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Abstract
TITLE:
Norms for Baseline Concussion Tests
AUTHOR:
Kaci Lee Garcia, M.S.
MAJOR ADVISOR: Frank M. Webbe, Ph.D.
Objective: The present study was designed to establish Baseline concussion
normative data for non-athlete students using the Sports Concussion Assessment
Tool (SCAT-5), Rey Word Recognition Test (RWRT), The A Random Letter Test
of Auditory Vigilance (A-Test) and the Rey Dot Counting Test (DCT). The study
considers the comparative differences when the non-athletes are told to complete
the task to the best of their ability, to those who are told to perform poorly on
purpose, and those who are instructed how to perform badly. Method: Sixty nonathlete students at Florida Institute of Technology volunteered in the study using
the university’s online research system. For comparative purposes, a random
sample of 20 student-athletes were selected so that their scores on the Baseline
measurement could be contrasted with the Honest Effort and sub-optimal effort
groups. The non-athlete participants were randomly assigned to either the Honest
Effort group, Fake Bad group, or Coached Fake Bad group and the concussion
Baseline protocol used on the student-athletes. Results: As predicted there were
significant differences found between Honest Effort groups and sub-optimal
performance group scores and typically there were no significant differences found
between Baseline and Honest Effort scores. ROC analysis provided cut scores for
the three measures of effort (DCT, RWRT, & A-Test) to allow examiners to
compute scores which label athletes as having suspect effort.
iii

Conclusion: Overall, the measures used were found to be suitable indicators of suboptimal performance in college athlete baseline concussion testing. Additionally,
the study highlights strong predictors including Omission totals on the A-Test, the
DCT combination score, RWRT combination score, the SCAT total symptoms
reported and symptoms severity. The results also provide optimum cut scores to
help examiners with suspect effort.
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Introduction
In recent years concussion in athletes has become a hot topic within the
media. Over one million individuals are affected by concussion each year in the
United States (Pluta, Lynm, & Goulb, 2011). Approximately 1.6 to 3.8 million
sports-related concussions are reported annually (Abrahams, Fie, Patricios,
Posthumus, & September, 2014). This number is estimated to be even higher to
take into account the number of concussions that go undetected or undiagnosed
(Fedor & Gunstad, 2015). With more media coverage, the public has begun to
recognize the impact a concussion can have on an individual. The research has led
to advances in sports equipment and prevention techniques. The increase in
education regarding concussions has also led to an increase in surveillance in sports
contests to better recognize and assess for concussions. In order to provide athletes
with the best prevention and treatment, universities around the world have
implemented protocol establishing a Baseline before play and assessing posttrauma to inform diagnosis (Albicini & McKinlay, 2018). Prior to athletic play,
athletes are often required to attend Baseline testing where normal cognitive,
balance, and gait functions, are assessed, as well as typical report of concussionlike symptoms. These scores are archived in the event a head injury takes place and
the scores are needed for comparison. In such a case, the post-trauma scores are
compared to the baseline scores in order to determine if the athlete is concussed or

2
safe to continue playing. A major piece of concussion management includes
education on prevention and risks of sports related concussion.
A major part of developing reliable and valid measures of concussion has
been understanding similarities and differences in Baseline test performance of
athletes and non-athletes. Although there has been a push for such research, there
remains a lack of empirical data in such assessment with non-athlete individuals.
The aim of this research is to explore and create norms that target the population of
collegiate student non-athletes. Specifically, the research explores what test
performance looks like when non-athletes give honest effort, aim to perform badly,
and how they perform badly when given instruction on how to do that. The findings
of this research can be used to best inform future treatment with athletes and nonathletes alike. Non-student athletes were tested using the same protocol used on
varsity athletes in the university population. Each participant was randomly
assigned to one of three groups; control group, sandbagging group, and the
instructed sandbagging group. Based on their assignments, they were asked to
perform the testing at their greatest effort, to score below their best effort, or were
instructed on how to perform below their best effort without making the examiner
aware. The results contribute to further understanding in preventing and detecting
concussion using the comparative data collected. This provides greater insight to
the common techniques used by athletes to sandbag, allowing continued play in
their sport and concussion detection less likely. This study examines literature
comprised of concussion detection protocols, including different test measures and
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common practices for university athletes. Studies examining the “sandbagging”
technique were used to better understand the use of faking bad and the
implementation of this practice in a study.

Review of the Literature
What is a Concussion
There are common misconceptions in regards to what injuries may be
defined as a concussion. Many have equated concussion with a loss of
consciousness, which researchers such as Webbe and Barth (2003) now show is not
necessary for someone to have obtained this type of injury. Consciousness may be
lost; however, it is less common and observed, and approximately 10% of athletes
lose consciousness due to concussion. The Mayo Clinic defines a concussion as a
mild-traumatic brain injury which affects one’s brain function (2017) by violently
shaking the body or head, or a rapid acceleration-deceleration at the time of the
blow to the head or body. This action causes the brain to shake in the skull and can
cause neurons to slow down and not fire properly (Pluta, Lynm, & Golub, 2011).
A concussion is a closed, mild head injury. The skull is not fractured or penetrated,
rather the impact of the blow forces the brain to collide with the skull or causes
significant changes in head movement, acceleration or deceleration (Webbe &
Barth, 2003). Although there are common experiences and symptoms athletes may
endorse, each concussion is different and there is no way to know the impact of a
concussion or the severity of the damage other than estimations.
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Some athletes experience a concussion and are unaware, while others
experience more intense symptoms. Observable symptoms of concussion may
include loss of consciousness, disorientation, and decline in motor functioning
(Fedor & Gunstad, 2015). Other, more common, symptoms are more difficult to
assess such as difficulty in learning and concentration, nausea or vomiting, sleep
disturbances, headache, dizziness, and increased fatigue (Pluta, Lynm, & Golub,
2011; Fedor & Gunstad, 2015). With proper precautions most athletes recover from
concussions; however, multiple concussions and/or improper treatment may lead to
permanent and debilitating symptoms (Echemendia & Cantu, 2003).

Validity of Neuropsychological Testing
Neuropsychological testing has become a vital piece of concussion
management in sports programs across the nation. The testing is used to best assess
athletes given the potential unreliability of athlete self-report after an injury (Van
Kampen, Lovell, Pardini, Collins, & Fu, 2006). Athletes are likely to return to play
prematurely following a concussion if testing is based on self-report alone.
Neuropsychological testing allows the athlete to have a more accurate diagnosis
and allow for the athlete to return to play upon adequate recovery time. While
many universities utilize routine neuropsychological measures to assess for
concussion, there remains many skeptical opinions in the validity and reliability
found in such assessments.
Randolph and colleagues examined the use of neuropsychological testing
instruments to determine the use in diagnosing concussions (2005). Findings
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suggest neuropsychological assessments rely too heavily on clinical judgement
rather than statistical algorithms allowing for difficulty interpretation of test-retest
data, which particularly outlines the risk of premature return to play. Furthermore,
the study highlights the importance of extensive symptom checklists to be
implemented in addition to routine clinical examinations is suggested to more
accurately monitor sports-related concussion recovery. This research revealed five
characteristics that were often lacking in using neuropsychological test instruments
in diagnosing concussion: (a) test-retest reliability, (b) sensitivity, (c) validity, (d)
reliable change scores, and (e) clinical utility. This study found no existing
neuropsychological assessments that satisfied all criteria necessary to warrant
routine clinical use. More specifically, the investigators urged further research to be
conducted regarding the reliability, validity, and clinical utility (Randolph, McCrea
& Barr, 2005).

Sandbagging
Increase of education and understanding of the risks of concussion has not
impacted athletes’ hesitation to disclose symptoms to their medical providers.
Numerous factors have been found when examining what may interfere with
optimal performance on concussion detection testing. One common concern is that
athletes may intentionally underreport their symptoms leading to a lack in validity
in their self-reporting measures (Hall, Hall, & Chapman, 2005).
The athletes’ motivation to return to competition may be recognized as a main
contributing factor to sub-optimal performance on testing measures (Echemendia &
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Cantu, 2003), similar to the fear an athlete may feel towards being removed from a
game or even losing their position (Lovell & Collins, 1998). Many athletes have
adopted their identity as an athlete and could feel as though an injury (concussion
in this case) may jeopardize their sense of self. An 18-year-old student athlete may
view their athletic ability as a measurement of their self-worth. This can be due to
familial pressure or personal perspective. Athletes often have more than internal
motivations to continue play including financial obligations. Collegiate athletes are
often playing for money as they are rewarded with scholarships and would
otherwise have no means to receive a college degree. Their financial awards could
be taken if an athlete is to become injured, or concussed, and removed from play.
These motivations are some reasons why an athlete may choose to sandbag, even
knowing the health risks of continued play.
Sandbagging is not only found in college athletes, but the epidemic is
corroborated in the National Football League (NFL) as 56% of polled NFL players
stated they would intentionally hide symptoms in order to continue playing football
(Sporting News, 2012). The importance of the test takers’ attitude towards testing
and considering motivation levels during examination impacts the athletes’ scores
and diagnostic accuracy. Another contributing factor to the test-takers’ attitude is
the importance the individual places on the assessment measures. Despite efforts to
educate athletes on the importance of concussion management, athletes may still
find the testing to be inconvenient, boring, or simply the athlete lacks motivation to
provide their best effort (Schatz, Anderson, Savage, & Covassin, 2017). Although
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many computerized neurocognitive testing measures are able to “flag” suspicious
answering (looking for sandbagging patterns), examiner-based assessments rely on
the examiner administration and self-reporting measures do not have this same
utility. Computer-based measures, such as the Immediate Post-Concussion
Assessment and Cognitive Test (IMPACT), have built in measures in order to
detect when an athlete is suspected of provided below their best effort. Even with
these measures in place, studies by Erdal (2012) have concluded that test takers
have the ability to perform below their best efforts without detection. This study
indicates that when participants were asked to perform below their best effort
without yielding an obviously low score, 11% of the college athletes tested were
able to perform “poorly” on the Baseline without an invalid score. This is an
example of how simple it can be for athletes to sandbag without detection, even
when using a computerized method with safeguards in place. This leads us to infer
that assessments relying on clinical judgment may be at even more risk for
undetected sandbagging.

This Study
This research required data from college aged students who were not
involved in varsity level athletics. The groups of subjects were randomly assigned
to three groups; the control group, feigning bad group, and instructed feigning bad
group. The students in the control group were given the Baseline concussion
protocol in the standardized manner in which the test was designed. Feigning bad

8
group students were told to Fake Bad on the task, while the instructed group were
given direction in how to perform poorly on the assessment.

Objectives
This project aims to establish Baseline concussion normative data for nonathlete students using the Sports Concussion Assessment Tool (SCAT5), and three
external measures of effort: Rey Word Recognition Test (WRT), The A random
Letter Test of Auditory Vigilance (A-Test), and the Rey Dot Counting Test (DCT).
The study considered the comparative differences when the non-athlete students
were told to complete the task to the best of their ability, to those who were told to
perform poorly on purpose, and those who were instructed how to perform poorly.
This study provides information in order to compare findings with previous studies
which have studied this area with athlete students. Test scores were compared
across effort level across the three groups. The ROC statistical analysis included
displayed scores on each test and created a cut off score that differentiated
appropriate from suboptimal performance.

Method
Participants
This study included samples of college-aged students who were not
involved in varsity level sports at the Florida Institute of Technology and Eastern
Florida State College. The sample of the study included 80 students, divided into
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four groups. Each group had approximately 20 participants, between the ages of 18
and 38 years old, and approximately 59% males and 41% females. The recruitment
for students was conducted using the university's online research system, in which
undergraduate students received classroom credit for their participation in studies.
Researchers also teamed up with instructors of undergraduate classes such as First
Year Experience to recruit students interested in participating in this study.
Students were given a consent form, explaining possible risk and tasks performed
in the study, prior to any testing.

Measure
Participants in the study were given different instructions based on which
condition they were randomly assigned to. Students were placed in one of the three
groups: (a) honest effort, (b) naïve sub optimal performance group-ask the naïve
group, and (c) Coached sub optimal performance group. The fourth group of
students was randomly selected from archival data of athlete Baseline scores. Those
who were assigned to the Honest Effort group were given instructions to perform at
their best on the assessment provided. Students were told that the assessment was a
tool used as a pre-season Baseline for athletes at Florida Institute of Technology in
order to assess for concussion after head trauma. After completion of the
assessment, students were asked if they did indeed perform at their highest level.
The students assigned to the naïve sub optimal performance group were told how
some athletes attempt to perform below their best effort (i.e., sandbag) in an
attempt to produce an artificially low Baseline making concussion detection less
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likely and allowing the athlete to continue playing their sport. Each participant in
this group was asked to perform as if they were athletes attempting to sandbag.
After completion of the assessment, students were asked what strategies they
employed to sandbag. The participants assigned to the Coached condition were
given all the previously stated information provided to the naïve sub optimal group
and were instructed to act as a sandbagging athlete, without yielding an obviously
low score which would label them as sandbagging. The students were asked to
demonstrate a believable performance that was just below their highest capabilities.
The scripts used in testing are attached for reference.
This study used the SCAT-5 protocol as used on the student-athletes at the
Florida Institute of Technology. The assessment utilizes five sections including
background information, symptom evaluation, cognitive screening, neurological
screen, and delayed recall. The administration of the assessment was conducted in a
standardized manner in which the test was designed. First, the examiner asked for
background and demographic information including; age, years of education
completed, gender, dominant hand, how many concussions they have had in the
past, when their most recent concussion took place, and how long their recovery
time for that injury was (if applicable). Students were then asked to provide general
medical information such as if they had ever been hospitalized for a head injury,
diagnosed/ treated for a head injury and the remaining health questions in the
section labeled ‘Athlete Background’ on the first page of the assessment. The
following section included an evaluation of the students’ symptoms in which they
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were asked to read the instructions aloud and rate each symptom based on how they
typically feel. The total number of symptoms were then added up in order to give a
score out of 22 and the symptom severity score was calculated by adding the rating
given by the student to give a score out of a possible 132. The examiner then
continued with prompted questions that remained in this section. The participants
then were given five questions to assess their orientation at the time of testing. The
examiner awarded one point for each correct response out of a possible five points.
Following orientation, students were provided a task to assess their immediate
memory. For this section, examiners were instructed to administer the 10-word list
rather than the 5-word list. Three trials were administered to the participant and
each correctly identified awarded the student one point with a possible of 30 points
total after all trails. Each examiner was instructed to administer List G to all
students to coordinate with the athlete concussion Baseline protocol. Next, the
participants’ concentration was assessed using List A of the Digits Backward task,
involving a string of number spoken aloud to the participant in which they were
instructed to repeat to the examiner backwards. Each string of numbers the student
responds correctly to will award them one point. If the student responds with the
incorrect string of numbers, Trail 2 is administered. The examiner proceeded until
the student scored a zero on two consecutive trails or they completed the task and
the student received a score out of a possible 4 points. The last task in the
concentration section includes the examiner to prompt the student to recite the
months of the year in backwards order stating with December. The student received
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one point if he or she was able to complete this task without errors and his or her
points for Digits Backwards and Months and Reverse Order added up to create
their overall Concentration score with a maximum of 5 points. Section 4 of the
SCAT-5 includes a neurological screen in which the student was asked to gait and
balance tasks. The item regarding a neck examination was not administered in this
study as it is primarily used in side-line assessments and is not appropriate in this
population. During the balance examination, the test administrator demonstrated
the balancing stances and provided instruction. Each stance was to be held for 20
seconds, as timed by the examiner, while the participant stood with their eyes
closed and attempts to maintain their best balance until the time is up. The
examiner was instructed to look for errors in balance, such as the student placing
their foot down or jumping in place to remain balanced and adding the total number
of errors in each pose out of a possible 10 points for each. If the participant was
unable to maintain balance for a minimum of 5 s, the student was given an
automatic 10 points. Finally, the students were asked to recite any of the words
they remember from the previous immediate word list as the examiner wrote down
each word. The correct number of words was tallied and recorded on the test sheet
out of a possible 10 points. Students were not penalized if they state a word that
was not on the list.
The SCAT-5 has maintained many elements from previous versions with
customized subtests to incorporated findings from research with older versions. All
forms of the SCAT were been found to display low to moderate levels of bias and
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were considered generalizable to the larger population (Echemendia, et al., 2017).
When used immediately post injury, the SCAT-5 was found to be most effective,
compared to a significant decrease in diagnostic utility after 3 to 5 days post-injury.
The revisions of the SCAT included a significant amount of normative data to
account for the use of the assessment tool across many different countries.
The testing protocol for this study included the use of the Rey Word
Recognition Test (RWRT) in which the examiner reads aloud a list of 15 unrelated
words. The examinee was tasked with immediately identifying as many words as
he/she could recall from a printed list of 30 words.

Procedure
Approval from Florida Institute of Technology’s institutional review board
was obtained prior to commencement of the study. All participants were provided
with a consent form that described the study and also informed the students that
their responses would remain confidential and their participation was voluntary.
The student participants were given brief information on the study and what tasks
they would be engaging in, should they consent, given by the examiner through a
script. After completing the consent form (Appendix A), participants were provided
a depression assessment (PHQ-9), and a demographic form to be completed
(Appendix B). The demographic information sheet included questions such as years
of education completed, age, ethnicity, language. There was also a medical section
of this sheet asking for information on any previous concussions or medications
which may interfere with testing results. Upon completion, the participant was
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randomly assigned one of the three group using output from a random number
generator. Next, the student was provided with standardized instructions via script
and asked to begin the concussion assessment (SCAT-5).
Participants of this study were only required to attend one 30-min session in
which they were given the consent, demographic sheet, and assessments. Each
student was tested independently with a trained examiner. Examiners used specific
scripts in order to account for standard practice. The participant was provided with
an instructional script based on which group he/she was assigned. For example, the
Honest Effort group was given instructions to provide their best effort throughout
the assessments. In contrast, the suboptimal group was told to perform below their
best effort with no further explanation. Lastly the third (Coached) group was given
instructions on how to perform below their best effort without yielding obviously
low scores. The scripts appear as Appendix C.

Data Analysis
The analyses used in this study included: (a) comparison via ANOVA or
MANOVA of test scores for the three experimental groups and random sample of
athletes’ Baseline scores on the RWRT, DCT, and A-Test; (b) examination of the
Receiver Operating Characteristic (ROC) curves that identify the criterion scores
for suspecting sub-optimal performance. Prior to conducting the parametric tests,
the assumptions of normality of distribution and homogeneity of variance for the
groups was assessed via the Shapiro-Wilk test and Levene’s test. In the few
instances where one or both of these assumptions was not met, a non-parametric
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Kruskal-Wallis test was performed. If the results from the Kruskal-Wallis were
significant, those groups were included in the MANOVA so as to more easily
conduct pairwise comparisons for significant outcomes. Statistical analyses were
conducted using the IBM Statistical Package for the Social Sciences (SPSS)
version 24.

Results
Participant Demographics
Demographic characteristics of the included participants are shown in Table
1. Participants in the study included volunteer students at the Florida Institute of
Technology not involved in varsity sports in the University. Fifty-eight percent of
those included were female, with 41% males. For comparative purposes, a random
sample of 20 student-athletes were selected so that their scores on these tests in
Baseline measurement could be contrasted with the Honest Effort and sub-optimal
effort groups. The participants ranged in age from 18 to 48, with the majority of
participants (90%) falling in the 19-22-year age range. A large portion of the
participants were in their freshman and junior years of college (57.5%), and the
majority of participants were members of Caucasian race (53.75%).
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Table 1. Participant Demographic Breakdown
Baseline
Athletes
20

N
Gender
Male/Female
Age
Mean (SD)
Range
Education
Mean (SD)
Range

Honest Effort

Fake Bad

21

20

Coached Fake
Bad
19

12/8

16/5

10/10

9/10

19.3 (1.17)

22.29 (6.72)

19.8 (1.67)

20.21 (1.02)

18–21

18–48

18–24

18–38

13.40 (1.23)

13.33 (1.11)

13.30 (1.13)

13.32 (0.95)

12-16

12-15

12-15

12-15

Analyses of Group Differences
Rey Word Recognition Test (RWRT). Separate MANOVAs were used to
assess whether each of the three external effort tests – RWRT, DCT, A Test – were
different across the study groups. For each of the three MANOVAs, all the
dependent measures for each test were compared across groups. Table 2 shows the
means and standard deviations for the RWRT variables for the four groups. The
MANOVA results indicated an overall difference in the test across groups, Wilks 
= .680, F (4, 14) = 2.53, p = .004. The univariate comparisons showed that Total
Correct (F (3, 76) = 6.966; p < .001), Correct of `1st Eight (F (3, 76) = 5.780; p =
.001), and Combination Score (F (3, 76) = 7.395; p < .001) all differed significantly
across groups. There was no difference for Intrusions. The pairwise comparisons
that identified the specific groups that differed from each other, and reported in
Table 3, showed that with little exception Baseline athletes and Honest Effort
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groups did not differ from each other, but differed from both SOP groups. The SOP
groups did not differ from each other.
Table 2. RWRT Means Table
RWRT Correct

RWRT Intrusions

RWRT first 8

RWRT Combination

Group Assignment
Baseline Athlete
Honest Effort
Fake Bad
Coached Fake Bad
Total
Baseline Athlete
Honest Effort
Fake Bad
Coached Fake Bad
Total
Baseline Athlete
Honest Effort
Fake Bad
Coached Fake Bad
Total
Baseline Athlete
Honest Effort
Fake Bad
Coached Fake Bad
Total

Mean
9.90
9.05
6.75
7.58
8.34
1.10
1.00
1.00
1.11
1.05
5.80
5.38
4.05
4.00
4.83
14.65
13.90
9.80
10.47
12.25

Std. Deviation
2.337
2.418
2.268
2.589
2.662
.968
1.225
1.214
1.449
1.200
1.576
2.037
1.468
1.667
1.854
4.069
3.872
3.427
4.538
4.445

N
20
21
20
19
80
20
21
20
19
80
20
21
20
19
80
20
21
20
19
80
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Table 3. Pairwise comparisons for the RWRT variables across study groups.
95% Confidence Interval

Dependent
Variable
RWRT

Group Assignment

Group Assignment

Baseline Athlete

Honest Effort

Correct

-1.12

2.83

3.15

.001

1.15

5.15

2.32

*

.018

.30

4.34

-.85

.669

-2.83

1.12

*

.016

.32

4.27

1.47

.224

-.53

3.47

Baseline Athlete

-3.15*

.001

-5.15

-1.15

Honest Effort

-2.30*

.016

-4.27

-.32

-.83

.705

-2.85

1.19

*

.018

-4.34

-.30

-1.47

.224

-3.47

.53

Fake Bad

.83

.705

-1.19

2.85

Honest Effort

.10

.994

-.90

1.10

Fake Bad

.10

.994

-.92

1.12

Coached Fake Bad

-.01

1.000

-1.03

1.02

Baseline Athlete

-.10

.994

-1.10

.90

.00

1.000

-1.00

1.00

Coached Fake Bad

-.11

.993

-1.12

.91

Baseline Athlete

-.10

.994

-1.12

.92

.00

1.000

-1.00

1.00

-.11

.993

-1.13

.92

Baseline Athlete

.01

1.000

-1.02

1.03

Honest Effort

.11

.993

-.91

1.12

Fake Bad

.11

.993

-.92

1.13

Honest Effort

.42

.860

-.98

1.82

1.75

*

.009

.33

3.17

1.80

*

.008

.36

3.24

Baseline Athlete

Coached Fake Bad

Coached Fake Bad
Baseline Athlete
Honest Effort

RWRT

Baseline Athlete

Intrusions

Honest Effort

Fake Bad

Fake Bad

Honest Effort
Coached Fake Bad
Coached Fake Bad

RWRT first 8

Baseline Athlete

Upper Bound

.669

Fake Bad

Coached Fake Bad

Lower Bound

*

Coached Fake Bad

Fake Bad

Sig.

.85

Fake Bad

Honest Effort

Mean Difference

Fake Bad
Coached Fake Bad

2.30

-2.32
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Honest Effort

Fake Bad

Baseline Athlete

-.42

.860

-1.82

.98

Fake Bad

1.33

.068

-.07

2.73

Coached Fake Bad

1.38

.059

-.04

2.80

*

.009

-3.17

-.33

-1.33

.068

-2.73

.07

.05

1.000

-1.39

1.49

-1.80*

.008

-3.24

-.36

-1.38

.059

-2.80

.04

-.05

1.000

-1.49

1.39

.75

.932

-2.53

4.02

4.85

*

.001

1.54

8.16

4.18

*

.009

.82

7.53

-.75

.932

-4.02

2.53

Fake Bad

4.10*

.008

.83

7.38

Coached Fake Bad

3.43*

.040

.11

6.75

-4.85*

.001

-8.16

-1.54

*

.008

-7.38

-.83

-.67

.952

-4.03

2.68

-4.18

*

.009

-7.53

-.82

-3.43

*

.040

-6.75

-.11

.67

.952

-2.68

4.03

Baseline Athlete
Honest Effort
Coached Fake Bad

Coached Fake Bad

Baseline Athlete
Honest Effort
Fake Bad

RWRT

Baseline Athlete

Combination

Honest Effort
Fake Bad

Score

Coached Fake Bad
Honest Effort

Fake Bad

Baseline Athlete

Baseline Athlete
Honest Effort
Coached Fake Bad

Coached Fake Bad

Baseline Athlete
Honest Effort
Fake Bad

-1.75

-4.10
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Table 4. DCT Means Table
N

Total Errors

DCT Errors

Std.
Deviation

Mean

Baseline Athlete

20

0.3

Honest Effort
Fake Bad

21
20

1
3.35

Coached Fake Bad

19

3.63

Total

80

2.04

Baseline Athlete

20

2.05

Honest Effort
Fake Bad

21
20

1.43
3.6

Coached Fake Bad

19

3.58

Total

80

2.64

Rey Dot Counting Test (DCT). For the DCT, the MANOVA results
indicated an overall difference in the test across groups, Wilks  = .750, F (2, 6) =
3.859, p = .001. The univariate comparisons showed that Total Errors (F (3, 76) =
4.673; p < .005) and Combination Score (F (3, 76) = 6.874; p < .001) both differed
significantly across groups. As reported in Table 5, Honest Effort differed from
both SOP groups but not from Baseline for both variables. The Baseline athlete
group did not differ from any of the other groups for the Total Error measure.
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Table 5. Pairwise comparisons for the DCT variables across study groups.
95% Confidence Interval
Dependent Variable

(I) Group Assignment

Group Assignment

DCT Errors

Baseline Athlete

Honest Effort

Honest Effort

Fake Bad

DCT

Honest Effort

2.49

Fake Bad

-1.55

.147

-3.44

.34

Coached Fake Bad

-1.53

.165

-3.45

.39

-.62

.819

-2.49

1.25

Fake Bad

-2.17*

.016

-4.04

-.30

Coached Fake Bad

-2.15*

.020

-4.05

-.25

1.55

.147

-.34

3.44

*

.016

.30

4.04

.02

1.000

-1.90

1.94

1.53

.165

-.39

3.45

2.15*

.020

.25

4.05

Fake Bad

-.02

1.000

-1.94

1.90

Honest Effort

-.15

1.000

-4.66

4.35

Fake Bad

-6.20*

.003

-10.76

-1.64

Coached Fake Bad

-4.94*

.032

-9.56

-.32

.15

1.000

-4.35

4.66

-6.05

*

.004

-10.55

-1.54

-4.78

*

.036

-9.35

-.22

Baseline Athlete

6.20*

.003

1.64

10.76

Honest Effort

6.05*

.004

1.54

10.55

1.26

.890

-3.36

5.88

Baseline Athlete

4.94*

.032

.32

9.56

Honest Effort

4.78*

.036

.22

9.35

Fake Bad

-1.26

.890

-5.88

3.36

Baseline Athlete

Baseline Athlete

Baseline Athlete

Baseline Athlete
Fake Bad
Coached Fake Bad

Fake Bad

Coached Fake Bad
Coached Fake Bad

Upper Bound
-1.25

Honest Effort

Baseline Athlete

Lower Bound

.819

Coached Fake Bad

Combination Score

Sig.
.62

Honest Effort

Coached Fake Bad

Mean Difference

2.17

A Test. For the A Test, the MANOVA results indicated an overall
difference in the test across groups, Wilks  = .567, F (3, 9) = 5.260, p < .001. The
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univariate comparisons showed that Omissions (F (3, 76) = 17.300; p < .001) and
Total Errors (F (3, 76) = 13.579; p < .001) differed significantly across groups.
Commission and Perseveration Errors did not differ across groups. The pairwise
comparisons that identified the specific groups that differed from each other, and
reported in Table 4, showed that with the Omission and Total Error variables, the
Baseline Athlete and Honest Effort groups did not differ from each other but
differed from the SOP groups. The Commission and Perseveration Error variables
had no pairwise differences.

Table 6. Pairwise comparisons for the A Test variables across study groups.
Dependent

Group

Group

Variable

Assignment

Assignment

A-Test

Baseline Athlete Honest Effort

Omission
Errors

95% Confidence Interval
Mean Difference

Sig.

Lower Bound

Upper Bound

-.24

.973

-1.68

1.21

Fake Bad

-2.85*

.000

-4.31

-1.39

Coached Fake

-3.05*

.000

-4.53

-1.57

.24

.973

-1.21

1.68

Fake Bad

-2.61*

.000

-4.06

-1.17

Coached Fake

-2.81*

.000

-4.28

-1.35

Baseline Athlete

2.85*

.000

1.39

4.31

Honest Effort

2.61*

.000

1.17

4.06

Coached Fake

-.20

.984

-1.68

1.28

Baseline Athlete

3.05*

.000

1.57

4.53

Honest Effort

2.81*

.000

1.35

4.28

.20

.984

-1.28

1.68

-.38

.538

-1.12

.36

-.40

.501

-1.15

.35

Bad
Honest Effort

Baseline Athlete

Bad
Fake Bad

Bad
Coached Fake
Bad

Fake Bad
A-Test
Commission

Baseline Athlete Honest Effort
Fake Bad
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Coached Fake

-.42

.462

-1.18

.34

.38

.538

-.36

1.12

Fake Bad

-.02

1.000

-.76

.72

Coached Fake

-.05

.999

-.79

.70

Baseline Athlete

.40

.501

-.35

1.15

Honest Effort

.02

1.000

-.72

.76

Coached Fake

-.02

1.000

-.78

.74

Bad
Honest Effort

Baseline Athlete

Bad
Fake Bad

Bad

A-Test

Coached Fake

Baseline Athlete

.42

.462

-.34

1.18

Bad

Honest Effort

.05

.999

-.70

.79

Fake Bad

.02

1.000

-.74

.78

-.08

.933

-.45

.28

Baseline Athlete Honest Effort

Perseveratio

Fake Bad

.20

.493

-.17

.57

n Errors

Coached Fake

.14

.743

-.23

.52

Baseline Athlete

.08

.933

-.28

.45

Fake Bad

.28

.186

-.08

.65

Coached Fake

.23

.378

-.14

.60

Baseline Athlete

-.20

.493

-.57

.17

Honest Effort

-.28

.186

-.65

.08

Coached Fake

-.06

.980

-.43

.32

Bad
Honest Effort

Bad
Fake Bad

Bad
Coached Fake

Baseline Athlete

-.14

.743

-.52

.23

Bad

Honest Effort

-.23

.378

-.60

.14

.06

.980

-.32

.43

-.70

.684

-2.36

.96

Fake Bad

-3.05*

.000

-4.73

-1.37

Coached Fake

-3.33*

.000

-5.03

-1.63

.70

.684

-.96

2.36

Fake Bad

-2.35*

.002

-4.01

-.69

Coached Fake

-2.63*

.001

-4.31

-.95

Fake Bad
Total Errors Baseline Athlete Honest Effort

Bad
Honest Effort

Baseline Athlete

Bad
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Fake Bad

Baseline Athlete

3.05*

.000

1.37

4.73

Honest Effort

2.35*

.002

.69

4.01

Coached Fake

-.28

.972

-1.98

1.42

Baseline Athlete

3.33*

.000

1.63

5.03

Honest Effort

2.63*

.001

.95

4.31

.28

.972

-1.42

1.98

Bad
Coached Fake
Bad

Fake Bad

Table 7. A-Test Means Table

A-Test Omission Errors

A-Test Commission

A-Test Perserveration
Errors

N
Baseline Athlete
Honest Effort
Fake Bad
Coached Fake Bad
Total
Baseline Athlete
Honest Effort
Fake Bad
Coached Fake Bad
Total
Baseline Athlete
Honest Effort
Fake Bad
Coached Fake Bad
Total

Mean
20
21
20
19
80
20
21
20
19
80
20
21
20
19
80

Std. Deviation
.00
.24
2.85
3.05
1.50
.05
.43
.45
.47
.35
.25
.33
.05
.11
.19

25
Standardized Assessment of Concussion (SAC). A one-way Analysis of
Variance (ANOVA) was conducted, and the assumption of homogeneity of
variances were met (Levene statistic = 2.90, p = .83). ANOVA results showed there
was an overall significant mean difference among the three group means and the
SAC score on the SCAT-5, F(3, 76) = 5.04, p < .01. Post hoc comparisons using
Tukey HSD tests indicated that the mean score for the Honest Effort group (M=
35.29, SD= 4.82) was significantly different when compared to the Fake Bad group
(M= 26.05, SD= 6.74) at a p < .01 significance level. The Fake Bad group mean
scores were significantly different than the Honest Effort and Coached Fake Bad
groups (M= 35.37, SD= 6.65) with the p < .01 significance level. The Coached
Fake Bad group mean scores were significantly different than the Fake Bad group
with a p < .01 significance level. The Baseline group mean (M= 34, SD= 5.54)
scores showed no significant differences with other groups, p > .05.
Symptom Reporting. A Multivariate Analysis of Variance (MANOVA) was
conducted to examine differences between groups on the two symptom self-report
measures. Results showed the overall MANOVA effect was significant, Wilks =
.56, F (6, 150) = 8.32, p < .001. Univariate testing found that the group assignment
had a statistically significant effect on both the total number of symptoms reported
(F (3, 76) = 17.62; p < .001) and severity of symptom scores (F (3, 76) = 10.95; p <
.001).
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Table 8. Comparison of Reported Symptom Scores between Conditions
Baseline Athletes

Honest effort

Fake Bad

Coached Fake
Bad

1.70 (3.10)

7.33 (6.04)

11.75 (6.45)

13.79 (6.40)

Tukey HSD

p

Baseline-Honest effort
Baseline-Fake Bad
Baseline-Coached
Honest Effort-Fake Bad
Honest Effort-Coached
Fake Bad-Coached

0.011
<.001
<.001
0.069
0.003
0.676

2.60 (5.28)

14.76 (16.22)

22.85
(16.58)

30.42 (21.46)

Tukey HSD

p

Baseline-Honest effort
Baseline-Fake Bad
Baseline-Coached
Honest Effort-Fake Bad
Honest Effort-Coached
Fake Bad-Coached

0.078
0.001
<.001
0.371
0.014
0.453

Total Symptoms
Mean Score (SD)
Group
Comparisons

Severity of
Symptoms
Mean Score (SD)
Group
Comparisons

Table 8 shows the outcome of the pairwise comparison using the Tukey test
for mean scores for each group for Total Symptoms and Symptom Severity. With
only minor exceptions, Honest Effort was similar to Baseline athletes, and both
differed from the two SOP groups, which did not differ. These differences can be
visualized easily by the plots generated by this procedure, as shown below in
Figures 1 and 2.
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Figure 1. Total symptoms reported by each group.

The lack of a difference in symptom severity for Baseline athlete and honest-effort
groups appears related more to very low levels of symptoms reported by athletes in
Baseline.
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Figure 2. Symptom severity reported by each group.

ROC Analysis
The second of the two primary objectives for this study was to determine
cut scores on the external performance validity measures, that is scores above
(DCT and A Test) or below (RWRT) which were be triggers for investigation of
sub-optimal effort. The Receiver Operating Characteristic analysis generates a
variety of probabilistic variables using scores that identify most members of a
known category (sensitivity; in our case, malingerers) while avoiding misidentification of effortful participants (specificity). A previous study (Salazar et al.,
2017) had determined that the DCT variable that provided the best balance of
sensitivity and specificity was the Combination Score ≥ 15. That is, scores of 15 or
higher captured the majority of known fake-bad participants and the fewest honest-
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effort participants. In the present study, the DCT Combination Score also generated
the best balance of sensitivity and specificity. As shown in Figure 1, when the
scores of the 38 naïve and Coached SOP participants were analyzed along with the
21 honest-effort participants, the area under the curve (AUC) value of 0.760
suggests a prediction that is moderately accurate. A score of 15 was identified by
the Youden Index J as providing the best balance. In this case, sensitivity was
52.63% and specificity was 95.24% (the curve shows 1 – specificity, which is the
false positive rate). Thus, a Combination Score of 15 or greater identified 20 of the
SOP participants as giving poor effort, and only one of the honest-effort group.
Table 3 shows the calculated outcomes of sensitivity and specificity with 95%
confidence intervals for scores above and below 15. Clearly, attempts to improve
the odds of identifying SOP participants by lowering the cut score has a greater
impact on increasing false positives from the honest-effort participants.
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Figure 3. ROC Curve describing optimum values of sensitivity and specificity for
the Combination Score of the Rey Dot Counting Test.
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Table 9. Criterion values and coordinates of the ROC Curve for the DCT
Combination Score.
Criterion

≥5
>5
>6
>7
>8
>9
>10
>11
>12
>13
>14
>15
>16
>17
>18
>19
>20
>21
>22
>24
>25
>43

Sensitivity

100.00
97.37
97.37
94.74
84.21
76.32
76.32
71.05
60.53
52.63
52.63
52.63
42.11
36.84
34.21
21.05
15.79
10.53
7.89
5.26
2.63
0.00

95% CI

90.7 - 100.0
86.2 - 99.9
86.2 - 99.9
82.3 - 99.4
68.7 - 94.0
59.8 - 88.6
59.8 - 88.6
54.1 - 84.6
43.4 - 76.0
35.8 - 69.0
35.8 - 69.0
35.8 - 69.0
26.3 - 59.2
21.8 - 54.0
19.6 - 51.4
9.6 - 37.3
6.0 - 31.3
2.9 - 24.8
1.7 - 21.4
0.6 - 17.7
0.07 - 13.8
0.0 - 9.3

Specificity

0.00
0.00
14.29
33.33
42.86
52.38
61.90
66.67
76.19
85.71
90.48
95.24
95.24
95.24
95.24
95.24
95.24
95.24
95.24
95.24
100.00
100.00

95% CI

0.0 - 16.1
0.0 - 16.1
3.0 - 36.3
14.6 - 57.0
21.8 - 66.0
29.8 - 74.3
38.4 - 81.9
43.0 - 85.4
52.8 - 91.8
63.7 - 97.0
69.6 - 98.8
76.2 - 99.9
76.2 - 99.9
76.2 - 99.9
76.2 - 99.9
76.2 - 99.9
76.2 - 99.9
76.2 - 99.9
76.2 - 99.9
76.2 - 99.9
83.9 - 100.0
83.9 - 100.0

The ROC curves describing the most predictive variables for the Rey
RWRT are shown in Figures 4 and 5. Specifically, Figure 4 summarizes the
outcomes for the RWRT Combination Score (total correct words plus correct from
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the first 8, minus intrusions), and Figure 5 gives a similar summary for the Total
Words Correct score. For the RWRT Combination Score, the AUC value of 0.717
describes a moderately predictive outcome. The Youden Index J selected a criterion
score of 12 or less as giving the best balance of sensitivity and specificity. Using
the RWRT Combination Score ≤12, a sensitivity of 76.32% and specificity of
66.67% was determined. In people terms, that would have resulted in 29 of the 38
SOP participants being correctly identified, but seven of the 21 honest-effort group
also would have been identified as having suspect effort. Table 9 provides the
criterion values and coordinates of the RWRT Combination score ROC curve.
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Figure 4. ROC Curve describing optimum values of sensitivity and specificity for
the Combination Score of the Rey Word Recognition Test.
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Table 10. Criterion values and coordinates of the ROC Curve for the RWRT
Combination Score.
Criterion
<3
≤3
≤4
≤5
≤6
≤8
≤9
≤10
≤11
≤12
≤13
≤14
≤15
≤16
≤17
≤18
≤19
≤20

Sensitivity
0.00
2.63
5.26
13.16
21.05
31.58
52.63
55.26
71.05
76.32
81.58
86.84
86.84
92.11
94.74
94.74
97.37
100.00

95% CI
0.0 - 9.3
0.07 - 13.8
0.6 - 17.7
4.4 - 28.1
9.6 - 37.3
17.5 - 48.7
35.8 - 69.0
38.3 - 71.4
54.1 - 84.6
59.8 - 88.6
65.7 - 92.3
71.9 - 95.6
71.9 - 95.6
78.6 - 98.3
82.3 - 99.4
82.3 - 99.4
86.2 - 99.9
90.7 - 100.0

Specificity
100.00
100.00
100.00
100.00
100.00
85.71
76.19
71.43
66.67
66.67
52.38
38.10
28.57
19.05
19.05
9.52
4.76
0.00

95% CI
83.9 - 100.0
83.9 - 100.0
83.9 - 100.0
83.9 - 100.0
83.9 - 100.0
63.7 - 97.0
52.8 - 91.8
47.8 - 88.7
43.0 - 85.4
43.0 - 85.4
29.8 - 74.3
18.1 - 61.6
11.3 - 52.2
5.4 - 41.9
5.4 - 41.9
1.2 - 30.4
0.1 - 23.8
0.0 - 16.1

Although the ROC analysis of the RWRT Total Correct score was less
predictive of group membership, some investigators may need to make a quick
decision on the assessment of effort, so that variable is shown below in Figure 4
and Table 7. As is clear from the graph and the 0.679 AUC value, Total Correct is a
weak predictor overall. The Youden Index J selected a criterion score of 9 or less,
with the corresponding sensitivity of 84.21% and specificity of 42.86%. Thus,
although this score correctly identified 32 of the 38 SOP group, it would have also
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identified 12 of the 21 honest-effort group as malingerers. The coordinates for other
scores above and below 9 are shown in Table 10.

Figure 5. ROC Curve describing optimum values of sensitivity and specificity for
the Total Correct Score of the Rey Word Recognition Test.
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Table 11. Criterion values and coordinates of the ROC Curve for the RWRT Total
Correct Score.
Criterion

<3
≤3
≤4
≤5
≤6
≤7
≤8
≤9
≤10
≤11
≤12
≤13

Sensitivity

95% CI

0.00
0.0 - 9.3
7.89
1.7 - 21.4
13.16
4.4 - 28.1
26.32 13.4 - 43.1
39.47 24.0 - 56.6
55.26 38.3 - 71.4
73.68 56.9 - 86.6
84.21 68.7 - 94.0
89.47 75.2 - 97.1
94.74 82.3 - 99.4
97.37 86.2 - 99.9
100.00 90.7 - 100.0

Specificity

95% CI

100.00 83.9 - 100.0
100.00 83.9 - 100.0
95.24 76.2 - 99.9
90.48 69.6 - 98.8
80.95 58.1 - 94.6
71.43 47.8 - 88.7
52.38 29.8 - 74.3
42.86 21.8 - 66.0
23.81
8.2 - 47.2
14.29
3.0 - 36.3
0.00
0.0 - 16.1
0.00
0.0 - 16.1

The final external test of SOP was the A Test. Total error, errors of
omission, errors of commission, and perseverations were the variables measured.
Of those, Omission Errors and Total Errors provided average or better cut scores
for identifying SOP participants. Omission errors, which occur when the
participant does not tap when an “A” has been read provided the best balance of
sensitivity and specificity. As noted in the ROC curve shown in Figure 6, the AUC
was 0.845, suggesting a good categorization. The Youden Index J selected a
criterion score greater than zero as optimum. This gave a sensitivity of 81.58% with
a specificity of 80.95%. Thus, the presence of any errors of omission would have
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correctly identified 31 of 38 SOP participants, and pulled in 5 of the 21 Honest
Effort subjects as malingering.

Figure 6. ROC Curve describing optimum values of sensitivity and specificity for
the Total Correct Score of the Rey Word Recognition Test.

As shown in Table 11, if criterion values of one or more were adopted, the
sensitivity quickly dropped off while the specificity was perfect once 3 or more
errors was reached.
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Table 12. Criterion values and coordinates of the ROC Curve for the Omission
Error Score of the A Test.
Criterion

≥0
>0
>1
>2
>3
>4
>5
>6
>7
>9

Sensitivity

95% CI

100.00 90.7 - 100.0
81.58 65.7 - 92.3
63.16 46.0 - 78.2
52.63 35.8 - 69.0
34.21 19.6 - 51.4
28.95 15.4 - 45.9
15.79
6.0 - 31.3
13.16
4.4 - 28.1
2.63 0.07 - 13.8
0.00
0.0 - 9.3

Specificity

0.00
80.95
90.48
90.48
100.00
100.00
100.00
100.00
100.00
100.00

95% CI

0.0 - 16.1
58.1 - 94.6
69.6 - 98.8
69.6 - 98.8
83.9 - 100.0
83.9 - 100.0
83.9 - 100.0
83.9 - 100.0
83.9 - 100.0
83.9 - 100.0

The next best variable from the A Test that predicted SOP from Honest
Effort participants was Total Errors. The ROC curve is shown in Figure 5. The
AUC of .774 is average, and the Youden Index J selected a criterion of two or more
total errors as having a sensitivity of 60.53% and a specificity of 85.71. Thus, only
23 of our 38 SOP subjects would be correctly identified, while only three of the 21
Honest Effort group would be mis-identified as malingerers.
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Figure 7. ROC Curve describing optimum values of sensitivity and specificity for
the A Test Total Error Score.
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Table 13. Criterion values and coordinates of the ROC Curve for the A Test Total
Error Score.
Criterion

≥0
>0
>1
>2
>3
>4
>5
>7
>8
>11

Sensitivity

100.00
89.47
65.79
60.53
47.37
34.21
18.42
7.89
2.63
0.00

95% CI

90.7 - 100.0
75.2 - 97.1
48.6 - 80.4
43.4 - 76.0
31.0 - 64.2
19.6 - 51.4
7.7 - 34.3
1.7 - 21.4
0.07 - 13.8
0.0 - 9.3

Specificity

0.00
38.10
71.43
85.71
95.24
95.24
100.00
100.00
100.00
100.00

95% CI

0.0 - 16.1
18.1 - 61.6
47.8 - 88.7
63.7 - 97.0
76.2 - 99.9
76.2 - 99.9
83.9 - 100.0
83.9 - 100.0
83.9 - 100.0
83.9 - 100.0

Discussion
This study used the same baseline concussion protocol to examine the
utility of different measures used as sub-optimal performance indicators. The
research considered the scoring levels developed by each group condition (baseline,
honest effort, fake bad, and coached fake bad) to develop cut-off scores and pattern
indicators that may label a student as a potential sandbagger. This study is one of
the first attempts to create norms for non-athlete college students to compare to the
athlete population using concussion both standard protocols for concussion
diagnosis as well as brief external effort tests with honest and known sub-optimal
performance groups. Of the measures used the study found that DCT, RWRT, A-
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Test, and SCAT-5 were all capable of differentiating between honest effort and
sub-optimal performance.
The researchers hypothesized that the scores on the majority of tests would
be similar in the baseline and honest effort groups. In both groups, participants
were asked to perform their best and the honest effort group acts as a control group
to directly compare with the baseline athletes. This is what was found in the results
of the external measures of effort used, including the DCT, RWRT, and A-Test.
Results also display differences between the baseline athlete scores and both suboptimal groups, indicating different scoring patterns dependent on good versus poor
level of effort given. This allowed the researchers to better comprehend accurate
patterns which could be generalized to help detect when an athlete at baseline is
sandbagging outside this study.
It should be noted that of the group comparison data for all the effort tests,
Baseline Athletes and Honest Effort groups typically showed similar scoring
patterns. Some measures were not discriminative such as the Intrusions on the
RWRT and the Commissions and Perseverations on the A Test. Therefore,
although researchers found that these tests provided a decent measure of suboptimal performance, it was also indicated that only selected variables from said
tests do so. For example, making intrusions on the RWRT may not prove to be an
intuitive method of lowering one’s score on a memory test as forgetting is often the
most common method of malingering when compared to intrusions as it is often
easier for the examinee to omit correct answers rather than spending time and
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thought on which intrusions to endorse. The same principle is found when using the
A-Test in which it is easier for an examinee to not respond when the letter is heard
versus tapping on an incorrect word (commission error) or continuous tapping after
the stimulus (preservation error). Therefore, on the A-Test, Omissions may be the
best measure of sub-optimal performance because it is the simplest strategy to
employ. Moreover, the Total Errors include both Commissions and Perseverations,
which are more variable and unpredictive of sub-optimal performance.
The self-report symptom checklist on the SCAT-5 yielded significantly
different scores depending on group condition. As depicted in Table 8, the mean
scores for total number of symptoms reported for the honest effort group were
drastically higher than the reported number of symptoms in the baseline group.
Based on this sample it does appear possible that student athletes may not be
reporting honestly their symptoms at baseline. This notion is supported by the
finding that in the effort test analyses, the Athletes and the Honest Effort groups
usually were similar. As previous studies have outlined, the athletic culture and
mindset is complicated and may play a role in why an athlete may choose to
underreport (Echemendia & Cantu, 2003). One theory describes how often athletes
are told to “shake it off” or that injury is weakness, therefore admitting any
troubling symptoms may be viewed as weakness to the athlete. Another surprising
finding of the study is the honest effort group and fake bad group had no significant
difference in symptoms reported or symptom severity. This finding indicates the
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honest effort group reported similarly to the group asked to intentionally inflate
their scores.
The second main objective for the study was to derive appropriate criterion
scores on the three external performance validity measures. In most situations, the
honest effort groups were faster and more accurate than the sub-optimal groups on
the DCT. The ROC analysis provided a combination score of >15 as a moderately
accurate indicator of sub-optimal performance. These findings match the findings
of a previous study (Salazar et al., 2017) which yielded the same cut-off score
provided greater evidence that examiners can expect most baseline athletes scoring
at or above the suggested score as suspicious effort. When this is suspected, it is
optimal to have the criterion scores for the other measures of effort to mix and
compare sub-optimal effort patterns found in the scores. Therefore, if an athlete
scores below the cut score on multiple measures of effort, such as the RWRT, it can
be a more reliable indicator of sub-optimal effort (Heilbronner et al, 2009).
The ROC analysis provided a criterion score of 12 or less as giving the best
balance of sensitivity and specificity. For this measure the baseline and honest
effort groups scored higher means when compared to the sub-optimal effort groups
showing that in a test of word recognition the honest effort and baseline groups
were able to choose more correct words with fewer intrusions. Twenty-nine of the
38 sub-optimal performance participants scoring at or less than 12 on the
combination score was correctly identified as suspect effort. With moderate
accuracy, examiners using this baseline measure may be able to quickly and easily
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identify suspect behavior. Although it may be more efficient for examiners to use
the number of correctly identified words to make a quick assessment decision, it
was found that the combination score was more accurately predictive of suspect
effort. In the final external test of effort, the A-Test, the Omission Errors provided
the most accurate and predictive cut score greater than zero. The ROC analysis
concludes that honest effort participants were typically made no omission errors on
the A-Test. The clinical use of all three test in conjunction may provide the most
information and provide the best indication of sub-optimal performance
(Heilbronner et al, 2009).
For clinical utility, the findings of the ROC Curve analyses may be most
attractive for use by clinicians and clinical researchers to help guide them in
identifying suspect effort. It should be noted that none of the optimal cut scores of
the three measure of effort provide an impressive balance of sensitivity and
specificity. These scores are generally skewed toward better specificity which
allows athletes who are performing with reasonable effort are not mistakenly
identified as giving below their best effort (Larrabee, 2012). Moreover, none of the
three tests should serve as a stand-alone maker for sub-optimal performance.
Rather, multiple measures of performance validity should be employed together or
in conjunction with other well studied measures of effort (Heilbronner et al, 2009).

Limitations
Although the sub-optimal performance group participants were asked to
describe the sandbagging strategies, no qualifying measure or analysis was used to
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explore this information further. Most of these participants described performing
the tasks at a purposefully lower speed in order to alter their score to depict a
sandbagging athlete. Other “tells” included altering the correct answer by a slight
(1 to 2-point) difference on most tasks in attempt to not produce obviously low
scores.
Another limitation in the study included the sample size used. Due to time
constraints, the sample size was smaller than anticipated, and therefore the results
may be less generalizable to the population. Furthermore, the study was conducted
using only local University data. A larger data pool from a variety of universities
would provide a more accurate representation of the population. The study also
made the assumption that the strategies used by the non-athlete participants are
generalizable to the athlete population. While this assumption was believed to be
accurate, the small sample size did not produce the level of confidence needed for
generalization to the population.

Future Directions
Future replications of this study should include a larger and more diverse
sample size, utilizing data from multiple universities and possibly from other
NCAA divisions. Research in this area may also include a measure to analyze the
specific strategies used for sandbagging purposes in order to develop strong
methods of detection.
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Conclusions
Overall the measures used were found to be suitable indicators of suboptimal performance in college athlete baseline concussion testing. Additionally,
the study highlights strong predictors including Omission total on the A-Test, the
DCT combination score, RWRT combination score, the SCAT total symptoms
reported and symptoms severity. The results also provide optimum cut scores to
help examiners with suspect effort. A score of 12 or less on the RWRT
combination score is moderate indicator for suspect effort. DCT combination cut
scores include 15 or more which would label an examinee as providing sub-optimal
performance. The A-Test Omission error was found as one of the strongest
predictors in which a cut score above zero would lead to suspect effort. This study
found that when used together these assessments can provide valuable information
regarding effort.
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Appendix A
Consent to Participate Form
Consent to Participate in a Research Study
Florida Institute of Technology
Title of
Norms for the Baseline Concussion Protocol Tests
Study:
Investigators:
Introduction
You are being asked to be in a research study in that examines the psychometric
properties a cognitive test. We ask that you read this form and ask any questions
that you may have before agreeing to be in the study.
If you agree to participate you will agree to meet with one of examiners. You will
be asked to complete a short psychological test and a briefer demographic survey.
The entire session will take approximately 30 minutes.
Purpose of Study
The purpose of the study is to better understand how people perform on the cognitive
test. Ultimately, this research may be presented as a Doctoral Research Project and/or
published document.
Description of the Study Procedures
If you agree to be in this study, you will be asked to follow instructions on how to
complete the tests. These assessments include measures of memory and
concentration.
Benefits of Being in the Study
The benefits of participation in this study include credit for undergraduate
SonaSystems research database if you are in a class that has these credits available.
Another benefit is to be in the raffle to win a $100 Amazon gift card.
Confidentiality
The records of this study will be kept strictly confidential. Research records will be
kept in a locked file, and all electronic information will be coded and secured using
a password protected file. We will not include any information in any report we
may publish that would make it possible to identify you.
Right to Refuse or Withdraw
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The decision to participate in this study is entirely up to you. You may refuse to
take part in the study at any time without affecting your relationship with the
investigators of this study. You have the right not to answer any single question, as
well as to withdraw completely from the interview at any point during the process;
additionally, you have the right to request that the interviewer not use any of your
interview material. Obviously, if you decide to discontinue, you will not earn all of
the research credits.
Right to Ask Questions and Report Concerns
You have the right to ask questions about this research study and to have those
questions answered by me before, during or after the research. For the integrity of the
study some technical questions may not be answered until the completion of your
participation. If you have any further questions about the study, at any time feel free
to contact me, Kaci Kelley at kkelley2011@my.fit.edu or by telephone at 321-6748104.
Alternatively, concerns can be reported by completing a Participant Complaint
Form, which can found on the IRB website at http://www.fit.edu/irb/
Consent
Your signature below indicates that you have decided to volunteer as a research
participant for this study, and that you have read and understood the information
provided above. You will be given a signed and dated copy of this form to keep,
along with any other printed materials deemed necessary by the study investigators.
Subject's Name
(print):

Subject's
Signature:

Date:

Investigator’s
Signature:

Date:

*If you would like to be entered in the drawing to win a $100 Amazon gift card,
please provide your email address below.
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Appendix B
Demographic Information Form
Sex:

Race:

Male

Female

□ White □ Black/African American □ Native
Hawaiian/Other Pacific Islander
□ Asian □ Hispanic/Latino
□ American
Indian/Alaska Native
□ Two or more races

Date:
Age:
Incoming Freshman
Grade:

What is your current
GPA?
Do you play in any
intermural or club
sports? If yes, which
ones?
Have you had any
concussions or other
traumatic brain
injuries in the past?
If yes, when was
the most recent?
How long was the
recovery from the
most recent?

Completed First Year of College
Second Year of College

Completed

Completed Third Year of College
Fourth+ Year of College

Completed
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How many hours
of sleep did you
have last night?
Are you
experiencing jet
lag right now?
Did you have more
than two beers or
alcoholic drinks last
night?
If English is not
your first
language, what is
your first
language?
If you are an
International
Student, what is
your country of
origin?

Please check any of the conditions below that you or your immediate family
(parents, siblings, or grandparents) have been diagnosed with:

You
Headaches
Migraines
Learning Disability
Dyslexia
ADD/ADHD
Depression
Anxiety
Other Psychiatric
Disorder
Motion Sickness

Your immediate
family
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Appendix C
Script for testing based on group assignment:
Honest Effort Group: This assessment is a tool used as a pre-season
Baseline for athletes at Florida Tech in order to assess for concussion
after head trauma. Please provide your best effort on the following
tasks.
Faking Bad Group: This assessment is a tool used as a pre-season
Baseline for athletes at Florida Tech in order to assess for concussion
after head trauma. Some athletes attempt to perform below their best
effort in an attempt to produce a false low Baseline, so that later on, if
they suffer a head injury and take this assessment post-trauma, their
post-injury scores will be compared to the already low false Baseline
score. This makes concussion detection less likely and allows the
athlete to continue playing their sport. Intentionally scoring below best
their best effort is called sandbagging. Please perform as if you are an
athlete attempting to sandbag.
Coached Faking Bad Group: This assessment is a tool used as a preseason Baseline for athletes at Florida Tech in order to assess for
concussion after head trauma. Some athletes attempt to perform below
their best effort in an attempt to produce an artificially low Baseline
making concussion detection less likely and allowing the athlete to
continue playing their sport. Intentionally scoring below best their best
effort is called sandbagging. During the following assessment you are
to act as if you are a sandbagging athlete. I want you to score lower
than your best effort, without yielding an obviously low score which
would label you as sandbagging. This should be a believable
performance that is just below your highest capabilities (i.e. think
subtle, not obvious). For example, as a kid if you wanted to stay home
from school you may fake sick. You would want to pretend to be sick
enough to miss school without being obvious that you were faking. Use
the same approach in the following tasks. Do you have any questions?
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After each test and before the next, participants will reminded of their
group assignment.

