. This procedure continues 
untill  the participant selects another category than the extreme category that 
he/shee selected before. At that point, maximum-likelihood 9 estimates can be 
computedd and subsequent items can be selected by using these estimates in 
thee item information function. 

5.2.77 Analyses 

Bothh for the real and the simulated data responses to all 24 items were 
available.. Therefore, it was possible to analyze the data for all possible CAT 
lengths.. Because the item pool consisted of 24 items, fixed length CATs 
couldd be compared that consisted of 1 through 24 items. Both the SIE method 
andd the MA P method were applied to the real CAT data (w=274) and the 
simulatedd data (N=l0,009) for all possible test lengths. 

Becausee subtests consisted of 1 through 24 items, the probability of 
extremee response patterns was quite high especially for the very short CATs. 
Itt was possible that still no maximum likelihood 9 estimate was available at 
thee end of the CAT. In these cases for both the SIE as the MA P method, a 
MA PP G estimate was used as the final 9 estimate3. This strategy is in 
accordancee with the original study (see chapter 4). 

Correlations,, root mean square differences (RMSD), and averaged 
signedd differences (ASD) of the full-scale versus CAT 9 estimates are 
reportedd for the real data and the simulated data. The RMSD indicates the 
levell  of aggregate error between full-scale versus CAT 9 estimates. The ASD 
indicatess the mean difference between full-scale versus CAT 9 estimates. In 
addition,, for the simulated data correlations, RMSD, and ASD values were 
alsoo computed for the CAT 9 estimates versus the true simulated 9 values. 

5.2.88 Hypothesis 

Thee MAP method incorporates prior information about 9 and the SIE 
methodd is a quite simple method. Therefore, it was expected that the MAP 
methodd would perform better than the SIE method concerning RMSD, ASD 
values,, and correlations. 

33 When the SIE method was applied to the real or the simulated data, participants that still had an extreme 
responsee pattern after termination of the CAT mainly occurred for very short CAT lengths. For CATs 
consistingg of at least 6 items in the real data, less than 6% of the participants still had an extreme response 
patternn after termination of the CAT. For CATs consisting of at least 6 items in the simulated data, less than 
1%% of the participants still had an extreme response pattern after termination of the CAT. 
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5.33 Results 
Thee first two columns in Figure 5.1 show the RMSD, ASD values, absolute 
ASDD values, and correlations of CAT versus full-scale 9 estimates of the real 
andd simulated data of the SIE and the MAP method. The third column in 
Figuree 5.1 shows these values for CAT 0 estimates versus the true 9 values of 
thee simulated data. Results were generally very similar. SIE method RMSD 
valuess were slightly higher in the real data for CAT lengths from 5 through 
100 items. SIE method RMSD values were also slightly higher in the 
simulatedd data with the true 9 values as criterion for CAT lengths from 3 
throughh 6 items. 

Figuress 5.2, 5.3, and 5.4 show RMSD, ASD, absolute ASD values and 
correlationss for four specific intervals along the 0 scale. Figure 5.2 shows the 
resultss of the real data. Figure 5.3 and 4 show the results of the simulated 
data.. Figure 5.3 shows results of CAT versus full-scale 0 estimates, Figure 5.4 
showss results CAT 0 estimates versus true 0 values. In Figures 5.2 and 5.3 
thee division of the data in the four intervals was based on the full-scale 0 
estimates.. In Figure 5.4 the division was based on the true 0 values. 
Therefore,, the numbers of observations in the four intervals in Figures 5.3 
andd 5.4 do not correspond. 

Generallyy the results in Figures 5.2, 5.3, and 5.4 show that the SIE 
extremee response handling method performed better for extreme 0 intervals 
forr test lengths from 2 through about 8 items. The MAP method performed 
slightlyy better for the intermediate 0 intervals in the real data for small 
throughh intermediate test lengths. The MAP method performed slightly 
betterr in the simulated data for test lengths of 2 through about 6 items. 

5.44 Discussion 
Onn the aggregated level the SIE method and the MAP method did not show 
muchh difference. Therefore, overall both methods are equally efficient in 
handlingg extreme response patterns. In contrast with our hypothesis the 
moree sophisticated MAP method did not perform clearly better than the SIE 
method. . 

Furthermoree it is interesting that the SIE method performed better for 
thee extreme 0 intervals, while the MAP method performed slightly better for 
thee intermediate 0 intervals. Probably the SIE method leads to more extreme 
initiall  0 estimates than the MAP method, which is an advantage for 
participantss with more extreme 0 values, while moderate initial 0 estimates 
wil ll  be an advantage for participants with intermediate 0 values. 
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REALL DATA 

n=274 4 

SIMULATEDD DATA 

N=10,000 0 

SIMULATEDD DATA 
(TRUEE 6 AS CRITERION) 

W=10,000 0 

N^ ^ 

'' :  r i i r e i item: NumCerr of administered items rr n- administer erj items 

Selectionn method Selectionn method V . . Selectionn method 

rr " t-rTi-T.iLir. 
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22 4 6 s to 12 n 16 

r;-- o 'öcr in i^P' - : : item: 

Selectionn method Selectionn method 

Comnofi i 

Numberr of administered items Numberr of administered stems Numberr of administered items 

Figuree 5.1. RMSD, ASD, absolute ASD values, and correlations in the real data, 
thee simulated data, and the simulated data with true 9 as criterion. 
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5.55 Conclusion 
Whenn it is known that a particular group being tested primarily consists of 
personss having moderate or extreme 9 values, it wil l be more efficient to 
choosee for the MA P or the SIE method, respectively. However, when 
nothingg is known beforehand, both methods wil l perform about equally 
efficient. . 
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6 6 

Detectingg aberrant responders to attitude questionnaires: 
Combiningg Guttman errors, testing times, and item 
propositionn lengths 

Abstract t 

AA method is presented to detect aberrant responding. The method is based 
onn the number of individual Guttman errors, the testing time, and the 
individuall  correlation of item proposition length and item response time. To 
demonstratee the method item response data were used that originated in an 
experimentt that compared computerized conventional and computerized 
adaptivee administration of a subscale of a motivation questionnaire. Results 
showedd that most of the participants did not show aberrant response 
behavior,, and apparently responded seriously to the questionnaire. A small 
minorityy had both small testing times, a large number of Guttman errors, 
andd a negative individual correlation between item proposition length and 
testingg time, all of which may be interpreted as indicators of aberrant 
responsee behavior. Generally, the results of the computerized conventional 
andd the computerized adaptive test were similar. A few significant 
administrationn mode effects were found, however, these were of littl e 
consequence. . 
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6.11 Introductio n 
Thee psychometric assessment of aberrant response behavior and person fit 
hass mainly been concerned with the measurement of cognitive ability or 
achievementt (e.g., Karabatsos, 2003; Meijer, 1994; Meijer & Sijtsma, 2001; van 
derr Linden & van Krimpen Stoop, 2003). However, aberrant response 
behaviorr may also arise in the measurement of other psychological variables 
suchh as personality attributes and attitudes. 

Karabatsoss (2003) provided an overview of the factors that may lead to 
aberrantt responses in ability or achievement testing. These include cheating 
(e.g.,, copying from another examinee), careless responding, lucky guessing, 
creativee responding, and random responding. Apart from cheating and 
luckyy guessing, these factors may also play a role in personality or attitude 
measurement.. When nothing is at stake, candidates may get bored, and 
careless,, which may result in creative or random responding. Additionally, 
otherr factors that arguably are specific to personality or attitude 
measurementt may play a role, such as social desirable answering, 
acquiescence,, and faking. For instance, job candidates may respond to 
personalityy or attitude questionnaires in such a way so as to increase the 
probabilityy of getting the job. 

Recentt developments in computerized assessment and testing in 
psychologyy measurement offer the possibility of recording item response 
timee accurately. In the context of ability measurement, item response times 
andd aberrant response behavior have been studied in a simulation study 
(vann der Linden & van Krimpen Stoop, 2003). However, to the knowledge of 
thee present author, the combination of item response time measurement and 
personn fit has yet to be considered in personality or attitude measurement. 

Thee aim of the present paper is to present a method that combines the 
numberr of individual Guttman errors, individual testing times, and 
individuall  correlations between item proposition length and item response 
timee to detect aberrant response behavior. To demonstrate the method, we 
analyzedd data of students who as a part of the study were obliged to 
undergoo a long testing session1. Because of the length of the session and the 
obligatoryy nature of their participation, it is possible that some students did 
nott participate seriously. This may have resulted in aberrant response 
behavior,, such as responding very quickly, or responding in a way that 
resultss in a large number of personal Guttman errors. Negative individual 

11 Students who object to participating are assigned an alternative task. In practice, very few students choose 
thee alternative assignment. 
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correlationss between item proposition lengths and item response times may 
alsoo be indicative of aberrant response behavior. If item propositions are 
simplee to understand and to respond to, and participants read these 
propositionss carefully, than a positive correlation between item proposition 
lengthh and item response time can be expected. A negative individual 
correlationn may indicate that the participant did not read propositions 
carefully. . 

Itt is likely that the combination of the number of Guttman errors with 
thee two other indicators of aberrant response behavior is most useful in 
detectingg such behavior, because a large Guttman error by itself may also be 
indicativee of person misfit. If a participant shows aberrant response behavior 
onn multiple indicators, his or her data may be considered unreliable. 

Too demonstrate the present method of detecting aberrant responders, we 
usedd item response data from a previous study (see chapter 4). In that study 
ann experimental comparison was made between conventional computerized 
testingg (CT) and computerized adaptive testing (CAT). Because the complete 
sett of 24 items was administered adaptively in the computerized adaptive 
testt (CAT), it was possible to compare this full scale CAT to the CT version. 
Therefore,, the occurrence of Guttman errors and testing times could also be 
comparedd considering CT and CAT administration. 

Inn the original study (see chapter 4) and in a second study (see chapter 3) 
thatt compared paper and pencil, CT and CAT administration, no effects of 
thee type of test (i.e., CAT vs. CT) were observed. Therefore, substantial 
differencess between CT and CAT were not expected with respect to Guttman 
errorss and testing times. 

6.22 Method 

6.2.11 Participants 
AA total of 515 psychology freshmen participated in this study. 241 students 
participatedd in the CT condition and 274 participated in the CAT condition. 

6.2.22 Material s 

Thee test used in the present study was a 24 item motivation scale (MS) that 
measuress attitudes towards academic education. The MS is part of the 
Schooll  Attitude Questionnaire (Vorst, 2000), which is used widely in high 
schoolss in the Netherlands. The items of the MS were adapted to the 
situationn of academic education. Each motivation item consists of a 
proposition,, and the participant is asked to indicate whether the proposition 
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iss applicable to him- or her on a three-point Likert scale. This scale has three 
responsee options: that is the case, I don't know, and that is not the case. An 
examplee of a motivation item is: / usually study the subject matter of my study 
veryvery well. Table 4.1 shows all 24 propositions. Of the 24 items, 12 items were 
statedd positively with respect to the trait, and 12 items were stated 
negativelyy with respect to the trait. 

Thee scale was constructed using the MSP program, which does Mokken 
scalee analysis for polytomous items (Molenaar et al., 2000). This program is 
suitedd to select items and to assess the fit of Molenaar's (1997) extension of 
Mokken'ss (1971, 1997) nonparametric monotone homogeneity model 
(NMHM )) to polytomous items. The calibration sample that was used to 
constructt the scale consisted of the data of 1924 psychology freshmen of 
threee previous years using a paper and pencil test. The original scale 
consistedd of 48 items. The reduced scale of 24 items had a scale coefficient of 
H=.42,, which satisfies the recommended practical minimum lowerbound for 
aa medium scale (Sijtsma & Molenaar, 2002). The Hi coefficients of individual 
itemss ranged from .30 to .54. The values of the H coefficients indicate that the 
scalee predominantly measures one underlying attitude. Moreover, a 
simulationn study (see chapter 4) showed that generation of item responses 
usingg the calibration sample item parameters of the MS given a more 
restrictivee model nested under the NMHM resulted in a scale coefficient of 
H=.43,, which is close to the value of H=.42 that was found for the real item 
responsee data of the MS. Cronbach's reliability coefficient of the present MS 
equalledd a=.92. 

6.2.2.11 Computerized versions of the MS 

AA computer program was written that administered the 24 motivation items 
onee at a time. It was possible to change the response to an item while it was 
displayedd on the screen. After continuing to the next item it was not possible 
too return to previous items. It was not possible to skip items without 
responding.. The computer program also registered item response time, 
whichh was measured by computing the time between the moment of item 
displayy and the moment of item response. 

Thee computer program assigned each of the participants randomly to 
onee of two conditions, involving either CT or CAT administration of the 
scale. . 
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CTCT Version 

Thee CT administered items in the order in which they originally occurred in 
thee paper version of the SQ. This order was identical to the order of items as 
shownn in Table 4.1. 

CATCAT Version 

Al ll  24 items were administered one at the time in an adaptive sequence (see 
chapterr 4). Because all 24 items were administered in the CAT, the CAT 
versionn was completely comparable to the computerized version. The only 
differencee between the two conditions was the order of presentation of the 
244 items in the CAT version. This order varied from person to person. 

6.2.33 Analysis 

Forr each participant the number of Guttman errors, item response times, the 
totall  testing time (sum of the item response times), and the individual 
correlationn between item proposition length and item response time were 
computed. . 

6.2.3.11 Computation of individual Guttman errors 

Inn the present study, we employed Sijtsma and Molenaar's (2002) definition 
off  the Guttman error. The Guttman error is a very simple person fit statistic, 
whichh has proved to be a useful and simple alternative to more complex 
personn fit measures (Meijer, 1994). The personal Guttman error of each 
participantt was computed. Computation of the Guttman error requires the 
splittingg of polytomous item scores into dichotomous item steps. The score 
onn a polytomous item that consists of three ordered response categories (0,1, 
andd 2) is divided into two dichotomous item steps. The first item step is 
scoredd 0 if the response to the polytomous item is 0, and the first item step is 
scoredd 1 if the response to the polytomous item is 1 or 2. The second item 
stepp is scored 0 if the response to the polytomous item is 0 or 1, and the 
secondd item step is scored 1 if the score to the polytomous item is 2. 

Computationn of Guttman errors also requires knowledge of the order of 
thee item steps. The order of item steps used here was the order that was 
foundd in the calibration sample of 1924 students of previous years. Guttman 
errorss were computed by counting the times that the score on a more 
popularr item step is 0, while the score on a less popular item step is 1. 

97 7 



6.2.3.22 The aberrant responders detection method 

Wee detected aberrant responders by considering the combination of 
Guttmann errors, testing times (sum of the item response times), and 
individuall  correlations between item proposition length and item response 
times. . 

Participantss with fast response times may have larger Guttman errors, 
becausee fast response times may indicate that the participant did not read 
thee proposition carefully, which in turn may result in an inconsistent 
responsee pattern. Fast reading of, and responding to propositions may very 
welll  result in inconsistent response patterns, as the set of items included 
propositionss that were stated contra-indicative with respect to the latent 
trait.. Students that had large Guttman errors despite a "normal" testing time 
mayy be indicative of model or person misfit due to other reasons. 

Too assess whether students had testing times and/or Guttman errors that 
cann be considered as outliers, we used an outlier detection rule based on the 
mediann absolute deviation (Wilcox, 2003, p.77). 

Becausee the item propositions were simple to understand and to 
respondd to, careful reading should result in a positive correlation between 
itemm proposition length and item response time. This relationship was 
studiedd both on the aggregate level as on the individual level. 

Wee studied the relation between item proposition length and the mean 
off  the participants' item response times across items per condition (i.e., CT 
andd CAT) on the aggregate level. The number of words of each of the items 
shouldd correlate positively with the mean of item response times across the 
244 items. Furthermore, we computed the individual correlations between 
itemm proposition length and item response time. Accordingly, we used three 
indicess for the detection of aberrant responders: the number of Guttman 
errors,, testing times, and individual correlations between item proposition 
lengthh and item response time. 

6.2.3.33 Administratio n mode effects 

Thee effect of administration mode (CAT vs. CT) on a number of variables 
wass investigated. Because both tests included all 24 items, any effect of mode 
shouldd be due to the only difference between the tests, namely the order of 
thee items. 

Thee effect of mode on the number of Guttman errors was tested with the 
Mann-Whitneyy U test (Gibbons, 1985). A possible administration mode effect 
onn the mean of total testing times was tested with a Mest. Furthermore, 
effectss of mode on the correlation between item proposition length and item 
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responsee time across items, and on the correlation between testing times and 
thee number of Guttman errors across participants were tested following a 
Fisher-zz transformation. The difference between individual correlations 
betweenn item proposition length and item response time in the CT and CAT 
conditionn were tested with the Mann-Whitney U test (Gibbons, 1985). Al l 
hypothesess were tested at the 5% significance level. 

6.33 Resu l ts 

6.3.11 The aberrant responders detection method 

Figuress 6.1a and 6.1b show the relationship between individual testing times 
andd the number of individual Guttman errors for the CT and the CAT 
version,, respectively. For the CAT, a significant negative correlation was 
foundd between testing time and the number of Guttman errors (r=-.234, 
p<.05).. For the CT, this correlation was not significant (r=-.055, p=.40). 

Figuree 6.2a and Figure 6.2b show the relationship between the number 
off  words in each proposition2 and the mean of item response times for each 
propositionn for the CT and the CAT version, respectively. Both figures show 
thatt the result for one proposition is an outlier. For the CT version this 
propositionn consists of 9 words, and it has a mean item response time of 
aboutt 7 seconds. For the CAT version this proposition consists of 5 words, 

(a)) CT group 

200 40 

Testingg time 

fcfc  . 
000 120 140 

(b)) CAT group 

Figuree 6.1. Relationship between testing time and number of Guttman errors 
inn the CT and the CAT group. 

22 The numbers of words in Figure 6.2a and 6.2b correspond to the original Dutch propositions. The numbers 
off  words in the translations in Table 4.1 are not equal to the numbers of words in the original Dutch 
propositions. . 
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(a)) CT group (b)) CAT group 

Mumoerr of words in the proposrtion Number of words in the proposition 

Figuree 6.2. Aggregate relationship between item proposition length and 
meann of item response times in the CT and the CAT group. 

andd it also has a mean item response time of about 7 seconds. In both 
versionss this was the first proposition that was administered. Although the 
CATT administered items in adaptive order, the first proposition that was 
administered,, was identical for all participants. In both versions, students 
probablyy had to adapt to the questionnaire format. The relationship between 
itemm proposition length and the mean of item response times was therefore 
absentt for the first proposition. For the remaining 23 propositions there was 
aa clear relationship between item proposition length and the mean of its item 
responsee times in both versions. For the 23 remaining propositions in the CT 
version,, the correlation between item proposition length and the mean of its 
itemm response times was r=.876 (p<.05). In the CAT version this correlation 
wass r=.862 (p<.05). Therefore, on group level there was generally a strong 
relationshipp between item proposition length and item response time, which 
indicatess that most students participated seriously in this study. The 
relationshipp between item proposition length and item response time was 
alsoo computed for individual participants. For the CT version, individual 
correlationss between item proposition length and item response time had a 
mediann value of r=.528 and ranged between r^.376 and r=.851. For the CAT 
version,, individual correlations had a median of r=.408 and ranged between 
r=-.3700 and r=.852. In the CT version 5 persons (2.1%) had a negative 
individuall  correlation, and in the CAT version 16 persons (5.8%) had a 
negativee individual correlation. 

Thee outlier detection rule, which is based on the median absolute 
deviationn (Wilcox, 2003, p. 77), was used to identify students with extreme 
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testingg times and extreme numbers of Guttman errors. Tables 6.2a and 6.2b 
containn the frequencies of the classification of the students in the different 
categoriess for the CT and the CAT version, respectively. In addition, Table 
6.2aa and 6.2b contain the number of positive and negative individual 
correlationss between item proposition length and item response times. 

Forr the CT version, the results in Table 6.2a show that two persons show 
aberrantt response behavior on all of the three indicators. They had a large 
Guttmann error, a small testing time and a negative individual correlation 
betweenn item proposition length and item response time. Further 
examinationn of the data of these two persons showed that one of the two 
personss had many responses in the intermediate I don't know response 
categoryy (14 responses). This may also have inflated his/her number of 
Guttmann errors. For the other person the inflated Guttman error was 
probablyy caused by an inconsistent pattern of responses in all three 
categories. . 

Forr the CAT version, the results in Table 6.2b show that four persons 
havee small testing times, large Guttman errors, and negative individual 
correlationss between item proposition length and item response time. 
Detailedd examination of the CAT item response data did not reveal any 
peculiaritiess that could explain the occurrence of large Guttman errors. 

Generally,, the results for both the CT and the CAT version showed that 
testingg times and Guttman errors are related. This relationship is such that 
thee majority of participants with small testing times have large Guttman 
errors,, and a small portion of the participants with moderate testing times 
hass large Guttman errors. Finally only one of the participants with very large 
testingg times had a large Guttman error. 

Off  the 7 participants that had both a short testing time and a large 
Guttmann error in the CT (3) and the CAT (4) version, 6 participants also had 
aa negative individual correlation between item proposition length and item 
responsee time. 

Thee data were explored for other possible phenomena concerning item 
responsee times, total testing times, and the number of Guttman errors. This 
explorationn revealed that item response times and total testing times were 
unrelatedd with the total sum score on the MS. 

Inspectionn of the item response data of the participants, who had large 
Guttmann errors despite normal testing times, did not reveal any 
peculiarities.. Since some students originated from other countries than the 
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Tablee 6.2a. Classification of testing times, number of Guttman errors, and 
numberr of positive/negative individual correlations between item 
propositionn length and item response time for the CT version 

Testingg times 

Smalll  outliers 
Normal l 
Largee outliers 

Total l 

Positive e 

0 0 
214 4 

12 2 

226 6 

Normal l 

Guttmann errors 

Large e 

Individuall  correlations 

Negativee Positive 

00 1 
22 8 
00 1 

22 10 

outliers s 

Negative e 

2 2 
1 1 
0 0 

3 3 

Total l 

3 3 
225 5 

13 3 

241 1 

Tablee 6.2b. Classification of testing times, number of Guttman errors, and 
numberr of positive/negative individual correlations between item 
propositionn length and item response time for the CAT version 

Testingg times 

Smalll  outliers 
Normal l 
Largee outliers 

Total l 

Positive e 

2 2 
240 0 

8 8 

250 0 

Normal l 

Guttman n errors s 

Large e 

Individuall  correlations 

Negative e 

1 1 
10 0 
1 1 

12 2 

Positive e 

0 0 
8 8 
0 0 

8 8 

outliers s 

Negative e 

4 4 
0 0 
0 0 

4 4 

Total l 

7 7 
258 8 

9 9 

274 4 
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Netherlands3,, it is possible that language problems resulted in larger 
Guttmann errors in these participants. However, most students, who had 
largerr Guttman errors despite normal testing times, did not originate from 
otherr countries. Therefore, possible reasons for the larger Guttman errors in 
thesee students is that the NMHM model did not apply to these students, or 
thatt these students did not participate seriously despite their normal testing 
time. . 

6.3.22 Administratio n mode effects 

AA summary of the tests on administration mode effects is shown in Table 6.3. 
Thee Mann-Whitney U test applied to numbers of Guttman errors showed 
thatt the null hypothesis of equal medians between the CT and the CAT 
groupp was not rejected (z=-1.67, p=.095). Likewise the t-test applied to total 
testingg times showed that the null hypothesis of equal means in the CT and 
thee CAT group was not rejected (t=-1.01, p=.274). 

Thee null hypothesis of equal correlations between item proposition 
lengthh and mean of item response times in the CT and the CAT group was 
nott rejected after Fisher-z transformation. The Mann-Whitney L7 test applied 
too the individual correlations between item proposition length and item 
responsee time indicated that the medians of the CT and the CAT group were 
nott equal (z=-4.97, p<05). The median of individual correlations was higher 
inn the CT version (r=.528) than in the CAT version (r=A08). 

Thee hypothesis of equal correlations between testing times and the 
numberr of Guttman errors in the CT (r=-.055) and the CAT group (r=-.234) 
wass rejected after Fisher-z transformation (z=2.06, /K.05). 

Tablee 6.3. Administration mode effects of CAT versus CT administration 

Numberr of Guttman errors 

Testingg times 

Correlationn between item proposition length and mean of item response times 
Individuall  correlations between item proposition length and item response times 

Correlationn between number of Guttman errors and testing times 

CT T 

70.94 4 

80.^ ^ 
r=.876 6 

,528c c 

r=-.055 5 

CAT T 

W W 

82.7b b 

r=.862 2 

.408" " 
r=-.234 4 

Statistic c 

2=-1.67 7 

r=-1.01 1 

z-64 4 
z-4.97 7 

z=2.06 6 

Sign. . 

Ns s 

Ns s 

Ns s 
P<.05 5 

fK.05 5 

Note.. Sign.= Significance. Ns= Not significant. 

**  Mean number of Guttman errors. b Mean of testing times {in seconds). ' Median of individual correlations between item 
propositionn length and item response time. 

33 All students that reported to have entered the psychology curriculum with a non-Dutch high school diploma 

weree considered as not originating from the Netherlands. 
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6.44 Conclusions 
Inn the present paper, we proposed a method to detect aberrant response 
behaviorr in questionnaires. The method was demonstrated using CT and 
CATT data. No substantial differences were found concerning administration 
modee effects between CT and CAT data. Although other variables were 
studied,, this finding is consistent with other research (see chapters 3 and 4), 
whichh found that CAT administration of polytomous attitude items could 
improvee test efficiency, but did not lead to substantial administration mode 
effects. . 

Thee data of students were used to demonstrate the method. The fact that 
thee participation of these students was obligatory4 and the test session 
lengthyy could have resulted in aberrant test behavior and thus unreliable 
data.. Since nothing was at stake, many students may have become bored, 
andd have sought diversion in creative or random responding. However, the 
presentt results suggest that such behavior did not take place. The vast 
majorityy of students seemed to participate seriously, as was evident in the 
highh positive correlation between item proposition length and the mean of 
itemm response times on the aggregate level in both the CT and the CAT 
version,, which indicated that participants generally read propositions 
carefully.. Furthermore, the raw sum scores of the motivation subscale 
correlatedd quite highly with the external measure mean of exam marks of the 
firstt three exams in the first year (CT: r=.443; CAT r=.416). 

Mostt of the participants, who had both a small testing time and a large 
Guttmann error, also had a negative individual correlation between item 
propositionn length and item response time. This suggests that a positive 
individuall  correlation between item response times and item proposition 
lengthss provides an indication that students were serious and read 
propositionss carefully. This relationship is plausible, because the most 
obviouss explanation for the occurrence of a positive correlation between 
itemm proposition length and item response time is that participants read 
propositions,, thereby positively influencing item response times by the item 
propositionn length. When a participant does not read propositions well, 
chancess are higher that the participant's item response times wil l not 
correlatee positively with item proposition length. 

Inn conclusion, the number of individual Guttman errors together with 
testingg times, and individual correlations between item proposition length 

44 Students who object to participating are assigned an alternative task. In practice, very few students choose 
thee alternative assignment. 
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andd item response time, provided a viable basis to detect aberrant response 
behavior.. When aberrant response behavior is indicated by all three criteria, 
itt is likely that participants were not responding seriously to the 
questionnaire. . 
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Conclusions s 
Computerizedd and computerized adaptive testing (CAT) consisting of 
polytomouss items for attitude and personality measurement were studied. 
Forr latent trait (0) measurement and CAT item selection Samejima's (1969) 
gradedd response model was used. Two main questions were studied. First, it 
wass questioned whether CAT was psychometrically equivalent to 
conventionall  testing. Second, the efficiency of CAT administration in 
comparisonn with conventional testing was studied. This dissertation 
contributedd to the existent literature by extending it with real data 
simulations,, simulation studies, and experimental real lif e studies on CATs 
consistingg of polytomous items. One of the studies combined a real lif e CAT 
studyy with a simulation study and thereby provided useful insights. Al l of 
thesee studies systematically investigated CAT efficiency. The experimental 
studiess consisted of large numbers of participants thereby creating sufficient 
statisticall  power. 

Besidess the studies on the main questions, two complementary studies 
weree done. In the first complementary study the quality of a simple initial 9 
estimationn (SIE) procedure was compared to a more sophisticated method 
basedd on maximum a priori (MAP) 9 estimation. The simple method was 
usedd throughout this dissertation. Therefore, it was relevant to see whether 
itt could be improved. In the second study CT and CAT administration was 
comparedd concerning aberrant response behavior. This was done by the 
introductionn of a method that uses the combination of Guttman errors, item 
responsee times, and item proposition lengths to detect aberrant response 
behavior. . 

Inn all studies CAT efficiency was studied by systematically manipulating 
CATT test lengths. When considering all results of the real data simulation, 
simulationn and real lif e CAT studies, the polytomous CATs generally could 
reducee test length to about 1/3 while remaining sufficient measurement 
quality.. Caution should be taken when considering CATs that reduce test 
lengthh to more than 1/3, because administration mode effects increased 
whenn CATs became very short. 

Forr reductions to about 1/3, the two real lif e CAT experiments showed 
thatt CAT administration generally did not result in substantial 
administrationn mode effects when compared with a conventional paper and 
pencill  test or a computerized test. No substantial administration mode 
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effectss occurred on 9 estimates and the relation of 0 estimates with an 
externall  criterion was not substantially affected either. 

Inn one of the real lif e CAT studies additional analyses were done to test 
whetherr carefully selected fixed length short forms could compete with fixed 
lengthh CAT administration. These analyses showed that CAT generally 
resultedd in better measurement quality and more efficiency. Therefore, CAT 
couldd be considered as a better means to increase test efficiency than test 
shortening.. Although CAT generally performed better than test shortening, 
additionall  analyses showed that CAT performed better for extreme 0 values 
whereass the fixed short forms performed better for intermediate 0 values. 

Ann additional study that compared the SIE method with the more 
sophisticatedd MA P method showed that both methods performed about 
equal.. Analyses that were done for specific intervals along the 9 scale 
showedd that the SIE performed better for more extreme G values, whereas 
thee MAP method performed better for intermediate 9 values. 
Inn chapter 6, CAT data was used to study a method to detect aberrant 
responsee behavior by the combination of Guttman errors, testing times, and 
itemm proposition lengths. This study indicated that most of the participants 
respondedd seriously to the questionnaire. An interesting result was that on 
bothh group and individual level generally a high correlation was found 
betweenn item response time and item proposition length, which indicated 
thatt most participants read item statements carefully. 

Thiss dissertation showed that CAT could be a useful method to increase 
testt efficiency. The presented studies indicated that CAT is capable of 
reducingg test length to about 1/3 of the original length. Moreover, when CAT 
wass compared to two sophisticated alternative methods for test shortening 
inn a conventional way (fixed order and fixed length), it was shown that CAT 
generallyy provided better results. 
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Samenvattingg (summary in Dutch) 

Computergestuurdd adaptief testen van persoonl i jkheids-

enn attitud e eigenschappen met polytome i tems 

Ditt proefschrift bevat de beschrijving van vijf studies op het gebied van 
computergestuurdee adaptieve tests (CATs) voor polytome attitude- en 
persoonlijkheidsitems.. De gebruikte CATs zijn alle gebaseerd op het graded 
responsee model van Samejima (1969). Dit is een model uit de 
itemresponstheoriee dat geschikt is voor Likert items. 

Dee vraagstelling in dit proefschrift is of CATs psychometrisch 
equivalentt zijn aan conventionele schriftelijke of conventionele 
computergestuurdee tests. Aangezien deze vraag mede afhankelijk is van de 
vereistee precisie van een CAT werd een systematische vergelijking gemaakt 
tussenn CATs met verschillende stopregelinstellingen. 

Err werden ook twee aanvullende studies uitgevoerd. In de eerste werd 
eenn eenvoudige methode om initiële trekschattingen te berekenen voor 
personenn met extreme antwoordpatronen vergeleken met een 
geavanceerderee methode. In de tweede aanvullende studie werden de 
gegevenss van een conventionele computergestuurde test en een 
computergestuurdee adaptieve test vergeleken wat betreft afwijkend 
responsgedrag.. Deze vergelijking werd uitgevoerd door de introductie van 
eenn methode die gebruik maakte van drie indicatoren voor afwijkend 
responsgedrag:: het aantal Guttman fouten, itemresponstijden, en 
itempropositielengtes. . 

Hett tweede hoofdstuk beschrijft een CAT studie waarbij een CAT 
proceduree werd nagebootst met behulp van gegevens van proefpersonen die 
warenn verzameld met een conventionele schriftelijke vragenlijst. Er werd 
gebruikk gemaakt van antwoorden op items van de dominantieschaal uit de 
Adjectivee Checklist (ACL) (Gough & Heilbrun, 1980). Deze bestaat uit items 
mett 5 antwoordcategorieën. De waarde van de standaardfout op grond 
waarvann de CAT beëindigd wordt, werd in deze studie gemanipuleerd (0,4; 
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0,5;; 0,6; 0,7; 0,8). De kwaliteit van de CAT trekschattingen werd bestudeerd 
doorr deze te relateren aan trekschattingen op de gehele schaal en scores op 
anderee ACL schalen. Uit de resultaten bleek dat bij een stopregelinstelling 
vann 0.4 het aantal items kon worden gereduceerd tot 33%, terwijl 
trekschattingenn vergelijkbaar bleven met trekschattingen gebaseerd op de 
gehelee schaal. 

Hett derde hoofdstuk beschrijft een experimentele studie waarin een 
schriftelijke,, een computergestuurde, en een CAT versie van de 
Schooll  vragenlijst (Vorst, 2000) met elkaar worden vergeleken. De CAT 
versiee nam alle items af, zodat achteraf verschillende stopregels konden 
wordenn toegepast (0,3; 0,4; 0,5; 0,6; 0,7; 0,8 standaardfout). Schoolcijfers 
werdenn gebruikt als extern criterium. Er werden significante effecten 
gevondenn van het type testafname, maar deze waren klein. Echter, wanneer 
dee precisie van de CAT kleiner werd, namen effecten toe en nam de 
samenhangg tussen CAT trekschattingen en schoolcijfers af. 

Hett vierde hoofdstuk beschrijft een experimentele studie waarin een 
computergestuurdee en een CAT versie van een motivatieschaal voor 
academischh onderwijs met elkaar worden vergeleken. Verder werd met 
behulpp van de CAT gegevens nagegaan in hoeverre verkorte conventionele 
testss geconstrueerd uit dezelfde itemverzameling konden concurreren met 
dee CAT. Aangezien de modelpassing van het graded response model niet 
optimaall  was werden de resultaten gecomplementeerd met een 
simulatiestudie.. Uit het experiment bleken geen testafname effecten voor 
CATss bestaande uit ten minste 3 items. Verder bleek de CAT over het 
algemeenn tot betere resultaten te leiden dan de verkorte tests. Specifieke 
analysee toonde dat de CAT over het algemeen beter presteerde voor extreme 
trekwaarden,, terwijl de verkorte tests beter presteerden voor gemiddelde 
trekwaarden.. Uit de simulatiestudie bleek dat de resultaten van de 
empirischee en de gesimuleerde gegevens veel overeenstemming vertoonden. 

Mett behulp van zowel de empirische als de gesimuleerde gegevens uit 
hoofdstukk vier werden in hoofdstuk vijf twee methoden om een initiële 
trekwaardee te bepalen vergeleken. Een dergelijke methode is noodzakelijk 
voorr personen met een extreem antwoord patroon. Voor deze personen kan 
namelijkk geen meest aannemelijke trekschatting bepaald worden, welke 
noodzakelijkk is voor de selectie van volgende items in een CAT. De simpele 
methodee werd gebruikt in alle voorgaande CAT studies binnen dit 
proefschrift.. Deze simpele methode werd vergeleken met een methode die 
dee initiële trekschatting bepaalt met de maximum a posteriori (MAP) 
methode.. MA P schattingen zijn informatiever, omdat ze informatie over de 

116 6 



trekverdelingg meenemen in de bepaling van de schatting. Over het algemeen 
warenn de resultaten verkregen met de MAP methode nauwelijks beter dan 
dee resultaten verkregen met de simpele methode. Hoewel, beide methoden 
toondenn verschillende resultaten voor verschillende intervallen van de 
latentee trek. De simpele methode toonde betere resultaten voor extreme 
trekwaarden,, terwijl de MAP methode betere resultaten toonde voor 
gemiddeldee trekwaarden. 

Inn het zesde hoofdstuk werden computergestuurde en CAT afname 
vergelekenn wat betreft het optreden van afwijkende antwoordpatronen. Er 
werdd een methode geïntroduceerd voor de detectie van afwijkende 
antwoordpatronenn die gebaseerd was op het aantal Guttman fouten, 
itemresponstijden,, en itempropositielengtes. Uit de resultaten bleek dat de 
meestee personen geen afwijkend responsgedrag vertoonden en 
waarschijnlijkk de vragenlijst serieus hadden ingevuld. Een kleine 
minderheidd had korte testtijden, een groot aantal Guttman fouten, en een 
negatievee individuele correlatie tussen propositielengte en itemresponstijd. 
Overr het algemeen waren de resultaten van de computergestuurde test en 
dee CAT vergelijkbaar. Er werden wel enkele significante effecten gevonden 
maarr deze waren niet substantieel. 

Dee studies in dit proefschrift hebben geleid tot de conclusie dat CAT een 
geschiktee methode is om de efficiëntie van attitude- en 
persoonlijkheidsvragenlijstenn bestaande uit polytome items aanzienlijk te 
verhogen.. Met behulp van CAT kan de testlengte gereduceerd worden tot 
1/3,, terwijl testscores vergelijkbaar blijven met testscores van conventionele 
schriftelijkee of computergestuurde vragenlijsten. 
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Errat a a 
forr  the dissertation 
"AA CAT WIT H PERSONALITY AND ATTITUDE " 
byy A. Michiel Hol 

Pagee 42, first line below Table 32. 
Changee p-.42 to p-.042. 

Pagee 88. 
Replacee with the reverse side of this errata leaf. 



REALL DATA SIMULATEDD DATA SIMULATEDD DATA 
(TRUEE e AS CRITERION) 

W=274 4 N=10,000 0 W=10.000 0 

Selectionn mcmoa Sitecoonn metnod Selectionn method 

Wt-rrw-a a 
MM jammi jtefecf in h*«noeff o( Mnwwteretl terns 

Selectionn metnoa 

Numoerr of Mrmni stereo terns HixnoeiHixnoei or administered items 

Figuree 5.1. RMSD, ASD, absolute ASD values, and correlations in the real data, the 
simulatedd data, and the simulated data with true 9 as criterion. 
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Stellingen n 
Behorendd bij het proefschrift 
"AA CAT WITH PERSONALITY AND ATTITUDE" 
doorr A. Michiel Hoi 

1.. Aan de kwaliteit van de toepassingen van wetenschappelijke kennis kan de vooruitgang van 
dee wetenschap worden afgemeten. 

2.. "AU models are wrong, some models are useful"  (Box, 1979). 

3.. Iedereen die binnen zijn werk belangrijke beslissingen neemt zou een cursus logica moeten 
volgen. . 

4.. Binnen de psychologie zijn methodologie en ethiek nauw met elkaar  verweven. 

5.. Het Nederlands Instituut voor  Psychologen zou een aparte sector/sectie methodologie moeten 
oprichten. . 

6.. Selectie aan de poort van Universiteiten op basis van intelligentietests is binnen het huidige 
Nederlandsee onderwijssysteem onnodig en leidt tot onrechtvaardigheid en geldverspilling 
(ziee ook Hoofdstuk 4, pagina 67-68 van dit proefschrift). 

7.. Een kritische beschouwing van iedereen die zich schaart binnen de psychoanalytische/ 
psychodynamischee psychologie blijf t hoogstt  noodzakelijk. 

8.. Zelfs in de laatste 25 minuten van een 3 uur  durende intensieve testsessie werkt de overgrote 
meerderheidd van de psychologiestudenten nog steeds serieus mee aan onderzoek 
(Hoofdstukk 6 van dit proefschrift). 

9.. Het gebruik van de Equation-Editor  in Word kan maar  beter  zoveel mogelijk worden 
vermedenn (dit proefschrift is dan ook formule-vrij) . 

10.. De sinds een aantal jaar  populaire term evidence-based suggereert dat de auteurs die hem 
bezigenn zich voorheen niet op empirische gegevens baseerden. 

11.. "Er  is wel beweerd dat het tempo van de vooruitgang van de psychologie afgemeten kan 
wordenn aan de snelheid waarmee de Rorschach (inktvlekkentest) wordt afgeschaft" 
(Kamphuiss & Geurts, 2006). 

12.. To err  is human, but to really f@#* things up requires a computer." 
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