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Chapter 4 

Detection of  Aberrant Item Score Patterns 
in Computerized Adaptive Testing: An 
Empirical Example Using the CUSUM 

 
 
 
 
 

Abstract 
The scalability of individual trait scores on a computerized adaptive test (CAT) was 
assessed through investigating the consistency of individual item score patterns. A 
sample of N = 428 persons completed a personality CAT as part of a career 
development procedure. To detect inconsistent item score patterns, we used a 
cumulative sum (CUSUM) procedure. Combined information from the CUSUM, 
other personality measures, and interviews showed that similar estimated trait values 
may have a different interpretation. Implications for computer-based assessment are 
discussed.  
 
 
 
 
 
 
 
 
This chapter has been published as:  
Egberink, I. J. L., Meijer, R. R., Veldkamp, B. P., Schakel, L., & Smid, N. G. (2010). 
Detection of aberrant item score patterns in a computerized adaptive test: An 
empirical example using the CUSUM. Personality and Individual Differences, 48, 921-925.  
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4.1 Introduction 
There is a large interest in the development of computer-based tests both in the 
clinical and the organizational domain (e.g., Hol, Vorst, & Mellenbergh, 2005; Walter 
et al., 2007). Advantages of computer-based testing are increased standardization, 
test efficiency, and combined with the Internet, it can ease the assessment procedure 
considerably.  

An attractive application is computerized adaptive testing (CAT; Meijer & 
Nering, 1999), which can be constructed within the framework of item response 
theory (IRT; Embretson & Reise, 2000) modeling. In IRT, the person’s trait level 
(denoted by the Greek letter θ) and the item characteristics are on a common metric. 
This property allows items to be individually tailored to a candidate’s θ level during 
test administration. Another property is that once an IRT model has been fit to an 
item pool a person’s θ level and standard error (SE) can be estimated using their 
responses to any subset of items from that pool.  

The use of IRT and CAT has become popular in the ability domain (e.g., Weiss, 
2004), but also in the personality domain several applications have been discussed 
(Hol et al., 2005; Reise & Henson, 2000). CAT may have some interesting 
advantages above traditional paper-and-pencil testing. Research (Hol et al., 2005; 
Reise & Henson, 2000) showed substantial item savings when using CAT, while 

maintaining a high correlation between θ estimates (denoted by θ̂ ) based on CAT 

and full scale θ̂ s. Although some authors (e.g., Reise & Henson, 2000) concluded 
that test shortening (choosing the best discriminating items) may be equally efficient 
to CAT administration, Hol, Vorst, and Mellenbergh (2007) showed that CAT 
outperformed short forms, especially at the extremes of the latent trait scale.    

A serious threat to the validity of θ̂ , however, is inconsistent response behavior. 
This type of behavior may result in aberrant or misfitting item response patterns 

which may seriously affect the interpretability of θ̂  (e.g., Meijer & Nering, 1997). 
Meijer, Egberink, Emons, and Sijtsma (2008) analyzing an often-used inventory on 
self-perception showed that some children produced inconsistent response patterns 

as a result of problems understanding the questions. Furthermore, θ̂ s may be 
invalid due to faking, unmotivated response behavior, or traitedness (i.e., persons 
that do not fit a particular conception of a latent trait, Tellegen, 1988). Inconsistent 

response behavior may affect the ordering of persons according to their θ̂  level and, 
consequently, it may affect individual classification (e.g., Meijer & Sijtsma, 2001). 
Moreover, in a CAT inconsistent response behavior may also have detrimental 
effects on its efficiency because it may influence the administration order of the 
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items for an individual candidate. But, perhaps most important, inconsistent 
response behavior may interfere with the adequate communication between a 
psychologist and a test-taker. 

For fixed tests there is a body of literature that discusses statistical methods (so-
called person-fit statistics) to detect invalid item score patterns (e.g., Meijer & 
Sijtsma, 2001). The lz statistic (Drasgow, Levine, & Williams, 1985) and the number 
of Guttman errors (e.g., Meijer, 1994) are examples of person-fit statistics. 
According to the Guttman model it is not allowed that a subject endorses a less 
popular item while rejecting a more popular item.  

In the CAT literature there are only a few studies that discuss statistical methods 
to detect inconsistent response behavior (e.g., Armstrong & Shi, 2009; Bradlow, 
Weiss, & Cho, 1998; van Krimpen-Stoop & Meijer, 2002) and these studies mainly 
used simulated data. Thus, there is not much experience how these methods will 
perform using real empirical data. There are no studies that investigate why persons 
produce inconsistent response patterns on a CAT. Therefore, in the present study, 
we extend the CAT literature by investigating the validity of individual trait scores 
on a personality questionnaire through studying individual item score patterns using 
empirical data. Furthermore, we tried to get a better picture of persons who produce 
inconsistent response behavior through combining information obtained from 
statistical indices, other measurement instruments, and written interviews.  

This study is organized as follows. First, we describe the construction of the 
personality CAT. Second, we apply statistical methods to investigate inconsistent 
response behavior. Finally, we show that similar trait scores may be the result of very 
different response behavior and we show how this information can help test score 
interpretation. 

 

4.2 Method 

4.2.1 Development of the CAT  

Item Pool Development  

We collected data from 984 Dutch candidates who were administered the Workplace 
Big Five personality questionnaire (WB5; Schakel, Smid, & Jaganjac, 2007) as part of 
a career development procedure. The WB5 is an online, computer-based personality 
questionnaire applied to situations and behavior in the workplace. It consists of 144 
items, distributed over five scales (Emotional Stability, Extraversion, Openness, 
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Agreeableness, and Conscientiousness). The items are scored on a 5-point Likert 
scale. The answer most indicative of the trait is scored “5” and the answer least 
indicative is scored “1”. Coefficient alpha varies from .79 to .91 for the five scales. 
Items from the Big Five factors Conscientiousness (C), Emotional Stability (ES), and 
Extraversion (E) were selected for the CAT item pool. We developed these three 
seperate CATs in collaboration with a Dutch assessment company. Based on their 
own assessment experience, they were most interested in measuring these three 
factors. From these original three scales, items were selected that allowed 
unidimensional measurement and discriminated well between persons. 

To select items that together formed a unidimensional scale, we checked the 
assumptions of the Mokken model of monotone homogeneity (MMH, e.g., Sijtsma 
& Molenaar, 2002) using the computer program Mokken Scale Analysis for 
Polytomous Items version 5.0 for Windows (MSP5.0, Molenaar & Sijtsma, 2000) by 
inspecting the H coefficients for scales and the Hi coefficients for items. Increasing 
values of H and Hi between .30 and 1.00 (maximum) reflect better scalability of sets 
of items and individual items, respectively (for a discussion of these measures see for 
example, Sijtsma & Molenaar, 2002). We used H ≥ .30 as a lower bound which 
corresponds to lower bounds used in the literature (e.g., Meijer, Sijtsma, & Smid, 
1990). The MMH can be interpreted as a nonparametric version of the graded 
response model (GRM; Samejima, 1969, 1997) that we used in the CAT algorithm 
(to be discussed below). The GRM uses a logistic function, whereas in the MMH the 
form of the item response function is allowed to take any form as long as the 
function is nondecreasing. In the literature (e.g., Embretson & Reise, 2000; Sijtsma 
& Molenaar, 2002) it has been discussed that the GRM is best suited for tests using 
ordered response categories, such as Likert-type scales. Therefore, we used the 
GRM. Because the MMH is the most general model, we used it to select items.  

This resulted in an item pool of 31 Emotional Stability items (H = .31), 27 
Extraversion items (H = .34), and 23 Conscientiousness items (H = .33). Because H 
≥ .30, the scales and their items complied with the minimum requirements of the 
MMH model.  

CAT Selection Algorithm  

Item parameters for the GRM were estimated using MULTILOG 7.0 (Thissen, 
Chen, & Bock, 2003) with marginal maximum likelihood estimation. The GRM is a 
2-parameter-logistic (2PL) model for polytomous data. The model assumes that a 
person makes a global evaluation before responding to an item. For example, for an 
item with four categories, the person compares the first category with the second, 
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third, and fourth category; the first and second with the third and fourth category; 
and the first, second and third category with the fourth category. The person 
immediately seeks his or her position on the scale. Each item i is described by a 
discrimination parameter (α parameter) and two or more location or “difficulty” 
parameters (βm parameters); the number of location parameters per item is equal to 
the number of response categories minus 1. The location parameter βm can be 
interpreted as the point at the latent trait continuum where there is a 50% chance of 
scoring in category m or higher. The α and βm parameters are used to determine the 
probability of an examinee to respond in a particular response category (Embretson 
& Reise, 2000). 

Important tools in the context of CAT are the item and test information curves 
(Embretson & Reise, 2000). The item information curve indicates the amount of 
psychometric information an item provides at each θ level, based on the α  
parameter and the probabilities of responding in a certain category. These curves are 
additive across items on a common scale and together constitute the test 
information, denoted by TI(θ), which indicates the amount of information a test 
provides at each θ level. It is inversely related to standard error of measurement. As 
a stopping rule we used SE < .32, this corresponds to a reliability ≥ .9 for each 
individual. 

4.2.2 Participants and Procedure 

CAT data were collected as part of a career development procedure of a Dutch 
professional care company. There were 428 participants with a mean age of 32.1 (SD 
= 12.7); 29% mostly White men and 71% mostly White women. 28.7% of the 
participants had a university degree, 59.1% had higher education, and 12.1% 
secondary education. 

Participants received an email with instructions and a hyperlink to the CAT. 
Eight days later they received an email with a hyperlink to the WB5. Consequently, it 
was possible to compare the score on the CAT scales with a full scale score based on 
the WB5 responses.  
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4.2.3 Analysis 

Inconsistent Response Patterns  

To investigate whether persons were inconsistent in their response behavior, we 
used a method that was proposed by van Krimpen-Stoop and Meijer (2002). The 
idea is that large differences between observed and expected scores based on an IRT 
model may point at inconsistency. To detect inconsistent response behavior in 
polytomous CAT, van Krimpen-Stoop and Meijer proposed the cumulative sum 
procedure (CUSUM; for recent developments see Armstrong & Shi, 2009). In their 
procedure, where ik denotes the kth item in the CAT, with j = 0 … m response 
categories, statistic Tk is the residual between the observed and expected score of the 
kth administered item, corrected for the number of items in the test (N): 

 ˆ1
θ= -

m

k ik ij N
j=0

T x jP
N

 
 
 

  

with  θ̂ij NP  equal to the probability of responding in category j on item i, 

conditional on θ̂  after the CAT has been completed. 
In a CUSUM, these residuals are summed across consecutive items. This is done 

in a way that enables the researcher to separate strings of negative and positive 
residuals. For each candidate, after each administered item ik of the CAT, the 
CUSUM is defined as follows: 
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where +C and -C are sensitive to series of positive and negative values of Tk , 

respectively: +C  becomes large only for series of consecutive positive values of T , 

whereas -C  becomes small only for series of consecutive negative values of T . 

The CUSUM procedure consists of three steps; (1) θ̂N  is estimated, (2) T is 

determined for each administered item, and (3) +C  and -C  are calculated for each 
administered item. To illustrate this, consider a person taking a 20-item dichotomous 

CAT who generates the response pattern given in Table 4.1. θ̂N  for this candidate 

was -.221. Table 4.1 gives the values T, +C , and -C  after the administration of each 

item. To illustrate the computation of +C  and -C , consider the first three items. 

The first item score equals 0 and θ̂( )iP  = .411, which results in T1 = -.021, +
1C = 0, 
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and 1
-C  = -.021. The candidate also did not endorse the second item, resulting in   

T2 = -.022, +
2C  = 0, and 2

-C = -.021 + -.022 = -.043. The third item is endorsed, 

which results in T3 = .025, +
3C = 0 + .025 = .025, and 3

-C = -.042 + .025 = -.017. 

Note that the procedure is running on both sides and that a negative (or positive) 

value contributes to +C  and -C , respectively. However, because the smallest value 

of +C  and the largest value of -C  equals zero, strings of positive and negative 
residuals can be distinguished.  
 
Table 4.1 
CUSUM procedure for a fitting response pattern. 

Item x P T +C -C
1 0 .411 -.021 0 -.021
2 0 .439 -.022 0 -.043
3 1 .497 .025 .025 -.017
4 0 .476 -.024 .001 -.041
5 1 .580 .021 .022 -.020
6 0 .463 -.023 0 -.043
7 1 .514 .024 .024 -.019
8 0 .578 -.029 0 -.048
9 1 .664 .017 .017 -.031

10 1 .568 .022 .038 -.009
11 1 .534 .023 .062 0
12 0 .287 -.014 .047 -.014
13 0 .424 -.021 .026 -.036
14 1 .557 .022 .048 -.013
15 0 .411 -.021 .028 -.034
16 0 .421 -.021 .007 -.055
17 1 .679 .016 .023 -.039
18 1 .418 .029 .052 -.010
19 0 .319 -.016 .036 -.026
20 1 .606 .020 .056 -.006

 

Note. x = item score; P = probability of endorsing an item given θ̂ ; T = difference between observed 

and expected score;
+

C  = maximum value of the CUSUM;
-

C = minimum value of the CUSUM. 

 
To classify a response pattern as misfitting an appropriate upper bound (UB) and 

lower bound (LB) need to be set. Then, when +C > UB or -C < LB the response 

pattern is classified as misfitting; when +C ≤ UB and -C ≥ LB the response pattern 
is classified as fitting. Several alternatives to determine UB and LB in a CUSUM are 
described in van Krimpen-Stoop and Meijer (2002). In the present study, the UB 

was determined as the value of maximum +C  for which 5% of the respondents had 

higher maximum +C  values and the LB was determined as the value of minimum 
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-C  for which 5% of the respondents had lower minimum -C  values. UB values for 
the three scales were, 1.06 (ES), 1.02 (E), and 1.05 (C), and LB values were -.09 (ES),  
-.06 (E), and -.10 (C).  
 

4.3 Results 
Before we discuss the results with respect to the consistency of individual response 
behavior, we first discuss some characteristics of the CAT.  

4.3.1 CAT and Full Scale Comparison 

When comparing CAT and full scale administration, we found that the overall item 
saving equaled 49%. The Emotional Stability scale has the largest item savings with 
51%.  

When we consider the mean psychometric information per item (i.e., the 
psychometric efficiency), the CAT has a higher efficiency per administered item than 
the full scale. Reduction in administration time for the CAT as compared to the full 
scale was on average 52.8%, which means, on average, a reduction of more than five 
minutes. Emotional Stability, Extraversion, and Conscientiousness CAT scores 
correlated .83, .88, and .84, with the full scale scores, respectively. CAT scores 
correlated .83, .81, and .83 with their WB5 counterparts for Emotional Stability, 
Extraversion, and Conscientiousness, respectively. Thus, CAT and full scale scores, 
and CAT and original WB5 scale scores are highly correlated. These findings are 
important to interpret individual scores. 

4.3.2 Detecting Person Misfit 

There were 14 (ES), 14 (C), and 10 (E) persons with +C > UB and there were 8 

(ES), 7 (C), and 12 (E) persons with -C < LB. In Figure 4.1 two empirical CUSUMs 
are shown belonging to the  inconsistent response  pattern  of  Person 942          

( θ̂N  = -1.56) and the consistent response pattern of Person 840 ( θ̂N  = -1.36). A 

psychologist would (correctly) conclude on the basis of their θ̂ s that these persons 
score equally low on the Emotional Stability scale. However, it is questionable 
whether these similar scores have the same meaning for these persons; that is, 

whether these θ̂ s adequately reflect the trait being measured. The response pattern 
of Person 942 consists of only extreme scores (5111511115511155), whereas Person 

840 produces a more consistent response pattern given θ̂N  (22222232222222). 
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Person 942 often chooses response categories that are larger than the expected 

response categories which results in high +C  scores. Figure 4.1 shows that for the 

response pattern of Person 942 all -C  values are larger than -.09, whereas at the 

14th item the value of +C  becomes larger than 1.06. As a result, this response 
pattern is classified as misfitting. For the response pattern of Person 840 all 

+C values are smaller than 1.06 and, also, all -C  are smaller than -.09. Therefore, 
this pattern is classified as fitting.  
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Figure 4.1: CUSUM patterns for Person 942 ( θ̂N  = -1.56) and Person 840 ( θ̂N = -1.36). 

 
However, the fundamental question here is not whether unexpected item 

response patterns exist but whether the patterns have any theoretical or applied 
validity. Because nothing in a CUSUM procedure guarantees that identified patterns 
have associations with external criteria, it is important to use information from other 
sources such as interviews and observation.  

4.3.3 What Explains Inconsistent Response Behavior? 

Several reasons may be suggested for the inconsistent response patterns discussed 
above. CUSUM procedures are sensitive to response behavior that is characterized 
by runs of alternating extreme scores. In fact, these persons behave as if the items 
are dichotomously phrased. This may suggest a trait manifestation that is different 
from a majority of the persons in the sample. However, the problem with the 
interpretation of inconsistent response behavior is that it can be caused by many 



Chapter 4 

 

60 

factors besides lack of traitedness (Reise & Waller, 1993; Tellegen, 1988). For 
example, response errors and cheating limit the interpretability of CUSUM scores. 
Therefore, to explain the differences between normal and inconsistent response 
behavior, we conducted additional analyses.  

First, we examined whether scalability is trait-specific by computing the 
correlations between the CUSUM scores across the three scales. We observed that 
most correlations were positive but small. Most correlations fluctuated around r = 
.08 (95% CI = [-.02, .18]). Thus, most scalability variation is trait specific. 
Furthermore, to examine this association more carefully, the number of persons 
who were consistently classified as misfitting or fitting across the three CATs was 
assessed (see also Reise & Waller, 1993). There were only 3 persons that were 

classified as inconsistent on two scales based on their +C  values and 2 persons that 

were classified as inconsistent on two scales based on their -C values. No persons 
were classified as aberrant on all three scales.  

Second, we correlated the trait level scores on the WB5 with the CUSUM scores 
on the three CATs (see Table 4.2). Interesting was that on two of the three subscales 
CUSUM scores correlated negatively with Agreeableness, indicating that the lower a 
person scored on Agreeableness, the more model-inconsistent item responses were 
produced. A more detailed analysis showed that especially the relation between the 
subscale Tact and the CUSUM scores was significant for two scales.  
 
Table 4.2  

Correlations between maximum +C  and minimum -C  values and scores on the WB5 factors. 

 Maximum +C  values Minimum -C  values 
  ES E C  ES E C 

.06 -.01 .03 .01 .01 .01 
NEU 

[-.04,  .16] [-.11,.09] [-.07, .13]  [-.09,  .11] [-.09, .11] [-.09, .11] 
-.12 .02 -.01 .05 -.11 -.09 

EXT 
[-.22, -.03] [-.08,.12] [-.11, .09] [-.05,  .15] [-.21,-.02] [-.19, .01] 

.02 .06 -.04 .03 -.02 -.03 
OPE 

[-.08,  .12] [-.04,.16] [-.14, .06] [-.07,  .13] [-.12, .08] [-.13, .07] 
-.12 .04 -.13 -.13 -.01 -.13 

AGR 
[-.22, -.03] [-.06,.14] [-.23,-.04] [-.23, -.04] [-.11, .09] [-.23,-.04] 

-.18 .00 .01 -.19 -.06 -.06 
CON 

[-.28, -.09] [-.10,.10] [-.09, .11] [-.29, -.10] [-.16, .04] [-.16, .04] 
 

Note. Values enclosed in brackets represent the 95% confidence intervals. NEU = Neuroticism;  
EXT = Extraversion; OPE = Openness; AGR = Agreeableness; CON = Conscientiousness;  
ES = Emotional Stability; E = Extraversion; C = Conscientiousness. 
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Third, we investigated whether gender was related to inconsistent response 
behavior. Schmitt, Chan, Sacco, McFarland, and Jennings (1999) found that females 
were more consistent than males. Their study, however, was conducted in the 
context of fixed paper-and-pencil tests using statistics that were sensitive to different 

kinds of aberrant behavior. In the present study, we found that both +C  and -C  
values correlated positively with gender on the three CATs, indicating that females 
were more consistent than males. 
 
Table 4.3  
Explanations for the inconsistent response behavior of three candidates. 

Person Response behavior Explanation 

942 Only '1' and '5' “If there are multiple response categories, I force myself 

to choose between the two extreme categories. For me 

the categories in the middle suggest that you doubt about 

your answer and I have no doubts. I feel choosing 

between the two extreme categories is most honest. 

Besides this, I hold uncompromising views and I do not 

change my opinion or view.”  

807 Only '1' and '5' “I hold strong views about certain things and stick to my 

views. I am also very direct to other people, this often 

results in conflicts. I am not surprised about my response 

behavior, in my opinion it matches with my personality.”  

Comment authors. She also wondered whether her husband, 

also a candidate, needed to give an explanation. The first 

author explained to her that he did not respond in such an 

extreme manner. She replied “He is calm and keeps an 

open mind. He is not extreme or very direct; he is more 

careful and balanced than I am.” 

947 Mostly '1' and '5', 

and sometimes        

'3' or '4' 

“I hold strong views about certain things; it is either yes or 

no. I always respond in an extreme manner and stick to 

my view. When I thought the statement was ambiguous or 

when the statement was not applicable to me, I choose 

the option in the middle, for me the ‘neutral’ option.” 
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Fourth, we conducted a small study to obtain qualitative data through 
interviewing persons with inconsistent response patterns. In the person-fit literature 
there are almost no direct measures that may illuminate the reason for inconsistency. 
So, there is a need for more clinically oriented studies that follow up with 
respondents to investigate how they differ from typical respondents (Meijer et al., 
2008; Rudner, Bracey, & Skaggs, 1996). Therefore, the first author sent emails to the 

21 persons with the most extreme +C or -C  values on the Conscientiousness scale 
in which she explained that their response pattern consisted of many extreme 
responses and whether they had an explanation for it. Furthermore, it was 
emphasized that these questions were treated confidentially and that they were only 
used for research purposes. We obtained written answers from 13 persons. In Table 
4.3 we depicted some of their reactions. A tentative conclusion is that these 
candidates hold strong views and opinions about themselves and others. Thus, this 
response behavior seems to be related to trait specific characteristics. 
 

4.4 Discussion 
The aim of the present study was the application of the relatively new CUSUM 
method to detect inconsistent response patterns, which resulted in additional 

information to θ̂ . We combined information obtained from statistical measures 
with self-report scores and interviews. A tentative conclusion on the basis of the 
correlations with the WB5 and the interviews is that persons with high CUSUM 
values produce inconsistent response patterns as a result of a tendency to seeing the 
world in terms of extremes. This may be very interesting additional information in 
an assessment procedure. Reise and Waller (1993) found that inconsistent behavior 
was related to negative affectivity (distrust, fearfulness, hostility). However, they 
used a different person-fit statistic, which may result in detecting a different type of 
inconsistent response behavior.    

CUSUM procedures are particularly sensitive to runs of large differences between 

observed and expected scores given θ̂ . Important to understand, however, is that 
although faked protocols will probably result in runs of extreme scores in the keyed 
direction, CUSUM procedures will not be very sensitive to these runs because they 

will also result in a mean shift of the item responses and thus in a higher θ̂ .  
In this study LB and UB were based on the sample distribution. An alternative is 

to conduct a simulation study based on the estimated item parameters from the 
sample. Theoretical distributions for the CUSUM we used in this study are unknown 
to the authors. 
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An interesting application for future research is the use of a CUSUM procedure 
during test administration. For example, when it is clear that a person is very 
inconsistent in his or her response behavior, items with a more subtle content may 
be selected. Doing so, CUSUM information will help to make the test more 
interactive. 

At the moment we are incorporating the CUSUM procedure in an assessment 
procedure. Besides a total score on the CAT, a psychologist then obtains 
information about the consistency of the response behavior and thus about the 
validity of the total score. A psychologist can use this information in, for example, 
an interview to check why the candidate responded inconsistently. The examples 
sketched above illustrate that this may result in a more refined picture of a 
candidates response behavior. 

It is clear from our study that one should be very careful in labeling a response 
pattern as misfitting only based on a person-fit statistic. Additional information is 
needed. A possible strategy may be to ask a respondent for the reasons for misfit. 
For example, in intelligence testing, a psychologist may ask whether a respondent 
was extremely nervous at the start of the test. In personality assessment, it may be 
possible to check by means of directed questions, as we did, whether the personality 
trait being measured was applicable to the respondent.  



 

 




