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Currently,	  neuropsychologists	  rely	  on	  assessment	  instruments	  rooted	  in	  century	  old	  

theory	  and	  technology	  to	  make	  evaluations	  of	  military	  personnel’s	  readiness	  to	  return-‐to-‐duty	  

or	  return	  to	  their	  community.	  The	  present	  study	  sought	  to	  explore	  an	  alternative	  by	  evaluating	  

the	  validity	  of	  a	  neuropsychological	  assessment	  presented	  within	  a	  virtual	  reality	  platform.	  The	  

integration	  of	  a	  neuropsychological	  assessment	  into	  a	  cognitively	  and	  emotionally	  demanding	  

virtual	  environment	  –	  reminiscent	  of	  a	  combat	  experience	  in	  Iraq	  –	  offers	  a	  more	  ecologically	  

valid	  manner	  in	  which	  to	  evaluate	  the	  cognitive	  skills	  required	  in	  theater.	  U.S.	  military	  veterans’	  

(N	  =	  50)	  performance	  on	  the	  Virtual	  Reality	  Stroop	  Task	  (VRST)	  was	  compared	  with	  

performance	  on	  a	  paper-‐and-‐pencil,	  a	  computer	  adapted	  version	  of	  the	  Stroop	  task,	  and	  the	  

subtests	  included	  in	  the	  Automated	  Neuropsychological	  Assessment	  Metrics-‐4	  (ANAM4)	  TBI-‐

MIL	  test	  battery.	  Results	  supported	  the	  validity	  of	  the	  VRST,	  indicating	  it	  demonstrates	  the	  

typical	  Stroop	  effect	  pattern.	  The	  emotional	  salience	  of	  the	  VRST	  resulted	  in	  slowed	  reaction	  

time	  compared	  to	  the	  ANAM	  Stroop.	  Further,	  the	  complex	  interference	  condition	  of	  the	  VRST	  

offers	  opportunities	  for	  evaluation	  of	  exogenous	  and	  endogenous	  attentional	  processing.	  In	  the	  

evaluation	  of	  threat,	  participants	  were	  noted	  to	  perform	  more	  accurately	  and	  more	  quickly	  in	  

low	  threat	  versus	  high	  threat	  zones.	  Ancillary	  inquiries	  found	  no	  clinically	  meaningful	  findings	  

regarding	  the	  role	  of	  deployment	  or	  post-‐concussive	  symptoms,	  and	  mixed	  findings	  regarding	  

the	  effect	  of	  posttraumatic	  stress	  symptoms	  on	  neuropsychological	  performance	  among	  the	  

three	  tested	  modalities.	  	  	  
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INTRODUCTION 

Traumatic Brain Injury 

The United States Military deployed over 2.2 million troops to Iraq and Afghanistan 

between September 2001 and October 2010 in support of Operation Iraqi Freedom (OIF), 

Operation Enduring Freedom (OEF), and Operation New Dawn (OND; Department of Defense, 

2010). Despite the many dangers military service members face, recent research demonstrates 

that the changing mechanisms of warfare have resulted in an overall decrease in combat 

casualty rates (Belmont, Schoenfeld, & Goodman, 2010). Improvements in protective gear and 

advances in medical treatment both contribute to improvements in war zone survival rates 

(Okie, 2005; Wallace, 2009). However, increased use of explosive mechanisms, such as mortars, 

rocket-propelled grenades, landmines, and especially the improvised explosive device (IED) also 

play a role in the changing makeup of combat injuries (Belmont et al., 2010). As a result, 

military personnel are at a greater risk of suffering head injuries during their combat 

experiences, injuries that would have likely been fatal during previous conflicts (Belmont et al., 

2010; Owens et al., 2008). In fact, nearly half (47%) of reported blast injuries sustained in 

combat zones affect the head (Taber, Warden, & Hurley, 2006).  

The threat of head injury has prompted increased concern and attention toward the 

topic of traumatic brain injury (TBI). The economic impact of mild traumatic brain injury (mTBI) 

has reached epic proportions, with estimates a decade ago reaching nearly 25 billion dollars 

annually in the United States alone (Thurman, 2001). TBI has become such an epidemic in the 

military community that legislation was proposed to establish a screening program and institute 

a plan for long-term care for TBI rehabilitation (H.R.1944, 2007). During a hearing before the 
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House Committee on Veterans Affairs, Congressional Representative Jason Altmire called TBI 

the “signature injury” of the conflicts in Iraq and Afghanistan (Altmire, 2007). Although this 

legislation was ultimately abandoned, the Department of Defense and the Department of 

Veterans Affairs have implemented new screening procedures for mTBI (Hoge et al., 2008).  

Accurately assessing the prevalence of traumatic brain injury in returning troops is 

difficult. Various estimates suggest that between 12% and 20% of returning troops report 

symptoms of mTBI during combat or re-deployment (Hoge et al., 2008; Schneiderman, Braver, 

& Kang, 2008; Tanielian & Jaycox, 2008). One recent study found that 22.8% of the soldiers in 

one returning brigade combat team experienced a clinician-confirmed TBI (Terrio et al., 2009). 

Personnel at the military’s flagship medical center, Walter Reed National Military Medical 

Center in Washington D.C., report that all blast victims are routinely evaluated for brain injury. 

They report 59% receive a diagnosis of TBI (Okie, 2005). However, other reports suggest that as 

many as 57% of returning troops who report a probable TBI were not evaluated by a physician 

for brain injury (Rand, 2008). This may well be the result of physicians focusing on other, more 

noticeable, life threatening injuries (Martin, Lu, Helmick, French & Warden, 2008). Indeed, in 

the absence of visible signs of head trauma, there is no doubt that many service members 

experience undiagnosed concussive symptoms (Okie, 2005; Schneiderman et al., 2008). 

Discrepancies in prevalence rates may be due to any of a number of things. For 

example, some researchers have expressed concern about the lack of consistency in definition 

of mTBI used across research studies (Belanger, Curtiss, Demery, Lebowitz, & Vanderploeg, 

2005; Dikmen, Machamer, & Temkin, 2001). Alternatively, discrepancy between self-reported 

post-concussive symptoms and clinically confirmed TBI is also a topic of debate. One recent 



 3 

investigation sought to address the question of whether the self-reported measures being used 

by Veterans Affairs (VA) provide clinicians with accurate information from which to make 

diagnostic and treatment recommendations (Spencer, Drag, Walker, & Bieliauskas, 2010). In 

brief, their findings indicated that individuals who reported no symptoms were generally 

accurate in their self-assessment; meanwhile, the cognitive abilities of individuals who reported 

impairment following mTBI were not significantly related to objective measures of cognitive 

abilities. Perceived cognitive deficits were, however, related to depression, anxiety, and 

posttraumatic stress disorder – suggesting that there are times when a thorough evaluation is 

necessary in order to rule out all possible causes of cognitive impairment (Spencer et al., 2010). 

The question of accurate self-assessment of cognitive deficits, however, is different than 

the question of self-assessment of post-concussive symptoms. The current standard for 

assessment of mTBI by the VA is the Brief Traumatic Brain Injury Screen (BTBIS) developed by 

the Defense and Veterans Brain Injury Center (DVBIC; Schwab et al., 2007). This brief three item 

measure assesses injury history, post-concussive loss of consciousness, and a host of post-

concussive symptoms. Initial validation studies on the BTBIS suggest that self-reports of 

probable TBI were higher on the BTBIS than longer instruments. The authors postulated that 

the brevity of the measure affords the advantage of participants attending more closely to the 

questions (Schwab et al., 2007). Beyond the clinical realm, the vast majority of current research 

studies use self-reported means of obtaining information about concussive events and head 

injuries (Belanger, Spiegel, & Vanderploeg, 2010; Hoge et al., 2008; Roebuck-Spencer et al., 

2012). Researchers acknowledge the potential limitation of self-reported data, noting 

retrospective memory errors are possible. However, self-report has become the accepted 
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methodology, and as previously indicated, self-report measures show good reliability in 

assessing probable TBI in a post-concussive population (Schwab et al., 2007). Further evidence 

for the validity of self-report exists in recent research conducted on returning service members 

who underwent neuropsychological testing after reporting their history of TBI injury during 

deployment, and experience of active concussive symptoms. The results demonstrated that 

individuals with self-reported TBI’s who were experiencing active post-concussive symptoms 

showed significant decline in cognitive functioning over time (Roebuck-Spencer et al., 2012). 

Without question, traumatic brain injuries and sub-threshold or undiagnosed concussive 

symptoms are an increasing problem in today’s military. Fortunately, many individuals will fully 

recover from their head trauma, experiencing no lasting effects. In fact, many individuals 

experience remittance of symptomatology within three months of their concussive event 

(Dikmen, Machamer, Winn, & Temkin, 1995; Dikmen, McLean, & Temkin, 1986; Frencham, Fox, 

& Maybery, 2005; Gentilini et al., 1985; Gonwall & Wrightson, 1974; Levin et al., 1987; 

Rutherford, Merrett, & McDonald, 1979). Unfortunately, 10% - 21% of individuals experience 

lasting effects as a result of their concussive event (Hartlage, Durant-Wilson, & Patch, 2001; 

Pertab, James, & Bigler, 2009; vonWild, 2008). 

Studies disagree on the long-term effects of multiple head injuries, with some studies 

finding adverse long-term effects and others failing to do so (see Belanger et al., 2010). Much of 

the extant literature focuses on athletes. Investigations of football players and horse jockeys 

demonstrated no significant increase in concussive symptom endorsement between first and 

second injury (Macciocchi, Barth, Littlefield, & Cantu, 2001; Wall et al., 2006). Further, an 

investigation by Iverson and colleagues indicated no evidence of cumulative effects when 
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comparing athletes experiencing no concussion, single concussion, and multiple concussions 

(2006). However, other investigations have yielded quite different results. Multiple studies have 

identified a relationship between length of recovery and prior incidence of concussion 

(Gronwall & Wrightson, 1975; Guskiewicz et al., 2003). Further, a meta-analysis of sports-

related injuries conducted by Belanger and Vanderploeg (2005) suggested adverse effects in 

cognitive functioning result from repeated mTBI’s. More recent analyses suggest multiple self-

reported mTBI’s are associated with poorer performance on measures of delayed memory and 

executive functioning (Belanger et al., 2010). Thus, the debate regarding the long-term 

neuropsychological impact of multiple head injuries remains open. 

The reality of a war with longer length deployments, common redeployment to combat 

zones, and infrequent breaks between deployments means service members are at risk for 

multiple head injuries (Belanger et al., 2010; Hosek, Kavanagh, &Miller, 2006; Vanderploeg, 

Belanger, & Curtiss, 2009). An investigation on the topic in a military sample revealed that 

battle-injured soldiers are more likely to experience multiple TBI diagnoses than their 

counterparts injured outside of battle (Galarneau, Woodruff, Dye, Mohrle, & Wade, 2008). 

Further, the most recent data demonstrates that soldiers diagnosed with more than one TBI 

experienced significantly more post concussive symptoms during the acute phase than did 

those without a prior history of TBI (Miller, Ivins, & Schwab, 2013). Thus, although discrepancy 

exists among sports-related concussion literature, more recent literature specific to the military 

community suggests that the pattern of a cumulative effect of TBI’s has merit. This suggests 

that each additional concussive event may reduce a service member’s chance of full recovery. 
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The sequelae of TBI include physical and psychological health concerns such as 

headaches and migraines, sleep disorders, chronic pain, endocrine deficiencies, personality 

changes, irritability and angry outbursts, substance use disorders, depression, mania, and 

psychosis (Agha, Philips, & Thompson, 2007; Aimaretti et al., 2005; Baumann, Werth, Stocker, 

Ludwig, & Bassetti, 2007; Castriotta et al., 2007; Graham & Cardon, 2008; Hoge et al., 2008; Kim 

et al., 2007; Nampiarparampil, 2008; Okie, 2005). Returning service members, particularly those 

who have experienced mTBI are also at an increased risk for a variety of other dangerous and 

destructive behaviors. Among them, individuals with traumatic brain injuries have higher rates 

of unhealthy behaviors such as smoking, overeating, and promiscuity. They are also at an 

increased risk of attempting suicide (Rand, 2008). 

In addition to these physical, social, and psychological sequelae associated with TBI, 

individuals also suffer a host of neuropsychological symptoms including memory deficits, 

concentration and attention difficulties, and information processing problems (Hayes, Morey, & 

Tupler, 2012; Levin et al., 2010; Okie, 2005). As previously noted, these symptoms may persist 

for months or even years after the injury (Alexander, 1992; Bohnen & Jolles, 1992; Deb, Lyons, 

& Koutzoukis, 1999; Hartlage et al., 2001; Ponsford et al., 2000; Vanderploeg, Curtiss, & 

Belanger, 2005). A number of studies have attempted to tease apart the neuropsychological 

effects of brain injuries, with varying results. In their meta-analysis of research conducted 

between 1995 and 2005, Frencham, Fox, and Maybery found processing speed demonstrated 

the largest effect in influencing neuropsychological functioning in the post-acute phase of mTBI 

(2005). Belanger and colleagues also conducted a meta-analytic review investigating the long-

term neuropsychological effects of mTBI, and possible moderators thereof (2005).  Their 
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analysis of 39 studies conducted between 1985 and 2004 demonstrated a moderate effect of 

mTBI on neuropsychological functioning (d = .54). The acute effects, those occurring within 

three months post-injury, were greatest within the domains of delayed memory and fluency. 

The results also demonstrated deficits in neuropsychological functioning were moderated by 

the cognitive domain assessed, time elapsed since injury, patient characteristics, and sampling 

method (e.g., litigation-based, clinic-based). Further investigations demonstrated that 

processing speed mediated the relationship between TBI and complaints with adaptive 

functioning (Rassovsky et al., 2006). It is clear that the effect of TBI in returning troops is 

profound and inescapable. 

Yet, despite the severe and lasting deficits produced by concussive events, many 

soldiers return to duty. A study examining 121 active duty military personnel with a diagnosed 

mTBI found 46% experienced occupational impairment four to eight months post-injury (Drake, 

Gray, Yoder, Pramuka, & Llewellyn, 2000). Drake and colleagues noted that the military has a 

relatively strict requirement for resuming full duty, which may reduce the number of individuals 

who can resume their full duties. Beyond lost workdays, soldiers with mTBI experience 

problems in efficiently and successfully completing work tasks, and some find it difficult to even 

return to work. Those at the greatest risk of experiencing occupational impairment are post-

concussive individuals who perform poorly on cognitive tasks of memory and executive 

functioning (Drake et al., 2000). Their injuries can greatly interfere with the ability to perform 

complex cognitive and emotional processing tasks involved in optimal performance at work 

(Drake et al., 2000). 
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Individuals with mTBI who choose not to redeploy struggle as they return to the 

community; successful community reintegration and social autonomy have been linked with 

cognitive functioning following brain injury (Stuss & Knight, 2002). Individuals who have 

experienced head injuries often experience difficulties in marriages, parenting, and family and 

social relationships. Vocational success is also at risk, as they suffer decrements in future 

health, which may affect work attendance, and work productivity (Belanger et al., 2010; Okie, 

2005; Stuss & Knight, 2002, Tanielian & Jaycox, 2008). Indeed, decreased levels of work 

productivity are associated with many forms of mild brain injury even though these injuries 

often are related to relatively “minor” or “subtle” changes in memory, executive function, 

processing speed, and attention (Stuss & Knight, 2002). 

Neuropsychologists are tasked with assessing returning service members, and 

evaluating their readiness to return to combat, or their ability to reintegrate into their 

community. Unfortunately, traumatic brain injury is not the only consequence of combat that 

psychologists must consider during their return-to-duty assessment. 

TBI and PTSD 

It is difficult to report on the causes and sequelae of TBI in our troops without 

simultaneously discussing the risk and incidence of posttraumatic stress symptoms (PTSS). The 

IED and blast explosions so likely to result in TBI are part of a large array of wartime threats 

likely to produce PTSS or posttraumatic stress disorder (PTSD; Capehart & Bass, 2012; 

Morissette et al., 2011; Spencer et al., 2010). As with brain injuries, establishing the prevalence 

of PTSD in returning servicemen and women is difficult. Among the OEF/OIF veterans seeking 

health care through Veterans Affairs facilities, approximately 13% to 21% have a PTSD diagnosis 
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(Cohen, 2010; Seal, 2007). Similar estimates (11%-16%) have been established among recently 

returning soldiers and service members assessed one year after their return from combat (Hoge 

& Castro, 2006; Hoge et al., 2004; Schneiderman et al., 2008). One recent study suggests that 

PTSD estimates obtained through self-report measures alone may provide inappropriately high 

estimates due to the symptom overlap between PTSD and TBI (Levin et al., 2010). Despite this 

qualification, there is no doubt that the PTSS evidenced in returning troops is a problem 

requiring the immediate attention of the psychological community. 

The causes of PTSS in returning troops are many and varied. As previously noted, the 

stressors likely to produce a TBI are the same types of “critical event” from which 

psychopathology may develop (Morissette et al., 2011, p. 342).  Military members at a greater 

risk for developing PTSD in response to a combat stressor include: female service members, 

individuals serving in Iraq, those diagnosed with mTBI, and those reporting multiple injury 

mechanisms (Schneiderman et al., 2008). Additionally, those deployed to any warzone are at an 

increased risk for PTSD, compared to their non-deployed comrades, even when controlling for 

pre-deployment levels of distress (Vasterling et al., 2010). With regard to female military 

members specifically, a recent study found additional risk factors for positive PTSD screen 

include: younger age, being a racial/ethnic minority, an annual income below the poverty level, 

poor health status, disability, diagnosed depression, and a history of sexual assault in the 

military (Washington, Davis, Der-Martirosian, & Yaho, 2013). In addition to military sexual 

trauma specifically, more broadly the PTSD literature indicates that any history of trauma is a 

risk factor for the development of PTSD in response to additional traumas (Breslau, Chilcoat, 

Kessler, & Davis, 1999; Ozer, Best, Lipsey, & Weiss, 2003). 
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Because the sequelae of PTSD mimic those of mTBI in many ways, differential diagnosis 

is critical for service providers. A recent review conducted by Capehart and Bass revealed one 

of the major concerns of OIF/OEF veterans seeking services for PTSD is cognitive deficits (2012). 

To date, the medical community has been unable to confirm whether these cognitive deficits 

are better explained by TBI or psychiatric diagnoses. Multiple studies support the idea that 

persisting cognitive complaints are more accurately ascribed to psychiatric conditions (Bryant, 

2008; Fear et al., 2009; Hoge, Goldberg, & Castro, 2009; Hoge et al., 2008; Jones, Fear, & 

Wessely, 2007; Soble, Spanierman, & Smith, 2013; Spencer et al., 2010). Meanwhile, at least 

two other studies suggest blast injuries or mTBI’s are the more likely cause for these persisting 

cognitive symptoms (Peskind et al., 2011; Warden et al., 2009). Schneiderman and colleagues 

demonstrated that PTSD is the strongest factor associated with postconcussive symptoms, even 

when controlling for overlapping symptomatology (2008). Regardless of the etiology, in the 

presence of comorbid TBI and PTSD there appears to be a “synergistic worsening of cognition” 

(Capehart & Bass, 2012, p. 791).   

The complexity of the epidemic of mTBI and PTSD in returning troops cannot be 

overstated.  The need for psychologists to effectively evaluate post concussive symptoms in the 

context of service members who are likely experiencing comorbid PTSS is crucial. The notable 

overlap in symptomatology must be taken into account. Despite this, psychologists must be 

able to quickly and accurately assess soldiers’ readiness to return-to-duty.  As previously 

discussed, military neuropsychologists are being asked to assess military personnel following 

concussive events in order to determine their readiness to return-to-duty. Placing an individual 

back in combat who is not neurologically or psychologically healthy places not only that service 
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member, but all others in his/her unit, in danger. Likewise, neuropsychologists must assess 

veterans following discharge to evaluate their preparedness to reintegrate into the community. 

Difficulties in social relationships, romantic relationships, and in parenting may be evidenced if 

there are neurological or psychological deficits that go unnoticed (Okie, 2005; Tanielian & 

Jaycox, 2008). Further, vocational success may be hampered by reduced work productivity 

(Stuss & Knight, 2002). Thus, the metrics neuropsychologists use to assess preparedness to 

return-to-duty are a critical component in the evaluative process. 

The Stroop Task 

 The development and evolution of neuropsychological assessment is largely rooted in 

the deployment and return of the servicemen of World Wars I and II. Psychologists began to 

conduct pre-deployment evaluations of service members using modified versions of the 

Stanford-Binet test (i.e., Army Alpha, Army Beta; Yoakum & Yerkes, 1920, as cited in Parsons, 

2011). Following the war, psychologists were asked to assess and diagnose the “brain injured 

and behaviorally disturbed” veterans returning from combat (Lezak, Howieson, Bigler, & Tranel, 

2012, p. 3). Using a neurological model, neuropsychologists were asked to provide information 

through their evaluations that could locate the affected area of the brain. Psychologists 

undertook the effort of evaluating these suffering men, as researchers undertook the task of 

developing new and innovative methods of assessment. 

It was during this era that J. Ridley Stroop published an influential article on response 

inhibition. Building upon existing research on interference, Stroop devised an innovative 

method for testing an individual’s ability to inhibit his/her prepotent response (1935). The 

resulting test, now commonly referred to as the Stroop test or Stroop task, remains one of the 
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most widely used neuropsychological assessments, with hundreds of studies utilizing the 

measure (Gazzaniga, Ivry, & Mangun, 1998; MacLeod, 1991). The task’s current administration 

procedure has changed little from the manner in which it was originally presented. Stroop 

administered four forms, which he referred to as the “reading color names printed in black 

(RCNb),” “reading color names where the color of the print and word are different (RCNd),” 

“naming color test (NC),” and “naming color of word test where the color of the print and word 

are different (NCWd) (1935, p. 648-650). Stroop used the colors red, blue, green, brown and 

purple. Care was taken to ensure each word appeared twice in each column, twice in each row, 

and that no color ever succeeded itself on a column or row. Words were printed an equal 

number of times in each color. Subjects were instructed to leave no error uncorrected. 

Completion time was measured by the experimenter to the fifth of a second. 

Although multiple versions of the task exist today, they all measure distractibility, 

selective attention, and response inhibition. Most of the various Stroop versions combine the 

RCNb (now commonly known as word reading), NC (now commonly known as color naming), 

and NCWd  (now commonly known as simple interference or inhibition) trials, with color use 

limited to three or four hues (Stuss, Floden, Alexander, Levine, & Katz, 2001). One popular 

variant of the Stroop task is the Delis-Kaplan Executive Function System (D-KEFS) Color-Word 

Interference Test (CWIT; Delis, Kramer, & Kaplan, 2001). This particular test was developed with 

the aim of improving upon the Stroop task, by including an additional trial. The 

inhibition/switching trial included in the D-KEFS CWIT requires participants to name the ink 

color for words presented in a manner consistent with the NCWd trial; however, if a box 

appears around the stimulus word the color name is read instead of the ink color in a manner 
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consistent with Stroop’s RCNd trial. This trial combines inhibition of a prepotent response with 

a set shifting paradigm for a more cognitively taxing assignment. Although designed to be a 

more cognitively demanding task, a recent study demonstrated some patients perform more 

poorly on the inhibition trial (i.e., NCWd) than the inhibition/switching trial (Lippa & Davis, 

2010). The authors postulate the effect may be the result of practice effects from the inhibition 

trial being presented prior to the inhibition/switching trial, or the result of less color naming 

being required during the inhibition/switching trial (Lippa & Davis, 2010). Despite these 

concerns, the D-KEFS CWIT remains a well-reputed Stroop option. The D-KEFS CWIT has been 

utilized in investigations with civilian and active duty military populations (Armstrong et al., 

2013; Parsons et al., 2011). 

Overall, the Stroop task remains novel in that the test materials themselves provide the 

source of interference, and it demonstrates a robust and reproducible effect (MacLeod, 1991; 

Stroop, 1935).  The paper-and-pencil Stroop task has a rich history of use in a variety of 

populations, and normative data reflecting its reliability and validity. Furthermore, in addition 

to its wide use in experimental psychology and clinical neuropsychology, the Stroop task is a 

measure many military neuropsychologists continue to use to evaluate possible cognitive 

deficits resulting from TBI and other organic and inorganic causes of brain dysfunction. 

While the Stroop task demonstrates many strengths when administered in a paper-and-

pencil format, there are notable weaknesses that lead neuropsychologists to consider use of 

computerized or automated testing alternatives. For example, computerized administrations 

offer the benefit of ease of administration and data collection; standardization of protocol 

administration; reliable and randomized presentation of stimuli, increasing the ease of repeat 
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administrations; and increased accuracy of presentation timing and response latency timing 

(Parsons, 2011). Computer administration of the Stroop task in particular, provides a unique 

strength in its single-stimuli presentation. In this format, test takers do not advance to the next 

stimuli until they have inputted the correct response to an item. This single-item format may be 

particularly useful in examination of reaction times, number correct, impact of errors for 

individual stimuli, and when randomly counterbalancing trial types  (see Davidson, Zacks, & 

Williams, 2003; Parsons et al., 2013). During paper-and-pencil administration, all of the stimuli 

are presented simultaneously. When all of the stimuli are presented simultaneously it may 

“enhance the training/learning curve resulting in greater practice effects when compared to 

single-item procedures.” (Edwards et al., 1996; see Lemay et al., 2004; Parsons et al., 2013, p. 

2). Thus, there is an abundance of evidence that paper-and-pencil methods have a long history 

of usefulness, however, improvements in technology make the use of computerized 

assessment a natural next step.  

Computerized Assessments 

Although neuropsychologists continue to widely utilize paper-and-pencil testing 

methods, such as the Stroop task, they could not ignore advancing computer technologies. 

Beginning in the mid-1970’s neuropsychologists began to integrate the use of computers into 

their assessment techniques (Levy & Post, 1975). Computerized assessment complements 

paper-and-pencil assessment by addressing some of the weaknesses of paper-and-pencil 

administration. For example, computerized assessment offers the advantage of ensuring 

completely uniform and reliable administration across subjects, with the possibility of 

randomization for repeat administrations. Further, computer administered assessments easily 
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capture dimensions humans cannot obtain such as exact response latency and reaction time. 

Arguably, computerized assessments also make administration and data collection easier. Many 

computer assessments are self-administered, saving the professional time. Yet, the absence of 

an examiner functions as a double-edged sword. Without oversight, the examinee may expend 

sub-optimal effort during testing, and the examiner will fail to collect valuable behavioral 

observations and qualitative information from an interpersonal interaction. (Letz, 2003; Lezak 

et al., 2012; Parsons, 2011; Royan, Tombaugh, Rees, & Francis, 2004; Schatz & Browndyke, 

2002; Yantz & McCaffrey, 2007) 

The evolution of computerized assessment has been slow and steady. Initially, 

neuropsychologists converted a wide variety of commonly used paper-and-pencil measures to a 

computerized format, including the Stroop task (Capovilla, Montiel, Macedo, & Charin, 2005; 

Stroop, 1935), the Paced Auditory Serial Addition Test (ForThought, 1993/1996; Gronwall, 

1977) and the Wisconsin Card Sorting Test (Berg, 1948; Heaton & PAR, 2003). The next 

innovation was development of computerized neuropsychological testing batteries. Many of 

the first batteries created were designed for the assessment of sports injuries, including the 

CogSport (1999) and the Immediate Post-Concussion Assessment and Cognitive Testing 

(ImPACT; Lovell et al., 2000). Sport psychologists used these batteries, which each include a test 

analogous to the paper-and-pencil Stroop task, to help them make return-to-play decisions 

after athlete injury (CogSport card recognition test; ImPACT Color Match). However, one of the 

most widely used computer-based assessment batteries is the Automated Neuropsychological 

Assessment Metrics (ANAM), which is designed to assess a broad range of neuropsychological 

domains (ANAM, 2007; Reeves, Kane, Winter, Raynsford, & Pancella, 1993). 
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The Automated Neuropsychological Assessment Metrics – Fourth Edition (ANAM4; 

ANAM, 2007; Reeves et al, 1993) is described as “one of the most successful and 

comprehensive automated neuropsychological test instruments” (Schlegel & Gilliland, 2007, p. 

S50). The 22 discrete tests contained therein assess a variety of domains, including: attention, 

concentration, reaction time, memory, processing speed, decision-making, and executive 

functioning. Sample measures include the tower test, Stroop task, finger tapping, and a 

standard continuous performance task. This computer-based neurological assessment is the 

direct result of over 30 years of development sponsored primarily by the U.S. Military, and 

remains a major focus in research of neurological functioning in military personnel (ANAM, 

2007; Schlegel & Gilliland, 2007; Roebuck-Spencer et al., 2012; Vincent et al., 2012a; Vincent, 

Roebuck-Spencer, Gilliland, & Schlegel, 2012b). Furthermore, since May 2008, the Department 

of Defense has required all military personnel to undergo a pre-deployment neurological 

screening, and the ANAM remains the U.S. Military’s assessment tool of choice due to its strong 

empirical support (Casscells, 2008; Vincent et al., 2012b). In fact, to date over a million pre-

deployed troops have been given the ANAM battery (Parsons, 2011). Researchers have 

thoroughly investigated the effectiveness of the ANAM4 for the assessment of TBI, specifically 

in military servicemen and women (Jones et al., 2008; Roebuck-Spencer et al., 2012; Vincent et 

al., 2008; Vincent et al., 2012a; Vincent et al., 2012b). Research demonstrates the ANAM has 

good construct validity, with a strong association demonstrated between the ANAM and 

traditional neuropsychological measures (Bleiberg, Kane, Reeves, Garmone, & Halpern, 2000; 

Kabat, Kane, Jefferson, & DiPino, 2001; Short, Cemich, Kabat, Wilken, & Kane, 2007). Studies 

reveal good test-retest reliability, while demonstrating that practice effects do exist (Eonta et 
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al., 2011; Kaminski, Groff, Glutting, 2009; Segalowitz et al., 2007). Furthermore, evaluations of 

the sensitivity of the ANAM for detecting cognitive impairments in a variety of neurological 

populations have encouraging findings (Bleiberg, Garmoe, Halpern, Reeves, & Nadler, 1997; 

Kane, Roebuck-Spencer, Short, Kabat, & Wilken, 2007). Within an acquired brain injury sample, 

the ANAM classified participants with between 86% and 100% accuracy, even when they were 

classified into three impairments groups (Kane et al., 2007). Studies in a sports medicine sample 

on the utility of the ANAM for evaluation and management of concussion revealed high 

sensitivity to discriminating between concussed and control participants, as well as in 

identifying individuals who had experienced a prior concussion (Cernich, Reeves, Sun, & 

Bleiberg, 2007). 

One of the greatest strengths of the ANAM4 is the administrator’s ability to customize 

the battery presented. Several different batteries have been developed and validated using 

selected subtests from the ANAM4. Among the batteries developed are a general 

neuropsychological screening battery (Woodhouse et al., 2013), a battery for use in sports-

medicine, and batteries for a wide variety of medical and cognitive concerns, including multiple 

sclerosis, systemic lupus erythematosus, Parkinson’s disease, dementia and Alzheimer’s 

disease, migraine headache, and traumatic brain injury (Bendetto, Harris & Goernert, 1995; 

Bleiberg et al., 2000; Cernich et al., 2007; Eonta et al., 2011; Kane et al., 2007; Levinson, Reeves, 

Watson, & Harrison, 2005; Vincent et al., 2012b). Most recently, the ANAM4 TBI-MIL battery 

was developed, to evaluate cognitive functioning following a cognitive insult or brain injury in a 

military population (Roebuck-Spencer et al., 2012; Vincent et al., 2012a; Vincent et al., 2012b). 

The battery includes measures of simple reaction time, procedural reaction time, mathematical 
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processing, visual spatial discrimination, visual scanning and processing speed, and visual 

recognition memory. The ANAM4 TBI-MIL was designed specifically for use in a military 

population, making it particularly well suited to investigations of brain injury in returning 

veterans. Recent investigations established a substantive set of norms for use of the ANAM4 

TBI-MIL, in the event that an assessment of pre-deployment functioning is unavailable (Vincent 

et al., 2012b). Results demonstrated the measure was sensitive to a general decline in 

performance with age, consistent with the pattern presented in previous versions of the ANAM 

(Reeves et al., 2006; Roebuck-Spencer et al., 2008; Vincent et al., 2008) and the results of 

standard neuropsychological tests (Heaton, Ryan, Grant & Matthews, 1996). Further 

investigations of the ANAM4 TBI-MIL’s psychometric properties demonstrated it has adequate 

test-retest reliability, comparable to that reported of traditional neuropsychological assessment 

measures (Strauss, Sherman, & Spreen, 2006; Vincent et al., 2012a). 

The benefits of using computer based or automated assessments have been reviewed 

here at length. Among these benefits are ease of administration and scoring; saving 

professionals time; improved standardization of administration; accurate presentation, reaction 

and response latency timing; and reliable randomization of stimuli for repeat administrations 

(Parsons, 2011). Further, computerized administrations provide a single-item administration 

format, reducing the learning curve and subsequent practice effects evident in multi-stimuli 

presentation formats (see Davidson, Zacks, & Williams, 2003; Parsons et al., 2013). 

For all of the benefits computerized administration offers, it remains an imperfect 

assessment method. Relative to paper-and-pencil assessment measures, there is an 

unfortunate lack of normative data to support the use of computerized assessment methods. 
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Although the standardized administration procedures of computer assessments can be a 

strength, the rigid standard protocol can limit the information ascertained through testing. For 

example, the Stroop subtest on the ANAM4 is designed to present stimuli in the center of the 

screen, which prevents evaluation of the multiple levels of cognitive control that can be 

assessed using a more flexible approach (Bugg et al., 2008; Parsons et al., 2013). While reviews 

have demonstrated both paper-and-pencil and computerized Stroop tasks have adequate 

predictive value, “their ecological validity may diminish predictions about real-world 

functioning” (Chaytor & Schmitter-Edgecombe, 2003; Parsons et al., 2013, p.3; Parsons, Silva, 

Pair, & Rizzo, 2008b). Most importantly, traditional and computerized Stroop measures fail to 

imitate the environment in which humans function. More to the point, when being used to 

assess military service members or to make return-to-duty decisions, these measures fail to 

make their assessment in an environment commensurate with the one in which that soldier will 

be functioning (Parsons et al., 2013). As Parsons and colleagues indicate, the functional and 

predictive relationship between an individual’s performance on a neuropsychological test and 

their anticipated behavior in a real world setting is limited by the fact that these tests fail to 

manipulate the environment to measure the impact of arousal on performance. Therefore, a 

new methodology must address this limited generalizability, with increased attention directed 

toward improving the ecological validity, verisimilitude, and veridicality of the instruments we 

use. 

Ecological Validity in Neuropsychological Assessment 

As previously described, early neuropsychological tasks were developed on a 

neurological model to help localize brain damage. Significant progress has been made in 
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elucidating the relationship between specific cognitive deficits and damage to, or deterioration 

of, particular anatomical structures (Lezak et al., 2012). Yet, many of the instruments designed 

during that time remain in use today. These traditional neurocognitive tests still suffer serious 

limitations, including an inability to repeat testing due to substantial practice effects and the 

inability to use them to assess training outcomes because of low test-retest reliability (Calamia, 

Markon, & Tranel, 2012). 

In PTSS and brain injury populations, and indeed in many other clinical subgroups as 

well, there are notable discrepancies between neuropsychological test performance and 

everyday behavioral competencies (Chaytor & Schmitter-Edgecombe, 2003). One problem is 

that the cognitive tasks found on standard paper-and-pencil tests at times do not appear to 

fully reflect the range of performance abilities found in the everyday activities (Parsons, Rizzo, 

& Buckwalter, 2004; Parsons, Rizzo, van der Zaag, McGee, & Buckwalkter, 2005). This has led to 

the proposal that that application of the principles of “ecological validity” is critical to the 

assessment of cognitive function (Parsons, 2011). The term “ecological validity” refers to the 

relations between 1) a patient’s performance on a set of neuropsychological tests; and 2) the 

patient’s behavior in a variety of real world settings. To establish ecological validity of 

neuropsychological measures, neuropsychologists focus on demonstrations of either (or both) 

verisimilitude and veridicality. By verisimilitude, ecological validity researchers are emphasizing 

the need for the data collection method to be similar to real life tasks in an open environment. 

For the neuropsychological measure to demonstrate veridicality, the test results should reflect 

and predict real world phenomena (Chayton & Schmitter-Edgecombe, 2003; Franzen & 

Wilhelm, 1996; Ready, Stierman, & Paulsen, 2001; Silver, 2000). 
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An example of current approaches to ecological validity by neuropsychologists is found 

in assessments of behavioral competence in adults with PTSS/trauma, such as instrumental 

activities of daily living scales (Holowka & Marx, 2011; Rodriguez, Holowka, & Marx, 2012). 

While these scales may be good predictors of ability to remain independent, they measure 

impairment rather than a range of ability. They are not specifically designed to assess 

impairment in activities of daily living relevant to cognitive function, and deficits may be 

attributable to multiple sources including visual impairments. Hence, they fall short of 

establishing either verisimilitude or veridicality. 

In an early attempt to develop a more ecologically valid neuropsychological assessment 

of everyday functioning Shallice and Burgess devised the Multiple Errands Test (MET), in which 

patients are given a set of everyday activities that must be completed in real time in a shopping 

area (1991). The MET evaluates executive functions in daily life by assessing how patients 

complete a series of errands requiring organizing and planning. Activities in the MET include 

following rules about entering particular shops, making purchases within a specified budget, 

and remembering to meet someone at a predetermined time without additional cues. In terms 

of verisimilitude, the MET is ecologically valid in that the data collection method is performed 

as the clinician observes (from a distance) the patient performing real life tasks in an open 

environment (Burgess et al., 2006). Further, veridicality has been found in the MET through 

assessment of the predictive ability of its indices to explain a range of “dysexecutive”-related 

symptoms in everyday life. The main performance indices from the MET not only demonstrate 

good psychometric properties, but have been found to significantly predict severity of everyday 
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life executive problems (Burgess et al., 2006; Fortin, Godbout, & Braun Fortin, 2003; Knight, 

Alderman, & Burgess, 2002). 

Unfortunately, there are a number of limitations found in the MET. The MET is difficult 

to use with patients that have the types of mobility and behavioral problems commonly found 

in patients who require rehabilitation; its use is recommended for high functioning patients 

(Shallice & Burgess, 1991). Further, the MET involves naturalistic observation, in which the 

examiner observes from a distance, limiting the variety and sophistication of metrics that may 

be gleaned from the patient’s performance. Thus, it is clear that even measures designed with 

an eye for improved ecological validity remain limited in their ability to fully satisfy the field’s 

needs.  

Virtual Reality 

As the field of medical technology advanced, the focus of neuropsychological 

assessment increasingly shifted away from lesion localization, and toward documentation of 

functional and behavioral deficits for treatment planning and return-to-work decisions. As the 

available neurological science technology has improved, so has neurologists’ ability to 

accurately identify and localize brain lesions (Dodrill, 1997). Indeed, with the advent of 

computerized tomographic (CT) scanning and magnetic resonance imaging (MRI) in the mid-

1970’s and 1980’s, and more recently functional magnetic resonance imaging (fMRI), the 

diagnostic disparity between neurologists and neuropsychologists had widened. Meanwhile, 

neuropsychologists have made little progress in the way of neuropsychological testing; new 

procedures represent little substantive change compared to those tests used 40 years ago 

(Dodrill, 1997; Sternberg, 1997). Thus, neuropsychologists are less and less being asked to 
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provide information that innovative neuroimaging techniques are now able to deliver. Instead, 

neuropsychologists are increasingly being asked to provide a prognosis, predicting a patient’s 

ability to function in the community (Long, 1996), making assessments that offer accurate 

information about functional capabilities, like the MET, more important than ever (Shallice & 

Burgess, 1991). 

Unfortunately, the computerized test batteries used by neuropsychologists have 

resisted development along with the rapidly advancing technology (Parsons, 2011). In his 

discussion of the progress of technology in the United States, Sternberg (1997) noted that the 

first edition of the Wechsler Adult Intelligence Scale (Wechsler, 1939) appeared more than a 

decade before the UNIVAC 1101 computer. Yet, today you would be hard pressed to find a 

computer with less power than this technological relic – even mobile phone devices have 

greater computational power (Sternberg, 1997). Meanwhile, psychological tests have 

undergone scarcely more than cosmetic changes (Sternberg, 1997).  As Sternberg noted over 15 

years ago, if neuropsychology intends to emphasize its role as a science its technology needs to 

progress in pace with other clinical neurosciences (1997). Neuropsychologists cannot continue 

to use the paper-and-pencil or computerized versions of paper-and-pencil test batteries, which 

were developed around a neurological, localization-based model (Benton, 1985; Ruff, 2003). 

These batteries provide little information about how a serviceman or woman will perform in 

the midst of emotionally arousing stimuli of combat if they return to duty, or how they will 

adjust to their life should they return to the community. The demand is, therefore, for a more 

ecologically valid instrument, which can provide information on functional capacity. 
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Virtual reality (VR) offers potential for a new frontier in neuropsychological assessment. 

This advanced computer interface allows an individual to become immersed in a computer-

generated simulation. Within the virtual environment (VE), it is possible to systematically 

present emotionally and cognitively demanding tasks that target military relevant 

neuropsychological performance beyond what is currently available using traditional methods 

(Parsons, 2011; 2012). Reliability of neuropsychological assessment can be enhanced in VEs by 

increased control of the perceptual environment, more consistent stimulus presentation, and 

more precise and accurate scoring. Virtual worlds may also improve the validity of 

neurocognitive measurements via the increased quantification of discrete behavioral 

responses, allowing for the identification of more specific cognitive domains (see Gaggioli et al., 

2009). The increased ecological validity provides an opportunity to evaluate performance in an 

environment that simulates the real world, not an artificial testing environment (see Gorini & 

Riva, 2008). Further, the increased ecological validity of neurocognitive batteries that include 

assessment using virtual scenarios may aid differential diagnosis and treatment planning. The 

potential exists to have ecologically valid computer-based neuropsychological assessments that 

will move beyond traditional clinic or laboratory borders. Additionally, the presence of an 

examiner offers the advantage of ensuring that valuable behavioral observations do not go 

unnoticed.  

In addition to the improved ecological validity, the application of VR to the evaluation of 

neurocognitive abilities offers the opportunity to integrate assessment of additional levels of 

cognitive controls, otherwise missed in automated batteries with fixed or rigid administration 

procedures (Bugg et al., 2008; Parsons et al., 2013). Research on the Stroop task has long 
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focused on the assessment of the supervisory attentional networks necessary for the automatic 

and controlled processing of stimuli (Fisk & Schneider, 1981; Parsons et al., 2013; Schneider & 

Shriffin, 1977). The prevailing understanding is that automatic processing requires little effort 

and is out of an individual’s control, while controlled processing is an effortful process under an 

individual’s direct control (Schneider & Shriffin, 1977). The Stroop’s increased reaction times on 

increasingly complex tasks are an example of these two processes at work (Stroop, 1935). 

However, alternative conceptualizations suggest that even controlled processes require varying 

levels of effort, with relative automaticity possible in controlled circumstances (Kahneman, 

1973; Kahneman & Treisman, 1984, Parsons et al., 2013). Yet, in the presence of factors that 

elevate an individual’s level of arousal processing capabilities are diminished and high 

information load tasks require significantly more voluntary attention (Kahneman, 1973; 

Kahneman & Treisman, 1984, Parsons et al., 2013). A further evaluation of this effect lies in the 

evaluation of endogenous and exogenous attentional processing. Exogenous attention, the 

impact of external physical events upon automatic attention, can be differentiated from 

endogenous attention, which refers to an individual’s ability to direct attention to something 

deemed important (Posner, 1980). VR assessment instruments provide the opportune medium 

in which to evaluate these competing processes; within the VE not only can arousing external 

stimuli be added, but subtests presenting fixed stimuli can be compared to those presenting 

stimuli randomly throughout the computer screen. 

Over the last decade a group of dedicated researchers have sought to apply the use of 

virtual environments to psychological intervention and evaluation. VE applications that focus on 

treatment of cognitive (see Rose, Brooks, & Rizzo, 2005; Parsons 2009c) and affective disorders 
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(see Powers & Emmelkamp, 2008; Parsons et al., 2008a) are being developed and tested. 

Further, the development and validation of VE applications for assessment of a variety of 

component cognitive processes is now underway, including: attention (Law, Logie, & Pearson, 

2006; Parsons, et al., 2007; 2011), spatial abilities (Beck et al., 2010; Parsons et al., 2004a), 

retrospective memory (Parsons & Rizzo, 2008a), prospective memory (Knight & Titov, 2009), 

spatial memory (Astur et al., 2004; Goodrich-Hunsaker & Hopkins, 2010; Levy, Astur, & Frick, 

2005), and executive functions (Elkind, Rubin, Rosenthal, Skoff, & Prather, 2001; McGeorge et 

al., 2001; Parsons et al., 2012; Pugnetti et al., 1998). With respect to functional abilities, 

recently a VR-based version of the MET was developed (Raspelli et al., 2009).    

The VR methodology is particularly pertinent to neuropsychologists being asked to make 

return-to-duty decisions about injured soldiers. At the University of Southern California 

(initially) and the University of North Texas (currently), Dr. Thomas Parsons has developed and 

validated a number of military relevant virtual environments to establish the Clinical 

Neuropsychology and Simulation (CNS) battery (Parsons et al., 2009a; Parsons, Courtney, Rizzo, 

Edwards, & Reger, 2011; Parsons, Iyer, Cosand, Courtney, & Rizzo, 2009; Parsons & Reinebold, 

2012; Parsons & Rizzo, 2008a; Parsons & Rizzo, 2008b; Parsons, Rizzo, Bamattre, & Brennan, 

2007; Parsons et al., 2008b; Wu et al., 2010). Parsons and colleagues (2011) indicate a desire 

for the military relevant neurocognitive simulations is to evaluate a soldier’s ability to exercise 

control of executive functions while interacting with military relevant virtual environments that 

simulate operational environments with varying levels of threat stimuli and complexity (see 

also Parsons et al., 2009a; 2009b; 2009c; Courtney, Dawson, Rizzo, Arizmendi, & Parsons, 2013; 

Parsons, Courtney, Dawson, Rizzo, & Arizmendi, 2013; Parsons, Rizzo, & Courtney, 2012). 
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Designed to complement - rather than replace - other neuropsychological assessments, the 

primary goal of Parsons’s military relevant neurocognitive simulations is  to develop a virtual 

reality-based battery of tests that can gather a greater degree of information than traditional 

paper-and-pencil or adapted computerized assessment instruments (Armstrong et al., 2013; 

Parsons et al., 2011; Parsons, Courtney, & Dawson, 2013; Parsons & Reinebold, 2012). 

Among the subtests presented as part of Parsons’s military relevant CNS battery is the 

Virtual Reality Stroop Task (VRST; Armstrong et al., 2013; Parsons et al., 2011; Parsons et al., 

2013; Parsons & Reinebold, 2012). As do the paper-and-pencil and computer automated 

versions, the VRST measures “simple attention, gross reading speed, divided attentional 

abilities and executive functioning” (Armstrong et al., 2013; Parsons et al., 2011; Parsons et al., 

2013; Parsons & Reinebold, 2012). However, the advantage the VRST offers above and beyond 

both computerized and traditional presentations of the Stroop task is that the VRST collects this 

information in a more ecologically valid, emotionally salient environment. Amid shouting, 

gunfire, and explosions, or whilst driving down a deserted Iraq road, soldiers are asked to 

respond to stimuli presented on the screen of their high mobility multipurpose wheeled vehicle 

(HMMWV; also commonly known as a Humvee). The integration of a cognitively demanding 

task with an emotionally and cognitively demanding VE provides an ideal platform to evaluate 

how an individual serviceman or woman will perform in combat. The results of an evaluation 

conducted under virtual duress are surely more generalizable than those collected in the 

contrived environment of a lab setting. 

The VRST has been validated in a civilian population (Parsons et al., 2011; Parsons et al., 

2013; Parsons & Reinebold, 2012), as well as an active duty military sample (Armstrong et al., 
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2013), however it has not yet been validated in a veteran population. This may be of particular 

importance given the prevalence of traumatic brain injury in veterans, and as previously stated, 

the frequent need for hospitals to assess veterans for their ability to return to active duty or 

competence in tasks of community living. Implementing use of the VRST in veteran centers and 

military hospitals may be an important step in helping psychologists determine whether or not 

returning service members are ready to resume their pre-service responsibilities in the 

community, or are cognitively and emotionally prepared for redeployment. However, prior to 

utilization, the VRST must receive further psychometric validation.   

The purpose of the current study was to investigate how veterans perform on tasks of 

attention and neuropsychological functioning, specifically within a virtual environment. Paper-

and-pencil Stroop testing provides a crucial comparison point due to its extensive psychometric 

validation, demonstrating both reliability and validity. Although the ANAM4 has an increasing 

literature base, it has a comparative lack of normative data; it offers many advantages over 

paper-and-pencil testing including ease of administration and data collection, greater 

standardization of protocol, reliable and randomized presentation of stimuli, and increased 

accuracy of response and reaction timing. ANAM4 administration also offers a single-stimuli 

format, ensuring participants do not advance until they have correctly answered each item. Yet, 

neither the ANAM4 nor D-KEFS paper-and-pencil Stroop administration methods can provide 

the rich data of an ecologically valid environment required to make true predictions about real-

world functioning. There is minimal utility in predicting functional behavior from tests that bear 

no resemblance to the real-world setting in which those behaviors will take place. Therefore, in 

an effort to determine whether or not attention and neuropsychological functioning can be 
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accurately assessed in a computer-generated virtual environment, results from performance on 

VR tasks will be compared to performance on a paper-and-pencil D-KEFS Stroop task and 

computer-based tasks administered through the ANAM4.  

This investigation further sought to examine the relationships among and between 

other factors that have been shown to influence cognitive functioning. Therefore, the 

differential impact of a history of deployment, mild traumatic brain injury, and current 

posttraumatic stress symptoms were examined as they related to performance on 

neuropsychological tasks embedded in a virtual environment.  
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RESEARCH AIMS AND HYPOTHESES 

The Virtual Reality Stroop Task (VRST) is the first measure of its kind. Virtual reality (VR) 

testing holds the potential of providing researchers and clinicians with the opportunity to 

examine neuropsychological functioning in a more ecologically valid environment than current 

paper-and-pencil or computer based testing can offer. As the field of psychology embraces 

technological advances, care must be taken to ensure the measures are developed with 

psychometric precision. 

Research Aim 1: Convergent Validity 

The first aim of this investigation is to establish the convergent validity of the VRST in a 

veteran population. The VRST has been previously validated in a civilian population (Parsons et 

al., 2011; Parsons et al., 2013; Wu et al., 2010; Wu, Lance, & Parsons, 2013), and most recently, 

an active duty military population (Armstrong et al., 2013). However, it has not yet been 

validated in a veteran population. 

It is hypothesized that, consistent with the findings of Armstrong et al. (2013), the VRST 

will demonstrate at least moderate correlations with paper-and-pencil measures of supervisory 

attentional functioning, and high correlations with computerized tests of supervisory 

attentional functioning. It is hypothesized that both reaction time and response rate data will 

support the convergent validity of the VRST. 

Stroop Effect 

Furthermore, it is hypothesized that all three Stroop tasks will demonstrate lower 

performance scores in the interference conditions as compared to the color naming (CN) and 

word reading (WR) conditions. 
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Endogenous and Exogenous Attentional Processing 

This investigation will further seek to demonstrate convergent validity with regard to 

exogenous and endogenous attentional processing. It is hypothesized that the same pattern of 

effects discovered by Parsons et al. (2013) will be revealed when comparing the Delis-Kaplan 

Executive Function System (D-KEFS) interference/switching task with the VRST complex 

interference condition.     

Automated Neuropsychological Assessment Metrics (ANAM) and VR 

To further evaluate the convergent validity, this investigation also seeks to compare 

neuropsychological performance as it relates to level of arousal and single-item processing 

speed. Due to the increased ecological validity of the VR simulation, a comparison between the 

computerized ANAM presentation and the VR Stroop is necessary. With regard to comparisons 

between measures, it is anticipated that due to the increased cognitive load of the simulation, 

even during low threat zones, it will take participants longer to respond to VRST stimuli than 

ANAM Stroop stimuli, similar to the findings of Parsons et al. (2013).  

Research Aim 2: Arousal Effects  

Because the VR simulation varies between high and low threat exposure, it is 

anticipated that participants will experience an increase in attentional demands during high 

threat zone encounters. At these times, level of arousal is anticipated to impede ability to 

accurately execute the required task (Kahneman, 1973; Kahneman & Treisman, 1984; Parsons 

et al., 2013), resulting in reduced accuracy in responding and increased latency to response. 

With regard to comparisons between VRST high and low threat zones, it is hypothesized that 
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participants will experience increased cognitive demand sufficient to significantly impair their 

performance during the complex interference task (Parsons et al., 2013), with the potential to 

demonstrate similar trends in the findings in other conditions.  

Research Aim 3: Effects of Deployment  

There is ample research to support inquiries into the effects of deployment of 

neuropsychological functioning; for example, one recent investigation demonstrated that 

classic measures of neuropsychological functioning are sensitive to post-deployment 

decrements in performance, even when controlling for deployment related head injury, stress, 

and depression symptoms (Vasterling et al., 2006). More recent inquiries, using the ANAM4 

TBI-MIL, have suggested that deployment results in minimal to no effects on cognitive 

functioning (Vincent et al., 2012a).  

This investigation will seek to shed light on these disparate findings, and determine 

whether or not the VRST identifies post-deployment decrements in neuropsychological 

performance. This exploratory analysis seeks to address the conflicts in previous literature 

about pre- and post-deployment performance differences (Vasterling et al., 2006; Vincent et al., 

2012a). Although debate exists in the literature, it is tentatively hypothesized that deployed 

veterans will demonstrate improved reaction time compared to their non-deployed 

counterparts, as measured by the ANAM4 TBI-MIL and VRST. On the basis of previous literature 

however, clinically meaningful differences are not anticipated in reaction time or response rate.  

If possible, veterans’ performance will also be investigated based on their number of 

combat deployments, with postconcussive and posttraumatic stress symptoms held constant. 

This exploratory analysis will determine whether multiple deployments result in additive effects 
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of multiple deployments above and beyond the effects of a single deployment, due to the 

cumulative effect of multiple traumatic brain injuries (TBIs) (Miller et al., 2013).  

Research Aim 4: Effects of Head Injury 

In order to investigate the specific role of head injury in neuropsychological functioning 

in this sample, a cross-sectional analysis will be conducted comparing veterans who have 

experienced a head injury with those who have not. It is hypothesized that veterans who have 

suffered a head injury will evidence moderate decrements in neuropsychological functioning 

compared to uninjured participants. Specifically, the largest relative decrements in 

performance are anticipated to exist in processing speed (Frencham et al., 2005) and be 

moderated by time since injury (Belanger et al., 2005). If the participant is still in the acute 

phase, effects to delayed memory are anticipated (Belanger et al., 2005).  

Research Aim 5: Effects of PTSS 

The complexity of co-morbid posttraumatic stress symptoms (PTSS) and head injury 

remains a question research has thus far been unable to disentangle. Whether lasting 

neuropsychological deficits experienced by service members are more accurately attributed to 

psychopathology or concussive events is still debated (Capehart & Bass, 2012; Spencer et al., 

2010). Further complicating the matter is the reality that in many cases exposure to the same 

so-called “critical event” yields both the TBI and posttraumatic stress (Morissette et al., 2011, p. 

342). This study will seek to shed light through its investigation of neuropsychological 

performance levels of combat induced posttraumatic stress symptoms.  
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The impact of presence or absence of posttraumatic stress symptoms will be examined 

as it relates to neuropsychological performance on paper-and-pencil, computer automated, and 

virtual reality assessments. Based on prior research indicating that cognitive complaints may be 

attributable to psychopathology (Spencer et al., 2010), it is hypothesized that increased levels 

of PTSS will yield decrements in performance. It is tentatively hypothesized that overall 

functioning as measured by the ANAM4 TBI-MIL as well as processing speed and response rate 

as measured by the VRST will be impacted by increased posttraumatic stress disorder (PTSD) 

symptomatology. 
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METHOD 

Participants 

Participants were 50 military veterans. Ninety percent (n = 45) were currently in 

attendance at the University of North Texas (UNT); however, this criterion was not mandatory 

for participation. Participants were compensated between fifteen and twenty dollars for their 

participation in the study. Consistent with a recent investigation conducted into demographic 

characteristics of student veterans (Cate, 2011), the average participant age for the sample was 

M = 31.6 years (SD = 8.5, range = 20-56). In the current study, the sample was predominantly 

male (88%). Ethnic diversity within the sample was 65% White, 10% Asian/Pacific Islander, 6% 

Biracial, 6% Native American, 2% African American, and 2% Hispanic. With regard to education, 

84% of participants endorsed having less than four years of college education, 12% had a 

Bachelor’s degree, and 4% had a post-graduate degree (see Table 1). 

Recruitment and Eligibility 

Participants were recruited through direct email solicitations sent to individuals 

affiliated with the UNT Veterans Center and through the university subject pool. Individuals 

who responded to the email solicitation were invited to complete the online screener survey 

located on the secure website http://www.surveymonkey.com, after which they received a 

follow-up email inviting them to schedule an appointment. 

The recruitment email included a series of brief statements to verify participants’ 

eligibility to participate, excluding from participation any individuals who might experience 

discomfort during the virtual reality (VR) portion of the evaluation. Eligibility was verified with 

participants during the consenting process, prior to study participation. Example items include 
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whether participants have “a history of migraines cued by auditory or visual stimuli” or “a 

history of seizures.” Participants who endorsed any of the items were excluded from 

participation. 

Two veterans were excused from participation before testing began. The first declined 

to participate during the consenting process due to concerns about activation of posttraumatic 

stress symptomatology. The latter was excluded from participating due to an inability to 

perform the Stroop task due to color blindness.  

 
Table 1 

Demographics   

 % (n) 

Gender   

     Male 88% (44) 

     Female 12% (6) 

Ethnicity   

     White 74% (37) 

     Asian/Pacific Islander 10% (5) 

     Biracial 6% (3) 

     Native American 6% (3) 

     African American/Black 2% (1) 

     Hispanic 2% (1) 

Education   

   High School/GED 0% (0) 

   Some College 54% (27) 

   Associate’s Degree 30% (15) 

   Bachelor’s Degree 12% (6) 

   Graduate Degree 4% (2) 
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Measures 

Demographics 

 A brief demographics questionnaire was administered as part of the online screener. 

The questionnaire captured relevant information regarding the participant’s age, gender, 

ethnicity, occupational status, income level, educational attainment, and military experience. 

The demographic information collected contained questions that reflect a revision of an 

unpublished instrument called the Background Information Questionnaire – Student Veteran 

Version (Riggs & Campbell, 2013).  

Traumatic Brain Injury 

The Brief Traumatic Brain Injury Screen (BTBIS; Schwab et al., 2007) is a three item self-

report instrument designed to detect the presence of traumatic brain injury (TBI) in service 

members. The brief screener, developed by the Defense and Veteran Brain Injury Center, allows 

for the report of the type of injury; symptoms resulting from injury, including loss of 

consciousness; and ongoing symptoms being experienced. The measure takes approximately 

three to four minutes to complete, and was completed during the online screener portion of 

the study. A study of the BTBIS’s psychometric properties demonstrates good concurrent 

validity and the results of this screener were consistent with longer interview format 

instruments.  

Posttraumatic Stress Disorder 

 The PTSD Checklist – Military version (PCL-M; Weathers, Litz, Huska, & Keane, 1994) was 

administered during the in-person appointment. The PCL-M is the military version of the most 
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commonly used self-report measure of posttraumatic stress disorder (PTSD) symptomatology. 

The measure consists of 17 items corresponding to the diagnostic criteria for PTSD as it is 

established in the Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition (DSM-

IV; APA, 2000). Items, which are anchored to “stressful military experiences,” are rated on a 

likert-type scale ranging from 1 (not at all) to 5 (extremely), and are answered with regard to 

the past month.  Total scores can range from 17 to 85. Example items include, “Feeling as if 

your future will somehow be cut short?” and “Feeling jumpy or easily startled?” While the PCL-

M is a screener and not intended to diagnose PTSD in the way a structured clinical interview 

can, a “presumptive diagnosis” can be made using stringent criteria designed to evaluate 

whether responses align with the DSM-IV criteria for PTSD (National Center for PTSD, 2012, p. 

1). A comprehensive review of the psychometric properties of all three versions of the PCL 

demonstrated the PCL-M has good temporal stability, internal consistency, test-retest 

reliability, and convergent validity (Wilkins, Lang & Norman, 2011).  The PCL-M’s reported 

internal consistency ranged from .75 to .80.  

Paper-and-Pencil Stroop Task 

The Delis-Kaplan Executive Function System (D-KEFS; Delis, Kramer, & Kaplan, 2001) 

Color-Word Interference Test (CWIT) is a version of the classic Stroop Color-Word task (Stroop, 

1935). Research has repeatedly demonstrated the Stroop task is both a valid and highly reliable 

measure of executive functioning and attentional control (MacLeod, 1991). The D-KEFS CWIT 

contains four conditions – color naming, word reading, inhibition, inhibition/switching – 

containing 50 items each. The color naming condition requires participants to name blocks of 

color red, blue, or green. The word reading condition involves naming the color words red, 
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blue, and green, printed in black ink. The inhibition condition presents color words printed in 

colored ink that does not match the word presented, for example the word red is presented in 

green ink. Participants are required to inhibit their prepotent response to read the word, and 

instead name the ink color. The final condition is the inhibition/switching condition. This 

condition entails switching back and forth between two sets. The first involves the same 

instructions as the former inhibition trial; the latter set requires participants to name the word 

rather than the color for any item presented inside of a box. For example, a three item 

sequence presented may be the word blue presented in red ink, the word red presented in blue 

ink, and the word green presented in red ink surrounded by a small box; the answer sequence 

for this presentation is red, blue, green. In each of the four conditions, a ten item practice set 

was presented, followed by the fifty item test set (presented as five rows of ten stimuli read left 

to right on a single sheet). Participants’ total completion time was recorded, as well as number 

of incorrect responses. 

The D-KEFS CWIT has been used in previous studies with a civilian population, as well as 

with a military population in order to validate computerized and virtual reality (VR) Stroop tasks 

with promising results (Armstrong et al., 2013; Parsons et al., 2011). Therefore, this measure is 

ideal for the present investigation.  

Computerized Stroop Task 

The Automated Neuropsychological Assessment Metrics – Fourth Edition (ANAM4; 

Reeves, Kane, Winter, Raynsford, & Pancella, 1993) is a computer-based test system specifically 

designed for use in neuropsychological assessment. This computerized measure assesses a 

variety of domains including attention, concentration, reaction time, memory, processing 
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speed, decision-making, and executive functioning. For the purposes of this investigation, a 

customized ANAM battery was administered. Tests utilized included the ANAM4 Stroop task 

and the ANAM4 TBI-MIL battery, which consists of the following tasks: Simple Reaction Time, 

Procedural Reaction Time, Mathematical Processing, Matching to Sample, Code Substitution, 

and Code Substitution-delayed. The ANAM4 computerized version of the classic Stroop task 

requires participants to press one of three labeled keys on a computer keyboard to identify 

their selected color: red, green, or blue. During the interference portion, participants are 

required to press the color key that corresponds to the ink color rather than the printed color 

word. Prior to administration of the testing session, a short practice session was administered.  

Virtual Reality Stroop Task 

The Virtual Reality Stroop Task (VRST; Parsons, Courtney, Arizmendi & Dawson, 2011) is 

part of Parsons’s military relevant CNS battery. The VRST involves presentation of the classic 

Stroop stimuli (Stroop, 1935) while participants are immersed in a virtual environment. Stroop 

stimuli are displayed on the windshield of a high mobility multipurpose wheeled vehicle 

(HMMWV), while the vehicle drives down a desert road in a simulated Iraq. During the 

simulation the military convoy is periodically presented with virtual combat threats. The total 

simulation includes eight zones, four low threat and four high threat zones. Low threat zones 

involve little activity aside from driving down the road; whereas, high threat zones include 

ambush scenarios, gunfire, and explosions. Previous research demonstrates that there are no 

order effects of presentation variation of high versus low threat zones (Armstrong et al., 2013; 

Parsons et al., 2011). The VRST includes four Stroop conditions: word reading, color naming, 

interference, and complex interference. The first three conditions present the stimuli in a fixed 
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central location, while the complex interference task involves the presentation of stimuli 

randomly across the screen. This complex interference task is designed to mimic the level of 

cognitive complexity presented in the D-KEFS Stroop inhibition/switching trial. As with the 

ANAM, the VRST requires participants to press one of three computer keys to identify the 

appropriate color. As with the ANAM presentation, during the VRST stimuli were presented one 

at a time; participants could not advance to the next stimulus until they provided the correct 

response to the initial stimulus.  

The apparatus used for administration of the VRST is similar to that described by 

Parsons et al. (2011). The minimum hardware requirements for the virtual HMMWV included a 

Pentium 4 desktop computer with a 3 GHz Processor; 6 GB of RAM; and an nVidia GeForce 

6800. Two monitors are used: 1) one for displaying the Launcher application which is used by 

the examiner administering the test; and 2) another for displaying the participant’s view of the 

virtual environment in the head-mounted display (HMD; eMagin Z800 with an InterSense 

InteriaCube 2+ attached for tracking). To increase the potential for sensory immersion, a tactile 

transducer was built using a three foot square platform with six Aura bass shaker speakers 

(AST-2B-04, 4Ω 50W Bass Shaker) attached. The tactile transducer is powered by a Sherwood 

RX-4105 amplifier with 100 Watts per Channel x 2 in Stereo Mode.   

Animation software was utilized for development of the virtual Iraqi/Afghani and 

HMMWV VRST environment. The environments were rendered in real time using a graphics 

engine with a fully customizable rendering pipeline, including vertex and pixel shaders, 

shadows, bump maps, and screenspace geometric primitives (Parsons & Reinebold, 2012). A 

human computer interface (Clinical Neuropsychology and Simulation Interface; CNS-I) is 
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employed for data acquisition, to guide stimulus presentation, and for psychophysiological 

monitoring. The CNS-I also allows for key events in the environment to be logged and time 

stamped with millisecond temporal accuracy.  

The VRST has been validated in a civilian population (Parsons et al., 2011), as well as an 

active duty military sample (Armstrong et al., 2013). Preliminary testing indicates performance 

on the VRST is significantly associated with performance on both paper-and-pencil and 

traditional computer-based neuropsychological testing measures. For example, in an active 

duty military sample the association between the VRST and the ANAM Stroop ranged from r = 

.55 (p < .01) to r = .77 (p < .01; Armstrong et al., 2013).   

Debriefing 

A debriefing disclaimer was created for the purposes of this study. It was distributed 

following administration of all measures.  This statement provided contact information for 

several local agencies that provide psychiatric and psychological services should the participant 

experience distress as a result of their participation.  

Procedure 

 The initial phase of the investigation involved administration of an online screener. The 

screener included a demographics questionnaire and the BTBIS. After completion of the 

screening questionnaire an in-person appointment was scheduled and conducted. Prior to 

beginning any measures a student clinician conducting the assessment explained and 

administered an informed consent approved by the University of North Texas Institutional 

Review Board (see Appendix). Participants confirmed understanding the terms of participation, 
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including study purpose, risks and benefits of participation, and participant rights, including 

right to withdraw participation at any time. Participants were then administered, in randomized 

order: the D-KEFS paper-and-pencil Stroop task; the ANAM4 TBI-MIL battery, including the 

computer automated Stroop task; and the VRST. As part of a larger study, physiological data 

was also collected during the study. Therefore, prior to administration of the VRST, participants 

were attached to a BIOPAC MP150 to collect measures of electrocardiogram (ECG) and 

electrodermal activity (EDA). Following collection of baseline physiological data, the VRST was 

conducted. Following completion of the VRST, physiological equipment was disconnected. 

Participants then completed the PCL-M. Finally, participants were debriefed and provided with 

the aforementioned resource list. All testing occurred in a quiet, climate-controlled 

environment in a university-owned research lab. 
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RESULTS 

Data Cleaning 

No participants were excluded from analyses due to premature withdrawal after 

beginning study participation. Participants were excluded from individual analyses in the event 

that they completed an insufficient number of trials to provide valid data. As a result analyses 

evaluating reaction time for the color naming condition of the Virtual Reality Stroop Task (VRST) 

included 48 participants. Furthermore, due to technical difficulties one participant was unable 

to complete select subtests from the Automated Neuropsychological Assessment Metrics 

(ANAM), including Matching to Sample, Mathematical Processing, Procedural Reaction Time, 

Simple Reaction Time, and Simple Reaction Time 2. Analyses evaluating these subtests included 

49 participants. No other analyses were impacted by missing data. 

For all analyses of variance (ANOVAs) that revealed a significant main effect or 

interaction, paired samples t-tests were conducted to identify the nature of the effect. 

Additionally, the Greenhouse-Geisser correction was used for all reported main effects and 

interactions with greater than one degree of freedom. Effect sizes for each analysis were noted. 

For the sake of clarity, throughout the results and on all tables and figures the 

inhibition/switching trial of the Delis-Kaplan Executive Function System (D-KEFS) has been 

referred to as the complex interference (CI) condition of this task.  
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Table 2 

Military Service and Deployment Information 

% (n) 

Military Branch 

 Air Force 24% (12) 

 Army 42% (21) 

 Marines 24% (12) 

 Navy 10% (5) 

Rank 

 E3 12% (6) 

 E4 38% (19) 

 E5 36% (18) 

 E6 4% (2) 

 E7 8% (4) 

 E8 0% (0) 

 E9 2% (1) 

Number of deployments 

 0 28% (14) 

 1 28% (14) 

 2 26% (13) 

 3 8% (4) 

 4 2% (1) 

 5 6% (3) 

     6 2% (1) 

Location of deployment 

 Afghanistan 39% (30) 

 Iraq 26% (20) 

 Persian Gulf/Oceanic 10% (8) 

 Korea 7% (5) 

 Oman/Qatar/United Arab Emirates 7% (5) 

 Other (e.g., Philippines, Bosnia, Somalia, Japan) 5% (4) 

 Saudi Arabia 4% (3) 

 Turkey 3% (2) 

Note. Percentages may not equal 100% due to rounding error. 
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Descriptive Statistics 

Information about military service and deployments was examined. The breakdown of 

service by military branch can be seen in Table 2. Participants represented ranks E3 through E9, 

with the majority representing ranks E4 and E5. Seventy-two percent of participants (n = 36) 

participated in at least one overseas deployment during their military service. 

Participants’ number of deployments ranged from 0 to 6 (M = 1.54, sd = 1.5). The 36 

deployed service members participated in a total of 77 deployments. The majority of 

deployments (65%) were to either Afghanistan (n = 30) or Iraq (n = 20). Deployments ranged 

from 1 to 32 months, with a mode length of 12 months (m = 8.08, sd = 5.29). Participants’ 

deployments occurred between 499 days (approximately 1 year 4.5 months) and 8,363 days 

(approximately 22 years 11 months) prior to their participation in the study (m = 2806.45, sd = 

1962.40).  Thirty-six percent of participants reported experiencing a head injury during their 

military service (n = 18, see Table 3). Of these, 12 participants had a positive screen indicating a 

likely mild traumatic brain injury (mTBI) and 8 endorsed ongoing difficulties possibly related to 

post-concussive symptoms. 

A variety of information about participants’ psychosocial history was examined (see 

Table 4). With regard to psychological difficulties, 36% of participants indicated being diagnosed 

with at least one mental illness. Posttraumatic stress disorder was the most frequently 

endorsed psychiatric diagnosis (n = 15). Alcohol abuse was also frequently endorsed (n = 16). 

Approximately one quarter (n = 13) of participants endorsed being prescribed psychotropic 

medications at some time, with 20% (n = 10) endorsing current use. With regard to current 

posttraumatic stress disorder (PTSD) symptomatology, consistent with the most stringent 
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Table 3 

Head Injury Information 

% (n) 

Head injury during military service 36% (18) 

mTBI screen positive 24% (12) 

Currently experiencing post-concussive symptoms 16% (8) 

Table 4 

Current and Historical Psychological Difficulties 

% (n) 

PCL-M 

 Meet criteria for “presumptive diagnosis” of PTSD 14% (7) 

 PCL-M score exceeds 50 12% (6) 

Endorsed a Diagnosed Mental Illness 36% (18) 

 Posttraumatic Stress Disorder 30% (15) 

 Depression 22% (11) 

 Anxiety Disorder 18% (9) 

 Bipolar Disorder 16% (8) 

 Obsessive-Compulsive Disorder  6% (3) 

 Eating Disorder 2% (1) 

 Attention Deficit Hyperactivity Disorder 0% (0) 

 Schizophrenia 0% (0) 

Other 

 Alcoholism 32% (16) 

 Criminal Charges 18% (9) 

 Drug Abuse 7% (7) 

 Attempted Suicide 10% (5) 

Psychotropic Medication Use 

 Ever Prescribed Psychotropic Medication 26% (13) 

 Currently Taking Psychotropic Medication 20% (10) 
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criteria suggested by the National Center for PTSD (2012, p. 2) of combining both symptom 

pattern and severity threshold, 7 participants could be given a “presumptive diagnosis” of PTSD 

based on their responses to the PTSD Checklist – Military version (PCL-M; m = 30.68, sd = 12.13, 

min = 17, max = 70). 

Preliminary Analyses 

Prior to conducting further analyses, demographic variables were examined in order to 

determine whether any relationships existed between the three versions of the Stroop. There 

was no relationship between age and any of the D-KEFS conditions. Results indicated that age 

positively correlated with percent correct on all four VRST Stroop conditions: word reading 

(WR; r = .46, p < .01), color naming (CN; r = .32, p < .05), simple interference (SI; r = .33, p < .05), 

and complex interference (CI; r = .38, p < .01). Likewise, moderate to large correlations were 

observed between age and reaction times on all four VRST Stroop conditions: WR (r = .48, p < 

.01), CN (r = .60, p < .01), SI (r = .47, p < .01), and CI (r = .31, p < .05). Thus, older participants 

responded more slowly, but more accurately on virtual reality based tasks. Age also positively 

correlated with reaction times on the ANAM WR condition (r = .42, p < .01), but no other ANAM 

conditions. A gender difference emerged for reaction times on the VRST, specifically women 

responded more slowly on the CI condition (r = .41, p < .01). Due to the overall sample size, 

individual race group sizes were too small to evaluate any statistical differences based on this 

variable. Similarly, the educational attainment of the sample was too homogenous to evaluate 

the statistical differences based on this variable. 
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Research Aim 1: Convergent Validity 

A multitrait-multimethod approach, as originally described by Campbell and Fiske 

(1959), was used to analyze the convergent validity of the VRST.  Performance on the VRST was 

correlated with performance on the D-KEFS Color-Word Interference Test (CWIT), ANAM 

Stroop, and the remaining ANAM TBI-MIL battery measures (see Table 5). The modalities were 

compared using two scores. The first was a score representing accuracy, which calculated the 

percent of correct responses, weighted for the number of trials each participant experienced. 

The VRST included a maximum of 50 trials per condition; however, each condition was 

presented for 1 minute, resulting in variable numbers of stimuli presented depending on the 

participant’s response speed. 

The average number of trials participants experienced in the VRST was 46 (sd = 5.6; min 

= 0, max = 50). Regardless of the number of Stroop trials presented, environmental stimuli were 

presented at the same time for each participant. The D-KEFS included 50 stimuli presented 

simultaneously. Participants experienced an average of 39 trials during the ANAM (sd = 6.09; 

min = 0, max = 51). The second score, representing processing speed, was the average amount 

of time it took participants to respond with the correct answer (hereafter referred to as 

reaction time). Because of the multi-item presentation format of the D-KEFS reaction time 

scores for this measure were not evaluated. 

When examining the participant’s accuracy in percent correct, results show that the 

VRST was moderately to highly correlated with the WR and SI conditions of the ANAM Stroop 

test (r = .38 - .61, p < .01), but not the ANAM CN condition. Furthermore, the VRST was not 

correlated with the D-KEFS Stroop. The VRST was also moderately correlated with ANAM Code 
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Table 5 

Matrix Displaying Correlations between VRST and Other Measures on Percent Correct and Reaction Time 

Percent Correct Reaction Time 

CN WR SI CI CN WR SI CI 

VRST 

     Color Naming 1.00** .68** .66** .73** 1.00** .87** .68** .44** 

     Word Reading .68** 1.00** .77** .78** .87** 1.00** .76** .30* 

     Simple Interference  .66** .77** 1.00** .88** .67** .76** 1.00** .38** 

     Complex Interference .73** .78** .88** 1.00** .44** .30* .38** 1.00** 

D-KEFS Stroop 

     Color Naming .16 .05 .15 .05 - - - - 

     Word Reading .07 .09 .04 .00 - - - - 

     Simple Interference .08 .19 .26 .27 - - - - 

     Complex Interference .18 .02 .12 .11 - - - - 

ANAM Stroop 

     Color Naming .11 .03 .13 .12 .34* .38** .25 - .04 

     Word Reading .39** .46** .61** .59** .51** .54** .44** - .07 

     Simple Interference .38** .44** .57** .61** .38** .39** .41** .03 

ANAM TBI-MIL 

     Code Substitution Delayed - .17 - .21 - .29* - .26 .63** .53** .26 .12 

     Code Substitution  .29* .35* .33* .32* .71** .64** .43** .32* 

     Matching to Sample .03 -.11 -.02 .07 .30* .34* .24 .15 

     Mathematical Processing -.07 .14 .07 .11 .17 .35 .30* .31* 

     Procedural Reaction Time  .33* .23 .15 .13 .65** .66** .55** .53** 

     Simple Reaction Time .23 .20   .32* .27 .48** .54** .21 .30* 

     Simple Reaction Time 2  .29*  .31* .12 .07 .45** .42** .22 .32* 
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Note. **Significant at the .01 level. *Significant at the .05 level. VRST = Virtual Reality Stroop Task, D-KEFS = Delis-Kaplan Executive Functioning 
System, ANAM = Automated Neuropsychological Assessment Metrics – 4th Edition; CN = Color Naming, WR = Word Reading, SI = Simple 
Interference, CI = Complex Interference. D-KEFS reaction time scores not presented due to multi-item presentation format.
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Substitution task (r = .29 - .35, p < .05). Interestingly, the VRST was modestly to moderately 

correlated with tasks of reaction time. Some specific significant findings emerged, namely the 

VRST CN condition was moderately correlated with the ANAM Procedural Reaction Time (r = 

.33, p < .05) and Simple Reaction Time 2 (r = .29, p < .05) tests. The VRST WR condition was 

moderately correlated with the ANAM Simple Reaction Time 2 test (r = .31, p < .05), and the 

VRST SI condition was moderately correlated with the ANAM Simple Reaction Time test (r = .32, 

p < .05). The VRST SI condition also demonstrated a moderate negative correlation with ANAM 

Code Substitution Delayed test (r = -.29, p < .05). When comparing percent correct, the VRST 

conditions were not significantly correlated with the remaining ANAM TBI-MIL subtests 

(Matching to Sample and Mathematical Processing). 

With regard to reaction time, the ANAM Stroop CN condition was moderately correlated 

with the VRST CN and WR conditions (r = .34 - .38, p < .05), while the ANAM WR and SI 

conditions displayed moderate to large correlations with the VRST CN, WR, and SI conditions (r 

= .38 - .54, p < .01). The VRST CI condition was not correlated with ANAM Stroop reaction time 

scores. Reaction time scores on all of the VRST conditions were moderately to highly correlated 

with the ANAM Code Substitution task (r = .32 - .71, p < .05), and the VRST CN and WR 

conditions were highly correlated with the ANAM Code Substitution Delayed task (r = .53 - .63, 

p < .01). There was a large correlation between all of the VRST conditions and the ANAM 

Procedural Reaction Time test (r = .53 - .66, p < .01). The VRST CN, WR, and CI conditions 

displayed moderate to large correlations with the ANAM Simple Reaction Time and ANAM 

Simple Reaction Time 2 tests (r = .30 - .54, p < .05). The VRST CN and WR were moderately 

correlated with the ANAM Matching to Sample test (r = .30 - .34, p < .05) and the VRST SI and CI 
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conditions were moderately correlated with the ANAM Mathematical Processing test (r = .30 - 

.31, p < .05). 

Stroop Effect 

In order to assess the differences between the three Stroop types a 3 (Stroop type: 

VRST, D-KEFS, ANAM) by 3 (Stroop condition: color, word, and interference condition) repeated 

measures ANOVA was employed. Because the ANAM Stroop does not include a complex 

interference condition, only the simple interference condition of the VRST and D-KEFS Stroop 

were examined in this ANOVA. The modalities were compared using the percent of items 

participants got correct. The ANOVA revealed a main effect of both Stroop type, F(1.73, 84.75) 

= 18.56, p < .001, 2 = .28, and Stroop condition F(1.32, 64.46) = 5.78, p = .012, 2 = .11. 

Figure 1 Stroop Type Comparison of Percent of Correct Responses 

Note. VRST = Virtual Reality Stroop Task, D-KEFS = Delis-Kaplan Executive Functioning System, 
ANAM = Automated Neuropsychological Assessment Metrics – 4th Edition. 
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There was no significant interaction between Stroop type and Stroop condition (see Figure 1). 

Paired samples t-tests were conducted to follow up on the significant main effects of Stroop 

type and condition in order to determine the nature of the effects. Results indicated that the 

Stroop type main effect was the result of higher scores on the D-KEFS than on both the VRST 

and the ANAM Stroop in all three conditions (see Table 6). The difference between the VRST 

and ANAM Stroop was not significant. The Stroop condition main effect was the result of lower 

scores on the simple interference condition than on the color naming and word reading 

conditions (see Table 7). This finding was consistent across the VRST and D-KEFS Stroop; 

however, on the ANAM Stroop scores on the SI condition were only significantly lower than 

scores on the WR condition, not the CN condition. The difference between scores on CN and 

WR conditions was not significant in any of the Stroop types. 

Table 6 

Percent Correct Paired Sample t-tests for Stroop Type Main Effect 

m t d p 

Color Naming 

 D-KEFS & VRST 4.28 7.00 1.32 < .001** 

 D-KEFS & ANAM 5.34 2.63 0.52  < .05* 

 VRST & ANAM 1.06 0.51 0.10 .61 

Word Reading 

 D-KEFS & VRST 4.78 7.74 1.51 < .001** 

 D-KEFS & ANAM 3.87 5.91 1.16 < .001** 

 VRST & ANAM -0.91 -1.38 -0.20 .17 

Simple Interference 

 D-KEFS & VRST 3.65 4.17 0.74 < .001** 

 D-KEFS & ANAM 2.69 2.66 0.49 < .05* 

 VRST & ANAM -0.96 -1.08 -0.14 .29 

Note. **Significant at the .01 level. *Significant at the .05 level. VRST = Virtual Reality Stroop 
Task, D-KEFS = Delis-Kaplan Executive Functioning System, ANAM = Automated 
Neuropsychological Assessment Metrics – 4th Edition. 
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Endogenous and Exogenous Attentional Processing 

In order to evaluate the competing endogenous and exogenous attentional processing 

associated with the complex interference tasks on the VRST and D-KEFS Stroop tasks, a 

separate 2 (Stroop type) by 4 (Stroop condition) repeated measures ANOVA was conducted. 

The modalities were compared using the percent of correct items. Because the ANAM Stroop 

does not include a complex interference condition it was excluded from this analysis. The 

ANOVA revealed a significant main effect for Stroop type F(1, 49) = 41.4, p < .001, 2 = .46, 

resulting from higher scores on the D-KEFS than the VRST (see Figure 1). A significant main 

effect for Stroop condition also emerged, F(2.44, 119.54) = 34.31, p = < .001, 2 = .41. The 

interaction between Stroop type and Stroop condition was not significant. Paired samples t -

tests were conducted to follow up on the main effect of condition, which indicated that 

participants responded more accurately on CN and WR tasks than SI and CI tasks (see Table 7). 

This was true for both the VRST and D-KEFS Stroop. Participants had significantly higher 

accuracy scores on the SI task compared to the CI task on the VRST, t(49) = 2.21, p < .05, d = 

0.15; however, there was no significant difference in performance accuracy between SI and CI 

on the D-KEFS. There was also no significant difference between performance accuracy on CN 

and WR tasks on either the VRST or the D-KEFS. Results of a further correlational analysis of the 

accuracy scores on the VRST and D-KEFS CI tasks were not significant (r = .11, p = .45). 
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Table 7 

Percent Correct Paired Sample t-tests for Stroop Condition Main Effect 

m t d p 

Color Naming & Word Reading 

 VRST 0.42 0.86 0.10 .39 

 D-KEFS -0.08 -0.29 -0.06 .78 

 ANAM -1.54 -0.72 -0.14 .47 

Color Naming & Simple Interference 

 VRST 2.29 3.47 0.43   < .01** 

 D-KEFS 2.92 5.71 1.17 < .001** 

 ANAM 0.27 0.12 0.02 .90 

Color Naming & Complex Interference 

 VRST 3.24 5.16 0.59 < .001** 

 D-KEFS 3.12 5.78 1.08 < .001** 

Word Reading & Simple Interference 

 VRST 1.87 3.33 0.35  < .01** 

 D-KEFS 3.00 6.82 1.30 < .001** 

 ANAM 1.82 2.59 0.30 < .01* 

Word Reading & Complex Interference 

 VRST 2.82 4.91 0.52 < .001** 

 D-KEFS 3.20 5.94 1.17 < .001** 

Simple Interference & Complex Interference 

 VRST 0.95 2.21 0.15 < .05* 

 D-KEFS 0.20 0.33 0.06 .74 

Note. **Significant at the .01 level. *Significant at the .05 level. VRST = Virtual Reality Stroop 
Task, D-KEFS = Delis-Kaplan Executive Functioning System, ANAM = Automated 
Neuropsychological Assessment Metrics – 4th Edition. 

ANAM and VR 

In order to evaluate the differences in processing speed associated with the two single-item 

presentation formats a 2 (Stroop type) by 3 (Stroop condition) repeated measures ANOVA was 

employed. The VRST and ANAM formats were compared using participants’ reaction time 

(herein defined as the average amount of time it took participants to respond with the correct 

answer). The D-KEFS Stroop test was not included in these analyses because the nature of the 

multiple-item presentation format does not allow for recording reaction times of individual 



 57 

stimuli. Results revealed a main effect for Stroop type F(1, 47) = 194.25, p < .001, 2 = .81, 

indicating participants took longer to respond accurately to stimuli on the VRST than the ANAM 

(see Figure 2). A main effect also emerged for Stroop condition F(1.48, 69.67) = 91.97, p = < 

.001, 2 = .66. Paired samples t -tests were conducted to follow up on this significant effect and 

revealed significant differences between each of the three conditions, across both Stroop types. 

Participants completed the WR condition most quickly. The CN condition was completed more 

quickly than the SI condition, but more slowly than the WR condition (see Table 8). There was 

no interaction effect. 

Figure 2 Single Item Presentation Stroop Type Comparison of Reaction Time in Milliseconds 

VRST = Virtual Reality Stroop Task, ANAM = Automated Neuropsychological Assessment Metrics 
– 4th Edition.
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Table 8 

Single Item Presentation Stroop Type Comparison of Reaction Time in Milliseconds Follow-Up 

Paired Sample t-test for Stroop Condition Main Effect 

m t d p 

Color Naming & Word Reading 

 VRST 36.87 3.19 0.24 < .01** 

 ANAM 60.80 2.82 0.39 < .01** 

Color Naming & Simple Interference 

 VRST -190.69 -9.01 -1.06 < .001** 

 ANAM -120.21 -3.78 -0.63 < .001** 

Word Reading & Simple Interference 

 VRST -226.21 -12.56 -1.33 < .001** 

 ANAM -181.01 -8.67 -1.12 < .001** 

Note. **Significant at the .01 level. *Significant at the .05 level. VRST = Virtual Reality Stroop 
Task, ANAM = Automated Neuropsychological Assessment Metrics – 4th Edition.  

Research Aim 2: Arousal Effects 

In order to assess whether performance differed as a function of the level of threat 

during the VR simulation a 2 (threat level) by 4 (Stroop condition) repeated measures ANOVA 

was used. The threat levels were compared using two types of scores reflecting accuracy, the 

percent of correct responses and reaction time. 

Percent Correct 

Analyses of the effect of threat level using scores reflecting the percent of items participants 

got correct revealed a main effect of threat level, F(1, 47) = 15.38, p < .001, 2 = .25, resulting 

from more accurate performance during the safe zones as compared to the ambush zones (see 

Figure 3). There was also a main effect of Stroop condition, F(2.47, 116.00) = 15.58, p < .001, 2 

= .25. The interaction between threat level and condition was not significant. Paired samples t -

tests were conducted to follow up on the main effect of condition (see Table 9). Results 
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indicated that during the low threat or safe zones, participants responded most accurately 

during the CN task. Participants were more accurate on WR than both of the interference 

conditions. There was not a significant difference between participant’s accuracy on the SI and 

CI tasks. Similar results emerged during the high threat or ambush zones. Participants 

responded more accurately on the CN than on both the SI or CI tasks; however, there was no 

significant difference between performance accuracy on CN and WR. As with the low threat 

scenario, participants were again more accurate on WR than both of the interference 

conditions, and there was no significant difference between performance accuracy on the two 

interference conditions. 

Figure 3 Virtual Reality Stroop Task Threat Analysis of Percent Correct 
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Table 9 

Percent Correct Paired Sample t-test for Stroop Condition Main Effect in Low and High Threat 

Zones 

m t d p 

Low Threat 

 Color Naming & Word Reading 1.38 2.50 0.34 < .05* 

 Color Naming & Simple Interference 2.53 3.95 0.52 < .001** 

 Color Naming & Complex Interference 3.15 5.36 0.66 < .001** 

 Word Reading & Simple Interference 1.20 2.02 0.24 < .05* 

 Word Reading & Complex Interference 1.84 3.26 0.37   < .01** 

 Simple Interference & Complex Interference 0.64 1.28 0.11 .21 

High Threat 

 Color Naming & Word Reading -0.25 -0.34 -0.04 .73 

 Color Naming & Simple Interference 2.68 2.71 0.37  < .01** 

 Color Naming & Complex Interference 3.58 4.09 0.51  < .001** 

 Word Reading & Simple Interference 2.93 3.17 0.41  < .01** 

 Word Reading & Complex Interference 3.83 4.09 0.54  < .001** 

 Simple Interference & Complex Interference 0.90 1.02 0.11 .31 

Note. **Significant at the .01 level. *Significant at the .05 level. 

Reaction Time 

Analyses of the effect of threat level using reaction time indicated there was no main 

effect of threat level F(1, 47) = 1.67, p = .20, 2 = .03; however, there was a main effect of 

Stroop condition, F(1.06, 49.95) = 7.54, p < .01, 2 = .14 (see Figure 4). Paired samples t -tests 

were conducted to follow up on the main effect of condition (see Table 10). These analyses 

indicated significantly faster performance on WR than CN, SI, and CI. Participants had 

significantly faster performance on CN than SI in both threat levels. In high threat zones there 

was no significant difference between performance on WR and CI; in low threat zones 

participants completed the CN task significantly faster than the CI task. There was no significant 
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difference between reaction time on SI and CI tasks. There was no interaction effect of threat 

level and Stroop condition.  

Figure 4 Virtual Reality Stroop Task Threat Analysis of Reaction Time in Milliseconds 
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Table 10 

Reaction Time Paired Sample t-test for Stroop Condition Main Effect in Low and High Threat 

Zones 

m t d p 

Low Threat 

 Color Naming & Word Reading 31.72 2.06 0.19   < .05* 

 Color Naming & Simple Interference -211.36 -8.50 -1.00 < .001** 

 Color Naming & Complex Interference -431.51 -1.95 -0.37 .06 

 Word Reading & Simple Interference -245.89 -10.07 -1.21 < .001** 

 Word Reading & Complex Interference -452.81 -2.05 -0.40   < .05* 

 Simple Interference & Complex Interference -206.92 -0.96 -0.18 .34 

High Threat 

 Color Naming & Word Reading 47.54 3.31 0.30   < .01** 

 Color Naming & Simple Interference -158.99 -6.00 -0.86 < .001** 

 Color Naming & Complex Interference -146.54 -6.31 -0.81 < .001** 

 Word Reading & Simple Interference -206.53 -10.46 -1.20 < .001** 

 Word Reading & Complex Interference -194.07 -9.76 -1.16 < .001** 

 Simple Interference & Complex Interference 12.46 0.55 0.06 .59 

Note. **Significant at the .01 level. *Significant at the .05 level. Reaction time measured in 
milliseconds. 

Research Aim 3: Effects of Deployment 

As previously noted the majority of the sample participated in at least one overseas 

deployment. As such, the effects of deployment on neuropsychological functioning were 

examined. In order to evaluate differences between deployed and non-deployed veterans, one-

way ANOVAs were conducted comparing performance between the two groups based on 

reaction time and performance accuracy scores (i.e., percent correct). Results suggested there 

were no significant differences between the performance of the two groups for the VRST, 

ANAM Stroop task, or any of the ANAM4 TBI-MIL battery of tests for either reaction time or 

performance accuracy (see Tables 11 and 12). However, a qualitative analysis of the data 

revealed that deployed participants consistently performed tasks more quickly than their non-



 63 

deployed counterparts, but often performed them less accurately. Because there was no 

significant difference between deployed and non-deployed veterans, further analyses 

investigating quantity of deployments were not pursued. 

Table 11 

ANOVAs Comparing Deployed and Non-Deployed Veterans’ Performance Accuracy 

F d p 

VRST Color Naming 0.29 -0.17 .59 

VRST Word Reading 0.53 0.25 .47 

VRST Simple Interference 1.25 0.35 .27 

VRST Complex Interference 1.42 0.39 .24 

D-KEFS Color Naming 0.00 -0.01 .96 

D-KEFS Word Reading 0.16 -0.13 .69 

D-KEFS Simple Interference 3.81 0.68 .06 

D-KEFS Complex Interference 0.64 0.27 .43 

ANAM Color Naming 0.32 0.21 .57 

ANAM Word Reading 0.33 0.17 .57 

ANAM Simple Interference 0.81 0.30 .37 

ANAM Code Substitution Delayed 2.10 -0.42 .15 

ANAM Code Substitution 0.96 0.33 .33 

ANAM Matching to Sample 0.69 -0.21 .41 

ANAM Mathematical Processing 0.20 0.16 .66 

ANAM Procedural Reaction Time 1.66 -0.37 .21 

ANAM Simple Reaction Time 0.01 0.03 .92 

ANAM Simple Reaction Time 2 1.05 -0.29 .31 

Note. VRST = Virtual Reality Stroop Task, D-KEFS = Delis-Kaplan Executive Functioning System, 
ANAM = Automated Neuropsychological Assessment Metrics – 4th edition. Performance 
accuracy calculated as percent correct.  
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Table 12 

ANOVAs Comparing Deployed and Non-Deployed Veterans’ Reaction Time in Milliseconds 

F d p 

VRST Color Naming 0.07 0.08 .79 

VRST Word Reading 0.02 0.04 .89 

VRST Simple Interference 0.33 0.18 .57 

VRST Complex Interference 2.70 0.38 .11 

ANAM Color Naming 2.79 0.46 .10 

ANAM Word Reading 0.38 0.17 .54 

ANAM Simple Interference 0.80 0.28 .38 

ANAM Code Substitution Delayed 0.13 0.12 .72 

ANAM Code Substitution 0.07 0.08 .80 

ANAM Matching to Sample 3.03 0.44 .09 

ANAM Mathematical Processing 0.50 0.20 .48 

ANAM Procedural Reaction Time 0.11 0.11 .75 

ANAM Simple Reaction Time 0.86 -0.34 .36 

ANAM Simple Reaction Time 2 0.02 -0.04 .90 

Note. VRST = Virtual Reality Stroop Task, ANAM = Automated Neuropsychological Assessment 
Metrics – 4th edition. Due to the multi-item presentation format D-KEFS (Delis-Kaplan Executive 
Functioning System) reaction time scores were not evaluated.  

Research Aim 4: Effects of Head Injury 

Analyses were conducted to evaluate the role of head injury in neuropsychological 

functioning in the sample. One-way ANOVAs were conducted comparing veterans who 

screened positive on the BTBIS for a possible deployment related mTBI with those who did not. 

Results indicated no significant difference between injured and uninjured veterans’ 

performance on neuropsychological measures with regard to performance accuracy (see Table 

13). In the examination of reaction time, participants who screened positive for head injury 

were noted to complete the second simple reaction time task more quickly than uninjured 

participants F(1, 48) = 4.14, p < .05, d = 0.79. There was no significant difference between 

reaction time on the same task during an earlier administration or on a procedural reaction 
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time task. No other significant differences emerged in reaction time on tasks between 

participants with and without a history of head injury (see Table 14). Due to the lack of 

significant differences between the two groups, no follow up analyses were deemed 

appropriate to investigate quantity or severity of head injury in the sample. Furthermore, none 

of the participants were in the acute phase of injury, therefore an evaluation of acute effects 

was not possible. 

Table 13 

ANOVAs Comparing Performance Accuracy of Veterans With and Without Head Injuries 

F d p 

VRST Color Naming 0.35 -0.20 .56 

VRST Word Reading 0.60 0.24 .44 

VRST Simple Interference 1.21 0.34 .28 

VRST Complex Interference 1.44 0.37 .24 

D-KEFS Color Naming 0.17 -0.13 .68 

D-KEFS Word Reading 0.07 0.08 .79 

D-KEFS Simple Interference 1.37 0.36 .25 

D-KEFS Complex Interference 0.72 -0.26 .40 

ANAM Color Naming 0.02 -0.05 .90 

ANAM Word Reading 0.03 0.05 .87 

ANAM Simple Interference 0.05 0.06 .83 

ANAM Code Substitution Delayed 1.36 -0.39 .25 

ANAM Code Substitution 0.02 -0.05 .89 

ANAM Matching to Sample 0.00 0.01 .97 

ANAM Mathematical Processing 0.74 -0.32 .39 

ANAM Procedural Reaction Time 0.82 -0.32 .37 

ANAM Simple Reaction Time 1.25 0.33 .27 

ANAM Simple Reaction Time 2 0.02 0.04 .90 

Note. VRST = Virtual Reality Stroop Task, D-KEFS = Delis-Kaplan Executive Functioning System, 
ANAM = Automated Neuropsychological Assessment Metrics – 4th edition. Performance 
accuracy calculated as percent correct. Evaluation of head injury based on positive Brief 
Traumatic Brain Injury Screen.  
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Table 14 

ANOVAs Comparing Reaction Time in Milliseconds of Veterans With and Without Head Injuries 

F d p 

VRST Color Naming 0.02 0.05 .89 

VRST Word Reading 0.02 -0.04 .90 

VRST Simple Interference 0.28 -0.18 .60 

VRST Complex Interference 0.16 0.16 .69 

ANAM Color Naming 0.27 0.20 .61 

ANAM Word Reading 0.86 0.34 .36 

ANAM Simple Interference 2.26 0.57 .14 

ANAM Code Substitution Delayed 1.83 0.45 .18 

ANAM Code Substitution 1.40 0.40 .24 

ANAM Matching to Sample 1.43 0.47 .24 

ANAM Mathematical Processing 0.02 0.04 .90 

ANAM Procedural Reaction Time 0.33 0.19 .57 

ANAM Simple Reaction Time 1.99 0.52 .17 

ANAM Simple Reaction Time 2 4.14 0.79  < .05* 

Note. *Significant at the .05 level. VRST = Virtual Reality Stroop Task, ANAM = Automated 
Neuropsychological Assessment Metrics – 4th edition. Due to the multi-item presentation 
format D-KEFS (Delis-Kaplan Executive Functioning System) reaction time scores were not 
evaluated. Evaluation of head injury based on positive Brief Traumatic Brain Injury Screen. 

Research Aim 5: Effects of PTSS 

In order to evaluate the effect of posttraumatic stress symptoms on neuropsychological 

test performance one-way ANOVAs were conducted comparing individuals who were identified 

based on their responses to the PCL-M as currently meeting criteria for PTSD to those who were 

not (see Tables 15 and 16). Results indicated only one significant difference in performance 

accuracy; participants with presumptive PTSD diagnoses earned higher scores on the WR 

condition of the VRST than participants without PTSD F(1, 48) = 4.10, p < .05, d = 0.66. No other 

differences emerged in performance accuracy on any of the measures administered between 

individuals with and without PTSD. An evaluation of reaction time noted some differences 
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between the performances of individuals with presumptive PTSD diagnoses and those without. 

Participants with presumptive PTSD diagnoses performed the VRST SI condition F(1, 48) = 5.15, 

p = .03, d = -0.79 and the VRST CI condition F(1, 48) = 7.64, p = .01, d = -0.57 more slowly than 

individuals without PTSD. Furthermore, individuals with PTSD had faster reaction times on the 

Code Substitution Delayed task F(1, 48) = 4.81, p = .03, d = 1.08. No other significant differences 

were noted. 

Table 15 

ANOVAs Comparing Performance Accuracy of Veterans With and Without Presumptive PTSD 

Diagnoses 

F d p 

VRST Color Naming 0.31 0.23 .58 

VRST Word Reading 4.10 0.66   < .05* 

VRST Simple Interference 3.37 0.64 .07 

VRST Complex Interference 1.09 0.42 .30 

D-KEFS Color Naming 0.89 -0.47 .35 

D-KEFS Word Reading 0.25 -0.21 .62 

D-KEFS Simple Interference 0.23 0.21 .63 

D-KEFS Complex Interference 0.39 -0.30 .54 

ANAM Color Naming 0.22 -0.25 .64 

ANAM Word Reading 1.56 0.46 .22 

ANAM Simple Interference 1.34 0.43 .25 

ANAM Code Substitution Delayed 0.11 -0.14 .74 

ANAM Code Substitution 0.15 0.13 .71 

ANAM Matching to Sample 0.29 -0.29 .59 

ANAM Mathematical Processing 0.97 -0.56 .33 

ANAM Procedural Reaction Time 1.20 -0.49 .28 

ANAM Simple Reaction Time 0.01 -0.04 .93 

ANAM Simple Reaction Time 2 0.21 0.17 .65 

Note. *Significant at the .05 level. VRST = Virtual Reality Stroop Task, D-KEFS = Delis-Kaplan 
Executive Functioning System, ANAM = Automated Neuropsychological Assessment Metrics – 
4th edition. Presumptive posttraumatic stress disorder (PTSD) diagnoses based on responses to 
PCL-M.  
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Table 16 

ANOVAs Comparing Reaction Time of Veterans With and Without Presumptive PTSD Diagnoses 

F d p 

VRST Color Naming 0.00 -0.03 .95 

VRST Word Reading 0.21 -0.20 .65 

VRST Simple Interference 5.15 -0.79  < .05* 

VRST Complex Interference 7.64 -0.57    < .01** 

ANAM Color Naming 1.89 0.69 .18 

ANAM Word Reading 3.20 0.78 .08 

ANAM Simple Interference 1.94 0.60 .17 

ANAM Code Substitution Delayed 4.81 1.08  < .05* 

ANAM Code Substitution 1.95 0.57 .17 

ANAM Matching to Sample 0.05 0.12 .83 

ANAM Mathematical Processing 0.15 -0.18 .70 

ANAM Procedural Reaction Time 1.97 0.61 .17 

ANAM Simple Reaction Time 1.24 0.59 .27 

ANAM Simple Reaction Time 2 0.63 0.40 .43 

Note. **Significant at the .01 level. *Significant at the .05 level. VRST = Virtual Reality Stroop 
Task, ANAM = Automated Neuropsychological Assessment Metrics – 4th edition. Due to the 
multi-item presentation format D-KEFS (Delis-Kaplan Executive Functioning System) reaction 
time scores were not evaluated. Presumptive posttraumatic stress disorder (PTSD) diagnoses 
based on responses to PCL-M.  
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DISCUSSION 

This study sought to examine the convergent validity of the Virtual Reality Stroop Task 

(VRST) in a sample of veterans by comparing performance outcomes of the VRST with paper-

and-pencil (Delis-Kaplan Executive Function System; D-KEFS) and computer automated 

(Automated Neuropsychological Assessment Metrics; ANAM) versions of the Stroop task. 

Additionally, this study aimed to investigate some factors likely to affect neuropsychological 

functioning among veterans; specifically, the influences of deployment, head injury, and 

posttraumatic stress symptoms were evaluated. 

Overall, the findings support the convergent validity of the VRST. Although the VRST fell 

short of the hypothesized correlations with the paper-and-pencil measure of supervisory 

attentional functioning, both response rate and reaction time data supported the relationship 

between the VRST and the computerized ANAM Stroop test. Further, reaction time data on the 

VRST showed moderate to large relationships with other computerized tests designed to 

evaluate processing speed and other elements of neuropsychological functioning. Notably, the 

pattern of findings, including specific tasks with which the VRST was highly correlated, was 

largely consistent with a prior study investigating the validity of the VRST (Armstrong et al., 

2013). Interestingly, the VRST complex interference (CI) condition did not display the same 

relationship with the ANAM Stroop that was demonstrated in previous literature (Armstrong et 

al., 2013). It is unclear why this pattern emerged and further evaluation will be required to 

investigate this. Additionally, contrary to hypotheses, the VRST did not demonstrate a 

correlational relationship with the paper-and-pencil D-KEFS Stroop task. Due to the multi-item 

presentation format of the D-KEFS Stroop only accuracy scores (i.e., percent correct) was used 
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to compare the VRST and the D-KEFS. It is notable that there was limited variance in accuracy 

scores, for example on the D-KEFS color naming (CN) condition percent correct scores ranged 

from 94% to 100% (m = 99.16%). Thus, it is possible this resulted in an inability to detect an 

existing relationship. 

In evaluating the pattern of responses, the typical Stroop effect (Stroop, 1935) that is 

demonstrated in paper-and-pencil and computerized versions of the task was replicated in the 

VRST. This is consistent with prior studies evaluating the validity of the VRST (Armstrong et al., 

2013; Parsons et al., 2011; Parsons et al., 2013). On all three Stroop tasks administered – VRST, 

ANAM, and D-KEFS – participants performed more poorly on the simple interference condition 

than on the color naming or word reading conditions. When comparing modalities, participants 

performed most accurately on the paper-and-pencil task, with no significant difference noted 

between the VRST and ANAM Stroop tests. These findings are consistent with expectations 

given the learning effects inherent in the multi-item format of the D-KEFS version of the Stroop 

task as compared to the single-item presentation of the ANAM and VRST. Notably, 

administration of the two computerized formats was similar; in order to identify their response 

participants utilized the 1-2-3 keys (labeled with red, green, and blue colored stickers) of the 

numeric keypad on a standard QWERTY keyboard. The findings indicated that adding an 

additional element of complexity to the task (i.e., key pressing) following executive decision 

making yielded increased complexity compared to verbally expressing the same information. 

These findings are consistent with prior research on the VRST (Armstrong et al., 2013; Parsons 

et al., 2011; Parsons et al., 2013). 
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The utility of the VRST for use in assessment of endogenous and exogenous attentional 

processing (Posner, 1980) was supported by the results. Consistent with prior studies (Parsons 

et al., 2013) and in support of hypotheses, this study demonstrated there was no correlation 

between the VRST CI condition and the D-KEFS interference/switching condition. As noted by 

Parsons et al. (2013, p. 11) the VRST CI condition “more closely reflects attentional selectivity 

(found in endogenous attention tasks).”  Results further indicated that participants performed 

significantly more poorly on the VRST CI condition, in which they were required to respond to 

variable stimuli presented in spatially random locations, as compared to the VRST simple 

interference (SI) condition, in which stimuli were presented in a fixed location. It should also be 

noted that although some recent literature (Lippa & Davis, 2010) has suggested some 

participants perform more poorly on the inhibition (i.e., simple interference) trial of the D-KEFS 

than on the inhibition/switching (i.e., complex interference) trial, that pattern did not emerge 

in these findings. Participants performed slightly less accurately on the complex interference 

condition; however, there was no significant difference between performances on the two 

conditions. 

In order to further evaluate the two single-item presentation format measures, reaction 

time comparisons were conducted and revealed participants performed the ANAM task 

significantly more quickly than the VRST task. Thus, the hypothesis that the emotionally salient 

environment presented in the virtual reality simulation resulted in an increase in the cognitive 

demand for participants was supported. This is consistent with literature that suggests there is 

a dichotomy between executive control and salience networks in the brain (Elton & Gao, 2014; 

Seeley et al., 2007). Thus, it is likely that increased activation of the salience network during the 
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VRST, in addition to activation of the executive control network, resulted in slowed 

performance. Further, when evaluating reaction time scores, the VRST demonstrated the same 

Stroop effect as the ANAM Stroop. That is, on both tests participants performed most poorly on 

the interference condition and best on the word reading condition. 

The effect of threat level on performance was also evaluated. Findings demonstrated 

that participants had higher accuracy during low threat zones than during high threat zones. 

This supports the hypothesis that the increased arousal and attentional demands during high 

threat zones affected participants’ ability to perform the task accurately. These findings may be 

viewed as behavioral evidence of the well-established neurobiological effects individuals 

experience in response to emotional arousal (Habib, Gold, & Chrousos, 2001; McEwen, 2007; 

McEwen & Sapolsky, 1995). Interestingly, this pattern did not emerge when evaluating 

performance based on reaction time. One possible explanation for this is that when faced with 

tasks that minimally activated the salience network (i.e., low threat zones) participants elected 

a speed-accuracy trade off that favored accuracy over speed. However, when faced with tasks 

that more fully activated both the salience and executive control networks (i.e., high threat 

zones) participants were less consistent in their approach or elected an approach that favored 

reaction time over accuracy (Bogacz, Wagenmakers, Forstmann, & Nieuwenhuis, 2010; Dutilh, 

Wagenmakers, Visser, & van der Maas, 2011; Schouten & Bekker, 1967; Wickelgren, 1977). 

Further investigation, ideally utilizing brain imaging, would be needed in order to confirm the 

theorized speed-accuracy trade off and involvement of the salience and executive control 

networks. Arousal effects analyses also revealed that participants completed interference tasks 

more slowly and less accurately during both low and high threat zones, and there was no 
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significant interaction between threat zone and Stroop condition. This further supports the 

validity of the VRST in that it demonstrates the typical Stroop pattern, regardless of threat level 

and is consistent with aforementioned studies evaluating the validity of the VRST in other 

populations (Parsons et al., 2013). 

An investigation of the effects of deployment on neuropsychological functioning 

revealed no statistically significant differences between performances on the measures 

administered, including the VRST. However, qualitative analyses noted that participants with a 

history of deployment consistently performed tasks more quickly than their non-deployed 

counterparts, tentatively supporting the hypothesis of this exploratory analysis. Additionally, 

individuals who had participated in a deployment often performed tasks less accurately. 

Previous literature has offered conflicting findings. Some studies have suggested deployments 

result in changes in neuropsychological performance profiles – with decrements noted on tasks 

of sustained attention, verbal learning, and visual-spatial memory and improvements noted in 

simple reaction time (Vasterling et al., 2006). Other findings suggested deployment results in 

minimal to no effects on cognitive functioning (Vincent et al., 2012a). Given the conflicting 

findings in previous literature, it is unsurprising that the present study failed to demonstrate 

statistically significant differences between the two groups. However, given the trend 

suggestive of improved reaction time and poorer accuracy in veterans with a history of 

deployment, these findings may be viewed in the context of a speed-accuracy trade-off model 

(Bogacz et al., 2010; Dutilh et al., 2011; Schouten & Bekker, 1967; Wickelgren, 1977). It may be 

the case that veterans with a history of deployment, more than their non-deployed 

counterparts, are trained to select fast reaction over accuracy. In addition to the potential for 
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voluntary adjustments made as a result of training, deployed veterans are likely to approach 

tasks in unique ways for biological reasons. During deployments veterans are exposed to a 

variety of physical and psychological stressors, which activate the “flight or fight” response and 

hypothalamic–pituitary–adrenal (HPA) axis (Habib, Gold, & Chrousos, 2001; McEwen, 2007; 

McEwen & Sapolsky, 1995). Furthermore, recent studies have demonstrated that deployed 

veterans experience unique neurobiological and neuroendocrine responses in the HPA axis 

(Golier, Caramanica, Makotkine, Sher & Yehuda, 2014; Golier, Caramanica & Yehuda, 2012; 

Pukhalsky, Shmarina, Alioshkin, & Sabelnikov, 2008). Further investigation, utilizing a more 

targeted methodology, would be required in order to confirm the neuroendocrine involvement 

or to verify a voluntary speed-accuracy trade-off. 

Hypotheses regarding the effects of head injury were not supported. Analyses of the 

effects of service related mild traumatic brain injury (mTBI) demonstrated no significant 

differences between the performance of participants who screened positive for a possible head 

injury and those who did not with regard to performance accuracy. Only one statistically 

significant difference emerged between injured and uninjured participants on a task of simple 

reaction time; however, the finding was not consistent across tasks administered, does not 

appear to be clinically significant, and may well be a spurious finding. As previously noted, a 

large base of literature suggests that the majority of individuals – as much as 90% – who suffer 

an mTBI experience the bulk of their recovery within three months of the concussive event 

(Dikmen et al., 1986; Dikmen et al., 1995; Frencham et al., 2005; Gentilini et al., 1985; Gonwall 

& Wrightson, 1974; Levin et al., 1987; Rutherford et al., 1979). Notably, all of the participants in 

the present sample were in the post-acute phase of recovery, and thus likely to have reached 
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their maximum recovery potential. Studies demonstrate that some individuals do experience 

symptoms that persist for months or years post-injury (Alexander, 1992; Bohnen & Jolles, 1992; 

Deb et al., 1999; Hartlage et al., 2001; Pertab, James & Bigler, 2009; Ponsford et al., 2000; 

Vanderploeg et al., 2005). One of the domains of neuropsychological functioning most affected 

by mTBI is processing speed (Frencham et al., 2005). Taken together, while it was reasonable to 

hypothesize moderate decrements in processing speed, it is unsurprising that these effects 

were not observed in this particular sample. The present sample was composed entirely of 

veterans who had completed or were currently seeking post-secondary education; thus, there 

is a lower likelihood that individuals experiencing ongoing neuropsychological deficits as a 

result of their concussive event would be represented in this sample by virtue of their self-

selection out of educational pursuits. Thus, these findings are seen as neither supporting nor 

refuting the current literature. 

Posttraumatic stress symptomatology was evaluated by comparing the performance of 

individuals who screened positive on the PTSD Checklist – Military (PCL-M) with those who did 

not. The results offered very limited support for the hypothesis that posttraumatic stress would 

yield decrements in neuropsychological test performance. Participants with presumptive 

posttraumatic stress disorder (PTSD) diagnoses performed more slowly on both the simple and 

complex interference tasks of the VRST. It is likely that the emotional salience of the virtual 

reality (VR) environment combined with the executive control required to execute inhibition 

tasks of this kind was significantly more difficult for individuals already experiencing subjective 

cognitive concerns due to preexisting psychopathology. Overall, participants with PTSD did not 

perform tasks less accurately than those without presumptive PTSD diagnoses. This is 
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consonant with recent studies, which have indicated that although veterans with PTSD or 

comorbid PTSD and mTBI may express subjective concerns about cognitive functioning, 

neuropsychological testing does not demonstrate impaired performance (Soble et al., 2013). 

Limitations and Future Directions 

While the findings of this study are encouraging, they cannot be discussed without 

acknowledging the study’s limitations. The most notable limitation was the sample 

composition. Although the sample size was consistent with that of previous studies of its kind 

(Armstrong et al., 2013; Parsons et al., 2013), the power of some analyses, such as those 

designed to evaluate the influence of symptomatology of TBI and PTSD – with prevalence rates 

of 10-20% in the veteran population – were limited by the small sample size. Further 

investigations, including the severity of TBI, effects of blast versus non-blast injury, comorbid 

TBI and PTSD, and quantity of deployments would all require a greater total sample size or 

more selective recruitment strategy. Future studies would benefit from different recruitment 

strategies and utilization of a larger sample size to ensure there is adequate power to evaluate 

clinical questions about the VRST as it relates to TBI and PTSD. 

Further, while largely representative of the veteran population, the sample 

overrepresented female veterans, and overrepresented some ethnicities (e.g., Asian/Pacific 

Islander, Native American) while underrepresenting others (e.g., African American/Black, 

Hispanic). Additionally, while only 26% of veterans (age 25 or older) have obtained a bachelor’s 

degree (United States Census Bureau, 2012), all of the study participants had completed at least 

some college and most were actively pursuing academic endeavors during their participation in 

the study. By virtue of their pursuit of higher education, the sample consisted of individuals 
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whose level of cognitive functioning may exceed that of their non-education-seeking cohorts. 

Thus, generalizations of these findings to the veteran population as a whole can only be made 

tentatively, and should be made with full appreciation of the these limitations. 

A second limitation was that of the limited evaluation of TBI and PTSD. The evaluation of 

head injury was based on a brief screening measure. A more thorough evaluation of TBI would 

have included an interview and review of relevant medical records. Given the resources 

available for the present study, obtaining records pertaining to injuries sustained in the line of 

duty was not feasible. In the absence of these records, and in the interest of time, a traumatic 

brain injury screening measure currently used by the Department of Veteran’s Affairs was 

selected. However, given its lack of specificity, the conclusions drawn are tentative and caution 

should be used when interpreting them. For similar reasons, the evaluation of PTSD was 

conducted using a self-report screening measure rather than a structured interview; the 

method often deemed the gold standard for diagnosis of posttraumatic stress disorder. While 

the most stringent criteria were used to identify participants with presumptive diagnoses of 

PTSD, this cannot be used as a substitute for a diagnosis based on a structured interview. 

Therefore, as with the evaluation of TBI, conclusions drawn about PTSD are tentative and 

should be considered with caution. Future studies may elect to conduct a more comprehensive 

battery that includes a formal clinical interview, review of medical records, and structured 

interviews to evaluate questions of TBI and PTSD more thoroughly. Furthermore, the evaluation 

of TBI and PTSD were both limited to events pertaining to or resulting from military experience. 

Participants were not screened for mTBI’s resulting from sports injuries or accidents and they 

were not queried for non-military traumas. While no participants endorsed experiencing 
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concussive events or non-military traumas when asked about their military experiences, no 

specific inquiries were made to control for this possibility. 

It should also be noted that some elements typically incorporated in a 

neuropsychological testing battery were not included in this study. First, no measures of effort 

were administered. Some have argued that neuropsychological testing conducted with 

undergraduate research subjects is at risk due to the potential for suboptimal effort (An, 

Zakzanis, & Joordens, 2012). However, the risk of confounding suboptimal effort in this sample 

is relatively low given the clinical nature of this particular sub-sample of students and the 

compensation provided, in combination with efforts taken to screen during testing for poor 

effort. Additionally, no evaluation of premorbid functioning was conducted. This presents a 

challenge when evaluating research questions about TBI or PTSD given the possibility that 

intellectual functioning may play a role in job assignments. In their assessment of service 

members, the Department of Defense (DoD) currently uses a pre- post- assessment model in 

order to account for individual changes from baseline. Pre-deployment scores were not 

available for review; however, future studies may seek access to DoD records and compare 

changes in neuropsychological functioning, rather than current scores in order to provide a 

more accurate evaluation of these differences. 

The findings of the present study generate interesting questions regarding the 

involvement of stress, activation of the salience and executive control networks, and speed-

accuracy trade-offs. The methodology of the present study did not permit further investigation 

into these domains; however, continued efforts utilizing neuroendocrine examinations and 

imaging techniques are recommended to evaluate the contributions of these biological factors 
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to the behavioral outcomes observed herein. At minimum, future studies should include as part 

of the debriefing process a few brief questions evaluating the speed-accuracy trade-off strategy 

the participant utilized. 

Finally, as in previous studies (Parsons et al., 2013), the present study counterbalanced 

the order of presentation and threat level. While psychophysiological data was collected during 

this study for a larger study, these data were not evaluated as part of this investigation. 

Evaluation of the mediating effects of psychophysiological differences in arousal between high 

and low-threat zones remains a question of interest future studies should explore. Further, this 

study maintained the paradigm of low-ambient-distractor paired with low-threat and high-

ambient-distractor paired with high-threat conditions. The evaluation of a low-ambient-

distractor paired with high-threat and high-ambient-distractor paired with low-threat 

conditions remains a question future studies should explore. 

Conclusions 

The present study provided preliminary data in support of the validity of the VRST in a 

veteran sample. The findings demonstrate that the VRST not only replicates the relevant Stroop 

pattern, but also offers the opportunity for more complex evaluation of emotional salience and 

supervisory attentional processing. 
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University of North Texas Institutional Review Board 

Informed Consent Form 

Before agreeing to participate in this research study, it is important that you read and 
understand the following explanation of the purpose, benefits and risks of the study and how it 
will be conducted.   

Title of Study:  UNT Veteran Virtual Reality Study 

Student Investigator:  Stephanie Johnson, University of North Texas (UNT), Department of 
Psychology.   

Supervising Investigators: Dr. Thomas Parsons and Dr. Adriel Boals. 

Purpose of the Study: We are asking you to take part in a research study because we are trying 
to learn more about how veterans perform on tasks of attention and neuropsychological 
functioning in a “virtual” environment. We hope to learn if we can accurately measure such 
ability in computer-generated environments. By collecting data from your performance in a 
virtual environment, and on computer-based and paper-and-pencil tasks we may find out about 
the ecological validity of the virtual reality measure. This information will help us in our future 
work that will involve the design of a battery of cognitive measures in virtual environments.  

Study Procedures: You will be asked to do the following things: 

1. After the examiner explains and obtains your consent, he/she will ask you to participate
in three tasks. The order will be selected randomly. The three tasks are explained below:

2. You will be asked to complete a brief test of attention and reaction time. This is
expected to take no more than 5 minutes.

3. You will be asked to complete some computer-based tasks of attention and reaction
time. This is expected to take no more than 30 minutes.

4. To measure your body’s responses to the experience of participating in this study, you
will be asked to wear sensors. You will have sensors placed on your right upper and left
lower torso to measure heart rate, and two sensors will be placed on the palm of your
left hand to measure sweat gland activity.  This setup should take no more than 10
minutes.

5. Next you will be given a head mounted display with which to view the virtual
environment that you will enter.  You will first enter a baseline recording session that
will take 3 minutes and will allow you to become accustomed to experiencing the virtual
environment.

6. You will then participate in a virtual environment in which you will ride in a Humvee in
safe zones and ambush scenarios while being asked to perform tasks similar to those
you completed during the other tasks. This is expected to take 20 minutes to complete.
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7. After completing the three aforementioned tasks, the investigator will debrief you
about the study, communicate the hypotheses and experimental design of the study,
and answer all of your questions. Debriefing is expected to take no more than 5
minutes.

8. Your overall time commitment to this study is expected to be between one hour and
one hour fifteen minutes.

Foreseeable Risks: The potential risks involved in this study include simulator related motion 
sickness, such as nausea and headache. Please inform the research assistant if you have a 
history of seizures, migraines cued by auditory or visual stimuli, or strong propensity for motion 
sickness that you feel will inhibit your ability to participate in a virtual reality simulation. Some 
participants may experience mild skin irritation from the conductance gel used in the sensors. 
This clears up quickly after the sensors and the gel are removed. There is also a small potential 
risk for emotional distress as a result of viewing the combat-related stimuli. The stimuli you are 
presented will be less intense than a typical first person shooter video game. Please let the 
research assistant know if you are feeling distressed at any time during the simulation, and 
would like to discontinue your participation.  

Benefits to the Subjects or Others: This study is not expected to be of any direct benefit to you. 
However, your participation in this study may help us learn about how virtual reality can be 
used in the future for testing and training applications.  It is our belief that the possible 
knowledge that will be gained as a result of these experimental procedures will outweigh any 
potential risks. 

Compensation for Participants: You will either receive $20 cash as compensation for your 
participation upon completion of the session or you will receive 2 – 2.5 SONA credits. If you 
choose to discontinue the session early due to distress associated with the virtual reality 
simulation, you will still receive your full compensation. If you choose to discontinue your 
participation prior to participating in the virtual reality component of this project, you will be 
compensated for your time on a prorated basis at a rate of $10 per hour or 1 SONA credit per 
half hour.  

Procedures for Maintaining Confidentiality of Research Records: Your participation in this study 
will be confidential. The online survey you complete will assign you a random study ID number 
that will be linked to your responses.  Your name, contact information, and corresponding ID 
number will be kept in a file, which will be stored separately from your responses and kept in a 
locked file. Your name will also be on this consent form that will be kept in a separate place 
from the data.  As soon as the study is over, the file that links names with study ID numbers will 
be destroyed.  The confidentiality of your individual information will be maintained in any 
publications or presentations regarding this study.  

Questions about the Study: If you have any questions about the study, you may 
contact Stephanie Johnson at sfjohnson@my.unt.edu or Thomas Parsons at 940-
565-4329.  



 83 

Review for the Protection of Participants: This research study has been reviewed 
and approved by the UNT Institutional Review Board (IRB).  The UNT IRB can be 
contacted at (940) 565-3940 with any questions regarding the rights of research 
subjects.  

Research Participants’ Rights: 

Your signature below indicates that you have read or have had read to you all of 
the above and that you confirm all of the following:  

 A research assistant has explained the study to you and answered all of your
questions.  You have been told the possible benefits and the potential risks
and/or discomforts of the study.

 You understand that you do not have to take part in this study, and your refusal
to participate or your decision to withdraw will involve no penalty or loss of
rights or benefits.  The study personnel may choose to stop your participation at
any time.

 You understand why the study is being conducted and how it will be performed.

 You understand your rights as a research participant and you voluntarily consent
to participate in this study.

 You have been told you will receive a copy of this form.

________________________________ 
Printed Name of Participant 

________________________________  ____________ 
Signature of Participant       Date 

For the Student Investigator or Designee: 

I certify that I have reviewed the contents of this form with the subject signing 
above.  I have explained the possible benefits and the potential risks and/or 
discomforts of the study.  It is my opinion that the participant understood the 
explanation.   

______________________________________  ____________ 
Signature of Student Investigator Date 
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