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ABSTRACT 

Patients involved in litigation or seeking worker’s compensation are routinely evaluated 

to determine the presence and severity of cognitive impairment. Research has documented that 

nearly 40% of these patients attempt to feign or exaggerate cognitive impairment during 

neuropsychological examination. This particular response bias makes it difficult for 

neuropsychologists to provide valid diagnoses and recommendations. Symptom validity tests 

(SVT) are well validated tests that have been created to assess noncredible performance; 

however none of these measures are embedded within the Delis-Kaplan Executive Function 

System (D-KEFS), a popular battery of executive functioning. Overall, this study supported the 

use of embedded symptom validity testing in the D-KEFS Trail Making and Verbal Fluency 

subtests, as their conditions identified an adequate percentage of noncredible performers while 

maintaining a low rate of false-positive errors. The extent to which D-KEFS subtests may be 

used dually as an embedded symptom validity measure was directly linked to its complexity and 

difficulty, as easier tasks of executive function possessed better sensitivity and specificity rates. 

The results of this study strongly support the use of proposed cutoffs of the D-KEFS Trail 

Making and Verbal Fluency conditions, particularly those of less complexity, as they 

demonstrated the ability to accurately discriminate between credible and noncredible performers. 

Based on the findings of this study the use of these subtests is recommended, as they allow for 

dual assessment of symptom validity and executive functions. Provided that future replication is 

successful, the identified D-KEFS embedded symptom validity measures may be used to validate 

patient performance within neuropsychological examination and thus increase our confidence 

regarding diagnostic findings.  
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CHAPTER 1 

INTRODUCTION  

Clinical neuropsychology is an applied science that focuses on the relationship between 

behavioral expression and brain function (Lezak, Howieson, & Loring, 2004). This sub-field of 

psychology is relatively new and rapidly evolving.  Neuropsychologists’ role has increasingly 

expanded to forensic evaluations, which seek to validate the extent to which the patient is 

impaired through record review, clinical interview, and the administration, scoring, and 

interpretation of neuropsychological testing (Heilbronner, 2004). Radiological imaging is helpful 

in that it identifies various brain abnormalities, such as tumors, bleeds, blood clots, and massive 

neuronal loss. However, these examinations are limited in that they do not assess the presence or 

severity of cognitive impairment (Tancredi & Brodie, 2007).  Given this limitation, the heart of 

forensic neuropsychological assessment is the neuropsychological examination, which uniquely 

assesses the neurocognitive domains of intelligence, expressive and receptive language, 

visuospatial ability, mental processing speed, learning and memory, executive functions, sensory 

and motor functions, and personality characteristics of the patient.  

To assess the current state of these domains, the examinee is asked to perform tasks to the 

best of his or her ability and answer all questions honestly. The best estimates of cognitive 

abilities can only be provided when the level of best performance is reached (Lezak et al., 2004). 

Maximum potential must be assessed in order to reliably identify differences in abilities between 

cognitive domains and increase our confidence concerning their cognitive sequelae.  

Neuropsychological assessments endure vigorous statistical procedures to determine if 

reasonable criteria for validity and reliability are met. However, even the most psychometrically 

sound assessments are susceptible to poor performance put forth by the examinee (Miller, 2010). 
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Forensic neuropsychological assessments typically occur in contexts in which there may be a 

motive to feign impairment, increasing the rates at which negative response biases and poor 

performance are displayed (Boone, 2007).  

The feigning of physical, psychiatric, and cognitive symptoms is well established, as 

purposeful attempts to fake injury or impairment are commonly seen in literature, film, sports, 

military, and other sources (Bailey, Echemendia, & Arnett, 2006; Carone & Bush, 2012; Polsky, 

1997). As long as there is incentive to alter performance, feigned or exaggerated impairment will 

continue to occur. Research has confirmed that feigned cognitive impairment is a relatively 

common occurrence in neuropsychological evaluations of patients seeking financial 

compensation. The prevalence of noncredible performance is alarming, with upwards of 40% of 

all forensic neuropsychological testing being impacted by some form of negative response bias 

(Green, Rohling, Lees-Haley, & Allen, 2001; Howe, Anderson, Kaufman, Sachs, & Loring, 

2007; Larabee, 2003). Recent studies investigating patients involved in litigation or seeking 

financial compensation have reported that up to 53% of variance on neuropsychological testing 

can be explained by noncredible performance (Constantinou, Bauer, Ashendorf, Fisher, & 

McCaffrey, 2005; Green et al., 2001). Further complicating this picture is the notion that 

suboptimal effort can be intentional or incidental (Larrabee, 2007). Factors such as individual 

fatigue or environmental noise and temperature, although incidental, can alter patient 

performance and lead to inconsistent findings. Deliberate poor performance most often occurs 

within the context of a negative response bias, in which the examinee intentionally puts forth 

suboptimal performance during neuropsychological evaluation (Boone, 2007).  

Deliberate fabrication of neuropsychological symptoms is generally presented in one of 

four ways (Faust, Ahern, Bridges, & Yonce, 2012; Ferguson, 2004; Iverson & Binder, 2000). 
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The first pattern of intentional poor performance during neuropsychological evaluation entails a 

full-out fabrication of symptoms or deficits. For example, an individual suffering from a mild 

traumatic brain injury may fabricate common symptoms related to the injury in order to receive 

financial compensation. Second, patients may maintain symptoms pertaining to an injury after 

they have been resolved. This often occurs during compensation cases, in which individuals 

attempt to appear as though their past symptoms have remained constant and that they have not 

cognitively improved. Third, an exaggeration of existing symptoms may be reported. While 

these patients have endured some decline of cognitive ability, they present themselves as being 

more impaired. Finally, cognitive dysfunction can also be exaggerated by artificially inflating 

premorbid abilities, or cognitive functioning prior to injury. An example of this would be 

attempting to appear premorbidly brighter by inflating past grades or job statuses before 

enduring injury, therefore allowing for more differentiation between past and current abilities. 

Combined, these attempts are known more commonly as malingering, defined as a purposeful 

attempt to not provide credible performance.  

With such high base rates of noncredible performance occurring during 

neuropsychological testing, especially when an external incentive is present, criteria to detect 

noncredible performance are vital in order to maximize confidence of neuropsychological 

results, diagnoses and recommendations (Boone, 2007). The most often cited and widely applied 

classification currently used to identify noncredible performance in forensic neuropsychological 

evaluation was proposed by Slick, Sherman, and Iverson (1999). This classification specifies that 

noncredible performance, labeled malingered neurocognitive dysfunction, is “the volitional 

exaggeration or fabrication of cognitive dysfunction for the purpose of obtaining substantial 

material gain, or avoiding or escaping formal duty or responsibility (p. 545).” To classify a 
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patient using Slick et al. criteria, four distinct requirements are outlined. Criterion A specifies 

that a substantial external incentive must be present. Criterion B requires that evidence of 

exaggeration or fabrication of cognitive dysfunction be obtained through the use of 

neuropsychological testing and symptom validity testing. Criterion C stipulates that significant 

inconsistencies or discrepancies in the patient’s self-reported symptoms be present and suggest 

an attempt to feign cognitive deficits. Finally, Criterion D instructs that data fulfilling Criteria B 

or C are not fully accounted for by developmental, neurological, or psychiatric factors. More 

information regarding these criteria can be found in Table 1.  

Symptom Validity Testing 

Consequently, specific assessments called symptom validity tests (SVTs) have been 

developed and are consistently improved upon for the purpose of assessing the validity of an 

examinee’s cognitive profile and determining the extent to which the patient portrays credible 

performance (Miller, Millis, Rapport, Bashem, Hanks, & Axelrod, 2011). These particular 

measures specifically aim to identify individuals who have performed well below expected levels 

of cognitive functioning with regard to their presented illness or condition. SVTs are especially 

important in forensic cases, as symptom validity testing is a necessary component of a defensible 

neuropsychological assessment within legal and clinical contexts (Iverson, 2003). Failure to 

evaluate the validity of an examinee’s performance during neuropsychological evaluation can 

result in inaccurate conclusions regarding the nature and degree of impairment that has resulted 

from injury (Larrabee, 2005). The use of SVTs has increased significantly, with an estimated 

80% of neuropsychologists conducting evaluations for compensation-seeking litigants 

administering at least one SVT during cognitive assessment (Slick, Tan, Strauss, & Hultsch, 

2004). Other neuropsychologists have further identified the need for SVTs during 
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neuropsychological evaluation, stating that SVTs have become a recommended standard and 

should be a part of every neuropsychological examination (Schutte, Millis, Axelrod, & Van 

Dyke, 2011). While SVTs present themselves as another measure of cognitive functioning, their 

primary purpose is to identify if suboptimal performance has occurred during 

neuropsychological evaluation. Slick et al. criteria relies heavily on the failure of symptom 

validity tests; therefore these tests must demonstrate the distinct ability to discriminate 

examinees based on credible and noncredible performance in clinical settings (Larrabee, 2005). 

The utility of symptom validity tests is most commonly determined through sensitivity 

and specificity proportions obtained by comparing the SVT in question with a preexisting and 

established test or criterion used to discriminate between credible and noncredible performers. 

Sensitivity can best be described as the proportion of patients who are providing noncredible 

performance and are identified as doing so, while specificity rates identify the proportion of 

patients who are correctly identified as providing noncredible performance (Streiner & Cairney, 

2007). When evaluating proportional rates with regard to SVT discriminant abilities, a sensitivity 

rate of 100% indicates that the assessment correctly recognized all actual noncredible performers 

as determined by the “gold standard.” Alternatively, a sensitivity rate of 0% would mean the 

assessment failed to recognize any true noncredible performers. A specificity rate of 100% 

would indicate that the new measure accurately recognized only noncredible performers, in that 

all credible performers passed the set cut-off and were not falsely identified as providing 

noncredible performance. A specificity rate of 0% would indicate that the measure failed to 

recognize only noncredible performers, in that all credible performers failed the test and were 

falsely identified as providing noncredible performance. 
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Another discriminatory tool used to gauge the effectiveness of symptom validity tests is 

the Area Under the Curve measurement (AUC). This rate describes the accuracy of an SVT in 

reliably discriminating between credible and noncredible performing groups. The AUC 

percentage equals the rate to which randomly drawn individuals within a sample are correctly 

classified as either credible or noncredible performers. The accuracy of tests with AUCs between 

0.50 and 0.70 is low; between 0.70 and 0.90 is moderate, and above 0.90 is considered high 

(Streiner & Cairney, 2007).  

There are two main types of SVTs used in neuropsychological testing to detect 

noncredible performance, referred to as stand-alone SVTs and embedded SVTs (Ziegler & 

Boone, 2013).  Stand-alone SVTs are those designed exclusively for the purpose of assessing 

noncredible performance. Given that memory impairment is the most common symptom 

reported during neuropsychological evaluation, it is of no surprise that the most widely used 

stand-alone SVTs purport to measure this cognitive domain (Brandt, Spencer, McSorley, & 

Folstein, 1988). Two of the most common stand-alone SVTs are the Word Memory Test (WMT; 

Green, Allen, & Astner, 1996) and Test of Memory Malingering (TOMM; Tombaugh, 1996). 

While these tests appear to be difficult assessments of memory, they are relatively easy to pass in 

comparison to other neuropsychological assessments.  

The TOMM consists of two learning trials and a retention trial (Tombaugh, 1996). On 

each learning trial, the examinee is shown the same 50 pictures, with each picture being shown 

for 3 seconds. The examinee is asked to remember all pictures and, after each learning trial, is 

asked to choose each picture through a forced choice procedure. The final Retention trial is a 

delayed forced choice procedure similar to those seen during the first two trials; however the 

pictures are not shown again immediately before the forced choice procedure. According to a 
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recent poll, the TOMM is the most frequently used SVT during neuropsychological examination 

(Sharland & Gfeller, 2007). Multiple studies have found this SVT to be largely unaffected by 

age, physical and psychiatric conditions, and all but the most severe neurocognitive impairments 

(Constantinou et al., 2005; Gunner, Miele, Lynch, & McCaffrey, 2012; Iverson, Le Page, 

Koehler, Shojania, & Badii, 2007; Schroeder et al., 2013; Tombaugh, 1996, 1997, 2003). The 

TOMM primarily consists of three trials; however the best sensitivity and specificity rates have 

been obtained through analyses of the final two trials. When maintaining the desired minimum 

level of specificity for stand-alone SVTs (>90%; Boone, 2007), most studies have found a cutoff 

between ≤ 45 and ≤ 48 to result in sensitivity rates between 40-77% for Trial 2 and 57-77% for 

the Retention Trial (Greve, Bianchini, & Doane, 2006, Schroeder et al., 2013). 

Recent studies have aimed to increase TOMM sensitivity rates, as they have been found 

to be less impressive than its specificity rates (Denning, 2012; Greve, Ord, Curtis, Bianchini, & 

Brennan, 2008). Additional indices have recently been created, such as the Albany Consistency 

Index (ACI; Gunner et al., 2012). This index looks at the extent to which items are consistently 

correct or incorrect across the three trials. For example, correctly answering a particular item 

during Trial 1 and Trial 2 but incorrectly answering that same item on Trial 3 would be classified 

as an incorrect response. Preliminary findings are promising, as a cutoff of ≥ 10 inconsistent 

responses yielded increases in sensitivity rates and better discriminated between credible and 

noncredible performers in comparison to previously existing TOMM indices and cutoffs (Gunner 

et al., 2012, Schroeder et al., 2013).  

The WMT consists of six conditions: Immediate Recognition, Delayed Recognition, 

Multiple Choice, Paired Associates, Free Recall, and Delayed Free Recall (Green et al., 1996). 

Prior to the Immediate Recognition condition, the examinee is shown 20 semantically linked 
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word pairs. The list is presented twice on a computer screen at a rate of six seconds per word 

pair. The following conditions measure the degree to which examinees remembered those words 

and word pairs. During recognition trials the examinee is shown two words and asked to identify 

which word was on the original list. The Multiple Choice condition shows the first word of each 

pair and asks the examinee to identify the word that went with it, providing eight options. The 

Paired Associates condition begins by having the examiner state the first word of each pair and 

asking the patient to recall the word that went with it. The final two conditions require the patient 

to recall as many words as possible from the original list.  

Initial studies quickly demonstrated the ability of the WMT to discriminate between 

simulators who were told to perform their best and simulators who were told to feign impairment 

(Green et al., 1996). Studies have extended its validity for clinical samples, finding litigating 

patients with less severe brain injuries to perform worse than those with more severe brain 

trauma (Green, Iverson, & Allen, 1999). The discriminative ability of the WMT has been 

analyzed across several clinical populations, including those involved in workers’ compensation, 

long-term disability and personal injury claims, providing higher sensitivity rates than those 

obtained from other commonly used SVTs (Gervais, Rohling, Green, & Ford, 2004; Sollman & 

Berry, 2011). However, studies have questioned the extent to which its high sensitivity results in 

lower specificity, suggesting that the WMT be used in conjunction with other SVTs to limit 

false-positive errors (Greve, Ord, Curtis, Bianchini, & Brennan, 2008; Martins & Martins, 

2010;).  

Need for Additional SVTs 

While the use of symptom validity testing is nothing new to the field of forensic 

neuropsychology and several stand-alone SVTs are currently being utilized, research has 
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highlighted a need for more ways of assessing suboptimal performance, as using stand-alone 

SVTs alone are not sufficient (Schutte & Axelrod, 2012). According to a recent clinical 

neuropsychology consensus conference statement on neuropsychological assessment, increasing 

research efforts over the past two decades have led to more sophisticated and effective methods 

and instruments designed to detect noncredible performance (Heilbronner, Sweet, Morgan, 

Larrabee, Millis, et al., 2009). To assist in the determination of noncredible performance, several 

SVTs have been identified within pre-existing neuropsychological tests. These measures are 

more commonly referred to as embedded SVTs. While these empirically derived measures of 

symptom validity generally do not possess the relative levels of sensitivity and specificity seen 

across stand-alone SVTs, as optimal sensitivity rates are roughly > 30% for embedded measures 

in comparison to > 60% for stand-alone SVTs, they provide undeniable assistance in assessing 

noncredible performance for five distinct reasons (Schutte & Axelrod, 2012). 

First, invalid performance throughout neuropsychological evaluation may and often does 

fluctuate within and across tests. Patient performance is not constant throughout testing and one 

or two validity measures administered during a several-hour evaluation are not sufficient for 

required continuous effort monitoring, as inconsistencies cannot be measured appropriately 

(Boone, 2009). Providing multiple SVTs and embedded measures during neuropsychological 

evaluation best assesses patient performance based on the conceptualization that it occurs on a 

continuum and can vary within and across testing (Heilbronner et al., 2009). 

However, it is impractical to provide constant stand-alone SVTs throughout evaluation, 

as this would interfere with the administration of other neuropsychological instruments. This 

leads us to our second reason, in that stand-alone measures of symptom validity require 

additional allotted time during neuropsychological evaluation and therefore the extent to which 
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more are used can be impractical or unfeasible. There are limitations to the amount of time 

allotted and patient tolerance during neuropsychological evaluation (Howe et al., 2007). This 

concept is nothing new to the field, as neuropsychologists are continually being asked to “do 

more with less”, resulting in the use of abbreviated versions of well-known neuropsychological 

batteries (e.g., Wechsler Abbreviated Scale of Intelligence - Second Edition; Wechsler, 2011). 

Tests such as the WMT and TOMM can take up to 45 minutes to administer when delays are 

considered, therefore it would be impractical and inefficient to provide the examinee with 

multiple SVTs of this duration. Embedded SVTs are of a much shorter duration and allow the 

examiner to concurrently measure neurocognitive functioning, therefore giving the examiner the 

unique ability to address the needs for assessing neuropsychological functioning and noncredible 

performance simultaneously (Schutte & Axelrod, 2012). 

Third, the extent to which noncredible patient performance occurs may differ depending 

on the precise symptoms on which patients intend to perform poorly (Schutte & Axelrod, 2012). 

For example, a patient complaining of memory loss may perform poorly only on measures which 

are perceived as memory tests. As suggested by Larrabee (2003), patients rarely attempt to feign 

all disorders and symptoms. To account for the multidimensional nature of noncredible 

performance, multiple measures of symptom validity are needed. These measures need to assess 

feigned cognitive impairment within multiple cognitive domains and do so throughout the 

evaluation process. Embedded SVTs allow for the assessment on noncredible performance 

across multiple neurocognitive domains, such as memory, attention, processing speed, and 

executive functioning (Schutte & Axelrod, 2012). Further, by using embedded SVTs across 

multiple domains the ability to compare pass and failure rates across tasks is presented. 
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Fourth, multiple symptom validity tests increase the incremental validity of the 

examiner’s conclusions, indicating whether the patient was providing adequate or inadequate 

performance (Boone, 2007). This is particularly important given that neuropsychologists are 

encouraged to use Slick et al. criteria, as multiple failures on SVTs are recommended before 

concluding that noncredible performance was given. Failure on increasing numbers of symptom 

validity measures decreases the rate of false-positive identifications in credible patients while 

also revealing nonredundant information concerning patient performance (Nelson, Boone, 

Dueck, Wagener, Lu, & Grills, 2003). Impressive hit rates of 80% sensitivity and 94% 

specificity have been found in studies examining the sensitivity and specificity rates of multiple 

SVT failures (Larrabee, 2008; Victor, Boone, Serpa, Buehler, & Ziegler, 2009). Further, multiple 

studies suggest essentially 100% specificity when three or more established SVTs are failed 

(Larrabee, 2003; Meyers & Volbrecht, 2003; Victor et al., 2009). These rates support the Slick et 

al. criteria and suggest that using multiple SVTs, both stand-alone and embedded, provide better 

discriminative abilities than using one SVT alone. 

Finally, stand-alone SVTs are generally of little difficulty and may therefore be easily 

identified when compared to other measures within a neuropsychological battery  

(Schutte & Axelrod, 2012). As these tests become more apparent to the examinee they become 

more susceptible to “attorney coaching”; attorneys sometimes attempt to provide information on 

symptom validity tests so that their clients are aware of them and may choose to alter their 

response bias while completing these measures. Further, information concerning several stand-

alone symptom validity tests can easily be obtained through the internet and patients can 

therefore be coached so that they may alter their performance during examination. Attorney 

coaching has been documented, with researchers attributing this misconduct as a possible reason 
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for decreased sensitivity and clinical utility in some stand-alone symptom validity tests over the 

past several years (Gervais, Green, Allen, & Iverson, 2001). Other studies have concluded using 

similators that performance on SVTs can be easily altered by coaching (DiCarlo, Gfeller, & 

Oliveri, 2000; Suhr & Gunstad, 2000). By increasing the number of symptom validity tests 

within an evaluation, it becomes more difficult to prepare a patient to successfully feign 

cognitive impairment (Rohling & Boone, 2007). Furthermore, embedded SVTs are known to be 

less susceptible to “attorney coaching” given their proposed lower rates of face validity (Inman 

& Berry, 2002; Schutte & Axelrod, 2012).  

Embedded Symptom Validity Tests 

 Currently, validated embedded SVTs may be found in numerous neuropsychological test 

batteries, including the popular Wechsler Adult Intelligence Scale – Fourth Edition (WAIS-IV; 

Wechsler, 2008) and Wechsler Memory Scale – Fourth Edition (WMS-IV; Wechsler, 2009) 

instruments. Embedded symptom validity measures are most commonly found within standard 

memory tests, such as the WMS, given that memory impairment is the most frequently reported 

complaint in patients presenting for neuropsychological assessment and the type of cognitive 

disability most likely to be feigned during evaluation (Wiggins & Brandt, 1988). Several studies 

have examined the utility of symptom validity testing in the Wechsler Memory Scales, with 

recent studies identifying the following embedded indices: Visual Reproduction Recognition 

(VR-Rec), Logical Memory Recognition (LM-Rec), and Verbal Paired Associates Recognition 

(VPA-Rec)(Miller, 2010; Miller, Millis, Rapport, Bashem, Hanks, & Axelrod, 2011; Young, 

Caron, Baughman, & Sawyer, 2012). Past research examining the utility of these WMS subtests 

shows them to be well established and the extent to which these findings can be transferred to the 

newer WMS-IV is promising (Miller et al., 2011).  
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A recent study examined the utility of embedded SVTs within the WMS-IV to 

discriminate between intentional negative response bias individuals and simulators, finding the 

VR-Rec and VPA-Rec to best discriminate between credible and noncredible responders (Miller 

et al., 2011). Miller (2010) further studied the discriminability of several WMS-IV embedded 

SVTs in a traumatic brain injury/simulator sample. All recognition subtests were found to 

significantly differentiate between credible and questionable performance, with increasing 

sensitivity and specificity rates when combined. Furthermore, the VPA-Rec subtest was able to 

differentiate between groups by using a discriminability formula (Miller, 2010), which accounts 

for correct responses and errors. Other embedded indices within the WMS-IV Symbol Span and 

Logical Memory subtests have also been established. Using a raw score cutoff of < 14, 

preliminary findings demonstrated that the Symbol Span produced 90+% specificity and 50% 

sensitivity rates for detection of poor performance during evaluation, suggesting that this subtest 

can be used in conjunction with other SVTs to differentiate between credible and noncredible 

examinees (Young et al., 2012). Others examined which specific items on the Logical Memory 

Delayed Recognition (LMDR) biased participants toward certain responses that would make 

themselves appear significantly more impaired, using the Rarely Missed Index (RMI; Killgore & 

DellaPietra, 2000) to discriminate between those with real and feigned brain injuries. Using a 

cutoff score of < 136, specificity and sensitivity rates of 83-100% and 33-97%, respectively, 

have greatly varied (D’Amato & Denney, 2008; Killgore & DellaPietra, 2000). While promising, 

further studies need to be completed in order to observe validity rates using clinical populations. 

The California Verbal Learning Test-II (CVLT-II; Delis, Kaplan, Kramer, & Ober, 2000) 

is a commonly used measure of verbal memory that also includes a recognition component used 

as an embedded SVT. This forced choice recognition trial has generally resulted in high 
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specificity rates across multiple samples (93-96%). However, its sensitivity has been lower than 

desired (14-44%) (Bauer, Yantz, Ryan, Warden, & McCaffrey, 2005; Root, Robbins, Chang, & 

van Gorp, 2006; Williams & Jones, 2012). It has been suggested that its low sensitivity rates are 

perhaps due to a limited number of items (i.e., 16 items), leading to recommendations that all 

forced choice embedded SVTs consist of at least 25 items so that better sensitivity may be 

obtained (Wolfe, Millis, Hanks, Fichtenberg, Larrabee, & Sweet, 2010).  

The most widely used intelligence test in adult neuropsychological evaluation is the 

WAIS-IV (Wechsler, 2008). In addition to its use as a cognitive assessment, embedded symptom 

validity tests have been established within this measure, most notably the Reliable Digit Span 

(RDS; Greiffenstein, Baker, & Gola, 1994). The RDS is simply calculated by “summing the 

longest string of digits repeated without error over two trials under both forward and backward 

conditions” of the Digit Span subtest (Greiffenstein et al., 1994). This subtest has high face 

validity as a short term memory and attention task and is therefore easy to feign performance. 

Unbeknownst to patients receiving neuropsychological evaluation, performance on the Digit 

Span subtest remains relatively intact among brain injury and other neurological disease samples 

(Iverson & Tulsky, 2003).  

The RDS is among the heaviest researched embedded SVTs, with more than 20 studies 

examining the utility of this measure in the past 25 years (Schroeder, Twumasi-Ankrah, Baade, 

& Marshall, 2012). Several studies have examined the utility of RDS for identifying noncredible 

performance during forensic evaluation, showing a cutoff score of < 6 to possess specificity rates 

of 79-97% and sensitivity rates ranging from 37% to 64%, with differences attributed to 

education, severe memory disorders and mental retardation samples (Babikian et al., 2012). 

Recently, this measure has been revised in order to include the sum of longest string of digits 
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repeated without error over two trials under the sequential condition (RDS-R; Spencer, Tree, 

Drag, Pangilinan, & Bieliauskas, 2010). Using a cutoff score of <11, the RDS-R has been shown 

to possess modest increases in sensitivity rates (59%) while maintaining >90% specificity 

(Young, Sawyer, Roper, & Baughman, 2012). However, more research needs to be completed in 

order to fully establish differences between these two measures. 

Embedded SVTs also exist in the more popular measures of motor functioning, including 

the Finger Tapping Test (Spreen & Strauss, 1998). Using cutoff scores between <33 and <36 

while examining the finger tapping average of the dominant hand over three trials in a clinical 

sample, sensitivity and specificity rates were adequate at 32-67% and 86-94%, respectively 

(Arnold & Boone, 2007). Another popular motor functioning measure, Tactile Form Recognition 

(Johnson, Hsiao, & Twombly, 1995) has also demonstrated discriminative abilities when 

assessing the number of errors made during testing. A cutoff of >4 in a brain injury litigation 

group resulted in 56% sensitivity and 82% specificity (Binder, Kelly, Villanueva, & Winslow, 

2003).  

Embedded Indices within Executive Functioning Measures 

 In addition to neuropsychological assessments of intelligence and memory, measures of 

higher-order mental capacities, called executive functions, are essential during forensic 

neuropsychological evaluation (Lezak et al., 2004). This construct refers to a variety of 

fundamental cognitive skills that are controlled predominantly by the brain’s frontal lobe 

regions, including problem solving, establishing and maintaining the instructional set, inhibition 

of impulsive and perseverative responding, abstraction, cognitive flexibility or set shifting, 

concept transference, and visuomotor speed. Given that a majority of neurological impairments 
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and cognitive disorders include some impairment of the frontal lobe and its functions, executive 

functioning is one of the major constructs assessed during neuropsychological evaluation.  

Several executive functions are often feigned during forensic neuropsychological 

examinations, including visuomotor speed, sequencing, planning, set-shifting abilities, verbal 

fluency, and response inhibition (Victor, Boone, & Kulick, 2012). One commonly used measure 

of visuomotor speed, sequencing, and set-shifting abilities is the Trail Making Test (TMT; 

Reitan & Wolfson, 1985). The TMT has recently been examined by several researchers in hopes 

of establishing a component by which to discriminate between credible and noncredible 

performers (Suhr & Barrash, 2007; Sweet & Nelson, 2007). Utilizing a forensic sample to 

determine a difference in TMT scores among credible and noncredible performers, TMT Trial B 

minus Trial A discrepancies have been found to be statistically different between groups (van 

Gorp, Humphrey, Kalechstein, Brumm, McMullen, Stoddard, et al., 1999). Differences in TMT 

Trial A completion times have also shown to significantly discriminate between those with 

traumatic brain injury (TBI) and those identified as providing questionable performance, with 

cutoff scores set at > 63 seconds for Trial A resulting in perfect specificity and low sensitivity 

(17%) using a brain injury litigation sample (Iverson, Lang, Green, & Franzen, 2002). Trial B 

was also found to significantly discriminate between groups in this study (AUC = .72) when a 

cut off score was established at >199 seconds; however very few individuals failed this criterion. 

Error rates on the TMT have been suggested to be an adequate discriminant, with four or more 

errors on either trial being suggestive of negative response bias (Ruffolo, Guilmette, & Willis, 

2000). Other studies have not established differences in error rates or Trial A times, only 

observing statistically significant slower completion times on Trial B for inadequate performance 
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groups in comparison with groups of actual impairment (e.g., mild TBI; Backhaus, Fichtenberg, 

& Hanks, 2004). 

Measures of verbal fluency are also used to assess executive functions and have recently 

been subjected to symptom validity testing. A widely used test of verbal fluency and word 

generation, called the Controlled Oral Word Association Test (COWAT; Benton & Hamsher, 

1976), has demonstrated adequate sensitivity and specificity rates across studies. Backhaus et al. 

(2004), using The Slick et al. criteria to discriminate groups within a mild traumatic brain injury 

sample, found the total correct word score on the COWAT to provide excellent specificity 

(100%) yet low sensitivity (12%) at a cut-off score of <22. Raising the cutoff score in this study 

to <29 increased the sensitivity to adequate levels (48%), however, it was at the expense of 

specificity (88%), putting it barely under the recommended >90%. Others replicated this study, 

finding the total word score to best discriminate when converted to a T-score (cutoff <33), 

resulting in 34% sensitivity and 92% specificity (Curtis, Thompson, Greve, & Bianchini, 2008). 

Other researchers have looked at a number of embedded indicators existing in the COWAT, 

grouping them using Bayesian Model Averaging (Johnson, Silverberg, Millis, & Hanks, 2012). 

This study supported the use of a weighted combination of embedded SVTs in the COWAT, as 

this analysis correctly classified 78% of cases, with 67% sensitivity and 88% specificity when 

the cutoff was placed at .55. While further studies are necessary, these results support the use of 

a weighted combination of embedded symptom validity measures within measures of verbal 

fluency.  

 Another commonly used measure of executive functions with existing embedded 

symptom validity indices is the Wisconsin Card Sorting Test (WCST; Heaton, 1981). In 

examining the utility of this measure as an validity indicator in groups of simulating malingers 
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and closed head-injured patients, an analysis of categories completed and perseverative errors 

yielded 86% sensitivity and 94% specificity (Bernard, McGrath, & Houston, 1996). While this 

test’s specificity translated to clinical samples, sensitivity was assessed to be lower (20-35%) 

than initial suggestions (Greve, Bianchini, & Roberson, 2007; Larrabee, 2008). Perseveration 

and categories completed indices have also had difficulty establishing adequate sensitivity rates 

while remaining at >90% specificity (Greve, Heinly, Bianchini, & Love, 2009). Among other 

embedded SVTs developed for this measure, failure to maintain set has also been observed to be 

an indicator of noncredible performance (King, Sweet, Sherer, Curtiss, & Vanderploeg, 2002; 

Suhr & Boyer, 1999).  

 The Stroop Color Word Test (SCWT; Golden, 1978) is a popular neuropsychological 

measure of response inhibition and has been examined for concurrent usage as an SVT (Sweet & 

Nelson, 2007). A recent study found trial 1 of this measure to adequately discriminate between 

credible and noncredible performers in a known clinical sample. When cutoffs were established 

at ≥ 64 seconds, sensitivity was 55% and specificity was ≥90% (Victor et al., 2012). However, 

difficulties arose when individuals with previously existing learning disabilities or reading 

impairments were included and therefore caution should be taken when interpreting this test in 

these groups. Similar studies regarding the SCWT have failed to replicate these findings, with 

authors concluding that this instrument has minimal use in the detection of noncredible 

performers (Sweet & Nelson, 2007).  

 In summary, the sensitivity of embedded SVTs within measures of executive functions 

has been identified as being relatively low in comparison to embedded SVTs within other 

neurocognitive assessments (Greve et al., 2007; Greve et al., 2009; Victor et al., 2012). 

Discussions as to why this is the case propose individual differences, such as age and education, 
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may play a role, suggesting that too much variance may be attributed to demographic variables 

(Greve et al., 2009). Further, studies have found executive functioning tests to yield the greatest 

inconsistencies in standardized scores across normative data out of all of the major cognitive 

domains (Kalechstein, van Gorp, & Rapport, 1998). These inconsistencies make the 

establishment of embedded SVTs more difficult. It has also been suggested that measures of 

executive function are highly sensitive to brain damage and therefore patients with actual brain 

injuries may score well below proposed cut off ranges (Victor et al., 2012). Perhaps the most 

compelling of these arguments is that measures of executive function are among “the most 

genuinely difficult cognitive tasks in a neuropsychological battery” and as a result lower cutoffs 

are required to protect credible patients from falling between cut-off values (Victor et al., 2012).  

Delis-Kaplan Executive Function System 

 Suggestions have been made that embedded symptom validity measures should be 

calculated for every major test administered during neuropsychological examinations when 

possible (Baade, Heinrichs, & Soetaert, 2008). However, one of the most researched and utilized 

assessments of executive functions used in neuropsychological evaluation, the Delis-Kaplan 

Executive Function System (D-KEFS; Delis, Kaplan, & Kramer, 2001), has yet to be evaluated 

to determine its ability to discriminate between credible and noncredible performers (Baade et 

al., 2008). This is even more surprising when we consider that seven of its nine subtests are 

adaptations of preexisting measures of executive functions. While the D-KEFS has gained 

increased use as a neuropsychological measure of executive function, embedded symptom 

validity testing solely within the D-KEFS has yet to be established (Baade et al., 2008). 

However, three publications have provided a glimpse of the potential for future embedded SVTs 

within the D-KEFS. 
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A case study by Baade et al. (2008) specifically discussed the use of the D-KEFS in 

determining the credibility of patient impairment following injury. The individual in this case 

study claimed that a mild closed head injury caused by a physical altercation had resulted in 

severe memory loss and the loss of previously learned educational skills. An in-depth analysis of 

her scores obtained during neuropsychological examination indicated that her scaled scores of 1 

on the D-KEFS Trail Making subtests warranted concern, as these scores were suggestive of 

marked cognitive impairment that would be seen only after severe brain damage. Further, the 

administration of another D-KEFS subtest, Tower, had to be discontinued due to patient reports 

of unusual and extreme fatigue. While the external validity of this case study is minimal, it is one 

of the few published articles regarding the use of the D-KEFS to discriminate between credible 

and noncredible performers. 

  A recent study examined the use of WAIS-IV Block Design and D-KEFS Tower 

subtests as discriminants of credible and noncredible performance in an outpatient clinical 

population (Peck, Schroeder, Boatwright, Heinrichs, & Baade, 2011). Given that these subtests 

measure similar constructs, it was hypothesized that inconsistent performance between these 

measures would be suggestive of noncredible performance. Using the Slick et al. criteria to 

discriminate between credible and noncredible performers, standard score differences of ≥4 

resulted in 94% specificity and 30% sensitivity rates across clinical subgroups. Specifically, 

noncredible performers performed significantly worse on the WAIS Block Design subtest in 

relation to the D-KEFS Tower, suggesting that the D-KEFS Tower is more resistant to negative 

response biases than other similar tests.    

Lowe (2012) examined the extent to which the D-KEFS Tower discriminates between 

credible and noncredible performers using a non-clinical simulator sample. Participants were 
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asked to complete the D-KEFS Tower and TOMM under the pretense that they endured a brain 

injury and were having memory problems, while the control group was asked to perform their 

best. Results showed significant differences between TOMM scores but no significant difference 

between scores on the Tower, suggesting that the D-KEFS Tower may be relatively resistant to 

suboptimal performance. However, this is a non-clinical sample and only based on the failure of 

one SVT. Therefore, further research is needed to confirm the extent to which the D-KEFS 

subtest may be used to discriminate between credible and noncredible performers. 

Present Study 

 While prior research has firmly established the D-KEFS as an acceptable global measure 

of executive functions, less research has examined the extent to which this measure discriminates 

between credible and noncredible performers. Hypotheses have been suggested, as similar 

executive functioning measures have established embedded SVTs (Baade et al., 2008). However, 

little research has examined the validity of these suggestions. This is surprising, given that other 

commonly used neuropsychological batteries have recognized symptom validity indices within 

their measures (i.e., WAIS-IV, WMS-IV). Clearly, there is a need to determine if elements 

within the D-KEFS can be employed as embedded symptom validity indices to better determine 

the validity of patient performance during this battery.  

 The current study examined the use of specific D-KEFS subtests for embedded symptom 

validity testing. Patient scores on five D-KEFS subtests (Trail Making, Verbal Fluency, Design 

Fluency, Sorting, and Tower) were compared with their performance on Slick et al. criteria. 

Specifically, patients were placed into one of three criterion groups, based in part on their 

passing or failing of Slick et al. criteria (see Table 1). Using five key predictions to drive our 

analyses, the aim was to identify several D-KEFS variables that reliably differentiated between 
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credible and noncredible performers so that they may be used in forensic clinical settings in 

conjunction with malingering criterion and other established SVTs. 

First, we expected individuals identified as noncredible performers by Slick et al. criteria 

to provide fewer total responses during testing. This strategy has been observed in several studies 

involving symptom validity testing (Beetar & Williams, 1995; Sweet, 1999; Tan, Slick, Strauss, 

& Hultsch, 2002). The total number of responses was calculated for D-KEFS Verbal Fluency, 

Design Fluency, Sorting, and Tower subtests, and these calculations were analyzed to determine 

if total responses given during each subtest successfully discriminates between credible and 

noncredible performers.  

Another common method used to perform poorly during neuropsychological testing is to 

respond slowly to test items (Tan et al., 2002). Therefore, we also hypothesized that noncredible 

performers would be slower to complete timed testing and would therefore obtain higher 

completion times than credible performers. We proposed that noncredible performers would 

utilize this strategy and therefore would require significantly longer times to complete the Trail 

Making conditions.   

Third, we theorized that noncredible performers would be more likely to respond 

incorrectly to test items. This particular strategy is common within several other executive 

functions tests and we expected our findings to be consistent with those obtained from prior 

studies (Victor, Boone, & Kulick, 2012). Specifically, we expected noncredible performers to 

make more errors than credible performers on the Trail Making, Verbal Fluency, Design 

Fluency, and Tower subtests.  

Our fourth hypothesis examined the extent to which noncredible patients would complete 

testing in a manner that is inconsistent with normative cognitive performance. A common pattern 
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seen during the completion of a verbal fluency test is provision of the most responses near the 

beginning of testing with a gradual decrease in the rate of correct responses through the 

remaining allotted time. We examined the extent to which noncredible performers provided 

fewer correct responses during the first 15 seconds of the Verbal Fluency condition. We also 

examined potential differences in verbal fluency response patterns between performing groups. 

Given that the first time interval generally provides the most responses, we predicted that 

noncredible performers would provide significantly fewer correct responses during the first time 

interval of the Verbal Fluency subtest. 

Our final hypothesis consisted of an expectation for noncredible performers to be more 

easily identified as such through less complex measures of executive functioning. Victor et al. 

(2012) proposed that executive functions measures are among the most genuinely difficult 

cognitive tasks in neuropsychology and as a result do not discriminate well between noncredible 

performers and credible performers with actual cognitive impairment. This hypothesis examined 

this proposal by looking at differences in discrimination abilities between easier and harder tests 

of executive function. Based on past normative data and literature regarding executive 

functioning skills involved in D-KEFS subtests (see Delis et al., 2001), we broke D-KEFS tests 

into two groups labeled “Easier executive functioning tasks” and “Harder executive functioning 

tasks”. All harder executive functioning tasks involved some measurement of higher-order 

executive functions, primarily cognitive flexibility or problem solving. Table 2 shows the 

breakdown of D-KEFS tests by difficulty level. 

We proposed that Trail Making and Verbal Fluency conditions that involve a more 

complex level of executive functions (e.g., switching tasks) would discriminate less well 

between credible and noncredible performers than conditions that measure lower level executive 
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functions (e.g., visual scanning, motor and processing speed). Within the D-KEFS Trail Making 

subtest, Conditions 1, 2, 3, and 5 have been identified in past literature as baseline conditions, 

while Condition 4 has been identified as a higher-level task of cognitive flexibility. Based on the 

components needed to complete each condition, Condition 4 is hypothesized to be the most 

complex of the Trail Making conditions and therefore should possess the lowest discrimination 

abilities of the Trail Making conditions. Similarly, Verbal Fluency Condition 3, category 

switching, was hypothesized to be the most complex of the Verbal Fluency conditions and was 

hypothesized to possess the worst discrimination abilities of the Verbal Fluency conditions. 

Finally, we hypothesized that the Sorting and Tower subtests would have difficulty 

discriminating between credible and noncredible performers given that they require higher-order 

problem solving abilities.  
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CHAPTER 2 

METHODS 

Participants 

 This is an archival study utilizing data from 117 patients who were referred for 

neuropsychological examination to a university medical center neuropsychology clinic, directed 

by a board-certified neuropsychologist. The majority of patients (38) presented with complaints 

related to traumatic brain injury (TBI). Specifically, 22 patients had mild TBIs and 16 had 

moderate-to-severe TBIs. Because patients with mental retardation and dementia have 

neurocognitive impairment that can result in false-positive errors (i.e., inaccurately classified as 

noncredible performers) on some symptom validity measures, patients with these diagnoses were 

excluded from the final analyses. As a result the final study sample was comprised of 112 

patients. From this sample, 61 patients were male (55%) and 51 were female (45%). The average 

education in this sample was approximately two years of college (M = 13.96, SD = 2.6). With 

regard to ethnicity, 98 patients self-identified as Caucasian (88%), 8 as African-American (7%), 

2 as Native American (2%), 1 as Hispanic/Latino (1%), and 2 as Other (2%).  

Procedures 

 All patients included in this study underwent comprehensive forensic neuropsychological 

evaluations. These evaluations consisted of record reviews, clinical interviews, 

neuropsychological testing, personality testing, and symptom validity testing. While there were 

slight variations in the tests administered across neuropsychological examinations, as dictated by 

clinical need, each patient received a similar core of tests. All tests were administered according 

to standardized instructions by neuropsychology post-doctoral fellows, neuropsychology pre-

doctoral interns, or trained neuropsychology technicians working under the supervision of a 

board certified neuropsychologist.  
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Using Criteria A and B from Slick et al. criteria, patients were placed into three criterion 

groups: (1) neuropsychological outpatients who passed Criteria A and B from Slick et al. criteria, 

meaning that a clear external incentive was not present and they did not fail two or more SVTs (n 

= 37; from this point on the group will be referred to as the “Credible Clinical group”); (2) 

forensic neuropsychological outpatients who failed Criterion A yet passed Criterion B from Slick 

et al. criteria, meaning that a clear external incentive was present but they did not fail two or 

more SVTs (n = 50; from this point on the group will be referred to as the “Credible Forensic 

group”); and (3) forensic neuropsychological outpatients who failed Criteria A and B from Slick 

et al. criteria, meaning that a clear external incentive was present and they failed two or more 

SVTs (n = 25; from this point on the group will be referred to as the “Noncredible Forensic 

group”). The base rate of Noncredible performers within this sample is comparable to that 

reported in the literature (Larrabee, 2003; Mittenberg, Patton, Canyock, & Condit, 2002).  

See Table 3 and 4 for demographic information and primary diagnoses of the three clinical 

groups.  

 Stand alone and embedded symptom validity measures and their cutoffs used to 

determine noncredible performance, as required by Criterion B from Slick et al. criteria, are 

presented in Table 4. Due to clinical necessity and progression to newer test versions, not all 

patients were administered the same symptom validity tests. While sensitivity rates between 

these measures vary, their cutoffs meet necessary specificity levels in prior studies and are 

widely used in neuropsychological settings.   

Measures 

D-KEFS Trail Making. The D-KEFS Trail Making is a revision to the Trail Making 

Test (TMT; Reitan & Wolfson, 1985). Unlike its predecessor, D-KEFS Trail Making consists of 
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five conditions. The first condition, Visual Scanning, provides a quick assessment of visual 

attention and scanning abilities by having the examinee mark all target number 3’s on a page of 

randomly arranged numbers and letters. The second condition, Number Sequencing, is most 

similar to Part A of the TMT as it requires examinees to sequence numbers on a page of 

randomly arranged numbers and letters. In addition to measuring basic numerical processing, this 

condition assesses visual attention, scanning abilities and motor functions. The third condition, 

Letter Sequencing, is similar to that of the second condition, with sequencing occurring between 

letters instead of numbers. The fourth condition, Number-Letter Switching, is the primary 

executive function task of this test. By requiring the examinee to switch back and forth between 

connecting numbers and letters in sequence, higher-level skills such as cognitive flexibility, 

multitasking, simultaneous processing, and divided attention are assessed. The final condition, 

Motor Speed, measures exactly that by having the examinee quickly connect pre-linked dots. 

Normative data consists of completion times for all five conditions and total errors made during 

Condition 4. 

D-KEFS Verbal Fluency. This measure is comprised of three testing conditions: Letter 

Fluency, Category Fluency, and Category Switching. These conditions measure several higher-

level abilities, including rapid retrieval, verbal skills, cognitive flexibility, and semantic 

knowledge. For the Letter Fluency condition, examinees are given 60 seconds to generate as 

many words as they can that begin with a particular letter. Correct responses are those that begin 

with the particular letter, are not repeated, and are not the name of a person, place, or number. 

For each of the three trials, responses are totaled by summing the total correct responses for each 

15-second interval across the three trials. The second condition, Category Fluency, consists of 

two 60-second trials requiring the examinee to generate words that fit into the category given for 
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the condition and trial (i.e., Condition 2; Trial 1 – Animals, Trial 2 – Boy’s names). Correct 

responses and errors are recorded similar to that seen in the first condition. The third condition, 

Category Switching, simultaneously requires rapid retrieval from semantic knowledge and 

cognitive flexibility in shifting between two semantic categories (i.e., fruit and pieces of 

furniture). Data derived from this subtest for use in this study include correct responses per 

condition, correct responses per interval, errors per condition, total attempted responses, total 

correct responses, and switching accuracy between semantic categories.  

D-KEFS Design Fluency. This measure is composed of three conditions: Filled Dots, 

Empty Dots Only, and Switching. For each condition, examinees are presented rows of boxes, 

each containing an array of dots. The examinee is asked to create as many novel designs as 

possible within 60 seconds, creating each design with only four lines to connect the dots. For the 

Empty Dots Only condition, the examinee is asked to connect only unfilled dots while refraining 

from touching filled dots. For the final condition, the examinee is asked to draw designs by 

alternating between both filled and unfilled dots using only four lines per design. This test 

measures several executive functions, including response inhibition and cognitive flexibility. 

Data derived from these conditions for analysis in this study include total number of correct 

designs with Conditions 1 and 2, correct designs made during Condition 3, and incorrect (set-

loss) designs, repeated designs, attempted designs, and design accuracy on all three conditions. 

D-KEFS Sorting. This measure consists of two conditions: Free Sorting and Sort 

Recognition. For the first condition, the examinee is asked to arrange six cards into as many 

verbal and nonverbal groups with 3 cards to each group. In Sort Recognition, the examiner sorts 

the same cards into groups and asks the examinee to identify the concept used to sort the cards. 

This measure assesses conceptual reasoning skills, and verbal/nonverbal problem solving 
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modalities. Data derived from these conditions that will be utilized in this study include total 

number of correct sorts and correct recognitions.  

D-KEFS Tower. The D-KEFS Tower measures several key executive functions, 

including spatial planning, inhibition of perseverative and impulsive responding, rule learning, 

and maintaining set. This particular subtest is a revision to previously existing tower tests (e.g., 

Towers of Hanoi, London, and Toronto). Each item of this test begins by the examiner’s placing 

of two to five disks on the pegs in a predetermined starting position and displaying a picture of 

the tower’s ending position. The examinee is asked to create the tower using the fewest number 

of moves possible and abiding by two rules: only one disc may be moved at a time and a larger 

disk cannot be placed on top of a smaller disk. Data derived from this test that will be utilized for 

this study are the overall achievement scores. 
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CHAPTER 3 

RESULTS 

Preliminary Analysis 

After the 112 patients were divided into their appropriate groups, chi-square analyses 

were conducted to determine significant differences between criterion groups with regard to 

gender, ethnic diversity, and primary diagnosis. While a larger percentage of males were in the 

Noncredible Forensic group in comparison to those found in the Credible Forensic and Credible 

Clinical groups, gender differences between groups were found to be statistically nonsignificant, 

X2 (2, N = 112) = 2.47, p >.05. Significant differences with regard to ethnic diversity were not 

found, as the sample as a whole largely identified as Caucasian, X2 (10, N = 112) = 12.26, p >.05. 

Patient primary diagnosis was found to be significantly different across groups, X2 (40, N = 112) 

= 90.26, p <.001. However, this was expected, as the purpose for neuropsychological evaluation 

differs between clinical and forensic populations. Significant differences in patient primary 

diagnoses between Credible and Noncredible Forensic groups were not found, X2 (17, N = 75) = 

25.89, p >.05.  

ANOVA and post-hoc analyses were used to determine significant differences between 

clinical groups regarding age, number of years of education, and demographically based 

intelligence estimates [as measured by the Test of Premorbid Functioning (TOPF; Pearson 

Assessment, 2009) or Wechsler Test of Adult Reading (WTAR; Wechsler, 2001)]. Differences 

in age between groups was significant, F(2,109) = 6.21, p < .01. Post hoc analyses using the 

Dunnett C criterion indicated that the Credible Clinical group (M = 52.05, SD = 15.85) was 

significantly older than the Credible Forensic group (M = 41.74, SD = 13.25) at the .05 level of 

significance. Credible and Noncredible Forensic groups did not significantly differ with regard to 
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age. Significant differences in completed years of education were not found, F(2,109) = 2.45, p > 

.05. Demographically based intelligence estimates did not significantly differ between groups, 

F(2,99) = 1.01, p > .05. 

Correlational Analysis 

Correlation coefficients using Pearson’s product moment r were calculated between Slick 

et al. classification and all D-KEFS scales. This analysis helped determine which D-KEFS scales 

in the five subtests correlate highly with Slick et al. criteria, as moderate to high correlations 

suggests that these variables may also measure symptom validity. Table 6 contains the 

correlation coefficients and significance levels. Coefficients ranged from .00 to .50. Overall, 18 

of 29 D-KEFS variables were found to be significantly correlated with Slick et al. criteria. The 

five Trail Making conditions were found to be significantly correlated with Slick et al. criteria, 

ranging from .31 (i.e., Condition 4 – Switching) to .50 (i.e., Condition 1 – Visual Scanning). 

However, errors made during Trail Making Condition 4 were not found to be significantly 

correlated with Slick et al. criteria, r = .10. The three Verbal Fluency conditions and Slick et al. 

criteria were found to be significantly correlated, with coefficients ranging from .28 to .37. 

Accuracy during Verbal Fluency conditions was further found to be significantly correlated with 

Slick et al. criteria, r = .25. Verbal Fluency conditions were also scored by correct number of 

responses for all tests, with scores obtained for all correct responses given within each 15 second 

interval. All time intervals were found to be significantly correlated with Slick et al. criteria, 

ranging from .29 (i.e., third interval) to .39 (i.e., fourth interval). Verbal Fluency repetition 

errors, set-loss errors, and the percentage of errors per total responses were not significantly 

correlated with Slick et al. criteria, r = .00 - .17. Only one variable from Design Fluency 

conditions, total attempted responses, demonstrated a significant relationship with Slick et al. 
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criteria, r = .20. Design Fluency conditions did not significantly correlate with Slick et al. 

criteria, r = .10 - .17. Errors and accuracy scores obtained during the Design Fluency conditions 

were also nonsignificant in relation to Slick et al. criteria, with coefficients ranging from .05 to 

.09. Correct responses, r = .42, and recognition scores, r = 27, from the Sorting subtest were 

significantly correlated with Slick et al. criteria. The correlation between the Tower total 

achievement score and Slick et al. criteria was nonsignificant, r = .13. 

Analysis of Variance 

To further measure the relationship between D-KEFS scales and Slick et al. criteria and 

to determine significant differences among the three criterion groups for each D-KEFS scale, 

one-way ANOVAs with post hoc analyses were conducted. F ratios and Cohen’s d effect sizes 

can be seen in Table 7. Means, standard deviations, and Dunnett T3 test comparisons can be 

found in Table 8. For the D-KEFS Trail Making subtest, mean completion times (i.e., standard 

scores) significantly differed across the three criterion groups on Condition 1 Visual Scanning, 

F(2, 97) = 20.62, p < .001, d = .30; Condition 2 Number Sequencing, F(2, 97) = 9.56, p < .001, d 

= .17; Condition 3 Letter Sequencing, F(2, 97) = 8.93, p < .001, d = .14; Condition 4 Number-

Letter Switching, F(2, 97) = 6.16, p < .01, d = .11; and Condition 5 Motor Speed, F(2, 97) = 

9.59, p < .001, d = .16. Post hoc analyses indicated that the Noncredible Forensic group scored 

significantly lower than the Credible Forensic and Credible Clinical groups on all D-KEFS Trail 

Making Conditions. Significant mean differences between clinical groups on Condition 1 Letter 

Fluency, F(2, 108) = 9.72, p < .001, d = .15; Condition 2 Category Fluency, F(2, 108) = 13.78, p 

< .001, d = .20; and Condition 3 Category Switching, F(2, 108) = 5.10, p < .01, d = .08, of the 

Verbal Fluency subtest were found. The switching accuracy of Condition 3 was also significantly 

different between groups, F(2, 108) = 4.45. p < .05, d = .07. Post hoc analyses further indicated 
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significant mean differences between groups, as the Noncredible Forensic group performed 

significantly worse on all Verbal Fluency Conditions in comparison to the Credible Forensic and 

Credible Clinical groups. Mean differences across time intervals on the Verbal Fluency subtest 

were also found, as correct responses provided during interval 1, F(2, 107) = 11.41, p < .001, d = 

.18; interval 2, F(2, 107) = 9.27, p < .001, d = .15; interval 3, F(2, 107) = 8.56, p < .001, d = .14; 

and interval 4, F(2, 107) = 10.81, p < .001, d = .17, significantly differed across groups. Post hoc 

analyses indicated that the Noncredible Forensic group provided significantly fewer correct 

responses across all time intervals than the Credible Forensic and Credible Clinical groups. Mean 

differences across criterion groups were significant on the Design Fluency Condition 3, F(2, 98) 

= 3.62, p < .05, d = .07; however, significant differences were not seen on the combined scaled 

scores of Design Fluency Condition 1 Filled Dots and Condition 2 Empty Dots Only. 

Differences in total attempted responses across Design Fluency conditions were also found, F(2, 

98) = 3.59, p < .05, d = .07. Post hoc analyses indicated significant differences on the Design 

Fluency Condition 3 Switching measure, as the Noncredible Forensic group performed 

significantly worse than the Credible Forensic group. The Noncredible Forensic group provided 

significantly fewer attempts during the Design Conditions than the Credible Clinical and 

Credible Forensic groups. The mean number of correct responses given during the Sorting 

subtest significantly differed between groups, F(2, 59) = 6.36, p < .01, d = .18, with post hoc 

analyses indicating that the Noncredible Forensic group provided significantly fewer correct 

responses than the Credible Forensic and Credible Clinical groups. Significant mean differences 

between groups were not found on the Tower. Errors made during D-KEFS subtests failed to 

significantly differ across criterion groups.  

Receiver Operating Characteristic Curve Analysis 
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Receiver Operating Characteristic (ROC) curves were performed for each D-KEFS 

variable that significantly correlated with Slick et al. criteria and demonstrated significant mean 

differences between criterion groups (i.e., 14 variables). The purpose of using the ROC analyses 

was to examine the extent to which each variable discriminates between Credible and 

Noncredible Forensic groups. The Credible Clinical group was removed from all ROC analyses 

and instead used as a means of cross validating ROC findings. Area Under the Curve (AUC) 

values were computed as part of the ROC analyses, as this rate indices the accuracy with which 

an SVT reliably discriminates between Credible and Noncredible performing groups. Using 

Streiner & Cairney’s (2007) interpretation of AUC values, sensitivity and specificity proportions 

were only analyzed on variables that possessed a moderate to high AUC value (i.e., >.70). To 

protect Credible performers from being identified as Noncredible, cutoff scores were identified 

by examining which particular score on each variable offers the best sensitivity rates while 

maintaining adequate specificity rates (>90%; Boone, 2007). The proposed cutoffs and their 

sensitivity and specificity proportions can be found on Table 9.  

The five Trail Making conditions possessed moderately large AUC values; therefore, 

cutoffs were established. D-KEFS Trail Making Condition 1 Visual Scanning possessed the 

highest AUC value, AUC = .805, followed by Condition 5 Motor Speed (AUC = .761), 

Condition 3 Letter Sequencing (AUC = .744), Condition 2 Number Sequencing (AUC = .731), 

and Condition 4 Number-Letter Switching (AUC = .710). Table 10 shows sensitivity and 

specificity rates for various cutoff scores on five conditions of D-KEFS Trail Making.  Condition 

1 demonstrated the ability to discriminate best between Credible and Noncredible Forensic 

patients, as a standard score cutoff of 4 or less identified 48% (i.e., sensitivity) on the 

Noncredible Forensic group while only falsely identifying 7% (i.e., 93% specificity) of the 
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Credible Forensic group. The next highest sensitivity rates found among the Trail Making 

conditions, while maintaining >90% specificity, belonged to Condition 3 (cutoff of < 6, 41% 

sensitivity, 91% specificity), followed by Condition 2 (cutoff of < 2, 30% sensitivity, 95% 

specificity), Condition 5 (cutoff of < 6, 22% sensitivity, 95% specificity), and Condition 4 

(cutoff of < 1, 27% sensitivity, 91% specificity). Table 11 summarizes the detailed agreement 

between the D-KEFS Trail Making conditions and Slick et al. criteria. 

The three Verbal Fluency conditions possessed moderately large AUC values; therefore 

cutoffs were established. Table 12 shows sensitivity and specificity rates for various cutoff 

scores on three conditions of the D-KEFS Verbal Fluency Test. D-KEFS Verbal Fluency 

Condition 2 Category Fluency possessed the highest AUC value of the three conditions (AUC = 

.808), followed by Condition 1 Letter Fluency (AUC = .760) and Condition 3 Category 

Switching (AUC = .702). Verbal Fluency Condition 2 further demonstrated the best sensitivity 

(i.e., 52%) at an established cutoff (i.e., cutoff of < 5) while maintaining adequate specificity 

levels (i.e., >90%; Boone, 2007), followed by Condition 3 (cutoff of < 5, 35% sensitivity, 90% 

specificity) and Condition 1 (cutoff of < 4, 26% sensitivity, 92% specificity). For detailed 

agreement between the D-KEFS Trail Making conditions and Slick et al. criteria, see Table 13. 

Total time intervals across all three conditions were further examined and found to possess 

moderate AUC values. Standard scores based on the number of responses given during the first 

15 seconds (i.e., interval 1) of all three conditions were found to possess the best discriminatory 

abilities of the four time intervals (cutoff of < 6, 65% sensitivity, 92% specificity), followed by 

interval 4 (cutoff of < 5, 39% sensitivity, 92% specificity), interval 2 (cutoff of < 4, 30% 

sensitivity, 92% specificity), and interval 3 (cutoff of < 4, 26% sensitivity, 92% specificity). 

Sensitivity and specificity rates for various cutoff scores on the four time intervals of the D-
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KEFS Verbal Fluency Test and their agreement with Slick et al. criteria can be found on Tables 

14 and 15. 

Of the D-KEFS Design Fluency subtest, only the total number of attempted responses 

across all conditions significantly correlated with Slick et al. criteria and demonstrated 

significant mean differences across criterion groups. However, this variable failed to possess an 

acceptable AUC value, .681, and no cutoff values allowed for >90% specificity. The total 

number of correct responses provided during the D-KEFS Sorting condition also failed to 

possess a moderate AUC value, .694, while no cutoff values allowed for > 90% specificity. The 

D-KEFS Tower failed to correlate highly with Slick et al. criteria and failed to demonstrate 

significant mean differences across criterion groups. Therefore, ROC analyses were not 

performed on any Tower variables. 

Cross-Validation Analysis 

To further assess the credibility and generalizability of the newly created D-KEFS 

cutoffs, sensitivity and specificity rates on select D-KEFS scales were cross-validated using the 

Credible Clinical group (N = 37). Given that the Credible Clinical group does not have an 

external incentive to perform poorly and passed Slick et al. criteria for credible performance, few 

patients from this group should fail the proposed symptom validity cutoffs of each D-KEFS 

scale. Cross-validation analyses demonstrated adequate specificity (i.e., >90%) for 9 of the 12 

created cutoffs. Table 16 summarizes the pass, fail, and specificity rates of the D-KEFS cutoffs 

for the Credible Clinical group. Overall, Trail Making Condition 1 Visual Scanning provided the 

best specificity, failing to falsely identify any patients within the Credible Clinical group as 

Noncredible performers. Other conditions that maintained >90% specificity include Trail 

Making Condition 2 Number Sequencing (cutoff of < 2, 97% specificity), Condition 4 Category 
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Switching (cutoff of < 1, 91% specificity), Condition 5 Motor Speed (cutoff of < 6, 94% 

specificity), Verbal Fluency Condition 1 Letter Fluency (cutoff of < 4, 94% specificity), 

Condition 2 Category Fluency (cutoff of < 5, 92% specificity), Verbal Fluency interval 2 (cutoff 

of < 4, 97% specificity), interval 3 (cutoff of < 4, 94% specificity), and interval 4 (cutoff of < 5, 

92% specificity). Trail Making Condition 3 Letter Sequencing, Verbal Fluency Condition 3 

Category Switching, and Verbal Fluency interval 1 failed to maintain adequate specificity rates 

during the cross-validation process.  

Further analyses altered cutoffs for scales that failed to maintain adequate specificity 

during the cross-validation process. When the Verbal Fluency interval 1 cutoff was changed 

from < 6 to < 5 (43% sensitivity, 94% specificity), its specificity rates within the Credible 

Clinical group rose from 84% to 94%. When Trail Making Condition 3 cutoff was changed from 

< 6 to < 5 (36% sensitivity, 91% specificity), the result was an increase in specificity within the 

Credible Clinical group (from 88% to 91%). When Verbal Fluency Category Switching 

condition cutoff was changed from < 5 to < 4 (22% sensitivity, 92% specificity), the result was 

an increase in specificity within the Credible Clinical group (from 89% to 94%). 

Exploratory Analysis 

In an attempt to further increase sensitivity and specificity proportions, various D-KEFS 

scales were combined and analyzed using Credible and Noncredible Forensic samples. Table 17 

lists the combined scales, cutoffs, and sensitivity and specificity proportions. Trail conditions 

were combined, with Condition 1 Visual Scanning and Condition 2 Number Sequencing 

providing an AUC of .783. With a cutoff placed at < 9, 43% sensitivity and 93% specificity was 

obtained. Condition 1 was further paired with Condition 3 Letter Sequencing, AUC = .793, 

Condition 4 Number-Letter Switching, AUC = .783, and Condition 5 Motor Speed, AUC = .805. 
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With a cutoff of < 9 on Condition 1/Condition 3 and Condition 1/Condition 4 combinations, 38% 

and 33% sensitivity and 93% and 90% specificity were obtained, respectively. Condition 1 and 

Condition 5 cutoff of < 12 resulted in 43% sensitivity and 93% specificity. Condition 2 and 

Condition 3 provided an AUC of .763, as a cutoff of < 10 reliably identified 38% on Noncredible 

performers with 90% specificity. Condition 2 paired with Conditions 4 (cutoff of < 5) and 5 

(cutoff of < 11) resulted in AUC values of .743 and .761, respectively. Sensitivity among these 

combined conditions was 28% with 90-93% specificity. Conditions 3 and 4 resulted in the lowest 

AUC value of the Trail Making combinations, .725, as a cutoff of < 6 maintained 33% sensitivity 

and 93% specificity. Condition 3 and Condition 5 combined for an AUC of .774, as a < 10 cutoff 

provided 28% sensitivity and 93% specificity. Condition 4 and Condition 5 resulted in an AUC 

of .743, with 24% sensitivity and 98% specificity using a cutoff of < 7. 

Combined Verbal Fluency conditions were analyzed using ROC procedures. Verbal 

Fluency Letter and Category conditions resulted in an AUC of .802, as a cutoff of < 9 reliably 

accounted for 30% of Noncredible performers with 94% specificity. A combined cutoff of < 10 

on Condition 1 Letter Fluency and Condition 3 Category Switching resulted in 30% sensitivity 

and 96% specificity (AUC = .740). Condition 2 Category Fluency and Condition 3 resulted in an 

AUC value of .761, as a cutoff of < 10 maintained 30% sensitivity and 94% specificity. 

Combined Verbal Fluency interval scores were examined, as a combined standard score 

cutoff of < 11 on intervals 1 and 4 provided an AUC of .797 and sensitivity and specificity rates 

of 48% and 94%, respectively. Intervals 1 and 3 were also combined, as a cutoff of < 11 resulted 

in an AUC of .802 and 48% sensitivity and 94% specificity within the Forensic samples. 

Intervals 1 and 4 resulted in an AUC of .797, with 48% sensitivity and 94% specificity obtained 

using a < 11 cutoff. Using a cutoff of < 8 on combined intervals 2 and 3, 22% sensitivity and 
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94% specificity was obtained (AUC = .769). Intervals 2 and 4 obtained an AUC of .752, as a 

cutoff of < 10 resulted in 35% sensitivity and 92% specificity. Intervals 3 and 4 maintained 35% 

sensitivity and 92% specificity using a cutoff of < 9 (AUC = .774). 

 By examining the total number of failures for each patient across all 12 proposed D-

KEFS cutoffs (see Table 16), analyses were also conducted to examine the extent to which 

multiple failures on the newly proposed D-KEFS cutoffs would impact sensitivity and specificity 

proportions in the Forensic samples. Failing three or more D-KEFS cutoffs resulted in 94% 

specificity, with only four Credible Forensic patients failing three or more D-KEFS cutoffs. 

Failing 6 or more D-KEFS cutoffs resulted in 98% specificity, as only one Credible Forensic 

patient was wrongly identified. Examining multiple failures among the D-KEFS variables that 

presented the largest effect sizes with regard to mean differences between Credible and 

Noncredible Forensic groups, two or more failures found among the Trail Condition 1 Visual 

Scanning, Verbal Fluency Condition 2 Category Fluency, and Verbal Fluency interval 1 cutoffs 

possessed 94% specificity. Failing all three of these measures resulted in 98% specificity, as only 

one Credible Forensic patient was wrongfully identified as Noncredible. 

 Our final analysis sought to examine differences in performance patterns between 

criterion groups on Verbal Fluency correct responses per time intervals. To best determine 

response patterns per group, paired-sample t-tests were performed looking at total responses per 

time interval across all three Verbal Fluency conditions. Given that we wanted to examine 

differences in response production across intervals, raw scores were instead examined (a scaled 

score of 6 on interval 1 and 4 would indicate different raw values – see Figures 1 and 2). Within 

the Verbal Fluency Letter condition, the Credible Clinical group demonstrated significant decline 

in the number of correct responses from the first time interval to the second, t(36) = 16.10, p < 
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.001, from the second to the third, t(36) = 7.17, p < .01, and from the third to the fourth, t(36) = 

2.65, p < .01. The Credible Forensic group demonstrated a similar decline in the number of 

correct responses after the first interval; from the first to the second, t(46) = 18.15, p < .001, from 

the second to the third, t(46) = 5.20, p < . 001, and from the third to the fourth, t(46) = 5.42, p < 

.001. While the Noncredible Forensic group produced significantly fewer correct responses 

during each time interval, this response pattern was also found in the Credible Clinical and 

Credible Forensic groups (see Figure 1). Specifically, significant declines in number of correct 

responses were observed from the first time interval to the second, t(22) = 11.94, p < .001, from 

the second to the third, t(22) = 4.74, p < .001, and from the third to the fourth, t(22) = 3.96, p < 

.001. Standard score differences, by criterion group, across the Verbal Fluency time intervals can 

be found on Figure 2. 
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CHAPTER 4 

DISCUSSION 

The present study examined the utility of five specific D-KEFS subtests (Trail Making, 

Verbal Fluency, Design Fluency, Sorting, and Tower) for use as embedded symptom validity 

tests. Patients were placed into one of three criterion groups, based in part on passing or failing 

Slick et al. criteria. Using five key predictions to drive our analyses, we aimed to identify D-

KEFS variables that reliably discriminate between Credible and Noncredible performers, and 

may therefore be used in future neuropsychological practice in conjunction with other symptom 

validity tests.  

Our first prediction was that Noncredible Forensic patients would provide significantly 

fewer total responses than patients who performed credibly. Specifically, we examined 

differences in total responses within the D-KEFS Verbal Fluency, Design Fluency, Sorting, and 

Tower subtests. Noncredible Forensic patients tended to provide fewer responses across the 

Verbal Fluency conditions in comparison to Credible Forensic and Credible Clinical patients. 

Similar findings were observed across Verbal Fluency intervals, as Noncredible Forensic 

performers tended to provide fewer correct responses throughout the entire duration of each task. 

Added complexity within our Design Fluency, Sorting, and Tower subtests did not allow for 

accurate discrimination of Credible and Noncredible groups, as both groups performed poorly on 

the majority of these measures. 

Our second prediction was that Noncredible performers would complete the D-KEFS 

Trail Making conditions in a slower manner, resulting in more time needed to complete each 

condition. This prediction was based on malingering strategies proposed by Tan et al. (2002) and 

symptom validity research pertaining to the Trail Making Test (Sweet & Nelson, 2007). Large 
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differences in scores along these five conditions were observed, as Noncredible performers took 

much longer, on average, to complete each task. While the Credible Clinical and Credible 

Forensic groups scored, on average, within the average range on each condition, the Noncredible 

Forensic group scored well below average. Discrimination abilities were also found within these 

conditions, as established cutoffs allowed for a respectable number of Noncredible performers to 

be identified without increasing the rate of false-positive identification. Furthermore, each of the 

D-KEFS Trail Making conditions maintained necessary specificity through cross-validation. Of 

note was the Trail 1 Visual Scanning condition, which maintained 100% specificity through 

cross validation procedures, a remarkable feat that speaks to its potential to be used concurrently 

as an embedded symptom validity measures. 

Our third prediction was based on a strategy commonly employed by existing symptom 

validity measures, in that we expected Noncredible performers to provide more incorrect 

responses, or errors, than Credible performers. The results of this study do not support the use of 

D-KEFS error rates as embedded symptom validity indices, as Noncredible Forensic patients, on 

average, demonstrated similar error rates to those seen from Credible performers across the 

examined D-KEFS subtests. Given that Noncredible Performers tended to provide fewer rather 

than more inaccurate responses on the Verbal Fluency and Design Fluency subtests overall, these 

accuracy rates were further analyzed. These rates also failed to significantly differ across 

criterion groups, suggesting that regardless to the number of items provided, errors rates did not 

differentiate criterion groups. 

Our fourth hypothesis examined the extent to which Noncredible patients’ response 

patterns during the Verbal Fluency subtest were inconsistent with the normative cognitive 

performance observed with Credible performers. A common response pattern with verbal 
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fluency tests is provision of the most responses near the beginning of the test with a gradual 

decline in the rate of correct responses through the remaining allotted time. Therefore, we should 

see the most responses provided during the first 15 seconds of each Verbal Fluency condition, 

followed by a gradual decline of performance across the remaining three 15 second intervals.  

The current study supports this hypothesis, as clear differences in the number of correct 

responses across time were observed. Noncredible performers, on average, provided significantly 

fewer responses in each 15 second time interval than did their Credible counterparts. Looking 

across total responses on all Verbal Fluency conditions by time intervals, results suggest that 

Noncredible performers provided significantly fewer responses during the first time interval, 

with gradual decreasing numbers of responses with each continuing time interval, all of which 

evidenced significantly fewer responses than those recorded within Credible Clinical and 

Credible Forensic groups. These results on DKEFS Verbal Fluency subtests are consistent with 

results found within other pre-existing verbal fluency measures (e.g., COWAT; Demakis, 1999; 

Silverberg et al., 2008). Specifically, Noncredible performers with external incentive tend to 

provide fewer correct responses throughout verbal fluency measures in comparison to Credible 

performers. 

While these results support the use of the number of correct responses across intervals to 

discriminate between Credible and Noncredible performers, response patterns across criterion 

groups did not significantly differ. All patients regardless of criterion group generally provided 

the most responses during the first 15-second interval of each Verbal Fluency condition. 

Following the first interval, a gradual decline in correct responses was noted for each criterion 

group. These results do not duplicate the findings of a recent study with another commonly used 

verbal fluency measure, which found that simulated malingerers’ output declines less between 
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the first and second time intervals when compared with a credible control group (Silverberg et 

al., 2008). 

Our final prediction was that Noncredible performers would be more easily identified as 

such through easier measures of executive functioning. This prediction was based on work by 

Victor et al. (2012), who proposed that difficult cognitive tasks would have poorer 

discriminability between Credible and Noncredible performers. This hypothesis was strongly 

supported in the current study, as clear differences in discrimination abilities were observed 

between the easier and harder tasks of executive functions. Among the subtests, the easier Trail 

Making and Verbal Fluency conditions possessed better discriminability than the more complex 

Sorting and Tower subtests. Differences in discrimination abilities within subtests of the same 

domain were also directly linked to the complexity of each condition, as the easier Trail Making 

and Verbal Fluency conditions better discriminated between Credible and Noncredible 

performers than did the more difficult conditions within those domains.  

Trail Making Conditions 

Large differences in scores on the five Trail Making conditions were observed, as 

Noncredible performers with external incentive to feign impairment took much longer, on 

average, to complete each task. While the Credible Clinical and Credible Forensic groups scored 

on average, within the average range of norms on each condition, the Noncredible Forensic 

group scored well below average ranges. This would indicate that Noncredible performers tend 

to perform poorer than those with actual cognitive impairment on Trail Making conditions. All 

Trail Making conditions adequately discriminated between Credible and Noncredible 

performers, as proposed cutoffs allowed for a respectable number of Noncredible performers to 

be identified while still remaining cautious regarding false-positive identification. Sensitivity 
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proportions ranged from 27% for Trail Making Condition 4 Number-Letter Switching to 48% for 

Trail Making Condition 1 Visual Scanning. At 48% sensitivity and 93% specificity, Trail 

Making Condition 1 appears to be the best discriminant for valid performance among the Trail 

Making conditions. Trail Making Condition 1 identified nearly half of the Noncredible Forensic 

group as providing invalid performance; a sensitivity proportion comparable to other commonly 

used embedded SVTs (Babikian et al., 2012; Miller, 2010). Further, each of the D-KEFS Trail 

Making conditions maintained desired specificity through cross-validation. Of note was 

Condition 1, which maintained 100% specificity for the Credible Clinical group by failing to 

falsely identify any patients as Noncredible performers. This percentage is notable and speaks to 

the potential capabilities of Trail Making Condition 1 to identify noncredible performance in 

neuropsychological examinations. This type of specificity, coupled with high sensitivity in 

comparison to other embedded symptom validity measures suggests that Trail Making Condition 

1 may be utilized to identify feigned performance in conjunction with other SVTs.    

Among the D-KEFS Trail Making subtests, Condition 4 Number-Letter Switching 

resulted in the lowest AUC value of the five conditions. Condition 4 also provided the lowest 

sensitivity rate of the Trail Making conditions, while maintaining the required rate of specificity. 

While other efficient D-KEFS Trail Making cutoffs ranged from < 2 to < 6, Condition 4 

proposed a standard score cutoff of < 1. This is the lowest possible score obtainable on Condition 

4, yet only 27% of Noncredible performers were recognized while 9% of Credible performers 

were recognized as performing noncredible. These results suggest that, given the relatively low 

scores obtained by several patients in all three criterion groups, Trail Making Condition 4 does 

not appear to be a useful measure for discriminating between Credible and Noncredible 

performers. 
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While no research pertaining to the symptom validity capabilities of the D-KEFS Trail 

Making conditions has been previously done, our results partly support research conducted on 

another Trail Making task, the TMT (Iverson et al., 2002; Sweet & Nelson, 2007). The TMT has 

been found to significantly discriminate between credible and noncredible performers, 

particularly in its less complex Trial A task. This trial is most similar to D-KEFS Trail Making 

Conditions 2 and 3, which were also found to significantly discriminate between performing 

groups. In this study, Trail Making Conditions 2 and 3 were found to possess better sensitivity 

rates than those obtained for TMT Trail A (Iverson et al., 2002).  

Error rates on the TMT have been examined as a measure of symptom validity, with 

cutoffs resulting in adequate specificity rates yet lower than desired sensitivity rates (Ruffolo et 

al., 2000). Somewhat consistent with this, errors made within the D-KEFS Trail Making 

Condition 4 Number-Letter Switching failed to significantly differ between criterion groups. 

Other studies have further aimed to identify errors on trail making tests as a measure of symptom 

validity; however, inadequate sensitivity and specificity rates have been obtained across various 

clinical populations (Backhaus et al., 2004; Sweet & Nelson, 2007). Based on the inability of 

past research and this current study to find consistent differences in error rates between 

performing groups among various Trail Making tasks, errors made during the D-KEFS Trail 

Making subtest do not appear to be an adequate indicator of noncredible performance. 

Discrimination abilities within the Trail Making conditions appeared to correlate with the 

complexity of each measure, as the less complex Trail Making conditions provided better 

discriminative abilities. Trail Making Condition 1 is among the less complex Trail Making 

conditions and provided the best sensitivity, specificity, and cross validation specificity rates of 

all D-KEFS measures. Conversely, the most complex condition of the Trail Making subtest, 
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Condition 4, provided us with the worst discriminative abilities of the Trail Making conditions. 

These differences in symptom validity capabilities coincide with predictions made based on 

research by Victor et al. (2012). Specifically, it was proposed that difficult cognitive tasks do not 

discriminate between Credible and Noncredible performers as well as less complex tasks of 

cognitive abilities. Differences in discrimination abilities among the Trail Making conditions 

were partially based on the level of complexity in each condition. This finding supports the 

hypothesis that tasks which require higher level executive functioning skills, such as cognitive 

flexibility or problem solving, would fail to achieve the same level of discriminative ability seen 

on lower-level executive functioning measures. 

Our results further suggest that less complex measures are better able to identify 

Noncredible performers as they allow for more differentiation of scores between groups. Patients 

with actual cognitive impairment tend to perform within average to below average ranges on less 

complex measures of executive function, allowing for clear differences to be seen between 

Noncredible performers who perform more than two standard deviations below normal levels. 

Conversely, executive functioning measures of high complexity tend to result in extremely poor 

performance by both Noncredible patients and those with actual cognitive impairment.  

Verbal Fluency Conditions 

Significant mean differences between Credible and Noncredible performers were 

observed on the D-KEFS Verbal Fluency conditions, as Noncredible Forensic patients tended to 

provide fewer responses across conditions in comparison to Credible Forensic and Credible 

Clinical patients. Using Verbal Fluency conditions to discriminate between Credible and 

Noncredible performers, cutoffs with adequate sensitivity and specificity were established. 

Condition 2 Category Fluency provided the best discriminative abilities among the Verbal 
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Fluency conditions, reliably identifying 52% of Noncredible performers while maintaining low 

false-positive percentages. Conditions 1 Letter Fluency and 3 Category Switching also provided 

significant differences between performance groups, with cutoffs identifying 26-35% of 

Noncredible performers. Cross validation of these cutoffs were then established using a Credible 

Clinical sample, with two of three proposed cutoffs maintaining the desired level of specificity 

(>90%). Condition 3, the most complex task of the Verbal Fluency conditions, failed to pass 

adequate specificity standards with a cutoff of < 5. When this cutoff was altered to < 4, cross 

validation was accomplished; however, its sensitivity in the Forensic sample decreased from 

35% to 22%. 

These results are comparable to past studies with another commonly used verbal fluency 

measure, the COWAT (Backhaus et al., 2004; Demakis, 1999; Silverberg et al., 2008). 

Specifically, those studies found malingerers to provide fewer correct responses during each 

verbal fluency trial in comparison to a group that provided credible performance. This study 

replicated these findings utilizing a clinical sample, finding noncredible performers to provide 

fewer correct responses than credible performers with actual impairment throughout verbal 

fluency conditions. By examining correct response production with the D-KEFS Verbal Fluency 

subtest, reliable attempts may be made in conjunction with other symptom validity measures to 

correctly identify forensic patients with external incentive to feign impairment during 

neuropsychological examination.  

 However, the COWAT best resembles Verbal Fluency Condition 1 Letter Fluency, not 

Condition 2 Category Fluency or Condition 3 Category Switching. Comparable research 

pertaining to these conditions and their ability to discriminate between Credible and Noncredible 

performers has not been conducted. In the current study, interesting patterns emerged. While all 
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of these conditions share many of the same cognitive demands, Condition 1 is unique in that it is 

a phonemic fluency task while Condition 2 is a semantic fluency task. The retrieval of words 

from a more familiar, overlearned category, such as Condition 2 (i.e. animals) has been found to 

be an easier and less effortful task than the retrieval of words that start with a particular letter, 

such as Condition 1 (Delis et al., 2001). While focal brain damage to temporal lobe regions may  

cause impairment that makes Condition 2 a more difficult task than Condition 1, for most 

individuals Condition 2 is easier. Condition 3, by contrast, is thought to be the most difficult of 

all three conditions, as it requires higher-order switching abilities. Individuals with genuine 

cognitive impairment demonstrated these expected differences in this study and performed, on 

average, better on Condition 2 than Conditions 1 and 3. While the Noncredible Forensic group 

performed significantly worse on all three conditions, they performed best, on average, on 

Condition 3. These findings are inconsistent with literature pertaining to verbal fluency tasks and 

their related cognitive demands, as adding more higher-order cognitive skills should not result in 

better performances.  

Given the finding that Noncredible Forensic patients performed best on Condition 3, one 

must question its ability to discriminate between Credible and Noncredible performers. As 

predicted, the less complex conditions of the Verbal Fluency subtest better discriminated 

between Credible and Noncredible performers. Condition 3 Category Switching, deemed the 

most complex of the Verbal Fluency conditions, yielded an AUC value, .702,  just above 

recommended levels (i.e., >.700) and failed to obtain the same level of discrimination ability 

observed from Verbal Fluency Conditions 1 and 2. Differences in scores between criterion 

groups on Condition 3 were minimally significant and low effect sizes were obtained. Cross 

validation findings did not support the use of Condition 3 to identify Noncredible performers, as 
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its cutoff of < 5 failed to reach >90% specificity within the Credible Clinical sample. Condition 

3’s proposed cutoff was then lowered to < 4 to allow for >90% specificity to be reached within 

cross validation; however, its sensitivity within the Forensic sample dropped to 22%. These 

findings indicate that Verbal Fluency Condition 3 has weaker discrimination capabilities than the 

other Verbal Fluency conditions. Among the Verbal Fluency subtests, Conditions 1 and 2 appear 

to best discriminate between Credible and Noncredible performers among Verbal Fluency 

conditions, while Condition 3 should not be used to discriminate between performing groups.  

Verbal Fluency Intervals 

We further examined the Verbal Fluency subtest to assess the extent to which the 

response patterns of Noncredible performers on the Verbal Fluency subtest were inconsistent 

with normative patterns demonstrated by Credible performers. A common response pattern seen 

on verbal fluency tests is the provision of the most responses near the beginning of the test, with 

a gradual decline in the number of correct responses given throughout the remaining allotted 

time. We expect to see the most responses given during the first 15 seconds of each Verbal 

Fluency condition, followed by a gradual decline in the number of responses given across the 

remaining three 15 second intervals.  

Results of this study partially support this hypothesis, as clear differences in the number 

of correct responses over time were found. Noncredible performers, on average, tended to 

provide significantly fewer responses during each time interval than their Credible counterparts. 

This difference between correct responses in each time interval was significant across all Verbal 

Fluency conditions. These findings are consistent with  previous research with existing verbal 

fluency measures (i.e., COWAT; Demakis, 1999; Silverberg et al., 2008). Similar to the pattern 

of responding previously found with the COWAT, this study found Noncredible performers with 
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external incentive to provide fewer correct responses throughout all D-KEFS Verbal Fluency 

intervals than Credible performers. 

While these results support the use of differences in the number of correct responses 

across intervals to discriminate between Credible and Noncredible performers, response patterns 

across criterion groups did not significantly differ. All patients regardless of criterion group 

generally provided the most responses during the first 15-second interval of each Verbal Fluency 

condition. Following the first interval, a gradual decline in correct responses was noted for each 

criterion group. These results fail to duplicate the results found in a recent study involving the 

COWAT, which found that the fluency output of simulated malingerers declined less between 

the first and second time intervals compared to a credible control group (Silverberg et al., 2008). 

In that study, the simulated malingerers demonstrated a pattern of responding that was 

inconsistent with normative patterns. In our study, the Noncredible performers’ pattern of 

responding was consistent with normative patterns. However, Noncredible performers provided 

fewer correct responses during each interval in comparison to Credible performers, indicating 

that they suppressed answers throughout the entire 60 seconds of each condition.  

Design Fluency Conditions 

The Design Fluency conditions failed to demonstrate the degree of discriminability found 

in the Trail Making and Verbal Fluency conditions. While Noncredible Forensic patients 

performed worse on the Design Fluency conditions, differences in performance were not 

significant enough to reliably differentiate them from Credible performers.  This appears to be 

the first study to attempt to identify embedded symptom validity components in the D-KEFS 

Design Fluency subtest. However, a comparable nonverbal fluency measure, the Ruff Figural 

Fluency Test (RFFT; Ruff, 1988), has been examined (Demakis, 1999). In that study the RFFT 
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was found to reliably discriminate between simulated malingerers and healthy controls. Our 

study did not replicate these findings as neither the number of correct designs nor the number of 

errors made significantly differed between criterion groups. These results in the Design Fluency 

conditions are similar to those found in the Verbal Fluency conditions; the error rates in both 

verbal and nonverbal fluency did not adequately identify noncredible performance. While further 

studies are encouraged, the results of this study do not support the use of the D-KEFS Design 

Fluency as an embedded measure of symptom validity. 

Sorting Test 

While the Noncredible Forensic group performed significantly poorer on the D-KEFS 

Sorting subtest, proposed cutoffs that maintained adequate specificity could not be established. 

Our findings indicate that while Noncredible performers provided, on average, fewer correct 

sorts than their Credible counterparts, many of the Credible patients performed below the 

average of the Noncredible group’s performances. Adequate cutoffs could not be established, as 

any cutoffs resulted in several Credible performers being falsely identified as Noncredible 

performers. These findings are consistent with recent symptom validity research with another 

sorting test, the WCST. While initial studies adequately demonstrated the ability of the WCST to 

discriminate between simulating malingers and healthy controls (see Bernard et al., 1996), recent 

studies have had difficulty translating WCST’s discriminative success to clinical samples (Greve 

et al., 2007; Greve et al., 2009). Comparable to our findings with D-KEFS Sorting, the number 

of correct sorts on the WCST has not demonstrated useful sensitivity and specificity levels. 

The inability for D-KEFS Sorting to reliably discriminate between Credible and 

Noncredible performers supports our hypothesis that difficult executive functions tests would not 

prove as useful in identifying Noncredible performers as the less complex executive function 
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measures. Sorting requires higher-level problem solving abilities, making it a difficult task for 

those with actual cognitive impairment. Furthermore, sorting tasks are known to be frustrating 

and lengthy to administer (Delis & Kramer, 2004; Smith-Seemiller, Franzen, & Bowers, 1997). 

These characteristics of the test may result in increased fatigue and poorer performance across all 

neuropsychological patients, making it more difficult to identify differences in performance 

between Credible and Noncredible performers.  

Tower Test 

Similar findings were observed on the Tower subtest, as Noncredible Forensic patients’ 

total achievement scores were within normal ranges, on average, and not significantly different 

from scores obtained across the Credible Forensic and Credible Clinical criterion groups. These 

results are consistent with findings by Lowe (2012), as significant differences between Credible 

and Noncredible performance on the D-KEFS Tower were not found. Further, both studies found 

Noncredible performers to provide better performance on the Tower in relation to other measures 

of similar cognitive demands. Based on the results of this study and its consistency with past 

studies, the higher-level problem solving abilities required in order to perform well on the Tower 

likely make it difficult to concurrently measure symptom validity.  

Error Rates across D-KEFS Subtests 

Our results largely failed to support the use of error rates on the D-KEFS subtests as a 

means for discriminating between Credible and Noncredible performers. Of all of the variables 

that track incorrect responses or errors, spread out across the Trail Making, Verbal Fluency, and 

Design Fluency subtests, none were able to significantly correlate with Slick et al. criteria. 

Furthermore, Credible Clinical and Credible Forensic performers often made more errors than 

Noncredible Forensic performers across these three subtests, suggesting that Noncredible 
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performers may not utilize this error-based strategy on D-KEFS subtests. Given that Noncredible 

performers were found to provide fewer overall responses on the Verbal Fluency and Design 

Fluency subtests, accuracy rates were examined. However, accuracy rates failed to significantly 

differ across criterion groups, demonstrating that regardless of the number of items provided, 

errors did not significantly differentiate between criterion groups. 

Contrary to past studies that observed increases in errors on executive function measures 

among noncredible performers or malingering simulators, the present study did not observe the 

use of such strategies among a Noncredible Forensic sample (Sweet & Nelson, 2007; Victor et 

al., 2012). This may have occurred because of the low face validity of these measures. 

Specifically, it may be difficult for patients to identify the constructs being assessed during 

particular D-KEFS measures; therefore they may not identify an incorrect response as being 

related to a symptom of their feigned impairment.  Another reason for the lack of discrimination 

of D-KEFS error rates may be a perception that this method of Noncredible performance is too 

audacious. Slowing down during testing may be easier and appear more normative during testing 

than answering incorrectly. The Noncredible patient may perceive answering incorrectly on these 

tasks as increasing the risk that they would be identified as providing feigned impairment.  

Strengths of the Study 

This study has several strengths. The sample consisted of forensic patients who 

completed neuropsychological testing, with a percentage of noncredible performers comparable 

to global prevalence rates. Rather than utilize a healthy control group, this study used a complex 

real-world clinical situation to discriminate between malingers and those with actual 

neurocognitive impairment who gave credible performances. This study adds to the literature by 

establishing cutoffs scores for noncredible performers in a popular and commonly used battery 
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of executive functions, the D-KEFS. Sensitivity and specificity rates obtained across the Trail 

Making and Verbal Fluency subtests are respectable and show promise as embedded SVTs. 

Towards that end, cross validation techniques were used, increasing the generalizability of these 

newly proposed D-KEFS embedded SVT cutoffs for both clinical and forensic 

neuropsychological samples. The results of this study are consistent with past studies and 

hypotheses found within peer-reviewed publications.  

Limitations 

Caution is in order with regard to the use of the proposed D-KEFS embedded SVTs in 

populations known to perform poorly on the D-KEFS subtests, including individuals with 

intellectual deficits or dementia. Including these individuals in any analysis would lower 

specificity rates and increase false-positive errors. Therefore it is imperative that individuals with 

these diagnoses not be included in analyses such as these, or in other studies seeking to validate 

SVTs. The influence of clinical diagnoses and SVT failure rates was not adequately explored in 

this study given that there were too few individuals with each diagnosis. Research has identified 

several diagnoses that may further impair various executive functions (e.g., certain 

cerebrovascular accidents, severe frontal lobe injuries, severe psychiatric conditions) and may 

result in false-positive errors on embedded SVTs in D-KEFS subtests (Nitch & Glassmire, 

2007). Further, patients with English as a second language were not included in this study and 

may be at risk for false-positive identification, especially with regard to the proposed Verbal 

Fluency cutoffs. Therefore, each neuropsychological case must be evaluated on multiple factors, 

including record review, patient history and individual differences, test results, and behavioral 

observation. Not all D-KEFS variables and subtests were examined in this study, as we utilized 

an archival sample of patients who had already completed neuropsychological testing. Further, 
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the alternate D-KEFS form was not analyzed. Therefore, there may be more measures in the D-

KEFS standard and alternate batteries that provide adequate discrimination between performing 

groups. Additional limitations include the small sample sizes and the demographic characteristics 

of the study. This sample was primarily comprised of Caucasian Americans, which limits the 

generalizability of the findings. The results of this study need to be replicated before proposed 

embedded symptom validity cutoffs may be used. 

Future Research 

 Future research should seek to cross validate proposed cutoff scores and embedded 

measures within these and other criterion groups. While this study strongly supports the use of 

several D-KEFS embedded SVTs, concurrent validation is necessary before they may be used 

confidently during neuropsychological examination. Other D-KEFS subtests that were not 

analyzed in this study, such as the speed-based Color-Word Interference test, and the D-KEFS 

alternate form should be examined for possible discrimination abilities. The extent to which 

specific diagnoses directly resulting in significant frontal lobe dysfunction (e.g., prefrontal 

cerebrovascular accidents, frontotemporal dementia) impact these cutoff scores and lead to false-

positive errors should be explored. While Slick et al. criteria are heavily used by 

neuropsychologists to identify noncredible performance, future studies could examine the 

relationship between other malingering criterion and the proposed D-KEFS Trail Making and 

Verbal Fluency embedded SVTs. Research has identified order effects with regard to SVT 

performance, with results suggesting that noncredible performance may be easier to detect earlier 

rather than later during the course of neuropsychological examination (Guilmette, Hart, 

Whelihan, Sparadeo, & Buongiorno, 1996). Given that the Trail Making Condition 1 tends to be 

the first D-KEFS measure administered during testing, differences in sensitivity and specificity 
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rates across D-KEFS tests could be partially due to this tendency. Future studies should seek to 

better understand order effects and the extent to which they alter sensitivity and specificity rates 

of stand-alone and embedded SVTs. 

Summary 

Overall, this study supported the use of embedded symptom validity testing in the D-

KEFS Trail Making and Verbal Fluency subtests, as several measures in these tests identified an 

adequate percentage of Noncredible performers while maintaining a low rate of false-positive 

errors. The extent to which D-KEFS subtests may be used dually as an embedded symptom 

validity measure was directly linked to its complexity and difficulty, as easier tasks of executive 

function provided us with better sensitivity and specificity rates. The results of this study 

strongly support the use of proposed cutoffs of the D-KEFS Trail Making and Verbal Fluency 

conditions, particularly those of less complexity, as they demonstrated the unique ability to 

accurately discriminate between Credible and Noncredible performers. Based on the findings of 

this study, the use of these proposed cutoffs in conjunction with other stand-alone and embedded 

SVTs is recommended given the results of this study, as they allow for dual assessment of 

symptom validity and executive functions. However, concurrent validation is necessary in order 

to generalize these findings to other known samples. Provided that future replication is 

successful, the identified D-KEFS embedded symptom validity measures may be used to validate 

patient performance within neuropsychological examination and thus increase our confidence 

regarding our findings.  
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Table 1. Slick et al. (1999) criteria.  
  Present Not Present 
Noncredible Forensic Performers 

  Criteria A: Clear External Incentive x 
 Criteria B: Failure of 2+ SVTs x 
 Credible Forensic Performers 

  Criteria A: Clear External Incentive x 
 Criteria B: Failure of 2+ SVTs 

 
x 
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Table 2. Breakdown of easier and harder tasks of executive function. 
D-KEFS Scales Easier Harder 
Trail Making Condition 1 - Visual Scanning x 

 Trail Making Condition 2 - Number 
Sequencing x 

 Trail Making Condition 3 - Letter Sequencing x 
 Trail Making Condition 4 - Switching 

 
x 

Trail Making Condition 5 - Motor Speed x 
 Verbal Fluency Condition 1 - Letter x 
 Verbal Fluency Condition 2 - Category x 
 Verbal Fluency Condition 3 - CS 

 
x 

Design Condition 3- Switching 
 

x 
Design Conditions 1 and 2 - Combined x 

 Sorting - Correct 
 

x 
Sorting - Recognition 

 
x 

Tower - Total Achievement    x 
  Note: CS = Category Switching 
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Table 3.  Demographic information by criterion group. 

Group Age Education IQ Estimate 
Gender  

(%Male) 
Race  

(%Caucasian) 
Credible Clinical  52.05 (15.85) 14.46 (2.83) 103.15 (8.29) 49% 86% 
Credible Forensic 41.74 (13.22) 14.08 (2.56) 104.76 (6.82) 52% 92% 
Noncredible Forensic 46.92 (9.88) 13.00 (2.25) 102.31 (7.20) 68% 80% 
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Table 4. Primary diagnoses of patients by criterion group.  

Primary Diagnoses n 
Credible 
Clinical  

Credible 
Forensic 

Noncredible 
Forensic 

Mild TBI 22 0 9 13 

Depressive Disorders 19 12 4 3 

Moderate-Severe TBI 16 0 16 0 

Cognitive Disorders 16 9 4 3 

Mild Cognitive Impairment 6 5 1 0 

Cerebrovascular Accident 6 3 3 0 

Anxiety Disorders 5 2 2 1 

Post-Traumatic Stress Disorder 4 0 2 2 

Multiple Sclerosis  3 0 3 0 

Anoxia/Hypoxia 3 1 2 0 

Parkinson’s 2 2 0 0 

Epilepsy 2 1 1 0 

Somatoform 1 0 1 0 

Encephalitis 1 0 0 1 

Conversion Disorder 1 0 0 1 

Psychosis 1 1 0 0 

Chronic Pain 1 0 1 0 

No Diagnosis 2 0 1 1 
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Table 5. Validity measures and cutoff scores.   
Test Cutoff Score Study 
1. WAIS-III/WAIS-IV RDS RDS score < 6 Schroeder, Twumasi-Ankrah, et al., 2012 
2. Finger Tapping Mean 1st 3 Trials  
 

Male < 35, Female < 
28 

Arnold et al., 2005 
 

3. MMPI-2 RF FBS T-Score < 89 Schroeder, Baade, et al., 2012 
4. MMPI-2 FBS 
 

Raw Score > 27 
 

Greve, Ord, Curtis, Bianchini, & Brennan, 
2008 

5. WMT < 82.5%; No GMIP Green, 2003 
6. TOMM 
 
7. Word Choice Test (WCT) 
 
8. Rey Dot Counting Test (DCT) 

T1 < 25, T2 < 45, 
T3 < 45 
Raw Score < 45 
 
E-Score > 17 

Tombaugh, 2003 
 
Miller, Millis, Rapport, Bashem, Hanks, & 
Axelrod, 2011 
Boone et al., 2002 
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Table 6. Correlations between D-KEFS scales and Slick et al. criteria. 
D-KEFS Scales r 
Trail Making Condition 1 - Visual Scanning .50** 
Trail Making Condition 2 - Number Sequencing .39** 
Trail Making Condition 3 - Letter Sequencing .35** 
Trail Making Condition 4 - Switching .31** 
Trail Making Condition 5 - Motor Speed .39** 
Trail Making Condition 4 - Total Errors .10 
Verbal Fluency Condition 1 - Letter .37** 
Verbal Fluency Condition 2 - Category .35** 
Verbal Fluency Condition 3 - Category Switching .28** 
Verbal Fluency - Switching Accuracy .25** 
Verbal Fluency - First Interval Total .36** 
Verbal Fluency - Second Interval Total .36** 
Verbal Fluency - Third Interval Total .29** 
Verbal Fluency - Fourth Interval Total .39** 
Verbal Fluency - Total Set Loss Errors .00 
Verbal Fluency - Total Repetition Errors .17 
Verbal Fluency - Total Set Loss Errors % .13 
Verbal Fluency - Total Repetition Errors % .06 
Verbal Fluency - Switching Accuracy % .03 
Design Condition 3- Switching .10 
Design Conditions 1 and 2 - Combined .17 
Design - Total Set Loss Errors .09 
Design - Total Repetition Errors .06 
Design - Total Attempted .20* 
Design - Accuracy .05 
Sorting - Correct .42** 
Sorting - Recognition .27* 
Tower - Total Achievement  .13 
Notes: Significant differences are indicated as follows: p < .01 is indicated by "*", p < .001 is indicated by "**" 
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Table 7. F values and effect sizes for D-KEFS scale mean differences across criterion groups. 
D-KEFS Scales F value p-value Effect size (d) 
Trail Making Condition 1 - Visual Scanning 20.62 < .001 .30 
Trail Making Condition 2 - Number Sequencing 9.56 <.001 .17 
Trail Making Condition 3 - Letter Sequencing 8.93 <.001 .14 
Trail Making Condition 4 - Switching 6.16 <.01 .11 
Trail Making Condition 5 - Motor Speed 9.59 <.001 .16 
Trail Making Condition 4 - Total Errors  .72 ns - 
Verbal Fluency Condition 1- Letter 9.72 <.001 .15 
Verbal Fluency Condition 2- Category 13.78 <.001 .20 
Verbal Fluency Condition 3- Category Switching 5.1 <.01 .08 
Verbal Fluency - Switching Accuracy 4.57 <.05 .07 
Verbal Fluency - First Interval Total 11.41 <.001 .18 
Verbal Fluency - Second Interval Total 9.27 <.001 .15 
Verbal Fluency - Third Interval Total 8.56 <.001 .14 
Verbal Fluency - Fourth Interval Total 10.81 <.001 .17 
Verbal Fluency - Total Set Loss Errors .009 ns - 
Verbal Fluency - Total Repetition Errors 1.64 ns - 
Verbal Fluency - Total Set Loss Errors % .65 ns - 
Verbal Fluency - Total Repetition Errors % .91 ns - 
Verbal Fluency - Switching Accuracy % .57 ns - 
Design Condition 3- Switching 3.62 <.05 .07 
Design Conditions 1 and 2 - Combined 2.71 ns - 
Design - Total Set Loss Errors .76 ns - 
Design - Total Repetition Errors .39 ns - 
Design - Total Attempted 3.59 <.05 .07 
Design - Accuracy .31 ns - 
Sorting - Correct 6.36 <.01 .18 
Sorting - Recognition 2.65 ns - 
Tower - Total Achievement  .95 ns - 
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Table 8. Means, standard deviations, and Dunnett T3 test comparisons of D-KEFS scales for the 
three criterion groups. 

 
    Group     

 

 
CC 

 
CF 

 
NF 

 
D-KEFS Scales M (SD)   M (SD)   M (SD) 

Dunnett T3 
comparison 

Trail Making Condition 1 10.29 (2.63) 
 

9.21 (3.25) 
 

5.04 (3.59) CC, CF > NF 
Trail Making Condition 2  10.17 (3.15) 

 
8.83 (3.74) 

 
6.00 (3.83) CC, CF > NF 

Trail Making Condition 3 10.17 (3.40) 
 

9.69 (3.01) 
 

6.45 (4.11) CC, CF > NF 
Trail Making Condition 4  9.66 (3.54) 

 
8.81 (3.83) 

 
6.14 (3.91) CC, CF > NF 

Trail Making Condition 5  10.71 (2.09) 
 

10.49 (2.55) 
 

7.83 (3.51) CC, CF > NF 
Trail Making Condition 4 - TE 10.76 (2.71) 

 
10.10 (2.10) 

 
10.22 (2.07) ns 

Verbal Fluency Condition 1 10.14 (3.74) 
 

9.17 (3.28) 
 

6.26 (2.83) CC, CF > NF 
Verbal Fluency Condition 2 10.16 (3.35) 

 
10.38 (3.69) 

 
5.91 (3.51) CC, CF > NF 

Verbal Fluency Condition 3 10.43 (3.79) 
 

9.65 (3.64) 
 

7.30 (3.89) CC, CF > NF 
Verbal Fluency - SA 10.49 (3.70) 

 
10.00 (3.20) 

 
7.87 (3.36) CC, CF > NF 

Verbal Fluency - 1st Interval 10.19 (3.76) 
 

9.85 (2.88) 
 

6.22 (3.65) CC, CF > NF 
Verbal Fluency - 2nd Interval  10.24 (2.97) 

 
9.36 (3.50) 

 
6.57 (3.25) CC, CF > NF 

Verbal Fluency - 3rd Interval  9.92 (3.65) 
 

9.98 (3.50) 
 

6.48 (2.62) CC, CF > NF 
Verbal Fluency - 4th Interval  10.08 (2.96) 

 
9.17 (2.90) 

 
6.57 (2.71) CC, CF > NF 

Verbal Fluency - SLE 10.97 (2.37) 
 

11.04 (2.84) 
 

10.96 (2.30) ns 
Verbal Fluency - RE 9.57 (3.52) 

 
10.49 (2.28) 

 
10.78 (2.27) ns 

Verbal Fluency - SLE % 10.73 (2.94) 
 

10.47 (3.65) 
 

9.39 (4.13) ns 
Verbal Fluency - RE % 9.70 (3.23) 

 
10.52 (2.62) 

 
10.13 (3.34) ns 

Verbal Fluency - SA % 10.54 (2.78) 
 

10.87 (1.97) 
 

10.23 (2.59) ns 
Design Condition 3 9.91 (2.99) 

 
10.91 (2.83) 

 
8.73 (2.02) CF > NF 

Design Conditions 1 and 2 10.03 (2.47) 
 

10.00 (2.62) 
 

8.68 (2.33) ns 
Design - SLE 10.80 (2.04) 

 
11.33 (2.28) 

 
11.24 (1.75) ns 

Design - RE 11.77 (1.21) 
 

11.20 (2.49) 
 

11.52 (2.18) ns 
Design - Attempted 10.83 (2.72) 

 
10.96 (3.16) 

 
8.86 (3.35) CC, CF > NF 

Design - Accuracy 8.31 (2.68) 
 

8.74 (3.19) 
 

8.67 (2.59) ns 
Sorting - Correct 12.24 (1.78) 

 
10.94 (2.67) 

 
8.64 (3.41) CC, CF > NF 

Sorting - Recognition 10.65 (2.39) 
 

9.84 (3.56) 
 

7.73 (3.79) ns 
Tower - Total Achievement  10.24 (3.37)   9.66 (3.08)   9.00 (3.31) ns 
Note: Dunnett T3 comparisons were only listed for measures with significant F ratios. Post hoc critical levels were set at p < .01. 
CC = Credible Clinical; CF = Credible Forensic; NF = Noncredible Forensic; TE = Total Errors; SA = Switching Accuracy; SLE 
= Set Loss Errors; RE = Repetition Errors. 
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Table 9. Operational characteristics of D-KEFS scales. 
D-KEFS Scales AUC Cutoff  Sensitivity Specificity 

Trail Making Condition 1 - Visual Scanning .805 < 4 48% 93% 
Trail Making Condition 2 - Number Sequencing .731 < 2 30% 95% 
Trail Making Condition 3 - Letter Sequencing .744 < 6 41% 91% 
Trail Making Condition 4 - Switching .710 < 1 27% 91% 
Trail Making Condition 5 - Motor Speed .761 < 6 28% 95% 
Verbal Fluency Condition 1 - Letter .760 < 4 26% 92% 
Verbal Fluency Condition 2 - Category .808 < 5 52% 90% 
Verbal Fluency Condition 3 - Category Switching .702 < 5 35% 90% 
Verbal Fluency - First Interval Total .789 < 6 65% 92% 
Verbal Fluency - Second Interval Total .726 < 4 30% 92% 
Verbal Fluency - Third Interval Total .780 < 4 26% 92% 
Verbal Fluency - Fourth Interval Total .746 < 5 39% 92% 
Design - Total Attempted .681* 

   Sorting - Correct .694*       
Notes: * = AUC values under .70 indicated that the variable failed to possess moderate accuracy in discrimination abilities. Therefore,  

cutoff values were not derived from these variables. 
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Table 10. Sensitivity and specificity rates for D-KEFS Trail Making conditions by patients 
passing and failing Slick et al. criteria. 

 
Condition 1  

 
Condition 2  

 
Condition 3  

 
Condition 4  

 
Condition 5  

Cutoff Sens. Spec.   Sens. Spec.   Sens. Spec.   Sens. Spec.   Sens. Spec. 
<1 30 95 

 
0 100 

 
0 100 

 
27 91 

 
17 100 

<2 34 95 
 

30 95 
 

27 93 
 

27 88 
 

17 100 
<3 39 95 

 
30 86 

 
32 93 

 
32 83 

 
17 98 

<4 48 93 
 

30 83 
 

36 93 
 

36 81 
 

17 95 
<5 52 86 

 
35 79 

 
36 91 

 
41 81 

 
17 95 

<6 61 74 
 

48 79 
 

41 91 
 

50 79 
 

22 95 
<7 70 74 

 
56 76 

 
54 88 

 
50 71 

 
26 88 

<8 83 71 
 

74 69 
 

59 79 
 

64 64 
 

39 81 
<9 91 50 

 
83 50 

 
68 64 

 
77 62 

 
56 76 

<10 96 38 
 

96 38 
 

82 48 
 

91 43 
 

87 59 
<11 96 31 

 
96 21 

 
95 29 

 
91 24 

 
96 42 

<12 96 19 
 

96 17 
 

95 7 
 

100 10 
 

100 20 
<13 100 0 

 
96 2 

 
100 2 

 
100 2 

 
100 5 

<14 100 0 
 

100 2 
 

100 0 
 

100 2 
 

100 0 
<15 100 0 

 
100 0 

 
100 0 

 
100 0 

 
100 0 

<16 100 0   100 0   100 0   100 0   100 0 
Notes: Sens. = Sensitivity; Spec. = Specificity. All cutoffs are scaled based on the number of correct responses. 
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Table 11. Agreement between D-KEFS Trail Making conditions and Slick et al. criteria in 
65 forensic patients. 

Slick et al. 
Criteria 

Condition 
1  

 

Condition 
2  

 

Condition 
3  

 

Condition 
4  

 

Condition 
5  

Pass Fail 
 

Pass Fail 
 

Pass Fail 
 

Pass Fail 
 

Pass Fail 
 Pass  39 3 

 
38 4 

 
38 4 

 
38 4 

 
40 2 

 Fail 12 11   16 7   13 10   17 6   18 5 
Notes: All scores are based on number (n) of patients.  
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Table 12. Sensitivity and specificity rates for D-KEFS Verbal Fluency conditions 
by patients passing and failing Slick et al. criteria. 

 

Condition 1 - 
Letter 

 

Condition 2 - 
Category 

 

Condition 3 - 
Switching 

Cutoff Sens. Spec.   Sens. Spec.   Sens. Spec. 
<1 0 100 

 
13 100 

 
4 98 

<2 4 98 
 

22 100 
 

9 96 
<3 13 94 

 
26 95 

 
13 92 

<4 26 92 
 

35 92 
 

22 92 
<5 39 85 

 
52 90 

 
35 90 

<6 74 83 
 

60 81 
 

48 79 
<7 78 71 

 
70 77 

 
52 75 

<8 78 58 
 

74 67 
 

67 67 
<9 87 48 

 
74 65 

 
83 54 

<10 87 33 
 

91 52 
 

87 44 
<11 91 23 

 
96 46 

 
87 29 

<12 96 13 
 

96 27 
 

87 17 
<13 100 6 

 
100 25 

 
91 17 

<14 100 4 
 

100 10 
 

91 8 
<15 100 2 

 
100 6 

 
96 6 

<16 100 0 
 

100 4 
 

96 2 
<17 100 0 

 
100 0 

 
100 0 

<18 100 0   100 0   100 0 
Notes: Sens. = Sensitivity; Spec. = Specificity. All cutoffs are scaled based on the number of correct responses. 
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Table 13. Agreement between D-KEFS Verbal Fluency conditions 
and Slick et al. criteria in 71 forensic patients. 

Slick et al. Criteria 

Condition 
1 

 

Condition 
2  

 

Condition 
3  

Pass Fail 
 

Pass Fail 
 

Pass Fail 
 Pass  44 4 

 
43 5 

 
43 5 

 Fail 17 6   11 12   15 8 
Notes: All scores are based on number (n) of patients.  
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Table 14. Sensitivity and specificity rates for D-KEFS Verbal Fluency intervals 
by patients passing and failing Slick et al. criteria. 

 
1st Interval 

 
2nd Interval 

 
3rd Interval 

 
4th Interval 

Cutoff Sens. Spec.   Sens. Spec.   Sens. Spec.   Sens. Spec. 
<1 13 100 

 
4 100 

 
0 98 

 
0 100 

<2 13 98 
 

13 100 
 

4 96 
 

0 100 
<3 17 98 

 
17 95 

 
9 94 

 
9 100 

<4 39 96 
 

30 92 
 

26 92 
 

30 98 
<5 43 94 

 
35 85 

 
35 87 

 
39 92 

<6 65 92 
 

48 72 
 

56 83 
 

52 79 
<7 70 83 

 
56 68 

 
78 77 

 
69 68 

<8 78 66 
 

78 64 
 

78 64 
 

82 53 
<9 78 55 

 
87 51 

 
78 57 

 
82 47 

<10 87 34 
 

91 36 
 

91 49 
 

87 28 
<11 87 32 

 
96 30 

 
96 32 

 
91 23 

<12 91 19 
 

96 15 
 

100 26 
 

100 15 
<13 96 11 

 
96 13 

 
100 15 

 
100 9 

<14 100 4 
 

96 6 
 

100 15 
 

100 4 
<15 100 2 

 
100 4 

 
100 9 

 
100 2 

<16 100 0 
 

100 4 
 

100 4 
 

100 0 
<17 100 0 

 
100 0 

 
100 2 

 
100 0 

<18 100 0   100 0   100 0   100 0 
Notes: Sens. = Sensitivity; Spec. = Specificity. All cutoffs are scaled based on the total number of correct responses  

provided within the specified time interval across all three conditions. 
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Table 15. Agreement between D-KEFS Verbal Fluency intervals and Slick et 
al. criteria in 70 forensic patients. 
Slick et al. 
Criteria 

Interval 1  
 

Interval 2  
 

Interval 3  
 

Interval 4  
Pass Fail 

 
Pass Fail 

 
Pass Fail 

 
Pass Fail 

 Pass  43 4 
 

43 4 
 

43 4 
 

43 4 
 Fail 8 15   16 7   17 6   14 9 

Notes: All scores are based on number (n) of patients.  
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Table 16. Cross-validation of D-KEFS proposed cutoffs within the Credible Clinical group. 
D-KEFS Scales 

 
Cutoff 

 
Pass 

 
Fail 

 
Specificity % 

Trail Making Condition 1 - Visual Scanning (n = 
35) 

 
< 4 

 
35 

 
0 

 
100 

Trail Making Condition 2 - Number Sequencing   
 

< 2 
 

34 
 

1 
 

97 
Trail Making Condition 3 - Letter Sequencing   

 
< 6 

 
31 

 
4 

 
88 

Trail Making Condition 4 - Switching   
 

< 1 
 

32 
 

3 
 

91 
Trail Making Condition 5 - Motor Speed   

 
< 6  

 
33 

 
2 

 
94 

Verbal Fluency Condition 1 - Letter  (n = 37) 
 

< 4 
 

35 
 

2 
 

94 
Verbal Fluency Condition 2 - Category  

 
< 5 

 
34 

 
3 

 
92 

Verbal Fluency Condition 3 – CS 
 

< 5 
 

33 
 

4 
 

89 
Verbal Fluency - First Interval Total  

 
< 6 

 
31 

 
6 

 
84 

Verbal Fluency - Second Interval Total  
 

< 4 
 

36 
 

1 
 

97 
Verbal Fluency - Third Interval Total  

 
< 4 

 
35 

 
2 

 
94 

Verbal Fluency - Fourth Interval Total    < 5   34   3   92 
 Note: CS = Category Switching. 
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Table 17. Receiver Operating Characteristic results for combined D-KEFS scales. 
D-KEFS Scales AUC Cutoff  Sensitivity Specificity 

Trail Making Conditions 1 and 2  .783 < 9 43% 93% 
Trail Making Conditions 1 and 3  .793 < 9 38% 93% 
Trail Making Conditions 1 and 4  .783 < 9 33% 90% 
Trail Making Conditions 1 and 5  .805 < 12 43% 93% 
Trail Making Conditions 2 and 3  .763 < 10 38% 90% 
Trail Making Conditions 2 and 4  .743 < 5 28% 93% 
Trail Making Conditions 2 and 5  .761 < 11 28% 93% 
Trail Making Conditions 3 and 4 .725 < 6 33% 93% 
Trail Making Conditions 3 and 5  .774 < 10 28% 93% 
Trail Making Conditions 4 and 5  .743 < 7 24% 98% 
Verbal Fluency Conditions 1 and 2 .802 < 9 30% 94% 
Verbal Fluency Conditions 1 and 3 .740 < 10 30% 96% 
Verbal Fluency Conditions 2 and 3 .761 < 10 30% 94% 
Verbal Fluency - First and Second Intervals .776 < 10 39% 94% 
Verbal Fluency - First and Third Intervals  .806 < 10 39% 94% 
Verbal Fluency - First and Fourth Intervals  .797 < 11 48% 94% 
Verbal Fluency - Second and Third Intervals  .769 < 8 22% 94% 
Verbal Fluency - Second and Fourth Intervals  .752 < 10 35% 92% 
Verbal Fluency - Third and Fourth Intervals  .774 < 9 35% 92% 
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Figure 1. Verbal Fluency total response production, by standard scores, for each 15-second 

interval collapsed across conditions. 
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Figure 2. Verbal Fluency total correct response production for each 15-second interval, 

collapsed across conditions. 
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