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Abstract
In this study, the Nonverbal Medical Symptom Validity Test (NV-MSVT; Green, 2008) and the Test of Memory Malingering (TOMM; Tombaugh, 1996) were given to a consecutive series of outpatients undergoing disability assessment. No cases of moderate to severe TBI failed the easy NV-MSVT subtests or the TOMM. However, 26% of the mild TBI group failed the NV-MSVT and 10% failed the TOMM. More than 10 percent of the whole sample passed the TOMM but failed the NV-MSVT. Using profile analysis, the NV-MSVT has been shown to have a zero false positive rate in three independent groups of patients with severe cognitive impairment arising from dementia. The more severe the actual cognitive impairment, the more likely it is that false positives for poor effort will occur. Therefore, using the same criteria, we would also expect zero false positives in people with much less severe impairment, such as mild TBI. Those in the current study who passed the TOMM and failed the NV-MSVT had profiles which were not characteristic of people with actual severe impairment. Instead, they were of the paradoxical type seen in simulators. The results suggest that the NV-MSVT is considerably more sensitive to poor effort than the TOMM, if the conventional cut-off is used to define TOMM failure.       
Introduction

Although they are now widely used to assess the validity of test results, most effort tests are limited by their low specificity in people with very severe impairment, as exemplified by some people with dementia (Merten, Bossink & Schmand, 2007). This means that there is a high risk of false positives in people with very severe impairment from dementia or other brain diseases, including many children with developmental disabilities. The TOMM (Tombaugh, 1996) is a nonverbal test of effort, based on recognition memory for 50 line drawings. It is a very easy test for almost anyone who tries to do well and it has good specificity in many populations (e.g. Ashendorf, Constantinou, & McCaffrey, 2004). However, people with severe impairment will sometimes fail the TOMM, despite making a full effort to do well. For example, out of 37 testable patients with dementia described in the test manual (Tombaugh, 1996), 27% failed the TOMM using the usual criterion, yielding only 73% specificity. For clinical and forensic uses, it would be desirable if there were an alternative nonverbal effort test with higher specificity in those with very severe impairment. In particular, it would be desirable if there were a test which could discriminate between those who have failed easy subtests because of severe cognitive impairment versus those who have failed because of suboptimal effort. 
The Nonverbal Medical Symptom Validity Test (NV-MSVT, Green, 2008) is a nonverbal memory and effort test, which can provide enhanced sensitivity and specificity. Its novel multi-subtest structure offers a possible solution to the problem of high false positives in those with genuine severe impairment. The NV-MSVT is based on the twice repeated presentation of a list of 10 artist-drawn colored image pairs (e.g. a squirrel holding an acorn) on a computer screen. The list is followed by two forced choice recognition memory subtests, Immediate Recognition (IR) and Delayed Recognition (DR), which are very similar to those in the TOMM because they employ simple target-foil discrimination tasks (e.g. squirrel versus helicopter). In contrast, the Delayed Recognition Archetypes (DRA) subtest and the Delayed Recognition Variations (DRV) subtest are based on different principles from those used in the TOMM, as described in the section below on procedures. These are followed by two more difficult memory subtests, involving paired associate recall (PA) and free recall (FR), whereas the TOMM does not contain any difficult subtests.   

It was reported in the NV-MSVT test manual (Green, 2008) that people with dementia had a characteristic profile of results, in which certain subtests were considerably harder than others. Figure 1 shows the mean profile from one boy with a full scale intelligence quotient (FSIQ) of 48, which is typical of the profiles seen in many children with developmental disabilities (Green, Flaro, Brockhaus, & Merten, 2010). In contrast, the figure shows the profiles from four different groups of dementia patients whose data are contained within the NV-MSVT program. The typical dementia profile involves scores on the IR, DR, DRA and DRV subtests which are between 70% and 90% correct, followed by a pronounced decline in performance on the PA subtest and a further decline to the FR subtest. In the combined dementia group in the NV-MSVT test manual (Green, 2008), the mean PA score of 57% was 24 points lower than their mean score of 81% on DR, CNS, DRA & DRV, suggesting that the PA subtest is more difficult than the latter subtests. 
-------------------------------------

Insert Figure 1 about here

-------------------------------------

A very similar score profile was replicated in the dementia group studied by Henry, Merten, Wolf & Harth (2009), in whom the PA score was an average of 23.6 points lower than the mean of DR, CNS, DRA & DRV (see bottom section of table 3). Similarly, even though the dementia patients tested by Singhal, Green, Ashaye, Shankar & Gill (2009) scored no better than chance on the NV-MSVT recognition memory subtests, they still displayed a 28 point superiority of the mean of the DR, CNS, DRA & DRV scores relative to their PA score. These data show that people with severe impairment find the PA subtest to be more difficult than the delayed recognition subtests. On the other hand, in the simulator group described in the test manual it was typical for the PA subtest score to be higher than the mean score on IR, DR, CNS and DRA (Green, 2008). 
Using criteria labeled as A, B1, B2 and B3, rules were developed for discriminating between a “genuine memory impairment profile” (GMIP), as seen in people with dementia, versus one reflecting poor effort (Green, 2008, Henry, Merten, Wolf, & Hart, 2009). These criteria are automatically calculated by the Advanced Interpretation program for the WMT, MSVT and the NV-MSVT (Green, 2010). Criterion A is met if the easy subtests are failed (i.e. mean IR, DR, CNS, DRA, DRV & PA <=90% or mean DR, CNS, DRA & DRV <=88%). The B criteria only apply when criterion A is met. Criterion B1 states that, in cases who fail the easy subtests, the PA score must be at least 11 points below the mean of DR, CNS, DRA & DRV. Otherwise, the profile suggests suboptimal effort and it is known as the “paradoxical profile” because the scores are not in keeping with their known objective difficulty levels. Criterion B2 states that the mean of the easiest subtests (IR, DR & CNS) must be at least 20 points higher than the mean of the two hardest subtests (PA & FR). Criterion B3 states that the standard deviation of an individual’s scores on IR, DR, CNS, DRA & DRV should be less than 12. In the dementia patients from the test manual, who scored below the cut-offs on the easy subtests (meeting criterion A), 95% did not meet criterion B1 and no case met all of criteria B1, B2 and B3. Thus, meeting all three B criteria was 100% specific in the dementia groups described in the test manual (Green, 2008), from which we can conclude that genuine severe impairment does not produce a profile meeting criterion A and all three B criteria. On the other hand, these criteria were all met by 53% of simulators (53% sensitivity). None of the healthy volunteers met criterion A (100% specificity).

If only criteria A, B1 and B2 were used, it was found that specificity was 95%. That is, 95% of the dementia patients did not meet criteria A, B1 and B2 but 72.5% of volunteers who were asked to simulate impairment did meet all three criteria (72.5% sensitivity, 95% specificity). Henry et al. (2010) found that A and all three B criteria were 100% specific in a sample of German dementia patients and 98.5% specific in the whole neurological group. The authors allowed an independent analysis of their raw data by the current author and it was found that specificity was still 100% in their dementia sample if only criteria A, B1 and B2 were used (Henry, personal communication, 2009). 
Using the latter criteria, Singhal et al. (2009) also reported 100% specificity (i.e. zero false positives for poor effort) in 10 patients with advanced dementia. These patients all failed the easy NV-MSVT subtests (criterion A1) and their mean scores on the very easy recognition memory subtests were only in the chance range, suggesting very severe memory impairment. Despite their chance level recognition memory, none of these patients was classified as making a suboptimal effort using all three B criteria or using only criteria B1 and B2 (100% specificity). The use of the latter NV-MSVT profile criteria led to 100% specificity in advanced dementia and 70% sensitivity in simulators.
Thus, three independent studies in different countries have shown that, using criteria A, B1 and B2, the NV-MSVT can achieve 95% to 100% specificity. This is true even in people with a diagnosis of dementia, who are so severely impaired that they score in the chance range on the extremely easy recognition memory subtests, meaning that they have effectively zero memory from one minute to the next. This is possible because genuine severe impairment which is sufficient to produce failure on the easy recognition memory subtests creates a profile in which scores on the easier subtests are substantially and reliably higher than scores on the harder subtests. 
The current study was a retrospective file review of 244 consecutive adult cases tested by the author who were given both the TOMM and the NV-MSVT. The purpose of the study was to examine levels of agreement between the results on these two tests in almost exclusively non-demented people who were given both tests. Nearly all cases had some form of external incentive to appear impaired. For example, they were receiving financial benefits and were on sick leave from work or they were plaintiffs in civil personal injury lawsuits. All cases were tested with a large battery of cognitive and neuropsychological tests, including the TOMM and the NV-MSVT, as well as two other effort tests, the Word Memory Test (WMT, Green & Astner, 1995; Green 2003) and the Medical Symptom Validity Test (MSVT, Green, 2004). 
It was hypothesized that cases failing the TOMM would also fail the easy subtests of the NV-MSVT (meeting criterion A). Of particular interest were the NV-MSVT profiles in those who passed the TOMM but who failed the NV-MSVT. It was hypothesized that those failing the NV-MSVT but passing the TOMM would not display the profiles previously reported in studies of people with severe impairment from dementia. Instead, it was predicted that they would display NV-MSVT profiles suggesting poor effort. That is, their profiles would meet criteria A and also B1 and B2.   
Method
Participants: The author has a private practice, based on the assessment of clients with many different primary diagnoses. Clients are typically referred by insurance companies, lawyers, the Workers Compensation system or employers for the assessment of their psychological and neuropsychological impairment and disability. For many years, all test data on each case have been stored in a spreadsheet. Such data storage allows empirical data from a relevant anonymous sample to be consulted to aid in the clinical assessment of single cases, rather than relying on memory, clinical expectations or clinical folklore. In the Province of Alberta, Canada, where this work was done, retrospective review of anonymously stored file data needs no consent from the clients for data analysis and no independent review board is required. 
The current study used the latter spreadsheet for retrospective file reviews of the 244 most recent consecutive cases. They had all been given both the TOMM and the NV-MSVT. Their mean age was 45 years (sd 12) and their mean years of education was 12.7 (sd 2.7). Fifty-five percent (57%) were women. Uncorrected for effort, their mean FSIQ was 104 (sd 13). Their primary diagnoses were mostly determined before the assessment by independent physicians. The mild versus moderate to severe traumatic brain injury (TBI) groups were defined as those having either less than 24 hours of post traumatic amnesia (PTA) or PTA of one day or more. There were 50 cases with mild TBI and their mean Glasgow Coma Score (GCS) was 14.9 (sd 0.4). Post traumatic amnesia (PTA) duration was only entered into the database if there was a record of PTA in notes made by paramedics, nurses or physicians who saw the patient just after the accident. PTA duration in the mild TBI group was recorded as zero in 27 cases and missing values were recorded for the remainder. 15% of cases had some abnormality on a CT scan of the brain. Their mean age was 43.1 years (sd 13.7), 64% were men and their mean number of years of education was 12 (sd 3.9). There were 21 cases in the moderate-severe TBI group and their mean GCS was 8.0 (sd 3.8). Ninety-four percent (94%) had some intracranial abnormality on CT or MRI brain scan and the median duration of PTA was 384 hours. Their mean age was 41 years (sd 14), 71% were men and their mean number of years of education was 12.1 (sd 2.3). Other diagnoses included various neurological diseases such as stroke, aneurysm and multiple sclerosis (n=38), major depression (n=30), possible dementia (n=10), other psychiatric disorders (n=12), chronic pain (n=13), orthopedic injuries (n=5) and various other diagnoses (n=57). The consecutive series also included applicants to join the local Police force (n=8) who were tested as part of a trial project to rule out cognitive impairment.
Procedures: The TOMM (Tombaugh, 1996) is a well known test and in the interests of test security it will not be described here in detail, except to state that it involves presenting line drawings in a booklet, after which the person is given two trials involving target-foil pairs, from which they are required to state which one they saw before. The test was administered in the standard way, as described in the test manual but the optional retention trial was not used in this study. 
The NV-MSVT is also a nonverbal test. It is based on the presentation of a list of 10 artist-drawn colored images on a computer screen. Each image consists of a universally recognizable pair of items, such as a squirrel holding an acorn. The test requires about four minutes of the examiner’s active engagement in most cases and the examinee typically works on the test for about 6 minutes. The first subtest, Immediate Recognition (IR) is a forced choice recognition memory task, involving 20 pairs of target and foil items (e.g. squirrel versus helicopter), followed by a ten minute delay, during which other non-memory tests may be performed. After the delay, there are three different forced choice tasks and the person is instructed to select any item they saw before on the computer, whether or not it was on the original target list. The Delayed Recognition (DR) subtest is similar to the IR subtest, involving 20 presentations of a target item seen before paired with a novel foil (e.g. squirrel versus train). The consistency (CNS) of responding from IR to DR is calculated by the computer. 
The stimuli in the DRA and the DRV subtests are unlike any stimuli used in the TOMM. The DRV subtest involves ten presentations of a complete image from the original list (e.g. squirrel holding an acorn) paired with the same image with a small difference in detail (e.g. squirrel holding a partly eaten acorn). The DRA subtest involves 20 presentations of an item which was previously used as a foil on the IR trial (e.g. helicopter) which now unexpectedly becomes the target for recognition. The target items are paired with vivid archetypal images, such as a snake, which have not been presented before. Items from all three delayed recognition tasks (DR, DRV & DRA) are intermixed so that each item from one subtest is immediately followed by an item from another subtest. Such intermixture gives the appearance that they are all part of a single subtest but responses to these items are scored by the computer as three separate subtests. The delayed recognition tasks are followed by a paired associate (PA) recall subtest, in which the person is shown one part of a pair (e.g. squirrel) and is asked to say what went with that item in the original list. Finally, there is a free recall (FR) subtest, in which the person recalls and names as many of the original list of paired items as possible. 
All participants were also given both the WMT and the MSVT, which are memory tests based on verbal list learning, which include methods for evaluating effort. They both involve the presentation of word pairs, followed by various memory subtests, including immediate and delayed forced choice recognition trials, paired associate subtests and free recall subtests.   

 Results

Failure rates: In table 1, the results of the TOMM are shown as either a pass or a fail, based on the score on trial 2 being above or below a certain cut-off, as described in the test manual. 203 cases passed both the TOMM and the NV-MSVT and 15 cases failed both (i.e. failed TOMM and met criterion A for the NV-MSVT). This represents agreement in 89.3% of cases or disagreement in more than 10% of cases. In total, 40 cases failed the NV-MSVT but only 16 cases failed the TOMM. There was one case who passed the easy NV-MSVT subtests but who failed the TOMM. However, there were 25 cases who passed the TOMM but who failed the easy subtests of the NV-MSVT (meeting criterion A). The logical question is whether the 25 cases passing the TOMM and failing the NV-MSVT (10.7% of the sample) were false positives for the NV-MSVT or false negatives for the TOMM? 

-------------------------------------

Insert tables 1 & 2 about here please

                                               -------------------------------------
NV-MSVT profiles: First, we may examine the NV-MSVT profiles in the latter 25 cases (Table 2). 16 out of these 25 cases (64%) met all of criteria A, B1, B2 and B3, which had 100% specificity in dementia (Green, 2008; Henry et al., 2010). Actual severe impairment of the degree found in groups of people with dementia does not produce NV-MSVT profiles meeting these criteria but such profiles were seen in 53% of simulators (Green 2008). These data suggest that those who passed the TOMM and who failed the NV-MSVT were, in at least 64% of cases, examples of poor effort and unreliable test results. 

Secondly, among those who passed the TOMM and who failed the NV-MSVT, 20 out of 25 cases (80%) met at least criteria A, B1 and B2, which had 95% to 100% specificity in dementia (Green, 2008, Henry et al., 2010, Singhal et al, 2009). Criterion A and at least two of B1, B2 and B3 were met by 23 out of the 25 cases (92%) who passed the TOMM but failed the NV-MSVT. The latter criteria had 85% specificity in dementia, combined with 90% sensitivity to poor effort in simulators based on data from Green (2008). 

-------------------------------------

Insert table 3 about here please

                                               -------------------------------------

In tables 2 and 3, it may be seen that all 25 cases who failed the easy NV-MSVT subtests (i.e. meeting criterion A) but passing the TOMM showed a paradoxical profile. That is, in each case the PA score was not at least 11 points lower than the mean of DR, CNS, DRA & DRV (see tables 2 and 3). On average, the PA score was actually 21.7 points higher than the mean of DR, CNS, DRA & DRV, whereas in the dementia patients from the Henry et al. (2010) study, the PA score was a mean of 23.6 points lower than the mean of DR, CNS, DRA & DRV (bottom of table 3). The profile in those passing TOMM and failing the NV-MSVT is paradoxical for the following reason. On the relatively easy subtests (DR, DRA & DRV) these cases scored lower than the mean from dementia patients (table 3). If these scores were valid and if they reflected genuine impairment, they would also be expected to score lower than the dementia mean on the harder subtests. However, on the more difficult PA subtest they scored a mean of 98.4% correct (sd 3.7), compared with a mean of only 59.1% (sd 28.9) in the dementia group (table 3). Similarly, they scored 57.2% correct (sd 13.4) on Free Recall, which is the most difficult subtest, whereas the dementia mean was only 25% correct (sd 16.3). In summary, the profiles of NV-MSVT results in those who passed the TOMM but who failed the NV-MSVT are unlikely to be valid. They contain major internal inconsistencies which are rarely seen in people with severe impairment from dementia but which are typical of known simulators.    
Out of 25 cases who passed the TOMM but who failed the NV-MSVT, 18 cases (72%) failed the easy subtests of either the WMT or the MSVT or both. 17 cases failed the easy WMT subtests and 13 cases failed the MSVT. 11 cases failed the easy WMT or MSVT subtests and also had profiles that would not be seen in 95% of dementia patients.    

TBI: In the 21 moderate to severe TBI cases given both tests, there were no failures on either the NV-MSVT or on the TOMM. In contrast, out of 50 mild TBI cases, 13 (26%) failed the NV-MSVT and 5 (10%) failed the TOMM. Therefore, failures on the TOMM and /or on the easy NV-MSVT subtests were only found in the mild TBI group, which is contrary to what we would expect if failure on these tests reflected actual impairment. Of the 71 cases of TBI, 58 passed both the TOMM and the NV-MSVT and five failed both tests; No case failed the TOMM and passed the NV-MSVT but there were eight cases of TBI who passed the TOMM and failed the NV-MSVT. Their mean NV-MSVT profile is shown in table 3. Note that their mean PA score of 100% is much higher than their own mean DR, DRA & DRV scores, whereas the opposite pattern is seen in dementia (table 3, Green, 2008, Henry et al., 2010). All eight TBI cases passing TOMM but failing the easy NV-MSVT subtests met criteria A, B1, B2 & B3, thereby showing a poor effort profile and not a possible dementia profile. Such a profile was 100% specific in people with impairment from various types of dementia (Green, 2008; Henry et al., 2010), which means that it cannot be explained by actual impairment. 
In table 4, it may be seen that the overall NV-MSVT profile was similar in those who failed both the TOMM and the NV-MSVT and in those who failed only the NV-MSVT, in that both groups showed a pronounced drop in score from IR to DR, which was not present in those who passed both tests or in people with dementia. Both groups showed scores on DR, CNS, DRA and DRV which were consistently lower than the means observed on these subtests in the dementia patients from table 3. Whereas the dementia patients scored much lower on PA than on DR, DRA and DRV, the opposite was found in those who failed the TOMM and the NV-MSVT and also in those who failed only the NV-MSVT. Finally, both of these groups scored much higher than the dementia mean on the difficult FR subtest. Relative to dementia patients, these patterns of scores are inconsistent.  
-------------------------------------

Insert table 4 about here please

                                               -------------------------------------

Early dementia: Of the ten participants considered to be probable or possible cases of early dementia, only one failed the easy NV-MSVT subtests. In that case, none of the three B criteria were met.    
Computerized tomographic (CT) or magnetic resonance imaging (MRI):  There were four subgroups, based on passing or failing TOMM and the NV-MSVT. They were as follows. (1) Pass TOMM and pass NV-MSVT, n=203; In group 1, 81 cases had been given a CT or MRI brain scan. Intracranial abnormalities were present in 47% of these cases. (2) Pass TOMM and fail NV-MSVT, n=25;  In group 2, 8 cases were given brain scans and there were abnormalities in 3 cases (38%).  (3) Pass NV-MSVT and fail TOMM, n=1. In group 3, there was only one case and no brain scan was recorded for that person. (4) Fail TOMM and fail NV-MSVT, n=15.  In group 4, three cases out of 15 were recorded as being given a brain scan but no case had a brain scan abnormality. Most worthy of note is that, in those given brain scans, the percentage of abnormality found in the scans was 47% in those who passed TOMM and NV-MSVT but zero in those who failed both these tests. There was a significant excess of brain scan abnormalities in group 1, who passed both tests, compared with group 4, who failed both tests (t=1.62, df, 82, p<.001), which is opposite to what we would expect if failure on the NV-MSVT or TOMM were a function of brain injury.  Comparing only groups 1 and 2 with each other, there was no significant difference in the rates of brain scan abnormalities.
Discussion
In this study, more than twice as many people failed the NV-MSVT as the TOMM (table 1). Out of 244 cases given both tests, there was agreement between the TOMM and the NV-MSVT in 89.3% of cases. In the remaining 10.7% of cases, disagreement was in the direction of failing the NV-MSVT but passing the TOMM in all cases but one. The discrepancy between the TOMM and NV-MSVT results is interpreted as evidence of lower sensitivity of the TOMM than the NV-MSVT to the presence of poor effort. It is notable that nearly all cases who failed the TOMM also failed the NV-MSVT. This is consistent with the notion that the sensitivity of the NV-MSVT to poor effort is at least as high as that of the TOMM. The fact that many cases failed the NV-MSVT while passing the TOMM suggests that the NV-MSVT has higher sensitivity to poor effort than the TOMM. 
The alternative explanation is that the discrepant cases were false positives for the NV-MSVT but there are good reasons for rejecting this hypothesis. False positives for poor effort imply that the person genuinely tries their best but cannot pass the test because of severe cognitive impairment. Hence, those with the most severe impairment will have the highest rate of false positives. If failure on the easy subtests of the NV-MSVT were caused by actual brain impairment, more brain scan abnormalities would be found in those who failed the NV-MSVT than in those who passed. In fact, the opposite pattern was found. There were more CT or MRI brain scan abnormalities in those who passed the easy NV-MSVT subtests than in those who failed.  

Similarly, if severe impairment were the cause of failure on the NV-MSVT in the current TBI groups, then we would expect to find more failures in the moderate to severe than in the mild TBI group. However, the opposite was found. It is remarkable that all the failures on the easy NV-MSVT subtests were found in cases of mild TBI and that there were no failures at all in cases with moderate to severe TBI! There was only one failure out of ten in the possible dementia group and this case did not meet any of the B criteria. These results are not consistent with failure on the NV-MSVT being a function of brain injury or disease. Instead, they suggest that the cases of mild TBI who passed the TOMM and who failed the NV-MSVT were actually showing suboptimal effort and were false negatives for the TOMM. 
Another source of support for the latter cases being false negatives on the TOMM is the fact that, according to the test manual (Tombaugh, 1996), the TOMM has a false positive rate of 27% in dementia patients. In contrast, the false positive rate for the NV-MSVT in people with severe impairment from dementia was found to be zero in the studies of Henry et al. (2010), Singhal et al. (2009) and Green (2008), based on meeting all of criteria A, B1, B2 and B3. If the NV-MSVT has much higher specificity than the TOMM in cases of severe impairment, it is unlikely that the NV-MSVT has more false positives than the TOMM in the mild TBI cases of the current study.  
A major result of the current study is that, among those who passed the TOMM but who failed the NV-MSVT (n=25) all cases failed criterion B1 (table 2). That is, they all displayed a paradoxical superiority of performance on the relatively hard PA subtest compared with the mean of the easier subtests. The PA score in the latter cases was, on average, 21.7 points higher than the mean of DR, CNS, DRA & DRV. In contrast, in dementia patients from the Henry et al. (2010) study, the mean PA score was actually 23.6 points lower than the mean of DR, CNS, DRA & DRV (table 3). Those in the current study who passed the TOMM and failed the NV-MSVT were thus producing higher scores on a harder NV-MSVT subtest than on easier subtests, suggesting inconsistent effort.  

The same subjects scored slightly lower than the dementia mean on extremely easy NV-MSVT memory subtests (DR, DRA and DRV). However, they scored much higher than the dementia mean on the two most difficult subtests (table 3). Inconsistent effort is the most likely explanation of why those passing TOMM and failing the NV-MSVT scored lower than the dementia mean on relatively easy subtests but then scored higher than the dementia mean on the two subtests which are objectively the most difficult. Hence, they were probably false negatives for the TOMM. Consistent with this conclusion, 16 out of these 25 cases (64%) met all of criteria A, B1, B2 and B3, although these criteria were not met by any of the patients with severe impairment from dementia in the studies of Green (2008), Henry et al. (2010) or Singhal et al. (2009). Also, 20 out of 25 cases (80%) met at least criteria A, B1 and B2, which were found to have 95% to 100% specificity in dementia (Green, 2008; Henry et al., 2010). 
Another observation supporting the impression of poor effort in those who passed the TOMM and failed the NV-MSVT is the fact that 72% of these cases also failed the easy subtests of the MSVT and/or the WMT. Failure on the easy subtests of the MSVT indicates poor effort because, for example, children with severe TBI did not fail the MSVT (Carone, 2008) and healthy children in grades two to five very rarely failed the MSVT (Blaskewitz, Merten and Kathmann, 2008). Similarly, failure on the easy WMT subtests in the current study suggests poor effort because adults with bilateral hippocampal damage and amnesia did not fail the easy WMT subtests (Goodrich-Hunsaker & Hopkins, 2009) and nor did the vast majority of children with developmental disabilities (Green & Flaro, 2003). Even mentally retarded adults in an institution passed the WMT in 31 out of 32 cases (Brockhaus & Merten, 2004). Hence, failure on the WMT and/or the MSVT by a majority of the cases who passed the TOMM and who failed the NV-MSVT points towards poor effort. It has been shown elsewhere that cases of mild TBI who failed the WMT were not false positives (Green, Flaro & Courtney, 2009). 
Finally, the failure rate on the NV-MSVT in 217 developmentally disabled children with severe cognitive impairment was 8.7% and only 4.1% had a profile suggesting poor effort (Green, Flaro, Brockhaus & Montijo, 2010). The adults with mild TBI in the current study would not be expected to be more impaired than the latter children and yet 26% of the current mild TBI group failed the easy NV-MSVT subtests, which is three times the rate observed in developmentally disabled children. Poor effort is suggested in the mild TBI cases failing the NV-MSVT. 
In summary, the NV-MSVT offers a promising new way of discriminating between those who fail easy subtests because of poor effort and those who fail because of genuine very severe cognitive impairment (e.g. some people with dementia). In those who fail both the TOMM and the NV-MSVT there is a paradoxical profile of NV-MSVT scores which is intrinsically inconsistent and indicative of unreliable test results. The same profile was found in those who passed the TOMM but who failed the NV-MSVT. The paradoxical superiority of the PA subtest over the DR, DRA and DRV subtests in such cases is not found in people with actual severe impairment such as the dementia patients in table 3.  The paradoxical profile can only be explained in terms of inconsistent effort and unreliable test results. A higher failure rate on the NV-MSVT in mild than in severe TBI cannot be explained as anything but poor effort. Failure on the WMT and MSVT by a majority of those who passed the TOMM and failed the NV-MSVT adds to that impression. Hence, it is concluded that those who pass the TOMM and fail the NV-MSVT are true positives for the NV-MSVT. They are cases of suboptimal effort. The NV-MSVT appears to be more sensitive than the TOMM to inconsistent and suboptimal effort. 

Limitations to this study include the fact that nearly all cases had external incentives to exaggerate impairment and there were very few with an incentive to look good. Hence, we cannot directly examine the effects of external incentive on performance on the two tests. Also, we may speculate about why people failing the NV-MSVT produced paradoxical profiles of the type observed but we did not systematically ask people to explain their perception of the subtests in the NV-MSVT or to describe the strategy they were using to defeat the test. This would require a volunteer simulator study. The current analysis drew upon data from people with dementia. It would also be desirable to show that, in non-demented people with severe impairment who make a valid effort but who fail the NV-MSVT, the profile is similar to that seen in dementia. One obstacle to achieving that goal is that, other than in dementia patients, it is rare to find failure on the latter subtests arising from actual impairment, as opposed to poor effort. 
Finally, more studies of the sensitivity of the NV-MSVT to poor effort are needed. There were no simulators in this retrospective file review and Henry et al. (2010) also did not employ simulators or people known to be malingering. On the other hand, if we accept the above arguments, it is clear that the sensitivity of the NV-MSVT to poor effort is greater than that of the TOMM. These results warn against the use of the TOMM as the sole measure of effort because it would be expected to yield a high rate of false negatives for poor effort. 
Depending on the clinical context, examiners may need tests with different levels of sensitivity and specificity. Merely meeting criteria A and B1 in the current study appeared to provide high sensitivity to poor effort, whereas the same criteria had 95% specificity in dementia (Green, 2008). When maximum specificity is required, such as when testing people in whom very severe neurological disease might be present, past and current data suggest the use of all three B criteria. Independent research with these criteria would be desirable.      

Figure 1: NV-MSVT profiles from a boy with a FSIQ of 48 (top line) and several dementia patient groups.   
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 Table 1: Results on the NV-MSVT and TOMM. 

	
	Number passing easy NV-MSVT subtests: (not meeting criterion A)
	Number failing easy NV- MSVT subtests: (meeting criterion A)
	N of cases who met criterion A and also two or more of criteria B1, B2 & B3 (i.e. implausible NV-MSVT profiles)

	Passing TOMM
	203
	25
	23/25

	Failing TOMM
	1
	15
	14/15


Table 2: Criteria B1, B2 & B3 applied to NV-MSVT scores from people who passed the TOMM but failed the NV-MSVT (i.e. all met criterion A). 

	Case number
	Criterion B1:

Paradoxical profile*. 
	Criterion B2:

Easy-hard difference <20
	Criterion B3:

Std. Dev. IR, DR. CNS, DRA & DRV >=12
	Meets 

B1 & B2
	Meets any two of B1, B2 & B3

	1
	1
	1
	1
	1
	1

	2
	1
	0
	1
	0
	1

	3
	1
	1
	1
	1
	1

	4
	1
	1
	1
	1
	1

	5
	1
	1
	0
	1
	1

	6
	1
	0
	0
	0
	0

	7
	1
	1
	1
	1
	1

	8
	1
	1
	0
	1
	1

	9
	1
	1
	1
	1
	1

	10
	1
	0
	1
	0
	1

	11
	1
	1
	0
	1
	1

	12
	1
	1
	1
	1
	1

	13
	1
	1
	1
	1
	1

	14
	1
	1
	1
	1
	1

	15
	1
	1
	1
	1
	1

	16
	1
	1
	0
	1
	1

	17
	1
	1
	1
	1
	1

	18
	1
	0
	0
	0
	0

	19
	1
	0
	1
	0
	1

	20
	1
	1
	1
	1
	1

	21
	1
	1
	1
	1
	1

	22
	1
	1
	1
	1
	1

	23
	1
	1
	1
	1
	1

	24
	1
	1
	1
	1
	1

	25
	1
	1
	1
	1
	1


* Criterion B1 is met if the PA score is not at least 11 points lower than the mean of DR, CNS, DRA and DRV. In this table, ‘1’ means that the criterion has been met and ‘0’ means that it has not been met. 
Table 3: Paradoxical advantage of scores on PA compared with the mean of DR, CNS, DRA & DRV in those who passed TOMM and failed the NV-MSVT.
	
	IR
	DR
	CNS
	DRA
	DRV
	PA
	FR
	PA-(DR+CNS+
DRA+DRV)/4

	
	100
	85
	80
	55
	80
	100
	60
	+25 

	
	100
	95
	95
	45
	50
	100
	50
	+28.75

	
	95
	80
	85
	90
	60
	100
	50
	+21.25

	
	100
	75
	75
	100
	90
	100
	75
	+15 

	
	90
	80
	70
	75
	70
	90
	55
	+16.25

	
	100
	90
	90
	70
	90
	100
	40
	+15 

	
	100
	65
	65
	85
	80
	100
	80
	+26.25

	
	100
	75
	75
	90
	90
	100
	50
	+17.50

	
	100
	70
	70
	90
	90
	90
	70
	+10 

	
	100
	100
	100
	85
	60
	90
	45
	+3.75

	
	100
	90
	90
	80
	80
	100
	70
	+15 

	
	100
	50
	50
	95
	80
	100
	70
	+31.25

	
	100
	50
	50
	55
	80
	100
	50
	+41.25

	
	95
	75
	80
	70
	50
	100
	50
	+31.25

	
	100
	65
	65
	45
	60
	100
	70
	+41.25

	
	95
	85
	80
	75
	100
	100
	70
	+15 

	
	100
	40
	40
	100
	70
	100
	70
	+37.50

	
	100
	90
	90
	80
	80
	100
	40
	+15 

	
	100
	95
	95
	75
	70
	100
	30
	+16.25

	
	100
	85
	85
	100
	70
	100
	60
	+15 

	
	100
	95
	95
	50
	80
	100
	70
	+20 

	
	100
	75
	70
	70
	100
	100
	50
	+21.25

	
	100
	95
	95
	90
	40
	100
	65
	+20

	
	100
	70
	70
	85
	80
	100
	60
	+23.75

	
	100
	55
	55
	80
	90
	90
	30
	+20

	Mean of 
cases above
	99
	77.2
	76.6
	77.4
	75.6
	98.4
	57.2
	+21.7

	SD
	2.5
	16.1
	16.1
	16.7
	15.5
	3.7
	13.8
	

	Mean from 8 mild TBI cases passing TOMM & failing NV-MSVT
	98.7
	80
	80.6
	76.5
	68.7
	100
	56.5
	+23.5

	
	2.3
	17.3
	17.2
	20.1
	14.5
	-
	10.6
	

	Mean from 21 dementia patients*
	87.6
	85.7
	80.5
	85.2
	79.5
	59.1
	25.0
	-23.6

	SD
	15.1
	14.6
	18.4
	12.7
	17.5
	29.8
	16.3
	


* Data from paper by Henry et al. (2010).  

Table 4: Mean scores on each NV-MSVT subtest by failure on the TOMM and NV-MSVT.

	
	Pass  TOMM & NV-MSVT

N=203
	
	Fail  TOMM & NV-MSVT

N=15
	
	Pass TOMM /fail NV-MSVT

N=25
	
	Pass NV-MSVT/fail TOMM

N=1

	NV-MSVT subtest
	Mean
	Std. Dev.
	Mean
	Std. Dev.
	Mean
	Std. Dev.
	

	IR
	99.8%
	1.1
	95.3%
	9.4
	99.0%
	2.5
	100%

	DR
	97.6%
	7.6
	73.7%
	19.9
	77.2%
	16.1
	90%

	CNS
	96.9%
	4.8
	73.7%
	15.8
	76.6%
	16.1
	90%

	DRA
	92.7%
	8.8
	64.7%
	18.0
	77.4%
	16.7
	95%

	DRV
	96.7%
	5.8
	66.7%
	20.2
	75.6%
	15.5
	100%

	PA
	100%
	2.4
	82.0%
	23.6
	98.4%
	3.7
	100%

	FR
	68%
	17.2
	51.3%
	17.7
	57.2%
	13.8
	50%
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