
chapter 4

Construct validity of indices of suboptimal 
performance in patients with suspected 

chronic toxic encephalopathy

      
Van Hout MSE , Schmand B, Wekking EM, Molenaar IW, Deelman BG. 

Submitted



chapter 4  

58

chapter 4  

58

Abstract

This paper reports a construct validity study of eight indices of suboptimal performance in a 

patient group (N=424) diagnosed for possible Chronic Toxic Encephalopathy (CTE). Included 

were two specific effort tests, the Amsterdam Short Term Memory Test (ASTM) and the Test 

of Memory Malingering (TOMM), and six indicators of suboptimal performance from conven-

tional neuropsychological tests (CVLT, Warrington Recognition Memory Test for Faces (RMT), 

Trail Making Test, and Digit Span Difference Score). Mutual connections and relationship with 

external non-psychological variables, such as litigation and financial compensation, and severity 

and duration of exposure to organic solvents, were analysed. All indices except the Digit Span 

Difference Score appeared to measure the same concept and could be ordered in a hierarchical 

scale. The RMT, TOMM, and ASTM in particular showed a strong and reliable hierarchical 

scaling. Performance on the ASTM, TOMM and RMT was significantly correlated with litigation 

and financial compensation status. 

Introduction

Suboptimal performance due to insufficient investment of effort during test administration 

can seriously complicate neuropsychological assessment. The results of neuropsychological 

testing may be invalidated by the production or exaggeration of mental symptoms or cognitive 

problems. It is often found in syndromes characterised by subjective complaints, such as 

chronic whiplash [1,2], chronic fatigue [3], or postconcussional syndromes [4]. It should also be 

considered in patients who are engaged in litigation or financial compensation procedures [4]. 

Over the last decade, specific methods for detecting suboptimal performance have been 

constructed and validated. The essential feature of these measures is that while they appear to 

be difficult (memory) tasks, they can in fact be easily performed by brain-injured individuals. 

However, the development of these detection methods is hampered by huge validation 

problems. There is no “gold standard” to determine with certainty whether a patient is 

exerting suboptimal effort. Such a gold standard should be independent of the clinical tests 

or experimental procedures being investigated [5]. We can however assess construct validity - 

whether a test really measures what it intends to measure. Construct validity can be assessed 

in the absence of a gold standard. Construct validity can be demonstrated if test performance 
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correlates with that of other tests intended to measure the same construct, if it correlates with 

extraneous (non-test) indicators of the construct, and if it does not correlate with variables that 

are unrelated to the construct. 

One method to study construct validity is the use of simulation designs. In these designs 

normal individuals are instructed to simulate the performance of brain-injured patients. 

Apart from the question whether the performance of these individuals can be generalised to 

actual malingerers [6], simulation designs do not address other factors possibly contributing 

to unintentional suboptimal performance, such as somatisation, fatigue, and depression [3, 7]. 

Another approach to this validity problem is to use a “known group” design. In this design, 

groups of patients with a high a priori probability of suboptimal performance are used, and 

scores of these patients are compared with scores of patients with brain damage. Criteria to 

identify probable suboptimal performers are involvement in litigation or financial compensa-

tion procedures, improbably poor performance on neuropsychological tests, improbable symptom 

history, and self-reported disability in major social roles inconsistent with observation [8]. 

 

We report on a construct validity study of several indices of suboptimal performance in a patient 

group diagnosed for possible Chronic Toxic Encephalopathy (CTE). The syndrome of CTE 

implies irreversible cognitive problems in attention, memory, executive function, visuospatial 

skills, and neurasthenic problems, such as fatigue, instability of affect and difficulties in 

impulse control, resulting from chronic exposure to organic solvents [9]. In clinical practice 

it is difficult to decide whether or not these cognitive and emotional complaints are solvent-

induced. CTE is therefore diagnosed by the exclusion of other causes, and is based on consensus 

among a multidisciplinary diagnostic team. Since neuropsychological testing is the cornerstone 

in diagnosing CTE, suboptimal performance is a particularly serious problem when diagnosing 

this disorder [10, 11].

We compared several indices of suboptimal performance, to study if they measured the 

same construct. Included were two specific detection tests of suboptimal performance, the 

Amsterdam Short Term Memory Test (ASTM) and the Test of Memory Malingering (TOMM) 

[12,13]. Indices from conventional neuropsychological tests were improbably low scores on 

California Verbal Learning Test (CVLT) Recognition Hits, CVLT Recognition Discriminability, 

Warrington Recognition Memory Test for Faces (RMT), Trail Making Test A and B, and Digit 

Span Difference Score (Backwards minus Forwards). The construct validity of these indices of 

suboptimal performance was studied by examining their inter-correlations, and correlation 

with external factors such as being involved in a litigation or financial compensation procedure 
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and severity and duration of exposure to solvents. We hypothesised that neuropsychological 

indices of suboptimal performance should be interrelated and should correlate with litigation 

or financial compensation. Moreover, these indices should not be associated with exposure to 

solvents. 

Methods
Participants

In total 424 subjects with suspected CTE who were referred by general practitioners or medical 

officers to the two locations of the Netherlands Centre of Occupational Diseases in the years of 

1998 to 2003 and completed the entire diagnostic protocol [14] were included. The diagnostic 

protocol has three stages. In the first stage, the symptoms and the medical and occupational 

history are assessed by interview, and routine blood tests are done. Patients with a long and/or 

heavy exposure to organic solvents, relevant symptoms, a temporal relation between exposure 

and development of symptoms and signs, and no obvious other cause for the disease progress 

to the second diagnostic stage. In this stage patients are administered the computer-based 

Neurobehavioural Evaluation System (NES) [15, 16]. If NES testing reveals abnormal scores for 

two or more of six selected subtests, the patient enters the third stage. The third stage consists of 

a clinical neurological examination, the assessment of an exposure index, and a comprehensive 

standardised neuropsychological evaluation [17]. 

The occupational hygienist uses a retrospective method to assess the level of exposure. This 

results in index-scores for duration and severity of exposure. 

Measures

The neuropsychological tests used evaluate the cognitive domains of attention/concentration, 

memory, verbal functions, visual perceptive, visual constructive and executive functions. 

Tests to detect suboptimal performance 

Two tests specifically devised to detect suboptimal performance were included in the 
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neuropsychological battery, the Amsterdam Short Memory Test (ASTM) and the Test of Memory 

Malingering (TOMM) [12, 13]. Both tests were constructed according to the symptom validity 

testing paradigm and have been validated in several studies [1, 12, 13, 18, 19]. In a symptom 

validity test a set of (memory) stimuli is presented, followed by a forced choice recognition task. 

The TOMM is a visual and the ASTM a verbal memory test. Both tests appear to be difficult 

memory tasks, but even people with brain damage can perform the tests well. Norm-based 

cut-off scores have been established below which a subject is considered to be suboptimally 

performing [12, 13]. 

Indices of suboptimal performance on conventional neuropsychological tests 

The following indices of suboptimal performance, all described in the literature as having some 

validity as indicators of insufficient effort, were used in the present analysis: 

Extremely low scores on: 

Table 1: group characteristics of studies upon which cut-off scores were based

Test Author Patient Group Suboptimally performing group

TOMM Tombaugh, 1996 N=42 cognitively impaired 

subjects (stroke, multiple 

sclerosis, Korsakov, alcohol 

abuse, Parkinson, etc.)

N=27 experimental malingerers

ASTM Schmand et al., 1999 N=139 neurological patients 

(traumatic brain injury, 

epilepsy, multiple sclerosis, etc)

N=57 experimental malingerers

CVLT indices Millis et al., 1995 N= 23 Moderate to Severe head 

injuries, not in litigation

N=23 Claimed Head injury, in 

litigation 

Recognition Memory Test 

for Faces

Iverson & Frantzen, 1998 N=20 memory impaired 

patients (traumatic brain 

injury, epilepsy, CVA, etc.) 

N=20 experimental malingerers

Trail Making Test Ruffolo et al, 2000 N=46 Moderate to Severe Head 

Injuries

N=31 experimental malingerers

Digit Span Lezak, 1995 No experimental data No experimental data
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• California Verbal Learning Test (CVLT) Recognition Hits [20]

• CVLT Recognition Discriminability [20]

• Warrington Recognition Memory Test for Faces (RMT) [21]

• Trail making Test A [22]

• Trail making Test B [22]

• Digit Span Difference Score [23]

See table 1 for sample characteristics of the studies concerning the indices used for this study. 

The inclusion of digit span difference score as an indicator of suboptimal performance was based 

on the clinical experience of Dr. Lezak, a prominent author in the field of neuropsychology, who 

suggested in her book that it is a sign of insufficient effort when the digit span backwards score 

is better than the digit span forwards score [23]. There were, however, no empirical data known 

to the authors to support this suggestion prior to the present study. 

Categorization of suboptimal performance

In this study we were not interested in the entire score range of the indices, because the differen-

ces between sufficient or maximal effort is not important, nor the difference between insufficient 

and very insufficient effort. Insufficient effort was defined as improbably low performance, even 

when compared to a reference group of neurological patients. We categorised performance on all 

indices in three levels: “optimal”, “intermediate” and “suboptimal” (unambiguous insufficient 

effort). We did not use published cut-off scores, because dichotomous cut-offs are based on a 

balance between sensitivity and specificity. We preferred an ordinal trichotomy to make the 

tests theoretically more comparable with respect to sensitivity and specificity for detecting 

insufficient effort. 

1. “Optimal performance”: subjects at this level performed at or above score levels with   

 90% sensitivity for malingering. In other words, the scores of 90% of volunteers instructed  

 to malinger fall below this point. Thus, when a score falls above this point, it can be   

 assumed that there is a less than 10% chance that a subject is exerting suboptimal   

 effort. The cut-off point was either extracted from the test manual or, when this was   

 not possible, it was calculated as the mean + 1.28 SD of a group of experimental    

 malingerers 

2. “Intermediate performance”: subjects performed between scores based on 99% specificity   

 and 90% sensitivity.

3. “Suboptimal performance”: subjects at this level performed at or below the score level with  
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 99% specificity. That is, 99% of patients with brain injury perform better than this point.   

 Thus, when a score falls below this point, it can be assumed that there is less than   

 1% chance that the score is the result of brain damage. The cut-off point was either   

 extracted from the test manual or, when this was not possible, it was calculated as   

 the mean - 2.33 SD of a group of neurological patients. 

Exact cut-offs are not provided here because of the risk of coached malingering [24, 25]. 

Measures of exposure

Two measures of exposure were used, namely, duration and severity. Exposure in years (corrected 

for fulltime/part-time differences) was classified in three categories: low (<5 years), medium (5-

15 years) and high (>15 years). Exposure severity, based on workplace concentration, symptoms of 

acute intoxication, and use of personal protection equipment, was assessed by an occupational 

hygienist and also classified in three categories: low, medium and high. 

Litigation status

Involvement in a litigation procedure, a workman’s compensations claim, or any other form of 

financial compensation procedure was registered for every subject. 

Analyses  

We wanted to assess the association between various indices of suboptimal performance, 

i.e., whether they can be considered as measures of the same one-dimensional construct. 

All indices were categorised in an ordinal trichotomy: suboptimal - intermediate – optimal. 

However, because the indices differed in their frequency distribution, it is not adequate to use a 

conventional correlation coefficient because a correlation coefficient <1 could reflect both a less 

than optimal association and differences in the frequency distribution. 

To tackle this problem we used the Mokken analysis [26, 27]; see Sijtsma & Molenaar for an 

introduction [28]. This analysis is a statistical technique developed in modern item-response 

theory. It is used to analyse a possible hierarchical structure in a set of items intended to measure 

the same construct. The Mokken analysis was originally developed to study homogeneity of 

items within a scale, but it can also be used to analyse relations between tests or scales.

In an ideal hierarchy, the most sensitive item will provide more positive responses, and a 
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less sensitive item will be answered positively less frequently, but only if the more sensitive 

item is answered positively, and so on. 

The most important measure of hierarchical scalability in Mokken analysis is Loevinger’s 

H-coefficient. H is defined for item pairs, per item, and for the total scale. H for an item pair 

is calculated as the ratio between the correlation r between item scores and the maximum 

possible correlation r
max

 between the two items, keeping the marginals fixed. H per item reflects 

the fit of the item with respect to the total scale, and scale H expresses the quality of the total 

scale, in both cases as a weighted combination of pairwise H values [28]. In an ideal hierarchy 

scale H=1.00, indicating that there are no violations of the hierarchical order. A scale H > 0.3 

is acceptable. A scale H >.5 is viewed as a strong cumulative scale [27]. A second index, Rho, is 

a reliability estimate, related to the better-known Cronbach’s alpha. Molenaar adapted the 

Mokken-analysis to polychotomous variables [29], and developed statistical software, which was 

used in this study [30]. 

We first performed the Mokken analysis on all eight indices of suboptimal performance. 

Indices that were clearly not related with the other indices were then omitted from further 

analysis. Furthermore, for all indices of suboptimal performance, relationship with litigation 

or financial compensation procedures, exposure duration, and exposure severity was assessed 

using Kendall’s tau-b values for rank correlation.

Results

In the period 1998 – 2002, 1398 persons were referred to the Solvent Teams. Of these, 621 persons 

met the inclusion criteria and completed the diagnostic procedure. Unfortunately, not all 

subjects completed the entire test battery; complete data for 424 subjects were available and 

used in the analysis. The incompleteness of the data was often due to practical clinical problems 

in test administration, such as subjects being late for the appointment, slowness, dropout 

during test administration, and adaptation of the test battery to specific individual problems. 

The selected study group did not differ significantly from the incomplete data group regarding 

age (p=.23), gender (p=.96), level of education (p=.67), exposure duration (p=.53), and exposure 

severity (p=.73). However, significantly more subjects of the incomplete data group (36%) than 

of the complete group (25%) were involved in a litigation or financial compensation procedure 

(Pearson Chi-Square p=.008).  
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Table 2: Demographic data  

Frequency Percent

Gender Male 405 95.5

Female  19   4.5

Education* Primary Education  28   6.6

Lower Occupational (no diploma)  94 22.2

Lower Occupational (diploma) 229 54.0 

Mid-Level  57 13.4

College  16   3.8

Level of Exposure Low 100 23.6

Intermediate 200 47.2 

High 124 29.2 

Exposure years 0-5 years 17   4.0

5-15 years 92 21.7

> 15 years 315 74.3 

Occupation Painters/ Paint Industry 150 35.4

Spray-painters  70 16.5

Printers  55 13.0

Chemical/paint industry  22   5.2

Upholsterers  29   6.8

Others  98 23.1

Work situation Working, exposed 119 28.1

Working, unexposed   54 12.7

Sick-leave   97 22.9

Disability Pension 132 31.2

Retired    4   0.9

Unemployed/welfare  18   4.2

Litigation Yes 107 25.2

No 317 74.8

* Education is classified into five categories: primary education, lower occupational education without diploma, lower 

occupational education with diploma, mid-level occupational education, and college or university. (This classification 

system is not based on years of education, but on level of attained education)



chapter 4  

66

chapter 4  

66

Four hundred and five subjects were men (96%). The mean age of the subjects was 46 years 

(SD=9 years); mean duration of exposure was 23 years (SD =11 years). In total, 107 subjects (25%) 

were involved in a litigation or financial compensation procedure, mostly procedures to receive 

a disability pension. Other subject characteristics are summarised in table 2. In short, most 

subjects were males in their forties with a lower occupational education and an intermediate 

level of exposure. All subjects were able to live independently. 

We summarised the possible hierarchical relations between all eight hypothesised indices of 

suboptimal performance in a Mokken analysis. In this first analysis Digit Span Difference Score, 

showing an item H of 0.01, was clearly not related to the other items and was omitted from 

further analysis. Results of Mokken analysis on the remaining seven indices are summarised in 

table 3. For these seven indices of suboptimal performance, scale H was .38, and Rho .71, meaning 

that this combination of indexes can be viewed as scalable and sufficiently reliable. Omitting 

Trails A and B, as the indices showing the worst association with other indices, enhanced scala-

bility and reliability (Scale H .47, Rho .73). Including the three indices on the top of the hierarchy 

(ASTM, TOMM, and RMT, respectively), increased scale H to .57 and rho to .70.  

From table 3 it can be seen that the indices differed in their sensitivity to detect suboptimal 

performance. On the ASTM only 25% of subjects received an optimal effort score, and 40% of 

scores were clearly suboptimal. For the TOMM these percentages were 61 and 17, respectively. 

Table 3: Mokken analysis of seven possible indicators of suboptimal performance (Digit Span omitted)

Variable      Values ItemH

Optimal 

N (%)

Intermediate 

N (%)

Suboptimal 

N (%)

ASTM 105 (25%) 150 (35%) 169 (40%) .46

TOMM 259 (61%)  92 (22%)  73 (17%) .38

Warrington Faces 390 (92%)   19 (4.5%)   15 (3.5%) .42

CVLT Discriminance Index 336 (79%)     74 (17.5%)   14 (3.5%) .41

CVLT Recognition Hits 310 (73%)  72 (17%)  42 (10%) .36

Trails A 198 (47%) 222 (52%)  4 (1%) .28

Trails B  58 (14%) 333 (78%) 33 (8%) .28

Scale H=.38 Rho=.71



construct validity  of effort indices

67

construct validity  of effort indices

67

Using conventional cut-off scores suggested in the manual resulted in percentages of suboptimal 

scores of 68% for the ASTM and 24% for the TOMM.

Three indices of suboptimal performance, the ASTM, TOMM and the RMT were signifi-

cantly correlated (Kendall’s tau-b) with litigation or financial compensation status (see table 4). 

Only the ASTM did not correlate significantly with exposure duration or exposure severity; all 

the other indices were significantly correlated with either exposure years or exposure severity 

(Table 4).

Discussion

In this nationwide study we analysed the construct validity of eight indices of suboptimal 

performance in a large clinical sample of patients evaluated for possible CTE, by studying their 

mutual relations and correlations with external non-psychological variables, namely, litigation 

or financial compensation status and measures of exposure. We did this by analyzing a possible 

hierarchical relationship between the indices. 

Our results indicated that the ASTM test and the TOMM, two tests designed to measure 

insufficient effort, and five test variables reported to be sensitive to insufficient effort showed 

Table 4: Correlations between litigation or financial compensation status, exposure years and exposure 

severity and indices of suboptimal performance, presented in Kendall’s tau-b values (p values)*. 

Indices of suboptimal 

performance

Litigation or financial 

compensation: 

Kendall’s tau-b (p) 

Exposure Years: 

Kendall’s tau-b (p )

Exposure severity: 

Kendall’s tau-b (p) 

ASTM .19  (.000)  -.01  (.88) .06  (.16)

TOMM .12  (0.01)  .02  (.62) .13  (.002)

Warrington Faces .13  (.02)  .031  (.49) .13  (.004)

CVLT Discriminance Index .05  (.16)   .04  (.36) .12  (.006)

CVLT Recognition Hits .07  (.07) -.05  (.33) .12  (.005)

Trails A .07  (.008)   .14  (.004) .01  (.89)

Trails B .06  (.10)   .13  (.005) .05  (.27)

Digit Span difference Backwards 

– Forwards

.02  (.33)   .11  (.024) .07  (.13)

* P-values are one-tailed for litigation or financial compensation
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the expected intercorrelations. The Digit Span Difference score clearly was not related to the 

other seven indices. The order in which the remaining seven indices are listed in table 5 reflects 

the strength of their relationship with the underlying concept of suboptimal performance. It 

could be argued that the strongest indices all are recognition tasks, and in this sense the high 

intercorrelations might reflect an artefact of their test method. The fact that the strongest 

indices are recognition tasks is not surprising, because recognition is an aspect of memory 

that is relatively spared in brain-injured persons and therefore is very sensitive in detecting 

suboptimal performance. Moreover, the scores of both Trail Making Tests were also related to 

the underlying concept.

The fact that Digit Span Difference was not scalable indicates that it may not be a valid 

indicator of suboptimal performance. However, it has to be mentioned is that it would probably 

have been preferable to use Reliable Digit Span as a measure of effort, instead of Digit Span 

Difference Score [8]. Only the ASTM, the TOMM and the RMT were significantly, but weakly, 

correlated with litigation and financial compensation status. The weak correlation is not 

surprising because there are probably more reasons for fabrication or aggravation of mental 

symptoms than being in litigation or another financial compensation procedure. On the other 

hand, the fact that a person is involved in a litigation or financial compensation procedure 

does not necessarily imply that he will produce suboptimal results during neuropsychological 

evaluation.  

The relationship between the indices of suboptimal performance and exposure duration 

and exposure severity was somewhat puzzling. Exposure Years, as expected, did not correlate 

significantly with most the seven indices forming the hierarchical scale. Significant correlations 

were found for Trails A and B only. However, exposure severity correlated significantly with 

most of the seven indices forming the hierarchical scale: the TOMM, both CVLT indices and 

the RMT. This finding might be due to the fact that exposure severity assessment of exposure 

severity was primarily based on self-report. A patient who is aggravating symptoms might 

exaggerate his exposure history as well.

Two methodological point need to be addressed. 

First, our patient group was large but highly selected: 621 subjects completed the diagnostic 

procedure, but only 424 subjects had complete data. The selected study group did not differ 

significantly from the incomplete data group regarding subject characteristics and exposure 

variables, but significantly more subjects from the incomplete data group were involved in 

litigation or financial compensation procedures. Although this might have resulted in an 
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underestimation of the proportion of suboptimal performers, it is not very probable that it 

affected the interrelations of indices of suboptimal performance. 

A second problem is that the choice of cut-off scores for the indices of suboptimal 

performance was based on different populations. We tried to address this inevitable problem by 

basing the cut-off scores on set specificity and sensitivity levels for every indicator. 

What could be the implication of our study for clinical practice?

Whenever measuring a psychological concept it is advisable to use several indices. The choice of 

instruments to use depends on the diagnostic problem and on the availability of instruments. 

While each of the seven indices appeared to be related to the construct of suboptimal perfor–

mance, they clearly differed in their sensitivity to detect suboptimal performance. In clinical 

practice this would mean that clinicians using single but different measures of suboptimal 

performance would reach different conclusions regarding suboptimal performance. The ASTM 

appeared the best single test for detecting suboptimal performance: it showed the strongest 

construct validity and highest sensitivity. A suboptimal score on the RMT is uncommon, but 

highly indicative of suboptimal performance.

If a clinician decides to use several indicators of suboptimal performance with different 

sensitivity, it is important to realise their hierarchical association. Under such circumstances 

the number of indices with suboptimal scores is probably negatively related to the amount of 

effort a subject has invested.
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