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Introduction 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. 

1 1 



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 

Figuree 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 & 

2 2 



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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