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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). 

27 7 



3.11 Introduction 
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 

29 9 



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 
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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 Participants 

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 Materials 

3.2.2.11 PPT version of the School Attitude 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 Exploratory 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 MANOVA 

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 MANOVAs 

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 Explorative 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 item 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 with 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 implications 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 Explorative 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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