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The issue of effortful patient performance has been an area of clinical interest in 

individuals with minor traumatic brain injury (mTBI). Clinical attention to this area has 

increased largely because of an increase in the number of worker’s compensation 

claims, injury-related lawsuits and/or insanity defense pleas. As patients are presented 

with the opportunity for secondary gain, the issue of optimum performance on 

neuropsychological measures becomes salient. In addition to neurocognitive deficits, 

there are psychological characteristics associated with mTBI including depression, 

emotional disturbance, personality changes, and other psychopathology. This study 

utilized the MSVT, a set of standard neuropsychological instruments, and the Minnesota 

Multiphasic Inventory-2 (MMPI-2) to investigate the relationships between effort, 

psychological characteristics, and neuropsychological functioning in individuals with 

minor traumatic brain injuries. The first objective of this study was to determine which 

psychological factors were related to effort in mTBI. The second objective was to 

determine if there were differences between groups that performed poorly on effort 

testing and groups that performed adequately on effort testing, based on relevant 

psychological characteristics. The results of the analyses supported the first hypothesis. 

Hysteria was inversely related to effort, and Mania was positively related to effort on 

one of five measures of effort. The second hypothesis was not supported.  
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CHAPTER I 
 

INTRODUCTION 
 

A traumatic brain injury occurs when an individual’s head suddenly and violently 

hits an object, or when an object pierces the skull and enters brain, causing damage.  

Symptoms of TBI can be mild, moderate, or severe, depending on the extent of the 

damage.  Each year in the United States approximately 1.5 million Americans sustain a 

traumatic brain injury (Thurman, 2001).  Of those, 50,000 people die, and 230,000 

people are hospitalized but survive (Thurman, 2001).  More than one million individuals 

are treated in emergency rooms for TBIs (Thurman & Guerrero, 1999).  The Centers for 

Disease Control and Prevention estimate that at least 5.3 million Americans are unable 

to perform activities of daily living (without assistance) as a result of a TBI (Thurman, 

2001).  According to Thurman, groups most at risk for TBI are adolescents and young 

adults (ages 15 to 24) and older adults (ages 65 and older), and the leading causes of 

TBI are motor vehicle accidents, falls, firearm use, and recreational/sports activities 

(Thurman, 2001).  With regard to TBI in general, Hinkebein, Martin, Callahan and 

Johnstone (2003) found that cognitive deficits are associated with TBI, the most 

common of which include significant impairment in processing speed and cognitive 

flexibility, mildly to moderately affected memory and attention, and minimally affected 

intelligence.   

Mild traumatic brain injury (mTBI) is one of the most common neurologic injuries 

and accounts for 85% of yearly traumatic brain injuries that occur in the United States 

(Bazarian, McClung, Shah, Cheng, Flesher & Kraus, 2005) and costs the nation nearly 
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$17 billion each year (Thurman, 2001).  Mild Traumatic Brain Injury (mTBI) is 

characterized by the following: loss of consciousness for less than 10 minutes or 

Glascow Coma Scale (GCS) score of 13-15, no skull fracture, and non-focal neurological 

deficits (Kay, Harrington, & Adams, 1998).  The GCS is based on responses from three 

areas: verbal response, motor response, and eye opening.  One point is assigned for 

each area if no response is given.  The lowest possible score on the GCS is 3 and the 

highest is 15.  Normal responses for each response measured are as follows: verbal 

response of 5, 6 points for motor responses, and 4 points for eye opening.   According 

to Reitan and Wolfson (1993) many studies have shown that GCS results obtained 

shortly after injury relate reliably to eventual outcome; however, they report the GCS 

cannot substitute for a comprehensive neuropsychological examination. 

  Common symptoms associated with mTBI are loss of memory immediately 

before or after the injury and alteration in mental state at the time of the injury.  Long-

term consequences of mTBI may include headaches, pain, confusion, fatigue, mood 

changes, as well as sensory (i.e., vision or hearing loss) and cognitive problems (e.g., 

poor attention and concentration, memory problems, and decreased processing speed) 

(Frencham, Fox, & Mayberry, 2005; & Center for Disease Control, 2001).  According to 

Binder (1997) the majority of studies have found these deficits in mTBI to be relatively 

acute; whereas other researchers, such as Rimel, Giordani, Barth, Boll, and Jane (1981) 

and Alexander (1995), argue that mTBI patients have chronic impairment following 

mTBI.  Specifically, Rimel et al. (1981) reported that 340 of 430 follow-up patients with 

mTBIs (79%) continued to have persistent headaches, and 258 of the 430 patients 
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(59%) continued to report memory problems.  Additional studies have reported chronic 

impairment associated with mTBI in the areas of attention and processing speed 

(Mangels, Craik, Levine, Schwartz, & Strauss, 2002; Bernstein, 2002; Cicerone, 1997; & 

Bohnen, Jolles, Twijnstra, Mellink, & Wijnen; 1995), and memory (Frencham & 

Mayberry, 2005).  While patterns of cognitive deficits have been implicated in mTBI, 

varying levels of impairment exist.  Thus, it is important to administer a broad range of 

neuropsychological tests that are sensitive to these levels of impairment (Reitan & 

Woflston, 1993). 

Mechanisms of mTBI are variable, as is the resulting neurological damage.  Thus 

resulting neuropsychological damage is variable.  When the head impacts an object, 

pressure gradients are created which may result in damage to damage of both gray and 

white matter of the brain.  Specifically, capillaries in the cerebral cortex and white 

matter may rupture, causing contusions and destruction of brain tissue.  Additionally, 

movement of the brain (e.g., contre coup injury) within the skull may cause damage to 

the blood vessels within the brain, and shearing effects may damage cranial nerves.  

These variables are affected by type and severity of impact, and related cognitive 

deficits can vary as a result (Reitan & Wolfson, 1993).  Reitan and Wolfson (1993) also 

demonstrated that most patients even with severe brain injuries show evidence of 

relatively preserved abilities, which suggests brain-behavior relationships developed 

normally (until injured), and resulting cognitive deficits are caused by the brain injury 

itself and not by failure to initially obtain these abilities. 

Post Concussive Syndrome 
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Postconcussive syndrome (PCS) is a set of symptoms (e.g., headache, reduced 

concentration, emotional variability) that a person may experience for weeks, months, 

or occasionally years after an mTBI, although it also occurs in moderate and severe 

cases of traumatic brain injury (Rao & Lyketsos, 2000; & Mittenberg & Strauman, 

2000).  Some people with mTBI develop PCS and some do not, though the reason for 

this variability is unclear (Iverson, Lange, Green, & Franzen, 2003; & Ryan and Warden, 

2003).  However, risk factors have been identified, including secondary gain, increased 

age, and pre-injury medical or psychological conditions, though physiological and 

psychological factors present after the injury are believed to be involved in the 

development of PCS (Ryan and Warden, 2003).  Additionally, PCS has been 

misdiagnosed on occasion, as PCS symptoms are also common in other disorders (Rao 

& Lyketsos, 2000; & Hall & Chapman, 2005).  A diagnosis can be made within a week 

of injury (or later), and if symptoms are present for more than three months after the 

injury (McHugh, Laforce, Gallagher, Quinn, Diggle, Buchanan, 2006; & Legome, 2006), 

then it is considered persistent or prolonged PCS (Evans, 2004; & Bigler, 2008).  

Overall, PCS after mTBI is a complex diagnostic phenomenon that cannot be explained 

by a single factor and more research is needed in this area. 

Neurocognitive Correlates of mTBI 

Most individuals who sustain mTBI show cognitive improvement over time.  

Reitan and Wolfson (1993) conducted an 18-month longitudinal study of deficits 

associated with traumatic brain injury (Reitan and Wolfson, 1993) by examining 

patients shortly after brain injury and at 12 and 18 months following the initial 
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evaluation.  Neurological evaluations, EEGs, and extensive neuropsychological 

evaluations were done at each follow-up examination.  A trend analysis revealed a 

significant degree of cognitive improvement over the first 12 months following injury, in 

both minor and severe traumatic brain injured individuals.  Individuals with severe brain 

injuries demonstrated greater recovery than those with minor brain injuries, although 

individuals with severe brain injuries continued to demonstrate greater deficits 18 

months following injury.  Additional discriminant analysis of nine variables obtained 

from “characteristics of head injury and associated neurological condition” correctly 

classified 76% of brain injured individuals based on severity (e.g., normal, mild, 

moderate, severe), while 91% of individuals were correctly classified based entirely on 

objective neuropsychological measures, thus demonstrating the value of 

neuropsychological assessment in traumatic brain-injured individuals.  The current 

study also demonstrated that recovery of brain function occurred as a natural 

phenomenon, without specific rehabilitation; though the potential moderating effects of 

cognitive rehabilitation were mentioned.  Of note, some individuals in the current study 

showed deterioration after 18-month examinations, although most of these individuals 

were severely brain-injured and showed evidence of specific lesions at their initial 

evaluation.           

Neuroimaging 

One way brain injury is assessed is through clinical examination and application 

of the Glascow Coma Scale (mentioned previously), along with the duration of 

posttraumatic amnesia for events immediately following trauma to the brain.  Brain 
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imaging is another method for assessing brain injury and can provide valuable 

information regarding the nature of the trauma and physical damage to the brain.  Until 

recent advances in technology were available, skull X-rays, which are typically no longer 

performed, were used to detect skull fractures (Borg, Holm, Cassidy, Peloso, Carroll, 

Von Holst, et al., 2004).  Currently, the most common forms of neuroimaging include 

magnetic resonance imaging (MRI), functional magnetic resonance imaging (fMRI), 

Positron Emission Tomography (PET), single photon emission computed tomography 

(SPECT), computed tomography (CT), electroencephalography (EEG), and quantitative 

electroencephalography (QEEG).   

Magnetic Resonance Imaging 

Magnetic resonance imaging (MRI) uses magnetic fields and radio waves to 

produce two- or three-dimensional images of brain structures.  During an MRI, a patient 

is placed in a machine so that his/her head is surrounded by a large cylindrical magnet 

which creates a magnetic field around the head of the patient, and radio waves are sent 

through the brain.  Sensors read the radio frequencies and a computer uses the 

information to construct a cross sectional image (Rugg-Gunn, Symms, Barker, 

Greenwood, & Duncan, 2001).  In brain injuries, MRIs identify white matter 

hyperintensities that indicate which part of the brain is injured (Doezema, King, 

Tandberg, Espinosa, & Orrison, 1991).  The drawback to an MRI is that, while it 

provides a detailed assessment of the physical appearance of the brain, it does not 

indicate how well the brain is working.  However, functional MRIs address this issue. 

Functional Magnetic Resonance Imaging 
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Functional magnetic resonance imaging (fMRI) takes advantage of the magnetic 

properties of blood to see images of blood flow in the brain as it occurs.  Blood flows 

are mapped while the patient performs a repetitive motion such as tapping his/her 

finger (Jantzen, Anderson, Steinberg, & Scott Kelso, 2004).  FMRI allows scientists to 

determine which areas of the brain are active and for how long.  In brain injured 

patients fMRIs identify areas with reduced function, even in absence of observed 

deficits in cognitive performance (Jantzen, et al, 2004). 

Positron Emission Tomography 

Positron emission tomography (PET) measures emissions from radioactively 

labeled chemicals that have been injected into the bloodstream.  These chemicals are 

distributed throughout the brain (via the blood) and a computer constructs two- or 

three-dimensional images of the brain from these chemicals.  Additionally, these 

compounds can show how well areas of the brain are functioning by indicating blood 

flow, level of oxygen absorbtion, and metabolism of glucose in the brain.  With regard 

to mTBI, PET scans have identified hypometabolism in injured parts of the brain, which 

is one indication of dysfunction (Ruff, et al., 1994). 

Single Photon Emission Computed Tomography 

Single photon emission computed tomography (SPECT) also uses radioactive 

labeled chemicals that computers analyze to construct two- or three-dimensional 

images of active brain regions (Jacobs, Put, Ingels, Put, & Bossuyt, 1996).  The 

advantages of SPECT scans over PET scans are they are able to monitor brain activity 

longer and the cost is much less than with PET scans.  The disadvantage is that SPECT 
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scans are more limited than PET scans in the kinds of brain activity they have the ability 

to monitor, and the resolution of images is not as sharp.   

Computed Axial Tomography 

Computed axial tomography (CT or CAT) scanning uses a series of x-rays of the 

head to evaluate swelling of brain tissue in a damaged brain and to assess ventricle 

size.  CT scans are typically used for quickly viewing brain injuries and when MRIs are 

not appropriate, such as with individuals with some pacemakers (strong magnetic and 

radiofrequency forces generated during the scan can cause over- or under-sensing in 

pacemakers).  CT scanning uses a computer program to estimate how much x-ray is 

absorbed in areas of the brain (Doezema, et al., 1991).  In the final analysis, the denser 

an area is (e.g., brain swelling), the whiter it will appear on the scan.  CT scans can 

provide adequate images in a matter of minutes. 

Electroencephalogram 

 An electroencephalogram (EEG) is a test that measures and records the electrical 

activity of the brain through sensors that are attached to the head (Evans & Abarbanel, 

1999).  Information is sent to a computer and the brain's electrical activity is displayed 

on the screen (or paper) as wavy lines.  Changes in the normal pattern of the brain's 

electrical activity are observed and compared to normal brain activity.  In addition to 

diffuse slowing following TBI, Willmore (1993) found that individuals who have had 

head trauma are twelve times as likely as the general population to suffer seizures.  

EEGs are the primary tool for diagnosing seizures.   

Quantitative Electroencephalogram 
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Quantitative EEG is a statistical version of an EEG used to evaluate brain 

functioning (Evans & Abarbanel, 1999).  Results are used to develop topographical 

brain maps that are compared to developed norms to identify neurological problems 

such as brain injuries in addition to other types of problems (e.g., psychiatric, 

developmental).    

Neuropsychological Assessment of Brain Injury 

Neuropsychological assessment is a method for evaluating multiple areas of 

functioning including attention, mental flexibility, memory, auditory and visual 

processing, language, concept formation, executive functioning and problem solving, as 

well as planning, intelligence, academic skills, behavior, emotions, personality and more 

recently, effort.  The assessment is designed to detect aspects of performance that will 

clarify the nature of possible strengths and weaknesses within specific domains, as well 

as identify neuroanatomical correlates in the brain.  Miller (2002) stated there are 

typically three goals of neuropsychological assessment: (1) diagnosis, to determine the 

nature of an underlying problem (e.g., mTBI), (2) to understand the nature of any brain 

injury or neurocognitive deficit and its impact on the individual as a means of devising  

treatment recommendations or compensation strategies so that an individual can adapt 

to his/her cognitive deficits, and (3) to measure change in cognitive functioning over 

time (e.g., consequences of a surgical procedure, impact of a rehabilitation program, 

course of neurodegenerative process). 

The Neuropsychological Test Battery 
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 There are conditions that must be met when developing a valid 

neuropsychological test battery.  According to Reitan and Wolfson (1993) a 

neuropsychological test battery must assess a full range of brain functioning and should 

include global measures and independent measures of specific areas of cortical 

functioning.  Results from testing should allow for comparisons to other individuals 

based on normative data, and instruments used must be psychometrically proven.   In 

addition, accurate identification of deficits, level of psychological functioning, and 

subsequent diagnosis are dependent on optimal effort from the patient.      

Effort and Traumatic Brain Injury 

One disability group consistently evaluated for effort is mild Traumatic Brain 

Injury (mTBI) patients.  One reason for this is the overwhelming consensus that deficits 

in this population are acute, and that most patients recover in one to three months 

(Binder, 1997; Binder, Rohling & Larrabee, 1997).  As a result, any subsequent 

neuropsychological performance that is suboptimal is generally attributed to lack of 

optimal effort, as opposed to a chronic symptom of head trauma (Binder, 1997).   

Although many studies report that most individuals recover from mTBI in a 

relatively short time, other studies have reported long-term impairment in mTBI 

patients in areas such as attention, processing speed, and memory (Alexander, 1995; 

Bernstein, 2002; Bohnen, Jolles, Twijnstra, Mellink, & Wijnen, 1995; Frencham & 

mayberry, 2005; Cicerone, 1997; & Mangels, Craik, Levine, Schwartz, & Strauss, 2002).  

In addition to symptomatology, litigation has been cited as a reason for measuring 

effort with regard to mTBI patients (Beetar & Williams, 1995; Binder, 1993; 
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Constantinou, Bauer, Ashendorf, Fisher, & McCaffrey, 2005; Dunn, Shear, Howe, & Ris, 

2003; Green, Iverson, & Allen, 1999; Larrabee, 2000; Hartman, 2002; Lynch, 2004; & 

Nelson, Boone, Dueck, Wagner, Lu, & Grills, 2003).  It is estimated that approximately 

30% of mTBI patients involved in litigation/compensation claims have exaggerated 

deficits in neurocognitive testing (Binder & Kelly, 1996).  Similarly, Larrabee (2000) 

reported that the exaggeration rates for mTBI patients involved in compensation claims 

were 10 times higher than would normally be expected for individuals who were not 

involved in litigation.  While the current study focused on the broader sense of effort, a 

review of malingering is presented.  Slick, Sherman, and Iverson (1999) found that a 

number of criteria combined are most effective at identifying malingering 

neurocognitive dysfunction.  Slick defined malingering as “the volitional exaggeration or 

fabrication of cognitive dysfunction for the purpose of obtaining substantial material 

gain, or avoiding or escaping formal duty or responsibility.” Diagnostic categories for 

malingering include definite malingering, probable malingering, and possible 

malingering.  Definite malingering requires at least one identifiable external incentive 

(e.g., pending personal injury litigation), definite response bias (i.e., performing below 

chance on well-validated forced choice measures of exaggeration or malingering), and 

poor performance that cannot be fully accounted for by psychiatric, neurological, or 

developmental factors.  Probable malingering requires at least one identifiable external 

incentive (e.g., pending personal injury litigation), and a combination of two or more 

types of evidence from neuropsychological testing (e.g., discrepancy between test data 

and observed behavior, discrepancy between test data and known patterns of 
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functioning, performing below chance on well-validated tests of 

malingering/exaggeration) or evidence from self-report (e.g., discrepancy between self-

report data and documented history).  Possible malingering requires the above-

mentioned criteria for definite or probable malingering, except that primary etiologies 

such as psychiatric, neurological, or developmental factors cannot be ruled out.  For a 

complete review of criteria for malingering neurocognitive dysfunction, please see Slick 

et al. (1999).   

Three examples of malingering tests are the Test of Memory Malingering-TOMM 

(Tombaugh, 1996), Computerized Assessment of Response Bias-CARB (Conder, Allen, & 

Cox, 1992), and Rey Fifteen-Item Memory Test (Back, Boone, Edwards, Parks, 

Burgoyne, & Silver, 1996).  The Test of Memory Malingering (TOMM) is a 50-item 

recognition test.  It includes two learning trials, as well as an optional retention trial.  

During each learning trial, the respondent is shown 50 target pictures of common 

objects.  The respondent is then administered a recognition trial in which two pictures 

are presented together (one of the previously presented target pictures and a new 

picture).  The respondent is asked to select the picture that appeared during the 

learning trial.  The same procedure is used on the retention trial.  With regard to 

scoring, one point is awarded for each correct answer.  The minimum score on each of 

the trials is 0, while the maximum score is 50.  Malingering on the TOMM is considered 

when an individual scores lower than chance on the second trial.  Criterion-based norms 

are also provided.  Low scores on the TOMM may raise the suspicion of poor effort, and 

close inspection of other data for evidence of poor effort is recommended.   
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The Computerized Assessment of Response Bias (CARB) is a forced-choice digit 

recognition test (Conder, Allen, & Cox, 1992).  Patients with moderate or severe brain 

injury easily pass the CARB.  These groups (along with analogue malingering studies) 

provide validation for the test. Failure of the CARB in mTBI patients is considered 

evidence of malingering. 

 The Rey Fifteen-Item Memory Test (Rogers, 1984) consists of an 8.5” x 11” card 

on which is printed 15 items (i.e., letters, numbers, and shapes) arranged in 3 columns 

and 5 rows.  Patients are told there are 15 different (emphasized) items to remember 

and are presented with the stimulus card for 10 seconds.  Patients are then asked to 

duplicate the items (from memory) on a blank sheet of paper.  This test relies on a floor 

effect strategy for detecting malingering (Rogers, 1984).  Individuals failing this test are 

considered to malinger. 

Other forced-choice tests have been developed to measure effort in mTBI (and 

other neurological) populations.  These tests are often referred to as “symptom validity 

tests” rather than “malingering tests,” as poor performance may reflect poor effort, 

exaggeration of real cognitive deficits, deliberate feigning, as well as other factors that 

may impact performance.  Thus patients failing effort tests may be legitimately 

impaired, malingering, unconsciously demonstrating poor effort, or combinations 

thereof (Slick, et al., 1999).  Symptom Validity Tests Include the Victoria Symptom 

Validity Test-VSVT (Slick, Hoop, Strauss, & Spellacy, 1997), Word Memory Test-WMT 

(Green, 2004), and Medical Symptom Validity Test-MSVT (Green, 2004).   

 

 13



  

 The Victoria Symptom Validity Test (VSVT) is a computer-administered (two-

alternative) forced-choice test (Slick, Hoop, Strauss, & Spellacy, 1997).  The test 

presents a number of forced-choice decisions to patients to assess cognitive 

impairment.  Patients are told the test is a memory test and that it requires 

concentration.  The test has 48 items presented in 3 blocks containing study, retention 

and recognition intervals.  Each block is designed to be perceived as more difficult by 

extending the interval time by 5 seconds between blocks, though the difficulty level has 

been shown to be the same.  Patients are also informed that the test becomes more 

difficult.  Research has shown that those patients with documented memory impairment 

and no pending litigation did not make significantly more errors across blocks, which 

suggests that those failing the SVST may demonstrate poor effort (Slick, et al., 1997).    

The Word Memory Test 

 The Word Memory Test (Green, 2004) is a computer-administered test in which 

a 20-item word list is presented.  The words appear in pairs, with one word presented, 

followed by its pair one second later.  The pair disappears and another set is presented 

two seconds later. The entire word list is presented twice and then patients are asked 

to recall as many of the word pairs as possible (Green, 2004).  The WMT is made up of 

six subtests (Immediate Recognition, Delayed Recognition, Multiple Choice, Paired 

Associates, Free Recall, and Long Delayed Free Recall) and provides three measures of 

effort (Immediate Recognition, Delayed Recognition, and Consistency).  The first 

measure is Immediate Recognition (IR), where the subjects are required to choose a 

word from the original list in each of 40 new word pairs.  Following a 30-minute delay, 
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the Delayed Recognition trial (DR) is administered.  A Consistency score (CNS) is 

calculated based on performances on the IR and DR trials.  Individuals scoring below 

the 85% cut-off on any of the primary measures of effort (Immediate Recognition, 

Delayed Recognition, and Consistency) are considered to exhibit poor effort. 

Additionally, individuals scoring below the 70% cut-off score on the Paired Associates 

subtest and/or below the 50% cut-off score on Free Recall are also considered to 

exhibit poor effort. 

Medical Symptom Validity Test (MSVT) 

 The Medical Symptom Validity Test is a computer-based, forced-choice, short-

form of the Word Memory Test (Green, 2004).  The MSVT measures verbal memory 

using a cued paired associate recall and recognition procedure, and a subsequent trial 

involving free recall of the list items.  The MSVT uses 10 strongly linked word pairs 

across five subtests: Immediate and Delayed Recognition (IR and DR; initial effort 

tasks), Consistency (CNS; measure of correspondence between IR and DR responses), 

Paired Associates (PA) and Free Recall (FR).  Patient responses are recorded and 

compared to normative groups including patients with neurological disorders, severe 

and mild traumatic brain injury, psychological disorders, children with learning 

disabilities and IQ below 70, chronic pain patients, mentally retarded adults, and normal 

controls.  Individuals scoring below the 85% cut-off on either the IR, DR, or CNS, or 

below 70% on PA, or below 50% on FR are considered to exhibit poor effort (Howe and 

Loring, 2008).  See Table 1 for a complete description of the MSVT. 

Effort and Neurocognitive Ability 
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Although a number of studies have examined effort in mTBI populations, there 

are very few studies that have examined the relationship between measures of effort 

and measures of neurocognitive ability.  However, Green and Iverson (2001) compared 

neuropsychological test scores to measures of effort in neurological patients (i.e., 

tumors, aneurysms, CVA, etc) and brain injured patients with a range of severity (Green 

& Iverson, 2001).  A 16% failure rate was observed in the neurologically disordered 

group, and a 33% failure rate was observed in the head injured group (independent of 

severity), on a measure of effort (WMT).  When severity was taken into account, the 

mTBI group showed a significantly higher failure rate on the WMT than either the 

neurological group or the moderate to severely head injured group.  Additionally, 

poorer scores were found in the mTBI group that failed the WMT as compared to 

moderate/severe brain injured groups that failed the WMT.  These findings have led 

researchers to postulate that effort plays a bigger role in testing than severity of injury.   

Additional studies support this idea.  Constantinou (2005) and colleagues examined the 

relationship between performance on a SVT measure, the Test of Malingered Memory 

(TOMM; Tombaugh, 1996), and performance on neuropsychological tests in a group of 

mTBI litigants.  Poor performance on the TOMM was significantly related to poor 

performance on the WAIS-R (Weschler, 1981) and the HRNB-A (Reitan & Wolfson, 

1993).  Additionally, patients failing the TOMM had lower overall neuropsychological 

test performance as compared to those who passed the TOMM.  Gervais, Rohling, 

Green, and Ford (2004) support this finding, as they found that the WMT was more 

sensitive than the TOMM or CARB at detecting poor effort in 519 adults being evaluated 
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for potentially receiving vocational retraining benefits (without known brain injury).  

Another study (N=904) investigated individuals in litigation that underwent 

comprehensive neuropsychological evaluations (Flaro, Green, & Robertson, 2007).  The 

WMT was administered to all participants, and a 28.5% failure rate was observed.  

Additionally, effort explained 53% of the variance in neuropsychological test scores, 

though age and education accounted for 4% and 8% of the variance, respectively.  It 

was noted that, while some of the patients that failed the WMT were not necessarily 

malingering, it was clear that effort was reduced (Flaro, Green, & Robertson, 2007).  

Hartman (2002) evaluated stand-alone tests of neuropsychological effort and offered 

information regarding the advantage of the WMT over various other measures of effort 

(e.g., Computerized Assessment of Response Bias- CARB (Allen, Conder, Green, & Cox, 

1997), 15-Item Test (Goldberg & Miller, 1986), Test of Memory Malingering-TOMM 

(Tombaugh, 1996), Victoria Symptom Validity Test-VSVT (Slick et al, 1996), and Validity 

Indicator Profile-VIP (Frederick, 2002).  Compared to the CARB and VSVT, Hartman 

noted WMT advantages in face validity appearance and difficulty in coaching patients to 

perform as legitimately impaired.  The WMT also had an advantage over all of the other 

tests, in that it is difficult to coach patients to perform as legitimately impaired on the 

WMT if they are not significantly impaired. 

Psychological Characteristics and Traumatic Brain Injury 

 As previously mentioned, symptoms reported by patients with mTBI far exceed 

that of what would be reasonably expected given the mild nature of injury (Weight, 

1998).  In addition to neurocognitive deficits, there are psychological characteristics 
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associated with mTBI including depression, emotional disturbance, personality changes, 

and other psychopathology (Arbisi & Ben-Porath, 1998).   

 Depression is often associated with TBI, and incidence of depression following 

TBI has been reported as high as 40% (Bowen, Neumann, Conner, Tennant, 

Chamberlain, 1998; Busch & Alpern, 1998; Ownsworth & Oei, 1998; & Reitan & 

Wolfson, 1997).  However, diagnosing depression following TBI becomes complicated, 

as it is often unclear whether depression is the result of the brain injury itself, 

adjustment to limitations due to brain injury, or a pre-existing psychiatric condition.  

Research regarding this issue has yielded mixed results in that some studies indicate 

that premorbid depression is unrelated to post-injury depression (Bowen et al., 1998; 

Cicerone & Kalmar, 1997; Gass & Apple, 1997; Prigatano, Parsons, & Bortz, 1995; & 

Reitan & Wolfson, 1999), while other studies report that premorbid vulnerability is 

related to psychological issues (overall) post-injury (Prigatano, Parsons, & Bortz, 1995).  

Furthermore, it is difficult to determine if poor performance on neurocognitive tests is a 

result of depression, the brain injury itself, or issues regarding secondary gain (Nelson 

& Cicchetti, 1995). 

 Two models seek to explain this phenomenon: The Contextual Factor Model and 

the Specificity Deficit Model (Nelson & Cicchetti, 1995; Prigatano, Parsons, & Bortz, 

1995; & Reitan & Wolfson, 1999).  The contextual model postulates there is a 

predisposition for emotional distress and the degree of neurocognitive deficits is 

proportionally related to the degree of emotional distress post-injury (Gass & Apple, 

1997; & Nelson & Cicchetti, 1995).  The specificity deficit model postulates that specific 
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injured areas of the brain are associated with specific psychological/emotional deficits 

(Nelson & Cicchetti, 1995; & Reitan et al., 1997).  For example, focal injuries on the left 

side of the brain have been associated more with depression, whereas focal injuries on 

the right side of the brain have been associated more with confusion (Nelson & 

Cicchetti, 1995).  Regardless of the underlying root of psychological characteristics 

observed in individuals with brain injury, addressing these issues and understanding 

their impact on performance on measures of neurocognitive functioning and effort 

during testing are important areas of clinical interest. 

Psychological Assessment and Traumatic Brain Injury- (MMPI-2) 

 A variety of measures have been used to evaluate psychological factors in brain-

injured populations, but the overwhelming instrument of choice is the MMPI-2 (Arbisi & 

Ben-Porath, 1998).  The MMPI-2 is the revised edition of the MMPI.  The MMPI-2 (Table 

2) is a 567-item personality inventory consisting of 10 clinical scales (i.e., 1 

(Hypochondriasis), 2 (Depression), 3 (Hysteria), 4 (Psychopathic Deviate), 5 

(Masculinity–Femininity).  6 (Paranoia), 7 (Psychasthenia), 8 (Schizophrenia), 9 

(Hypomania), & 0 (Social Introversion)), 8 validity scales (i.e., VRIN (Variable Response 

Inconsistency), TRIN (True Response Inconsistency), F (Infrequency), FB (Back F), FP 

(Infrequency–Psychopathology), L (Lie), K (Correction), and S (Superlative Self-

Presentation)), 9 RC (Restructured Clinical) scales, 15 content scales, 27 Content 

Component Scales, 20 Supplementary Scales, 31 Clinical Subscales.  The MMPI-2 is 

useful in providing information about personality styles/traits and 

psychopathology/emotional factors.  Individuals with mTBI typically demonstrate 
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elevations in all clinical scales except for 0 (Si), when compared to normals, although 

inconsistent differences have been noted in subgroups of mTBI patients who are 

seeking compensation as a result of their injury (Arbisi & Ben-Porath, 1998; Berry, 

Wetter, Baer, Yongjohn, & Gass, 1995; & Larrabee, 2003).  Only the clinical scales were 

used in the current study. 

MMPI-2 and Effort 

 One advantage of the MMPI-2 over other personality measures is in its ability to 

identify individuals exaggerating both psychiatric and TBI symptoms in general (Lees-

Haley, Smith, Williams, Dunn, 1996).  In particular, the Lees-Haley Fake Bad Scale 

(FBS) and the Arbisi and Ben Porath Infrequency Scale F(p) are used to identify 

probable exaggeration of neurocognitive deficits (Lees-Haley et al., 1996; & Berry et al., 

1995).  Studies indicate that the FBS is generally more sensitive to feigned deficits than 

the F, Fb, and F(p) scales (Greiffen, Baker, & Gola, 2004; & Slick et al.,1999).  

Additionally, Larrabee (2003) found that MMPI clinical scales 1, 3, and 7 were 

significantly elevated in the symptom exaggeration group as opposed to a non-litigation 

mTBI group, and demonstrated that a score of 22 or greater on the FBS was a 

significant indicator of mTBI patients who exaggerated neurocognitive deficits in a 

defined group of malingerers (as determined by performance on the PDRT). 

 With regard to effort, the MMPI-2 has been compared to a variety of other 

measures of effort.  The following paragraph discusses the research findings.  Bagby 

Nicholson, Bacchiochi, Ryder, and Bury (2002) compared effort performance in 

individuals with psychiatric issues using the MMPI-2 and the Personality Assessment 
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Inventory (PAI).  Both the MMPI-2 and the PAI were successful in distinguishing 

coached and uncoached malingerers from psychiatric patients (in a non-TBI sample).  

Green (2005) found that using the PAI and the MMPI-2 together was better at 

identifying feigned psychopathology than either alone.  With regard to mTBI 

populations, the MMPI-2 has proven to be a much better choice at identifying 

suboptimal performance than other personality measures, although separate measures 

of effort given with the MMPI-2 have been proven to be better than individual measures 

alone (Larrabee, 2003; & Lees-Haley et al., 1996).  Additionally, the current consensus 

among neuropsychologists with regard to effort testing in mTBI populations is that digit 

span, SVTs, and the MMPI-2 are in the top ten measures used in forensic 

neuropsychological assessment (Larrabee, 2003; & Lees-Haley et al., 1996).  Given the 

previous statement, further research is needed to evaluate specific psychological factors 

contributing to the detection of suboptimal effort in mTBI populations. 

Rationale for Study 

 In light of the results presented thus far, it appears logical to conclude that 

individuals with mild Traumatic Brain Injury show poorer effort (30% failure rate) as 

measured by SVTs than groups documented to have severe neurocognitive impairment.  

Additionally, evidence has been presented that indicates some mTBI patients have 

motivation to perform poorly on measures of neuropsychological functioning.   

 First, there are very few studies that have investigated the relationship between 

psychological characteristics, neurocognitive variables, and a measure of effort.  

Additionally, evidence has been presented that indicates psychological characteristics 
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may play a role in mTBI patients that perform poorly on measures of 

neuropsychological functioning.  However, several factors regarding these findings 

warrant further investigation. 

Second, there are very few studies that have directly compared neurocognitive 

variables between groups shown to perform poorly and adequately on tests of effort, 

while accounting for psychological characteristics.  The current investigation examined 

the relationship between psychological characteristics and effort in individuals with 

mTBI, in addition to the impact of psychological characteristics on neuropsychological 

test performance between groups of mTBI patients performing poorly and adequately 

on tests of effort.  

Hypotheses 

  First, it is hypothesized that psychological factors will be related to effort (as 

measured by the MSVT and MMPI-2) in mTBI patients, while controlling for 

demographic variables and duration of injury.  This anticipated outcome is consistent 

with previous findings by Larrabee (2003).  He found that Hypochondriasis, Hysteria, 

and Psychasthenia were elevated in a group of known malingerers (identified by 

performance on the PDRT) in an mTBI sample.   

 Second, it is hypothesized that patients with mTBI that perform poorly on tests 

of effort will perform differently on neurocognitive tests than patients with mTBI that 

pass tests of effort, based on relevant psychological characteristics.  This anticipated 

outcome is consistent with previous findings by Slick, et al. (2004).  He found that 

individuals exhibiting poor effort on effort tests also demonstrate differences on 
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neurocognitive tests (i.e., lower than expected performance on less difficult subtests on 

the WAIS, delayed memory better than immediate memory on CVLT and WMS) than 

those exhibiting good effort.  No previous research is available in this population 

regarding the relationship between neuropsychological variables, psychological 

characteristics, and effort (as measured by the MSVT).  Therefore, an exploratory 

analysis was conducted to examine these relationships.      
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CHAPTER 2 

METHODS 

Participants 

Participants for the current study were recruited from a private practice facility in 

Dallas, Texas, as they presented for a standard neuropsychological evaluation as part of 

their primary diagnosis or continued care.  Participants involved those individuals with 

loss of consciousness <30 minutes, or that received a Glascow Coma Scale score of 13-

15, with no skull fracture on physical exam or nonfocal neurologic exam and/or 

diagnosed as mTBI by a clinical neuropsychologist.  Additionally, all participants 

identified English as their primary language and demonstrated adequate literacy and 

visual acuity.  These requirements were screened for during the recruitment process by 

verbal questionnaire.   

Participant characteristics are presented in Table 3.  The total sample (48 

participants) consisted of 40 males (83%) and 8 females (17%), with 41 participants 

(85%) identified as Caucasian, 5 (11%) identified as African American, and 2 (4%) 

identified as Hispanic.  Average age was 45.4 years (range = 26 – 56 years) and 

average level of education for was 13.5 years (range = 10 to 20 years).  The average 

time since injury was 2.86 years (range = 1 - 12.33 years). 

Measures 

Three different types of measurement were used to assess level of cognitive 

function and effort: 

(1) Standardized Neuropsychological pencil/paper based testing (Table 4): 
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A. Wechsler Adult Intelligence Scale-III is a measure of intellectual functioning.   

The test is broken down into 14 sub tests, comprising the verbal (seven  

sub tests) and performance scales (seven sub tests).  Wechsler's tests provide 

three scores: verbal IQ (VIQ), performance IQ (PIQ), and composite, single full-

scale IQ score based on the combined scores.  The median full-scale IQ is 

centered at 100, with a standard deviation of 15.  In a normal distribution this IQ 

range (1σ above and below the mean - that is, between 85 and 115) is where 

approximately 68% of adults would fall.  In the current study, two subtests (Digit 

Span, Digit-Symbol Coding) and the overall IQ score were used.  

In terms of reliability of the WAIS-III, extensive testing of reliability was 

an emphasis of the WAIS-III.  The test-retest reliability coefficients are 

outstanding for the WAIS-III, ranging from .88 to .96 (Niolon, 2005).   

B. Trail Making Test A & B (Partington & Leiter, 1949):  This measure is a timed 

test in which individuals connect either encircled numbers or alternate between 

numbers and letters.  Overall, this test is considered to examine speeded 

attention and sequencing and mental flexibility.  Scores are based on time of 

completion and the number of errors made.  Reitan & Wolfson (1993) uses cut-

off scores for Trails A; 40-51 seconds in is considered mild to moderately 

impaired, while 52 seconds or more is indicate of severe deficits.  Reliability 

coefficients have been found to range from .80-.90 in populations of neurological 

impairment, and as low as .60 for non-neurological aged populations (Spreen & 

Strauss, 1998).  The Trail Making Test B (Partington & Leiter, 1949) is a timed 
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test in which individuals connect encircled letters and numbers.  In Trails B, the 

goal of the task is to connect 25 encircled numbers alternating with encircled 

letters in sequential order.  Overall, this test is considered to examine speeded 

attention, sequencing and mental flexibility.  Specifically, Trails B examines 

logical analysis plus flexibility for sequential processing.  Scores are based on 

time of completion and the number of errors made.  Reitan & Wolfson (1993) 

uses cut-off scores for Trails B, 86-120 seconds in is considered mild to 

moderately impaired, while 121 seconds or more is indicate of severe deficits.  

Reliability coefficients have been found to range from .80-.90 in populations of 

neurological impairment, and as low as .60 for non-neurological aged 

populations (Spreen & Strauss, 1998).   

C. Controlled Oral Word Association Test: (COWAT, Benton, 1969): This test  

requires the generation of as many words as possible when given a specific letter 

of the alphabet within one minute, usually F-A-S.  Restrictions include not 

naming people, places or numbers.  Skills involved are free reproduction of 

words (verbal fluency) and monitoring of previous responses.  Therefore, this 

test not only requires multiple response generation, but also maintenance of 

complex task set and inhibition.  Test-retest reliability has been reported at .88 

for adults, with a slight decline in estimates for older adults at .70 (Snow, 

Tierney, Zorzitto, Fisher, & Reid, 1988).   

D. Weschler Memory Scale-Revised (Weschler, 1944; revised in 1987).  The 

Weschler Memory Scale-Revised is an individually administered measure of 
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memory for verbal and figural stimuli (delayed and immediate).  It can be used 

as a diagnostic or screening device as part of a general neuropsychological 

examination or other clinical examination that requires the assessment of 

memory functioning.  For the current study, four subtests were used; logical 

memory I and II (episodic immediate and delayed memory) and visual 

reproduction I and II (visual immediate and delayed memory).  The Wechsler 

Memory Scale manual indicated the test-retest stability of the WAIS-R in 119 

nonclinical subjects was extremely high for full-scale IQ (0.96 and 0.97) and a 

relatively small difference in group test-retest score (6.2 points) (Wechsler, 

1981). 

 (2) Computer Based Measure of Effort:  

Medical Symptom Validity Test (MSVT; Green, 2004): The MSVT is a computer-

based, forced-choice test of automated memory, with integral effort measures.  

The test is a short-form version of the Word Memory Test (WMT; Green, 2004) 

that can be self-administered.  The MSVT is a brief verbal memory-screening 

test, containing two primary effort subtests and two memory subtests (See Table 

1).  Participants are shown 10 strongly linked word pairs for five subtests: 

Immediate and Delayed Recognition (IR and DR; initial effort tasks), Consistency 

(CNS; measure of correspondence between IR and DR responses), Paired 

Associates (PA) and Free Recall (FR).  Patient responses are recorded and 

compared to normative groups including patients with neurological disorders, 

severe and mild traumatic brain injury, psychological disorders, children with 
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learning disabilities and IQ below 70, chronic pain patients, mentally retarded 

adults, and normal controls.  With the exception of Dementia patients, 

individuals scoring below the 85% cut-off across primary sub-tests, 70% cut-off 

for Paired Associates, and 50% cutoff for Free Recall are considered to exhibit 

poor effort.  The authors report near 100% sensitivity and specificity with this 

instrument in detecting poor effort.   

 (3) Personality Assessment Measure 

Minnesota Multiphasic Personality Inventory - 2 MMPI-2 (Butcher, Dahlstrom, 

Graham, Tellegen, & Kaemmer, 1989).  The MMPI_2 is used to assess major 

symptoms of social and personal maladjustment.  It is used with individuals age 

18 years and older, with a minimum 6th grade reading level.  The MMPI-2 is a 

paper and pencil test with 567 true/false items.  Estimated completion time is 60 

– 90 minutes.  The current study focused only on the 10 clinical scales (Table 2).  

Test-retest reliability has been reported to range from .58 to .92 (Butcher, 

Dahlstrom, Graham, Tellegen, & Kaemmer, 1989).

 

                                      Design and Procedure 
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Participants were recruited at the location previously outlined.   At the time of 

recruitment, the inclusion/exclusion criteria was applied via communication between 

investigator and potential participant.  Informed consent was obtained from all 

participants at the beginning of each evaluation session.  The participant then 

completed the intake interview to collect demographic data along with medical data as 

a secondary check of inclusion/exclusion criteria as outlined in the previous section. 

Once the participant passed the criteria check, they were administered the 

following neuropsychological tests according to published instructions: WAIS-III 

(Revised ed.), Trails A & B, Wechsler Memory Scale-Revised (subtests; LM I, LM II, VR 

I, VR II) Controlled Oral Word Association Test (COWAT), Minnesota Multiphasic 

Personality Inventory-2 (MMPI-2), and the Medical Symptom Validity Test (MSVT).  To 

control for possible ordering effects, test order was varied for each participant.  Raw 

scores for all measures will be entered into SPSS for data analysis. 

                                              Statistical Analyses 

                                  All data analyses were performed using SPSS version 15.0 (SPSS, Inc., Chicago 

IL).  Standard procedures for assuring normality, linearity, multicollinearity, 

homogeneity of variances, and for describing the population were performed.  A 

conservative approach was used in data analysis such that only participants who 

completed all instruments were included in the analysis.  A power analysis was 

performed to determine adequate sample size to achieve adequate power, a 

Bonferroni-correction was applied to reduce the probability of a Type-1 error, and 
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univariate descriptive analyses were performed on demographic and treatment 

variables. 

In order to control for demographic and medical variables (e. g., time since 

diagnosis of injury), hierarchical regression models with three blocks were constructed 

to test the Hypothesis 1.  Block 1, to be entered simultaneously, included demographic 

variables: gender, age, and education.  Block 2, to be entered simultaneously, included 

time since injury.  Block 3, entered stepwise, included variables of primary theoretical 

interest so that only those variables directly associated with the dependent variable 

were included in the model.  These variables included: L-scale, F-scale, K-Scale, 

Hypochondriasis, Depression, Hysteria, Psychopathic Deviate, Masculinity/Femininity, 

Paranoia, Psychasthenia, Hypomania, and Social Introversion.  The dependent variable 

was effort (as measured by the MSVT).   

Standardized neurocognitive measures were then analyzed for each participant 

grouping to test hypothesis 2. Three ANOVAs were conducted to determine if any 

neurocognitive differences exist between those that performed poorly on effort tests 

and those that performed adequately on effort tests in an mTBI group, accounting for 

relevant personality characteristics (Hysteria, Hypomania, and Hysteria and Hypomania 

together) entered as covariates.   
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CHAPTER 3 

RESULTS 

Univariate descriptive analyses were performed on demographic and treatment 

variables, and correlation matrices for all variables are presented in Tables 9, 10 and 

11.  An alpha level of .05 was used for all statistical tests. However, using a Bonferroni 

correction for the number of variables in the equation, yielded an alpha level 

requirement of .005.  The Bonferroni correction states that “if an experimenter is 

testing n dependent or independent hypotheses on a set of data, then the statistical 

significance level that should be used for each hypothesis separately is 1/n times what 

it would be if only one hypothesis were tested.  The Bonferroni correction is a 

safeguard against multiple tests of statistical significance on the same data falsely 

giving the appearance of significance.  It has been shown that 1 out of every 20 

hypothesis-tests will appear to be significant at the α = 0.05 level purely due to chance 

(Abdi, 2007). 

A power analysis (one-way ANOVA) was conducted to determine an appropriate 

sample size needed to achieve adequate power.  Results indicated that power was 

adequate (Power = .988, N = 48).   

Five hierarchical multiple regression analyses were conducted to predict effortful 

performance (five measures; Immediate Recognition, Delayed Recognition, Consistency, 

Paired Associates, and Free Recall) from demographic and psychological variables of 
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interest that were identified in correlation matrices.  The models included demographic 

variables, and psychological variables of interest, identifying the demographic variables 

as covariates to control for their effects on the relationship between psychological 

factors and effortful performance.   

Results for the first model were significant, F (6, 47) = 5.30, p < .001.  The 

model accounted for 34% of the variance in Immediate Recognition/effort (Adj R 

Square = .35).  After controlling for the effects of the demographic variables, Hysteria 

emerged as a significant psychological predictor of Immediate Recognition/effort, ß = -

.27, t = -4.21, p = .001; as was Hypomania, ß = .24, t = 2.36, p = .023.  There were 

no other variables in the model that were statistically significant.  Results for the first 

regression are displayed in Table 12.   

Results for the second model were significant, F (5, 47) = 3.96, p < .005.  The 

model accounted for 22% of the variance in Delayed Recognition/effort (Adj R Square 

= .24).  After controlling for the effects of the demographic variables, Hysteria emerged 

as a significant psychological predictor of Delayed Recognition/effort, ß = -.25, t = -

3.14, p = .003.  There were no other variables in the model that were statistically 

significant.  Results for the second regression are displayed in Table 13. 

Results for the third model were significant, F (5, 47) = 3.87, p < .006.  The 

model accounted for 22% of the variance in Consistency/effort (Adj R Square = .23).  

After controlling for the effects of the demographic variables, Hysteria emerged as a 

significant psychological predictor of Consistency/effort, ß = -.26, t = -3.34, p = .002.  
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There were no other variables in the model that were statistically significant.  Results 

for the third regression are displayed in Table 14.   

Results for the fourth model were significant, F (5, 47) = 5.28, p < .001.  The 

model accounted for 31% of the variance in Paired Associates/effort (Adj R Square = 

.31).  After controlling for the effects of the demographic variables, Hysteria emerged 

as a significant psychological predictor of Paired Associates/effort, ß = -.28, t = -2.38, p 

= .022.  There were no other variables in the model that were statistically significant.  

Results for the fourth regression are displayed in Table 15.   

Results for the fifth model were significant, F (5, 47) = 3.87, p < .006.  The 

model accounted for 23% of the variance in Free Recall/effort (Adj R Square = .23).  

After controlling for the effects of the demographic variables, Hysteria emerged as a 

significant psychological predictor of Free Recall/effort, ß = -.49, t = -2.96, p = .005.  

There were no other variables in the model that were statistically significant.  Results 

for the fifth regression are displayed in Table 16.   

For each of the regressions, Hysteria was inversely related to effort; which 

means that elevated scores on the Hysteria scale were associated with lower effort 

scores across all five measures of effort.  Hypomania was positively associated with 

Immediate Recognition/effort, which means that elevated scores on the Hypomania 

scale were associated with good effort.  However, this finding was not consistent across 

other measures of effort.   

For the second hypothesis, three univariate ANOVAs were conducted to uncover 

the main effects effects between neurocognitive variables and effort based on 

33



  

psychological characteristics (entered as covariates, individually and together).  

Relevant psychological variables that emerged as predictors from the previous 

regression analyses used to determine covariates. Results are presented in Table 17.   

The first univariate ANOVA was conducted to uncover the main effects and 

between neurocognitive variables and effort, with a psychological characteristic 

(Hysteria) as a covariate.  The homogeneity of variances assumption was met for: IQ, 

Levene’s statistic, F = .296, p = .59, Attention (Digit Span), Levene’s statistic, F = 3.69, 

p = .06, Processing Speed (Digit Symbol Coding), Levene’s statistic, F  = .61, p = .44, 

Verbal Fluency (COWAT), Levene’s statistic, F = .43, p = .52, Sequencing (Trails A), 

Levene’s statistic, F = 1.81, p = .19, Mental Flexibility (Trails B), Levene’s statistic, F = 

.62, p = ..44, Episodic Immediate Memory (WMS-R Verbal Immediate Recognition), 

Levene’s statistic, F = .83, p = .37, Episodic Delayed Memory (WMS-R Verbal Delayed 

Recall), Levene’s statistic, F = .83, p = .06, Visual Immediate Memory (WMS-R Visual 

Immediate Recall), Levene’s statistic, F = .83, p = .37, Visual Delayed Memory (WMS-R 

Visual Delayed Recall), Levene’s statistic, F = .34, p = .57.  None of the main effects 

were statistically significant (with Hysteria as a covariate).  The effect of IQ was not 

statistically significant, F (1, 46) = 4.59, p = .016, η = .42, power= .747.  The effect of 

Attention (Digit Span) was not statistically significant, F (1, 46) = 2.31, p = .112, η = 

.31, power= .443.  The effect of Processing Speed (Digit Symbol Coding) was not 

statistically significant, F (1, 46) = 2.02, p = .146, η = .42, power= .393.  The effect of 

Verbal Fluency (COWAT) was not statistically significant, F (1, 46) = 2.80, p = .07, η = 

.34, power= .521.  The effect of Sequencing (Trails A) was not statistically significant, F 
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(1, 46) = 4.03, p = .025, η = .40, power= .688.  The effect of Mental Flexibility (Trails 

B) was not statistically significant, F (1, 46) = 1.26, p = .294, η = .24, power= .259.  

The effect of Episodic Immediate Memory (WMS-R Verbal Immediate Recall) was not 

statistically significant, F (1, 46) = 2.07, p = .139, η = .30, power= .402.  The effect of 

Episodic Delayed Memory (WMS-R Verbal Delayed Recall) was not statistically 

significant, F (1, 46) = 4.27, p = .020, η = .41, power= .715.  The effect of Visual 

Immediate Memory (WMS-R Visual Immediate Recall) was not statistically significant, F 

(1, 46) = .93, p = .402, η = .21, power= .201.  The effect of Visual Delayed Memory 

(WMS-R Visual Delayed Recall) was not statistically significant, F (1, 46) = 1.21, p = 

.308, η = .23, power= .25. 

The second univariate ANOVA was conducted to uncover the main effects 

between neurocognitive variables and effort, with a psychological characteristic 

(Hypomania) as a covariate.  The homogeneity of variances assumption was met for: 

IQ, Levene’s statistic, F = .177, p = .68, Attention (Digit Span), Levene’s statistic, F = 

3.238, p = .08, Processing Speed (Digit Symbol Coding), Levene’s statistic, F  = 1.780, 

p = .19, Verbal Fluency (COWAT), Levene’s statistic, F = .170, p = .68, Sequencing 

(Trails A), Levene’s statistic, F = .254, p = .62, Mental Flexibility (Trails B), Levene’s 

statistic, F = .751, p = .39, Episodic Immediate Memory (WMS-R Verbal Immediate 

Recall), Levene’s statistic, F = 4.326, p = .04, Episodic Delayed Memory (WMS-R Verbal 

Delayed Recall), Levene’s statistic, F = 5.171, p = .03, Visual Immediate Memory 

(WMS-R Visual Immediate Recall), Levene’s statistic, F = .078, p = .78, Visual Delayed 

Memory (WMS-R Visual Delayed Recall), Levene’s statistic, F = .109, p = .74.  None of 

35



  

the main effects were statistically significant (with Hysteria as a covariate).  The effect 

of IQ was not statistically significant, F (1, 46) = 3.53, p = .04, η = .38, power= .625.  

The effect of Attention (Digit Span) was not statistically significant, F (1, 46) = 2.35, p 

= .11, η = .31, power= .449.  The effect of Processing Speed (Digit Symbol Coding) 

was not statistically significant, F (1, 46) = 2.73, p = .08, η = .33, power= .511.  The 

effect of Verbal Fluency (COWAT) was not statistically significant, F (1, 46) = 2.52, p = 

.09, η = .33, power= .478.  The effect of Sequencing (Trails A) was not statistically 

significant, F (1, 46) = 2.40, p = .10, η = .32, power= .457.  The effect of Mental 

Flexibility (Trails B) was not statistically significant, F (1, 46) = 1.65, p = .20, η = .27, 

power= .328.  The effect of Episodic Immediate Memory (WMS-R Verbal Immediate 

Recall) was not statistically significant, F (1, 46) = 5.12, p = .01, η = .44, power= .796.  

The effect of Episodic Delayed Memory (WMS-R Verbal Delayed Recall) was not 

statistically significant, F (1, 46) = 3.67, p = .03, η = .39, power= .643.  The effect of 

Visual Immediate Memory (WMS-R Visual Immediate Recall) was not statistically 

significant, F (1, 46) = 5.48, p = .01, η = .45, power= .820.  The effect of Visual 

Delayed Memory (WMS-R Visual Delayed Recall) was not statistically significant, F (1, 

46) = .91, p = .41, η = .20, power= .197. 

The third univariate ANOVA was conducted to uncover the main effects between 

neurocognitive variables and effort, with psychological characteristic (Hysteria and 

Hypomania) as covariates.  The homogeneity of variances assumption was met for: IQ, 

Levene’s statistic, F = .359, p = .55, Attention (Digit Span), Levene’s statistic, F = 

3.176, p = .08, Processing Speed (Digit Symbol Coding), Levene’s statistic, F  = 1.757, 
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p = .19, Verbal Fluency (COWAT), Levene’s statistic, F = .290, p = .59, Sequencing 

(Trails A), Levene’s statistic, F = 1.523, p = .22, Mental Flexibility (Trails B), Levene’s 

statistic, F = 1.154, p = .29, Episodic Immediate Memory (WMS-R Verbal Immediate 

Recall), Levene’s statistic, F = 4.296, p = .04, Episodic Delayed Memory (WMS-R Verbal 

Delayed Recall), Levene’s statistic, F = 4.313, p = .04, Visual Immediate Memory 

(WMS-R Visual Immediate Recall), Levene’s statistic, F = .010, p = .92, Visual Delayed 

Memory (WMS-R Visual Delayed Recall), Levene’s statistic, F = .310, p = .58.  None of 

the main effects were statistically significant (with Hysteria as a covariate).  The effect 

of IQ was not statistically significant, F (1, 46) = 3.01, p = .04, η = .42, power= .666.  

The effect of Attention (Digit Span) was not statistically significant, F (1, 46) = 1.53, p 

= .22, η = .32, power= .373.  The effect of Processing Speed (Digit Symbol Coding) 

was not statistically significant, F (1, 46) = 1.78, p = .17, η = .39, power= .429.  The 

effect of Verbal Fluency (COWAT) was not statistically significant, F (1, 46) = 1.87, p = 

.15, η = .35, power= .448.  The effect of Sequencing (Trails A) was not statistically 

significant, F (1, 46) = 2.63, p = .06, η = .40, power= .602.  The effect of Mental 

Flexibility (Trails B) was not statistically significant, F (1, 46) = 1.47, p = .24, η = .31, 

power= .359.  The effect of Episodic Immediate Memory (WMS-R Verbal Immediate 

Recall) was not statistically significant, F (1, 46) = 3.35, p = .03, η = .44, power= .718.  

The effect of Episodic Delayed Memory (WMS-R Verbal Delayed Recall) was not 

statistically significant, F (1, 46) = 2.82, p = .05, η = .41, power= .636.  The effect of 

Visual Immediate Memory (WMS-R Visual Immediate Recall) was not statistically 

significant, F (1, 46) = 4.21, p = .01, η = .48, power= .822.  The effect of Visual 
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Delayed Memory (WMS-R Visual Delayed Recall) was not statistically significant, F (1, 

46) = .808, p = .50, η = .24, power= .209. 

Overall, there were no significant differences found between groups of effort 

(poor performance and adequate performance groups) on neuropsychological measures 

based on relevant psychological characteristics (Hysteria and Hypomania; entered 

separately and together) that emerged as significant predictors of effort in the previous 

hierarchical regression analyses. 
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CHAPTER 4 

DISCUSSION 

The current study examined relationships among psychological characteristics, 

effortful performance, and neurocognitive performance in individuals with minor 

traumatic brain injuries (mTBI). Psychological characteristics (as measured by the 

MMPI-2) were evaluated regarding their ability to predict effortful performance (as 

measured by the MSVT) in individuals with minor traumatic brain injuries (mTBI). Also 

investigated was the impact of relevant psychological characteristics on 

neuropsychological test performance in those performing poorly on effort tests as 

compared to those performing adequately in individuals with mTBI.   

The findings support the first hypothesis that psychological factors are related to 

effort in mTBI patients. Specifically, Hysteria and Hypomania emerged as significant 

predictors of effort.  The association between effort and Hysteria appears more robust 

than that with Hypomania, given that elevated Hysteria scores were associated with 

reduced effort across each of the effort measures on the MSVT (Immediate 

Recognition, Delayed Recognition, Consistency, Paired Associates, Free Recall) while 

elevated scores on the Hypomania scale were associated with higher scores on only one 

effort measure on the MSVT (Immediate Recognition).  

Hysteria’s association with effort in mild traumatic brain injury patients is 

reasonable, as high scores on the scale likely reflect several profiles known to exist 

within this patient population; i.e. poor insight, attempt to manipulate others, 

generalized psychopathology, localization of brain dysfunction. While the Hysteria scale 
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was constructed using patients who exhibited some form of sensory or motor disorder 

for which no organic basis could be established (Butcher, et al., 1998), patients with 

mTBI generally elevate this scale. Lees-Haley (1996) demonstrated that T-scores 

between 65 and 75 are associated with legitimate physical concerns such as fatigue and 

weakness that are common symptoms of mTBI. However, extremely high scores (over 

75) are associated with denial of symptoms (often in an effort to manipulate others to 

have their needs met) and poor insight (Groth-Marnot, 1999; & Lees-Haley, 1996; 

Larrabee, 2003).   

In the current study, high scores on the Hysteria scale may have reflected 

intentional poor performance, especially given that the 70% of individuals failing the 

MSVT obtained Hysteria scores in the extremely high range (Table 18). Indeed, 

Larrabee (2000) found that Hypochondriasis, Hysteria, and Psychasthenia were 

elevated in a group of known malingerers.  Larrabee (2008) later suggested that 

malingering should be considered in personal injury litigants when elevations on the 

Hysteria and Hypochondriasis scale exceed a T-score of 80. While secondary gain issues 

were not directly assessed in the current study, the vast majority of patients that are 

seen in the private practice office where data was collected are in current litigation or 

have other secondary gain issues (e.g., disability). Further investigation is needed to 

investigate the contribution of Hysteria to effort in mTBI patients with secondary gain 

issues.  

The results found between Hysteria and effort may also have reflected 

motivational aspects of an unaccounted for psychiatric disorder, rather than a deliberate 
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act of malingering. General psychopathology is common in mTBI, although it is often 

unclear whether this is a direct result of the injury or a pre-existing condition (Arbisi et 

al., 1999; Busch et al., 1998; Nelson & Cicchetti, 1995; Ownsworth & Oei, 1998; 

Prigatano et al., 1995; & Reitan & Wolfson., 1997). Lees-Haley (1997) suggested that 

individuals with poor insight and denial may exaggerate symptoms as part of their 

pathology and not as an intention to deceive. He added that individuals scoring in the 

extremely high range on the Hysteria scale may be “generally disturbed,” regardless of 

their exaggeration of symptoms. The current study did not investigate pre-existing 

psychiatric disorders and further research is needed to clarify these relationships with 

regard to effort and mTBI.     

Finally, in order to elucidate the relationship between Hysteria and effort in 

mTBI, localization of cerebral dysfunction should also be considered. Lezak (1995) 

showed that injury to the right cerebral hemisphere was associated with reduced 

insight, and Stone et al (2006) showed that right cerebral damage was associated with 

a denial of symptoms. Additionally, Armstrong (1991) indicated that right-frontal 

cerebral damage was associated with apathy and reduced energy. This is consistent 

with QEEG studies that have found that individuals with damage to the right-frontal 

region of the brain exhibit mania and reduced effort on attention tasks (Duff, 2004). 

QEEG is very sensitive to brain damage and has been shown to be effective at localizing 

dysfunction in mTBI that other methods of evaluation have missed (Hughes and John, 

1999; & Thornton, 2003). In the current study, localization of brain dysfunction was not 

evaluated. Given that injury-associated apathy, reduced energy, and poor insight could 
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impact effortful performance and be reflected in higher Hysteria scores, localization of 

brain dysfunction could have greatly clarified the results of the current study. Further 

research is needed to investigate the relationships that exist between effort and 

localization of brain dysfunction in mTBI patients.     

The present study also found a significant association between Hypomania and 

the Immediate Recognition subscale of the MSVT, so that lower scores on Hypomania 

were associated with poor effort and higher scores with good effort. The Hypomania 

scale was developed using patients in the early stages of a manic episode (Butcher et 

al, 1989) and generally reflects varying degrees of behavioral and cognitive 

activity/energy, egocentricity, grandiosity, and irritability.  Individuals scoring in the 

normal range on the Hypomania scale may feel that it is important to be honest and are 

concerned about what other people think of them, and they may have realistic 

evaluations regarding their abilities. Lower than average scores are associated with a 

“slow temperament” and reduced energy (French, 2008).  In the current study, 

individuals that passed the Immediate Recognition subscale of the MSVT scored in the 

normal range on the Hypomania scale, while 70% of individuals failing the subtest 

scored below average on the Hypomania scale.  Thus, it may be that low scoring 

individuals in the present study may not have performed well on a measure of effort 

due to reduced cognitive energy. Reitan and Wolfson (2004) reviewed a number of 

neurocognitive studies and found that reduced “mental energy” accounted for poor 

performances across many different neurocognitive tests in brain-damaged patients as 

compared to controls, including applying effective effort over time. Furthermore, studies 
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have demonstrated that localization of damage to the right cerebral hemisphere is 

associated with reduced motivational and cognitive energy.  

In the current study, Hypomania was not shown to be related to other subscales 

of the MSVT while Hysteria successfully predicted effort across all subscales.  It is 

unclear why Hypomania was not shown to be related to the other measures of effort 

(e.g., Delayed Recognition, Consistency, Paired Associates, Free Recall).  It may be that 

the first cognitive task (Immediate Recognition) is the most sensitive to cognitive 

energy demands and that after initial exposure, subjects are able to gather and utilize 

energy reserves to successfully complete the remainder of the task. Further research in 

this area is needed to investigate the factors that contribute to the relationship between 

Hypomania and measures of effort in mTBI populations. Use of Hypomania content 

subscales may help elucidate the relationship between specific aspects of Hypomania 

and various measures of effort.      

Results did not support the second hypothesis that mTBI patients that fail tests 

of effort perform differently on cognitive tests than patients that pass tests of effort, 

while accounting for relevant psychological characteristics.  This is in contrast to 

previous research that has shown that individuals with mTBI that perform poorly on 

effort tests also perform poorly on measures of cognitive ability (Alexander, 1995; 

Beetar & Williams, 1995; Bernstein, 2002; Binder, 1997; Binder, Constantinou, et al., 

2005; Rohling & Larrabee, 1997; Bohnen, Jolles, Twijnstra, Mellink, & Wijnen, 1995; 

Cicerone, 1997; Frencham et al., 2005; Green et al., 2001; Larrabee, 2000; Green, 

2004; Green, Allen, & Astner, 1996; & Howe, et al., 2007).  One possible explanation 
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for the findings from previous studies may be that psychological characteristics were 

not accounted for, and that psychological characteristics impact performance on 

neurocognitive tests in groups of patients that pass/fail effort tests.    

Closer inspection of the current results, however; revealed some interesting 

considerations. The current study used a Bonferroni correction, which is a very 

conservative measure that is designed to reduce the probability of a Type 1 error 

(falsely rejecting the null hypothesis). Thus, the probability of a Type 2 error is 

increased and may have obscured relevant findings. Therefore, power and effect size 

were computed for each variable in each of the three ANCOVAs to examine trends in 

the data. While not statistically significant at the Bonferroni-corrected .005 level, three 

neurocognitive variables showed promise for explaining differences in effort.  IQ, 

Delayed Verbal Memory, and Immediate Visual memory were significant at the .05 

level, depending on which covariate was used (e.g., Hysteria, Hypomania, Hysteria and 

Hypomania together). When Hysteria and Hypomania were used independently or in 

combination as a covariates, significance ranged from .008 to .02, power ranged from 

.72 to .82, and effect size ranged from .42 to .48 (see Table 17). Respectable power is 

.80, although .90 or greater is considered the best. Effect sizes are described in terms 

of small (.20), medium (.50), and large (.80). Trends in the data are discussed below 

for neurocognitive variables that approach .80 in power, and approach a medium effect 

size (.50).  

Possible reasons for these trends exist in the mTBI literature. It has been shown 

that memory and IQ are the most sensitive neurocognitive measures for determining 
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intentional poor effort in mTBI (Boone, 2007). Thus, differences on these measures 

between individuals passing and failing effort (after taking psychological characteristics 

into account) may represent malingering. This is not surprising, as the mean obtained 

IQ score for individuals failing effort tests in the current study was 87 (with a mean 

education of 13.7), while the mean for individuals passing tests of effort was 98 (with 

mean education of 12.9 years). Duncan and Ausborn (2002) investigated IQ differences 

in malingering versus non-malingering neurological patients. They found that 

malingering patients obtained significantly lower IQ scores than non-malingerers 

(malingerer IQ mean = 71, non-malingerer mean = 88), although education accounted 

for part of this difference (8.9 years versus 10.5 years, respectively). Additionally, Gill, 

Green, Flaro, and Pucci (2007) developed a reference group for the MSVT, consisting of 

23 children with a mean IQ of 63.5. The means of this reference group were compared 

to those that passed and failed effort in the current study (see Table 19). With the 

exception of Free Recall, the mean for the group of patients failing tests of effort (with 

a mean IQ of 87; Low Average Range) in the current study were slightly lower than 

that of a reference group (Gill, et al., 2007) consisting of individuals scoring in the Mild 

Mental Retardation range for IQ. Future studies with a larger sample size may shed 

light on differences in neurocognitive performance between groups of mTBI patients 

that pass and fail effort tests, while accounting for psychological characteristics.  

In conclusion, the effects of Hysteria were observed to impact effort across all 

five measures of the MSVT, and scores on Hypomania were associated with effort only 

on Immediate Recognition. Results can be understood within the context of various 
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psychological characteristics of mTBI, which may relate to malingering, general 

psychopathology, or localization of brain dysfunction. Additionally, a trend was observed 

regarding neurocognitive dysfunction. Specifically, differences in IQ and aspects of 

memory were observed when comparing groups of mTBI patients that failed and 

passed effort tests, after accounting for personality factors. However, differences were 

not considered significant due to the use of a Bonferroni-correction to reduce the 

chance of making a Type-1 error.  In order to better elucidate these relationships, 

future studies should utilize a larger sample size and should include measures that 

account for localization of dysfunction (e.g., QEEG), in addition to individual items and 

subscales from the MMPI-2. 

Limitations of the Study 

Numerous limitations are noted in the current study.  According to Gordon (2006) minor 

traumatic brain injury is “complex, methodologically challenging, and controversial,” 

thus; it is important to have sound methodological evaluation (i.e., use of control 

groups) to evaluate neuropsychological factors associated with mTBI in addition to 

correlational relationships.  The current study also investigated individuals at one point 

in time.  With multiple evaluations, the stability of results may be established.  The 

sample was also a convenience sample (as opposed to a random sample), made up of 

individuals presenting for evaluation of their cognitive difficulties at a private practice 

office in Dallas, and participants tended to be Caucasian males in their forties, 

approximately three years post-injury (on average), and had known secondary gain 

issues.  Results may not generalize to individuals in other parts of the country or other 
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demographics (i.e., different ethnicities, young adults, children).  Additionally, these 

individuals may be different than individuals with a minor traumatic brain injury that did 

not present for evaluation, particularly considering that symptom over-reporting has 

been related to poor effort in mTBI patients.  The sample size in the current study was 

also a limitation.  With more participants, more comprehensive analyses may have been 

performed. 

The current study used individual clinical scales from the MMPI-2 and did not 

include subscales or code-types that are typically used to increase specificity in 

psychiatric and personality descriptions.  Additionally, individual items and content 

scales (which include individual items assessing different factors of clinical symptoms 

that correspond to the DSM-IV, Butcher et al, 2001) on the MMPI-2 were not 

investigated.  Rogers et al. (2003) found that (in some clinical groups) individuals 

evaluated with the MMPI-2 were misclassified based on clinical scale interpretation 

versus subscale analysis.  Furthermore, psychiatric disorders/diagnoses were not 

investigated; only symptoms thereof.  It is possible that results from the MMPI-2 and 

clinical interview may provide clinical diagnostic information that may have additional 

implications for effortful performance on neuropsychological tests.   

Other factors were not evaluated which may have implications for the findings in 

the current study including comorbid, pre-existing medical problems, and potential 

medication effects.  These could potentially account for poor effort or elevated scores 

on the Hysteria scale.  Finally, the current study did not evaluate whether participants 

were currently involved in litigation or had other external motivation to intentionally 
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perform poorly on tests, which has been shown to affect test performance in individuals 

with mTBI (Green, 2004).    

Recommendations for Future Research 

Based on the results from the current study, it would be beneficial to study the 

effects of Hysteria on effort in mTBI patients over time to see if results are stable (i.e., 

longitudinal study).  It would also be beneficial to investigate which individual items or 

content scales from the MMPI-2 (particularly regarding Hysteria) best predict effort in 

mTBI populations.  Finally, it would be beneficial to see what other potential factors 

may elucidate effort in mTBI patients such as cranial QEEGs, MRIs, CT scans, PET 

scans, vascular risk factors, and nature of injury (e.g., motor vehicle accidents, falls, 

projectile injuries, etc.).   

Implications 

There are numerous implications of the current study for practice.  

Neuropsychological performance that is suboptimal is generally attributed to lack of 

effort, as opposed to a chronic symptom of head trauma after the initial time to recover 

has passed (Binder, 1997).  Because accurate neuropsychological evaluation requires 

best effort, examiners should make a committed effort to establish rapport with patients 

and encourage patients to do their best.  Effort tests should be routinely employed as 

part of a standard assessment battery to help ensure validity of results.  It is also 

important to inform patients that effort is also evaluated and that there are potentially 

negative consequences for demonstrating poor effort during testing (e.g., invalidation 

of test results, misclassification of deficits, inaccurate treatment recommendations, 
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denial of compensation, etc…). Finally, complete assessment of psychiatric and 

personality functioning should be utilized, as the current study found that psychological 

characteristics are associated with effortful performance in mTBI.   
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Table 1 
 

Effort Measures-Medical Symptom Validity Test (MSVT) 

Domain Tests/Subtests 

Effort- 

Immediate Memory- strongly linked words 

Delayed Memory- strongly linked words 

Consistency- across Immediate and Delayed 

Recall of Paired Words (given one word) 

Free Recall (of all words) 

 

Immediate Recognition 

Delayed Recognition 

Consistency 

Paired Associates 

Free Recall 
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Table 2 

 
Psychological Measures- Minnesota Multiphasic Personality Inventory-2 (MMPI-2) 
Butcher et al. (2001) 

Domain Scale T Interpretation 

  Validity Scales- 
   Lie  

    L ≥ 80  
65-79 
≤ 64 

Likely invalid; faking good 
May be invalid; faking good 
Likely valid 

     Infrequency  F ≥ 90 
70-89 
55-69 
≤ 54 

May be invalid; random responding 
May be exaggerated, likely valid;  
Likely valid 
May be defensive 

     Defensiveness   K ≥ 65 
40-64 
< 40  

May be invalid; faking good 
Valid 
May be invalid; faking bad 

Clinical Scales- 
     Hypochondriasis 

 

Hs 

≥ 75 
65-74 
55-64 
<54 

Extreme/bizarre somatic complaints 
preoccupied with health problems 
Somatic complaints; cynical; whiny 
No interpretation 

     Depression D ≥ 75 
65-74 
55-64 
<54 

Clinical depression; hopelessness 
Dysphoric; withdrawn 
introverted; lacks self-confidence 
No interpretation 

     Hysteria Hy ≥ 75 
 
65-74 
55-64 
<54 

Extreme somatic complaints; 
consider conversion disorder 
Somatic complaints; lacks insight 
Somatic complaints; immature;  
No interpretation 

  Psychopathic Deviate Pd ≥ 75 
65-74 
55-64 
<54 

Antisocial behavior 
Rebellious toward authority;  
Immature; self-centered 
No interpretation 

  Masculinity/Feminity Mf Males: ≥ 
65 
45-64 
<44 
 
Females:
≥65 
45-64 
<44 

 
Lacks traditional masculine interests 
No interpretation 
Traditional masculine interests  
 
 
Rejects traditional feminine role 
No interpretation 
Traditional feminine interests 
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     Paranoia Pa ≥ 75 
 
65-74 
 
55-64 
45-54 
< 44 

Psychotic symptoms; ideas of 
reference 
Suspicious; blames others; 
emotionally labile 
Overly sensitive; guarded; angryl 
No interpretation 
No interpretation 

     Psychasthenia Pt ≥ 75 
65-74 
55-64 
< 44 

Extreme psychological turmoil 
Moderate anxiety and depression;  
Anxious; insecure; meticulous 
No interpretation 

     Schizophrenia Sc ≥ 75 
 
65-74 
 
55-64 
<54 

Confused; hallucinations and/or 
delusions 
Unusual beliefs; social withdrawl 
Limited interest in other people; 
impractical; insecurity 
No interpretation 

     Hypomania Ma ≥ 75 
 
65-74 
 
55-64 
 
<54 

Manic symptoms; delusions of 
grandeur; flight of ideas; confusion 
Excessive energy; lacks direction; 
impulsive 
Energetic; gregarious; seeks 
excitement; rebellious 
No interpretation 

     Social Introversion Si ≥ 75 
 
65-74 
55-64 
45-54 
< 44 

Extreme withdrawal; indecisive 
Introverted; complaint 
Shy; lacks self-confidence; reliable; 
dependable 
No interpretation 
Extroverted; gregarious; friendly 
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Table 3 

Demographic Variable Summary (N = 48) 

      Standard  
Variables     Mean  deviation     Range 

Age       45.39         7.17     26 - 56 

Time Since Injury (years)     2.83         2.14       1 - 12 

Years of Education    13.50         2.54     10 - 20 

 

Variables    N  Percentage   

Sex      

 Male    40      83% 

 Female    8      17% 

Ethnicity 

 Caucasian   41      85% 

 African American    5      11% 

 Hispanic     2       4% 
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Table 4 
 

Neuropsychological Measures 

Domain Tests/Subtests 
 
Verbal Intelligence- 
Picture Completion 
Concepts 
Mental Computation 
Attention 
General Knowledge 
Judgment 

Wechsler Adult Intelligence Scale 
 
Vocabulary 
Similarities 
Arithmetic 
Digit Span 
Information 
Comprehension 

 
Performance Intelligence- 
Visual integration 
Processing Speed 
Block Design 
Matrix Reasoning 
Picture Arrangement 

Wechsler Adult Intelligence Scale 
 
Picture Completion 
Digit-Symbol Coding 
Visual Spatial Organization 
Nonverbal Reasoning 
Visual Perceptual Organization 

 
Domain 

 
Tests/Subtests 

 
Memory- 
Immediate Auditory Memory 
Delayed Auditory Memory 
Immediate Visual Memory 
Delayed Visual Memory 

 
Wechsler Memory Scale-Abbreviated 
Episodic Immediate 
Episodic Delayed 
Visual Memory Immediate 
Visual Memory Delayed 

 
Language Functioning 

 
Controlled Oral Word Association Test 

 
Sequencing, Mental Flexibility 

 
Trail Making Test A & B 
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Table 5 

Independent Variable Summary (N = 48) 

      Standard  
Variables     Mean  deviation     Range 

L-Scale     52.69          8.42     35 - 75 

F-Scale     61.96    13.01     44 - 120 

K-Scale     50.23      7.64     30 - 64 

Hypochodriasis  68.21    15.62     44 - 110 

Depression   71.42    14.23     48 - 109 

Hysteria   69.85    19.23             30 - 110 

Psychopathic Deviate 58.40    10.69     33 - 80 

Masculinity/Femininity 47.90      7.66        33 - 68 

Paranoia   55.92   11.37              30 - 90 

Psychasthenia  65.79   14.36              36 - 100 

Schizophrenia  63.54   17.04        32 - 107 

Hypomania   51.25   10.33       39 - 85 

Social Introversion  53.23   11.12        17 - 83 
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Table 6 

Dependent Variable Summary (N = 48) 

      Standard  
Variables     Mean  deviation     Range 

Immediate Recognition   94.48           8.52     60 - 100 

Delayed Recog  93.65       9.83     50 - 100 

Consistency   93.54       9.56     50 - 100 

Paired Associates  89.79     15.09     50 - 100 

Free Recall   83.96     20.00     25 - 100 
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Table 7 

Mean Scaled Scores and Standard Deviation for Neuropsychological Tests (N = 48)   

      Standard  
Variables     Mean  deviation       Range 

IQ-WAIS-III (Std. Score) 95.40          11.39     75 – 115 

Digit Span  (Std. Score)  8.54            3.00      3 – 17 

Digit-Sym Cd (Std. Score)  6.90            2.37      4 – 13 

Trails – A (T-Score)   42.92          10.86     26 - 80 

Trails – B (T-Score) 45.85          11.97     23 - 77 

COWAT (T-Score) 45.50          10.85     20 - 73 

Episodic Imm (%)  41.58          26.27     2 - 99 

Episodic Del  (%)  42.92          27.22     2 - 99 

Visual Memory Imm (%) 41.19          28.48     1 - 99 

Visual Memory Del (%) 35.44          26.16     1 - 99 
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Table 8  

Means, Standard Deviations, and Score Interpretation of Domains by Groups 
(Adequate and Reduced Effort Groups) 
 

Domains Adequate Effort  Reduced Effort 
Mean St. D. Mean St. D.    Demographics 

Age 44.61 7.48 
Rating 

n/a 48.35 5.10 
Rating 

n/a 
Education 13.66 2.64 n/a 12.90 2.13 n/a 

Duration of injury 30.71 17.31 n/a 51.60 39.79 n/a 

Neuropsychological-WAIS-III 
IQ 

 
97.63 

 
10.65 

 
Avg 

 
86.90 

 
10.49 

 
Low Avg 

Digit Span 9.03 3.14 Avg 6.70 1.25 Mild 

Digit-Symbol Coding 7.26 2.44 Low Avg 5.50 1.51 Mild 

Trails – A 44.61 11.02 Low Avg 36.50 7.65 Mild 

Trails – B 44.05 12.21 Low Avg 39.30 10.28 Mild 

COWAT 47.34 9.88 Avg 38.50 12.03 Mild 

Episodic Imm (%) 47.74 26.22 Avg 25.80 20.69 Mod 

Episodic Del (%) 48.29 27.49 Avg 22.50 13.29 Mod/Sev 

Visual Memory Imm (%) 41.89 28.07 Low Avg 38.50 31.42 Mild 

Visual Memory Del (%) 38.32 24.68 Mild 24.50 30.04 Mod 

Pscychological-MMPI-2 
L- Scale 

 
51.29

 
7.64

 
WNL

 
58.00

 
9.52 

 
WNL

F- Scale 60.32 12.89 WNL 68.20 12.09 High 

K- Scale 49.84 7.74 WNL 51.70 7.45 WNL 

Hypochondriasis 64.76 12.91 WNL 81.30 18.67 Very High 

Depression 69.05 13.46 High 80.40 14.13 Very High 

Hysteria 64.42 15.84 WNL 90.50 17.37 Very High 

Psychopathic Deviate 56.82 9.87 WNL 64.40 12.08 WNL 

Masculinity/Feminity 47.79 8.12 WNL 48.30 5.91 WNL 

Paranoia 54.37 11.12 WNL 61.80 10.87 WNL 

Psychasthenia 62.68 12.70 WNL 77.60 14.77 Very High 

Schizophrenia 60.50 16.50 WNL 75.10 14.49 Very High 

Hypomania 50.97 9.25 WNL 52.30 14.28 WNL 

Social Introversion 52.05 11.07 WNL 57.70 10.65 WNL 
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Table 9 

Intercorrelations Among Variables- Demographics, Validity and Effort Variables  
       
Scale 1 2 3 4 5 6 7 8 9 10 11 

1. Age -           

2. Education -.06 -          

3. Duration of 
Injury 

.30* -.15 -         

4. Immediate 
Recog 

-.28 .20 -.30* -        

5. Delayed 
Recog 

-.31* .21 -.29 .96** -       

6. Consistency -.23 .26 -.26 .94** .96** -      

7. Paired 
Recall 

-.38** .23 -.48** .76** .76** .74** -     

8. Free Recall -.25 .22 -.38 .53** .53** .58** .75** -    

9.  L-Scale .33* -.20 .31* -.28 -.28 -.29 -.33* -.43** -   

10. F-Scale .11 .03 .08 -.16 -.17 -.21 -.14 -.39** .19 -  

11. K-Scale  .01 .01 .32* -.03 .02 .01 .03 -.05 .33* -.33* - 

Note. * p < .05. ** p < .01.  
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Table 10 

Intercorrelations Among Variables- Demographics and Psychological (Clinical) Variables 
  
      

Scale 1 2 3 4 5 6 7 8 9 10 11 12 13 

1. Age -             

2. Ed -.06 -            

3. Dur .30* -.15 -           

4. Hp .35* -.05 .43** -          

5. D .28 -.001 .36* .73** -         

6. Hy .41** .01 .46** .84** .71** -        

7. Pd .22 -.04 .48** .50** .56** .63** -       

8. Mf -.11 .35* -.10 -.11 -.21 -.26 -.16 -      

9.  Pa .31* -.10 .32* .56** .62** .57** .52** -.33* -     

10. Pt .21 .03 .38* .70** .82** .69** .62** -.11 .72** -    

11. Sc .29 -.05 .49** .75** .66** .73** .68** -.17 .71** .77** -   

12. Ma -.01 -.13 .06 .12 -.02 .11 .21 -.19 .09 .04 .08 -  

13. Si .02 .17 -.01 .24 .31* .05 .04 .11 .21 .34* .26 .02 - 

Note. * p < .05. ** p < .01.  
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Table 11 

Intercorrelations Among Variables- Effort and Psychological (Clinical) Variables  
     
Scale 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

1. IR -               

2. DR .96** -              

3. CNS .94** .96** -             

4. PR .76** .76** .74** -            

5. FR .53* .53** .58** .75** -           

6. Hp -.50** -.49** -.45** -.38* -.44** -          

7. D -.50** -.49** -.47** -.35* -.46** .73** -         

8. Hy -.55** -.50** -.48** -.50** -.49** .84** .71** -        

9.  Pd -.33* -.34* -.33* -.37* -.39** .50** .56** .63** -       

10. Mf .17 .13 .11 .28 .31* -.11 -.21 -.26 -.16 -      

11. Pa -.32 -.29 -.32* -.40** -.58** .56** .62** .57** .52** -.33* -     

12. Pt -.49** -.49** -.46** -.40** -.47** .70** .82** .69** .62** -.11 .72** -    

13. Sc -.45** -.40** -.40** -.50** -.55** .75** .66** .73** .68** -.17 .71** .77** -   

14. Ma .17 .10 .11 .04 .12 .12 -.02 .11 .21 -.19 .09 .04 .08 -  

15. Si -.32 -.38** -.42** -.21 -.27 .24 .31* .05 .04 .11 .21 .34 .26 .02 - 

Note. * p < .05. ** p < .01.  
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Table 12 

Hierarchical Regression Analysis 1- Variables Predicting Immediate Recog/Effort  
   
Variable β t P 

  Gender -2.86 -.96 .34 

  Age -.07 -.43 .68 

  Education .80 1.97 .06 

  Duration of Injury -.001 -.01   .99 

  Hysteria -.27 -4.21 .000** 

  Hypomania .24 2.36  .02* 

Note. * p < .05; ** p < .01 
 
 
Table 13 
 
Hierarchical Regression Analysis 2- Variables Predicting Delayed Recog/Effort  
   
Variable β t P 

  Gender -1.79 -.49 .63 

  Age -.19 -.94 .35 

  Education .78 1.56 .13 

  Duration of Injury .002 .04             .97 

  Hysteria -.25 -3.14 .003** 

Note. * p < .05; ** p < .01 
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Table 14 

Hierarchical Regression Analysis 3- Variables Predicting Consistency/Effort  
   
Variable β t P 

  Gender -2.07 -.58 .57 

  Age -.09 -.47 .64 

  Education  .97 1.98 .06 

  Duration of Injury .02  .29             .77 

  Hysteria -.26           -3.34 .002** 

Note. * p < .05; ** p < .01 
 
 
Table 15 

Hierarchical Regression Analysis 4- Variables Predicting Paired Associates/Effort  
   
Variable β t P 

  Gender -1.29 -.24  .81 

  Age -.38 -1.33  .19 

  Education 1.05 1.44  .16 

  Duration of Injury -.14 -1.63  .11 

  Hysteria -.28 -2.38 .02* 

Note. * p < .05; ** p < .01 
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Table 16 

Hierarchical Regression Analysis 5- Variables Predicting Free Recall/Effort  
   
Variable β t P 

  Gender -.70 -.09 .93 

  Age -.11 -.26 .80 

  Education 1.51 1.48 .15 

  Duration of Injury -.08 -.65   .52 

  Hysteria -.49 -2.96 .01 

Note. * p < .05; ** p < .01 
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Table 17 

ANOVA Results for Neuropsychological Variables and Effort, with Psychological Covariates     
 
 Hysteria Covariate Hypomania Covariate Hysteria /Hypomania 

Covariates 
IQ  F=4.59, p=.016 

η=.42, power = .747 
F=3.53, p=.038 
η=.38, power =.625 

F=3.01, p=.041 
η= .42, power =.666 

Attn_ds    F=2.31, p=.112   
η=.31, power = .443 

F=2.35, p=.108 
η=.31, power =.449 

F=1.53, p=.221 
η= .32, power =.373 

Proc_Spd_COD    F=2.02, p=.146   
η= .30, power =.393  

F=2.73, p=.077 
η=.33, power =.511 

F=1.78, p=.166 
η=.39, power =.429 

Cowa_T_scores   F=2.80, p=.07   
η=.34, power =.521  

F=2.52, p=.092 
η=.33, power =.478 

F=1.87, p=.150 
η=.35, power =.448 

Trails_A_T_score    F=4.03, p=.025  
η=.40, power =.688  

F=2.40, p=.104 
η=.32, power =.457 

F=2.63, p=.063 
η= .40, power =.602 

Trails_B_T_score     F=1.26, p=.294 
η=.24, power = .259 

F=1.65, p=.204 
η=.27, power =.328 

F=1.47, p=.237 
η= .31 , power =.359 

Episodic Imm %     F=2.07, p=.139 
η= .30, power =.402  

F=5.12, p=.01 
η=.44, power =.796 

F=3.35, p=.028 
η= .44, power =.718 

Episodic Del %     F=4.27, p=.020 
η=.41, power = .715  

F=3.67, p=.03 
η=.39, power =.643 

F=2.82, p=.051 
η=.41, power =.636 

Vis Mem Imm %     F=.93, p=.402 
η= .21, power =.201  

F=5.48, p=.008 
η= .45, power =.820 

F=4.21, p=.011 
η= .48, power =.822 

Vis Mem Del %    F=1.21, p=.308  
η=.23, power =.25  

F=.91, p=.410 
η= .20, power =.197 

F=.808, p=.497 
η= .24, power =.209 

Note. * p < .005, due to Bonferroni correction 
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Table 18 

Psychological Characteristics- Percentages Between and Within Groups of Effort 

     Extremely High       High   Average     Low   
Hysteria   T≥74          65>T<74 45>T<64   T≤45 

Poor Effort (N=10)     90%             0%               10%          0%     

Good Effort (N=38)     26%            11%       55%         8% 

      Extremely High      High   Average     Low     
Hypomania    T≥74          65>T<74 45>T<64   T≤45 

Poor Effort (N=10)     10%             10%             20%         60% 

Good Effort (N=38)       3%              8%      55%        34% 
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Table 19 

Effort Performance Compared to a Reference Group 

Means 
 

Group Description       N      Educ       IR       DR       CNS       PA       FR  

Children with IQ < 70 (Ref)   23      n/a      95%     95%     94%     80%    59% 

Poor Effort (IQ Mean= 86.9)  10       12.6      82%     80%  80%    71%    64% 

Good Effort (IQ Mean= 97.6) 38     13.7      98%     97%     97%     95%    95%  
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