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The stability of engagement over comprehensive
neuropsychological assessment in student athletes diagnosed
with sports related concussion
Danielle Chasea, Philip Schatz b, Nathan Smykb, and R. Robert Franksc

aPrivate Practice, Haddonfield, NJ, USA; bDepartment of Psychology, Saint Joseph’s University, Philadelphia, PA, USA;
cRothman Institute, Orthopedics Department, Philadelphia, PA, USA

ABSTRACT
We documented effort stability during neuropsychological (NP) testing
examining failure rates on three Performance Validity Tests (PVTs). 65
student athletes, ages 8–21, were evaluated in an outpatient practice,
following sports-related concussion over three sessions within 18 months
of injury (mean=6 months). 7.7% of student athletes failed PVTs at all three
test sessions, 7.7% failed PVTs at two test sessions, and 12.3% failed PVTs at
one session; 28% of this sample was sub-optimally engaged for at least one
test session, producing invalid neuropsychological data at the time of
testing and 72% produced valid neuropsychological data across the com-
prehensive evaluation.

Over the past two decades there has been increased attention on the diagnosis, treatment, and manage-
ment of sports-related concussion in collegiate and professional athletes, yet research in adolescent
populations has lagged, comparatively (Kirkwood, Yeates, & Wilson, 2006). It is estimated that between
1.6 to 3.8 million concussions occur in the United States each year (Langlois, Rutland-Brown, & Wald,
2006), which may underrepresent the true rate of concussion in the U.S., as nearly half of all mild
traumatic brain injuries (mTBI) may go untreated (Cassidy et al., 2004). While concussion has received
increased exposure in the media, there still exists confusion in the general public as to what qualifies as a
concussion. In one instance, nearly half of respondents with a positive history of concussion denied ever
having had a “brain injury,” though concussion is an “injury to the brain” resulting from any direct or
indirect impact to, or movement of, the head sufficient to cause a change in brain functioning
(Heilbronner et al., 2009; McKinlay, Bishop, & McLellan, 2011).

Researchers have estimated that approximately 5 million athletes in the US participate in organized
football, of which approximately 3.5 million are between the ages of 6 and 13 years (Cobb et al., 2013).
The remaining 1.5 million are comprised of approximately 1.3 million high school athletes, 100,000
collegiate athletes, and 2000 professional (NFL) athletes, that is, approximately 70% of US football players
are under 14 years of age (Cobb et al., 2013; Daniel, Rowson, & Duma, 2012). Supporting these data,
during the 2012–13 school year there were over 7 million high school students participating in organized
athletics, and approximately 1 million of these athletes played football (NFHS, 2013).

The Centers for Disease Control (CDC) reported 153,375 Emergency Department visits for sports
and recreation-related TBI in 2001 for children aged 19 and younger; 248,418 were reported in 2009, a
62% increase in 8 years (Gilchrist, Thomas, Xu, McGuire, & Coronado, 2011). This increase in
incidence could be partially explained by increased attention in the media, improvements in concussion
detection, increased availability of trained medical professionals, an increase in the tendency of athletes
to report concussion symptoms, or a true increase in the rate of concussion (Daneshvar, Nowinski,
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McKee, & Cantu, 2011; LaRoche, Nelson, Connelly, Walter, & McCrea, 2016). Concussion education
may also be an important variable, as in an online survey, 85% of parents and 84% of children reported
concussion awareness, and additionally, 84% of parents and 70% of children considered concussion a
“critical issue” (Bloodgood et al., 2013). As a previous history of concussion is considered to be a risk
factor for future concussions, most notably within 10 days of injury, quick and accurate diagnosis is
paramount, and as such, increased concussion awareness by athletes, parents, educators, and medical
professionals is paramount as well (Gioia, 2016; Giza et al., 2013). Young age is also considered to be a
risk factor for future concussions, as concussions often affect children’s brains differently than those of
adults. The neurons present in the brain of a child are less myelinated, which may increase susceptibility
to concussion (Giza & Hovda, 2014). Additionally, the brain of a child is undergoing developmental
changes throughout adolescence, and the trajectory of these changes may be affected by concussion,
potentially leading to long-term effects (Fineman, Giza, Nahed, Lee, & Hovda, 2000; Giza & Hovda,
2001); longitudinal studies on the specifics of these potential effects have yet to be completed. While
athletes typically recover within 7–10 days following a concussive injury (Alves, Rimel, & Nelson, 1987),
it has been noted that a “sizeable minority” of youth athletes may require “much longer” than 10 days to
recover from the effects of concussion and return to sport (McCrory et al., 2017). More specifically, a
significant proportion of children were noted to experience concussion-related symptoms beyond one
month after injury (Davis et al., 2017). Researchers have documented that 73% of youth (ages 5–18 years
of age) were symptomatic beyond 4 weeks after sustaining a concussion, with a median recovery time of
64 days, and 25% of patients’ symptoms extending beyond 4 months (Corwin et al., 2014).

Given the potential effects, concussion may negatively affect the lifestyle of children and adolescents for
some time after injury (Petersen, Scherwath, Fink, & Koch, 2008). Removal from physical activity, time
with peers, and school and/or schoolwork is not unusual following adolescent concussion and can
contribute to the negative impact of concussion on quality of life (Catale, Marique, Closset,
& Meulemans, 2009; Kirkwood et al., 2006; Maillard-Wermelinger et al., 2009). In 2009, Washington
State passed the first youth sports-related concussion law requiring medical clearance of a youth athlete
suspected of sustaining a concussion prior to being released back to sport, and it is currently recommended
that no child return to full participation in their sport until all symptoms of concussion have resolved
(CDC, 2014). Since the passing of the Lystedt Law in 2009, all 50 states and the District of Columbia have
passed legislation outlining how to educate the scholastic population on concussion and/or manage
post-concussion return to play decisions (NCSL, 2014). Given these considerations, it is crucial that
children be accurately assessed before being returned to play.

Unfortunately, sports medicine professionals cannot rely on athletes (youth or otherwise) to self-report
symptoms of concussion. Over half (53%) of high school football players with a positive history for
concussion failed to report their symptoms at the time of injury (McCrea, Hammeke, Olsen, Leo, &
Guskiewicz, 2004), and 52% of high school football, lacrosse, and soccer players who experienced concus-
sion-like symptoms failed to report their symptoms to coaches, teachers, or parents (Register-Mihalik et al.,
2013). In this latter study, 75% of students failed to report concussions because they felt their injury was not
serious enough, and 37% failed to report symptoms for fear of being removed from the game (Register-
Mihalik et al., 2013), highlighting the lack of validity of athlete’s symptom self-report data.

The need for performance validity tests (PVTs) in neuropsychological (NP) evaluation is well
established in the literature, and it is recommended standard practice to include measures of
performance validity in all NP assessments (Bush et al., 2005; Heilbronner et al., 2009; McKinlay
et al., 2011). PVTs evaluate the accuracy of the participant’s engagement in an attempt to flag
instances of suboptimal engagement. In a study of individuals with severe TBI, control participants
lacking any neurological injury, but who were flagged as suboptimally engaged, had lower than
average scores across 43 NP tests (Green, Rohling, Lees-Haley, & Allen, 2001). The need for PVTs
applies to both adult and youth assessment.

There has been an increase in research recently on the use of PVTs in children, establishing specific
measures and methods as reliable in adolescent populations. There are many widely used stand alone
PVTs that have been found to be reliable in measuring performance validity in children on measures of
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memory: the Word Memory Test (Green & Flaro, 2003), the Medical Symptom Validity Test
(Blaskewitz, Merten, & Kathmann, 2008; Carone, 2008; Kirkwood & Kirk, 2010; Kirkwood, Peterson,
Connery, Baker, & Grubenhoff, 2014), the Non-VerbalMedical SymptomValidity Test (Armistead-Jehle
& Denney, 2015; Green, 2011; Henry, Merten, Wolf, & Harth, 2010), the Test of Memory Malingering
(Brooks, Sherman, & Krol, 2012; Constantinou &McCaffrey, 2003; Donders, 2005; Kirk et al., 2011), and
the Victoria Symptom Validity Test (Brooks, 2012; Macciocchi, Seel, Alderson, & Godsall, 2006). There
are also PVTs embedded within test measures, such as those inherent to the Behavior Assessment System
for Children, Second Edition, which have been demonstrated to be effective in detecting the validity of
rater responses in the domains of behavioral and emotional functioning (Kirk, Hutaff-Lee, Connery,
Baker, & Kirkwood, 2014). Similarly, performance on the Digit-Span subtest of theWechsler Intelligence
Scale for Children – Fourth Edition has been found to be an effective embedded PVT in detecting effort
in the areas of attention and working memory (Kirkwood, Hargrave, & Kirk, 2011; Loughan, Perna,
& Hertza, 2012).

As indicated by Green (2006), failure rates on effort tests have typically been found in the
range of 30% of patients in many different diagnostic groups, including major depression,
chronic pain, fibromyalgia, mild head injury, whiplash, and chronic fatigue syndrome (Green,
2006), and failure rates of pediatric TBI patients aged 8–17 were estimated to be at 17% on the
MSVT (n = 33) (Kirkwood & Kirk, 2010). Given the importance of measuring performance
validity, and the frequent need to assess student athletes across multiple sessions, the stability of
engagement across time in this sports medicine population is certainly worthy of investigation. In
the present study, participants were administered three different tests of performance validity,
across three distinct testing sessions, and then performance for each subject was assessed across
all sessions. Within the current sample, there were typically one or two weeks between sessions,
and there exists the possibility that because an athlete was sufficiently engaged to produce valid
results during an individual testing session, this level of engagement in testing might not extend
to future test sessions.

Methods

This study was a retrospective analysis of de-identified patient data collected over diagnostic
evaluations performed in an outpatient private practice, and was approved as exempt by Saint
Joseph University Institutional Review Board for the Protection of Human Subjects in
Research.

Participants

Participants were 65 youth athletes, aged 8–21 years at the time of assessment (M = 13.7, SD = 2.6, 54%
female, 46%male). Approximately 12% (N = 8) participants were aged 8–10, 34% (N = 22) aged 11–14,
45% ages 14–16 (N = 29) and 9% (N = 6) ages 17–21). All subjects were evaluated by a licensed
neuropsychologist in an outpatient private practice, following a positive diagnosis of sports-related
concussion by a sports medicine physician. Reasons for referral included: (1) delineation of whether a
prolonged recovery was physiological or psychological when all physical examination findings and
objective data point to recovery of the patient; (2) to co-manage a newly diagnosed condition requiring
the intervention of a neuropsychologist; (3) to determine if there was permanent cognitive impairment
in a patient experiencing prolonged recovery; (4) to assist in the development of a Section 504
Accommodations Plan or Individualized Education Program, or to provide formal academic accom-
modations; and/or (5) to have the neuropsychologist co-manage or assume care when the referring
provider is unsure how to treat protracted recovery related to concussion (Halstead & Walter, 2010).
Each NP evaluation was administered over three test sessions, lasting approximately 90–110 min each,
with a median duration of 14 days (Mean = 18 days, SD = 17 days).

DEVELOPMENTAL NEUROPSYCHOLOGY 3



All athletes were evaluated within 18 months of their last concussion, at an average of 6 months
(Mean = 5.8, SD = 3.8, range = 1–17 months). Nearly all athletes (97%) were symptomatic at the
time of assessment, symptoms were not reported to resolve with testing, and all athletes were beyond
the typical four-week recovery zone that would necessitate strict consideration of recovery curve
confounds over the two-week evaluation period (McCrory, et al, 2017). Nearly one-quarter (23.1%)
of athletes presented with anxiety (15.7% of athletes), depression (11.4%), or ADHD (5.7%), and
13.8% of athletes were taking some form of psychiatric medication at the time of referral. In
addition, 43.6% of athletes had a history of at least one previously diagnosed concussion, and
21.5% had a history of 2 or more previously diagnosed concussions. Athletes who did not complete
all three PVTs, who were over the age of 21, or who were seen beyond 18 months since injury were
not included in this study.

Measures

Three performance validity measures were used in this study, and each was administered to all
participants over the course of three assessment sessions. Each test is a computerized, stand-alone
test of performance validity, administered in the course of routine NP evaluations as a quantitative
measure of engagement.

The Word Memory Test (WMT) and Medical Symptom Validity Test (WSVT) are widely used,
force-choice tests of effort and memory (Green, 2004, 2005). Both the WMT and the MSVT are
computerized verbal recognition measures that evaluate immediate and delayed performance. The
Non-Verbal Medical Symptom Validity Test (NV-MSVT) uses a similar paradigm to the MSVT, but
uses visual rather than verbal stimuli (Green, 2006). The verbally based PVTs (MSVT, WMT) are
recommended for participants with at least a third-grade reading level (Green, 2004, 2006). The
reading levels of all but one of the athletes included in this study were estimated by the WJ-III to be
at or above the third-grade level. The single, 8-year-old athlete whose reading level was estimated to
be at grade 2.8, earned passing scores on all PVTs.

The WMT is a verbal memory test with self-contained effort measures, which serve to check
validity of patients test scores (Green, 2005). The primary WMT effort subtests (Immediate
Recognition, Delayed Recognition, Consistency) are sensitive to poor effort and the exaggeration
of cognitive difficulties, but are relatively insensitive to cognitive impairment (Green, 2005). The
Multiple Choice and Paired Associates subtests are relatively easy, while Free Recall and Long Delay
Free Recall are most difficult (Green, 2005).

The MSVT is a verbal memory screen with built-in effort measures. The primary MSVT effort
subtests (Immediate Recognition, Delayed Recognition) evaluate for the presence of sufficient effort/
validity for the primary memory test scores (Paired Associates, Free Recall) (Green, 2004). These
indices are sensitive to poor effort and the exaggeration of cognitive difficulties, but are relatively
insensitive to actual cognitive impairment (Green, 2004).

The NV-MSVT is a visual memory screen with built-in effort measures. The primary NV-MSVT
effort subtests are of two easy tasks (Immediate Recognition, Delayed Recognition) and two medium
level tasks (Delayed Recognition Archetypes, Delayed Recognition Variations) which evaluate for the
presence of sufficient effort for the primary memory test scores (Paired Associates, Free Recall) to be
considered valid or invalid (Green, 2006).

Procedure

Participants were given no special instructions for the administration of PVTs beyond those provided by
standardization procedures. All participants were evaluated using paper and pencil testing and stand-alone
PVTs over the three test sessions, across a median of 14 days (Mean = 18 days, SD = 17 days). Participants
generally completed the NV-MSVT during the first testing session, the WMT during the second session,
and theMSVT during the third session. The PVTs used in this study were administered alongside a battery
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of NP and achievement tests, including the Beery Test of Visual-Motor Integration – Sixth Edition (VMI),
the Behavior Assessment System for Children - Second Edition (BASC-2), the Delis-Kaplan Executive
Functioning System (D-KEFS), the Lafayette Grooved Pegboard Test, the Rey-Complex Figure Test
(RCFT), the Test of Everyday Attention (TEA) or the Test of Everyday Attention for Children
(TEA-Ch), the Wechsler Abbreviated Scale of Intelligence - Second Edition (WASI-II), the Wide Range
Assessment of Memory and Learning, Second Edition (WRAML2), the Wisconsin Card Sorting Test – 64
(WCST), and the Woodcock-Johnson Tests of Achievement (WJ-III). Cut-offs for sub-optimal effort on
the PVTs administered are provided in Table 1 (Green, 2004, 2005, 2006).

Results

Athletes passing PVTs at all three test sessions comprised 72% of this sports medicine population. The
remaining 28% of athletes were suboptimally engaged for at least one session; 12.3% failed a single,
stand-alone PVT, 7.7% failed two PVTs, and 7.7% failed all three PVTs. Failure rates on both the
NV-MSVT and the MSVT were 13.8%, while failure on the WMT was recorded in 23.1% of assessments.
Sample-wide performance for each test is reported in Table 2–4; performance, means, and standard
deviations of both the passing and failing groups are reported in Table 5–7. All modules on the WMT
and MSVT showed statistically significant differences between those optimally engaged and those flagged
for suboptimal engagement, as did the first three modules of the NV-MSVT – Immediate Recall, Delayed
Recall, and Consistency; the final four modules of the NV-MSVT (DR Archetypes, DR Variations, Paired
Associations, and Free Recall) did not show statistically significant differences between those optimally
engaged and those flagged for suboptimal engagement. This latter finding is consistent with previous
research in that the three primary subtests, Immediate Recognition, Delayed Recognition, and Consistency,
are those that are most sensitive to poor effort and the exaggeration of cognitive difficulties, but are
relatively insensitive to cognitive impairment (Green, 2004, 2005, 2006).

Athletes were no more likely to fail an effort test based on age (χ2 (3, N = 65) = 0.49, p = .92), and
pass/fail rates did not differ by gender across any of the three PVTs. Specifically, no significant
difference in rate of failure was found between girls and boys on the WMT (25.7% of girls failed,
20.0% of boys), χ2 (1, N = 65) = 0.29, p = .57, on the NV-MSVT (17.1% of girls failed, 10.0% of boys),
χ2 (1, N = 65) = 0.69, p = .41, or on the MSVT (20.0% of girls failed, 6.7% of boys), χ2 (1,
N = 65) = 2.41, p = .12. Likewise, no significant difference between girls and boys was found
between those failing at least one PVT (28.6% of girls, 26.7% of boys) and those failing none of the
PVTs, χ2 (1, N = 65) = 0.03, p = .86.

Of note, athletes with a previous history of concussion (χ2 (1, N = 65) = 2.18, p = .34), with
medical/psychiatric diagnoses (χ2 (1, N = 65) = 0.31, p = .58), or taking psychiatric medications
(χ2 (1, N = 65) = 0.16, p = .69) at the time of their referral/evaluation were no more likely to fail an
effort test than those without a history of concussion, previous diagnoses, or use of psychiatric
medication.

Table 1. Cut-offs for sub-optimal effort on the WMT, NV-MSVT, and MSVT.

WMT Immediate Recall (IR) Clear Pass: ≥90% Clear Fail: ≤82.5% Caution: 83– 90%
Delayed Recall (DR) Clear Pass: ≥90% Clear Fail: ≤82.5% Caution: 83– 90%
Consistency (CNS) Clear Pass: ≥90% Clear Fail: ≤82.5% Caution: 83–90%
Multiple Choice (MC) ≤70%
Paired Associates (PA) ≤50%

NV-MSVT Pass When the mean of IR, DR, CNS, DRA, DRV, and PA is above 90% and also
When the mean of DR, CNS, DRA, and DRV is at or above 88%

Fail When the mean of IR, DR, CNS, DRA, DRV, and PA is 90% or below OR When the mean of DR,
CNS, DRA and DRV below 88%

MSVT Pass When IR, DR, and CNS are all above 85%
Fail When at least one of the IR, DR, and/or CNS scores is at or below 85%

Note. DRA: Delayed Recall Archetypes; DRV: Delayed Variations
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Table 2. NV-MSVT test performance for sample.

Variable M SD Minimum Maximum

Immediate recognition 98.6 3.2 85 100
Delayed recognition 95.6 5.6 80 100
Consistency 94.9 6.5 70 100
DR archetypes 73.8 11.4 55 95
DR variations 97.8 4.7 80 100
Paired associations 99.1 3.7 80 100
Free recall 62.8 15.3 25 100

Note. DR = delayed recognition.

Table 3. MSVT test performance for sample.

Variable M SD Minimum Maximum

Immediate recognition 98.0 4.6 75 100
Delayed recognition 96.2 6.4 70 100
Consistency 95.0 8.8 55 100
Paired associates 94.6 9.6 60 100
Free recall 70.9 16.0 40 100

Table 4. WMT test performance for sample.

Variable M SD Minimum Maximum

Immediate recognition 95.2 6.2 75.0 100
Delayed recognition 94.7 6.3 77.5 100
Consistency 92.0 8.6 70.0 100
Multiple choice 84.7 17.4 25.0 100
Paired associates 85.1 19.6 20.0 100
Free recall 47.9 15.1 17.5 92.5
Long delayed free recall 43.4 14.1 10.0 77.5

Table 5. NV-MSVT test performance for subjects with valid effort; subjects with poor effort in parenthesis.

Variable M SD Minimum Maximum

Immediate recognition 99.2 (94.4) 2.1 (5.8) 90.0 (85.0) 100.0 (100.0)
Delayed recognition 97.1 (85.6) 3.8 (5.3) 85.0 (80.0) 100.0 (95.0)
Consistency 96.8 (82.2) 4.0 (5.7) 85.0 (70.0) 100.0 (90.0)
DR archetypes 74.2 (71.7)* 11.4 (11.7) 55.0 (55.0) 95.0 (90.0)
DR variations 98.2 (96.7)* 4.7 (5.0) 80.0 (90.0) 100.0 (100.0)
Paired associations 99.5 (96.7)* 2.9 (7.1) 80.0 (80.0) 100.0 (100.0)
Free recall 62.9 (61.7)* 14.8 (18.9) 25.0 (25.0) 100.0 (80.0)

Note. DR = delayed recognition.
*not significant at p = .007; all other mean scores differ significantly at p = .007.

Table 6. MSVT test performance for subjects with valid effort; subjects with poor effort in parenthesis.

Variable M SD Minimum Maximum

Immediate recognition 99.4 (88.9) 1.6 (7.0) 95.0 (75.0) 100.0 (100.0)
Delayed recognition 98.1 (83.9) 3.7 (7.0) 85.0 (70.0) 100.0 (95.0)
Consistency 97.7 (77.2) 4.2 (10.9) 80.0 (55.0) 100.0 (95.0)
Paired associates 97.2 (77.8) 5.6 (13.9) 80.0 (60.0) 100.0 (100.0)
Free recall 73.4 (54.4) 14.9 (13.6) 40.0 (40.0) 100.0 (80.0)

Note. All mean scores differ significantly at p = .01.

Table 7. WMT test performance for subjects with valid effort; subjects with poor effort in parenthesis.

Variable M SD Minimum Maximum

Immediate recognition 97.8 (85.5) 2.7 (5.9) 90.0 (75.0) 100.0 (92.5)
Delayed recognition 97.3 (85.2) 3.1 (5.7) 90.0 (77.5) 100.0 (95.0)
Consistency 95.6 (79.0) 4.3 (7.3) 80.0 (70.0) 100.0 (92.5)
Multiple choice 91.5 (60.3) 8.5 (19.8) 65.0 (25.0) 100.0 (100.0)
Paired associates 92.6 (58.0) 10.1 (21.7) 60.0 (20.0) 100.0 (95.0)
Free recall 51.3 (35.7) 14.2 (11.4) 22.5 (17.5) 92.5 (52.5)
Long delay free recall 45.8 (34.9) 13.1 (14.7) 17.5 (10.0) 77.5 (60.0)

Note. All mean scores differ significantly at p = .007.

6 D. CHASE ET AL.



Discussion

Though the majority of sports concussions resolve in two to three weeks, in protracted cases there is
a specific need for comprehensive NP evaluations of student athletes. As comprehensive NP
evaluation typically occurs across multiple sessions, and it has been repeatedly put forth that when
NP assessment is medically necessary, measurement of performance validity is medically necessary
as well (Bush et al., 2005), it follows that measurement of performance validity is necessary at the
time of each measurement of NP functioning (Heilbronner et al., 2009). As such, we sought to
investigate the stability of engagement across NP evaluation in our youth sports medicine
population.

Over three administrations, approximately one quarter of this sports medicine population was
suboptimally engaged for at least one administration. Within the subset of athletes who failed at least
one PVT (28%), approximately half failed only one PVT (12.3%), and of the remaining athletes, there
was an even division among failures of either two or three PVTs (7.7%). No statistically significant
differences related to gender, concussion history, psychiatric or learning diagnoses, or use of prescrip-
tion medication were found in failure rates on any measure, nor between those failing at least one test
and those failing none of the PVTs. These results are consistent with Larabee’s findings, in the context
of multivariate base-rates (Iverson & Schatz, 2015), that the use of multiple effort tests necessitates
failure on ≥2 measures as an indicator of overall poor effort (Larrabee, 2014a).

The failure rates on the NV-MSVT and the MSVT were comparable (13.8%), while failure on the
WMT (23.1%) was approximately 60% higher than on either the NV-MSVT or the MSVT. Consistent
with previous research, administration of a stand-alone PVT at each testing session is necessary when
testing student athletes. Sub-optimal performance has been associated with “low motivation” on
baseline neurocognitive assessments, in college athletes, using traditional “pencil and paper”measures
(Bailey, Echemendia, & Arnett, 2006), and “invalid” performance (i.e., outside 95% confidence
intervals) has been documented in approximately 6% of high school athletes, and 4% of college
athletes, completing baseline computer-based neurocognitive assessments (Schatz, Moser, Solomon,
Ott, & Karpf, 2012). While post-injury symptom validity measures have been investigated in youth
samples using individual measures (Kirk et al., 2014; Kirkwood & Kirk, 2010; Kirkwood, Yeates,
Randolph, & Kirk, 2012; Ploetz, Mazur-Mosiewicz, Kirkwood, Sherman, & Brooks, 2016), this is the
first study to compare performance across multiple symptom validity measures over multiple testing
days in a youth sample.

As demonstrated throughout the literature, effort is multifaceted (Green, 2011; Hampson, Kemp,
Coughlan, Moulin, & Bhakta, 2014; Larrabee, 2014b), and here we demonstrate quantitatively that effort
over NP testing does not differ significantly based on gender, concussion history, psychiatric or learning
diagnoses, or use of prescription medication. Qualitatively we raise the future questions of the relation-
ship between effort and fluctuations in performance, motivation, attention, interest, and fatigue.

While these preliminary findings are useful, there are limitations inherent to this study including
variability in time since injury, duration of evaluation, time of day of testing, previous intervention,
geographical location, and academic factors, such as District, supports, and stressors. The administration
of PVTs and NP measures were not perfectly matched at each testing session as they were administered
in a clinical rather than research setting. Fixed NP batteries were generally used at each session, but
clinical patient variability by case may have affected timing and administration of PVTs in conjunction
with these fixed NP batteries. This study is further limited in that the behavioral and cognitive data
collected over these NP evaluations were not included in this analysis, though these are likely meaningful
variables to consider in the exploration of the factors that may affect the stability of non-credible
performance over time.

Currently, there is a wealth of research regarding decreased engagement on baseline testing, for reasons
such as difficulty admitting that an injury, such as MTBI, has possibly altered an individual’s cognitive
status, or that poor pre-injury data may increase the likelihood of appearing stronger on NP testing
post-injury (Bailey et al., 2006; Schatz et al., 2012). While provision of suboptimal engagement on pre-
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injury baseline neurocognitive testing is understandable in these contexts, it would seem that the opposite
would be true of provision of suboptimal engagement on post-injury comprehensive NP assessment.
However, despite understandablemotivation to perform poorly at baseline to extend playing time, there are
subsets of student athletes who are consistently and inconsistently providing suboptimal engagement on
post-injury NP testing, which is typically ordered to assist in making return to play decisions, and/or in
determining the supports necessary to return the athlete to premorbid levels of functioning and indepen-
dence. The research addressing suboptimal engagement at the time of baseline testing does not explain
suboptimal engagement at the time of comprehensive NP testing. Suboptimal engagement at the time of
comprehensive NP testing raises the question of secondary gain relative to a protracted concussion
recovery. Possibilities for suboptimal engagement at the times of comprehensive NP testing may include
fear of re-injury, loss of academic accommodations, pressure from parents and/or peers either to remain in
the sick role or to return immediately to their premorbid levels of functioning, or in the extremely
protracted, an uncertainty about their identity once considered no longer concussed. Additionally, the
current study highlights that only 76% of this sports medicine population was optimally engaged over the
full NP evaluation administered over multiple test sessions. To these ends, future research in the area of
stability of engagement over comprehensive NP testing in a sports medicine population is warranted.
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