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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. 

20 0 



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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