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Abstract

Medical professionals continue to revise on-field sport-related concussion (SRC)
assessment tools to increase their validity and reliability. Multiple versions of the Sport
Concussion Assessment Tool (SCAT) have been created, with the newest revision (SCAT5)
published in 2017. This version contains changes from a required five-item word list to an
optional ten-item word list in the immediate memory and delayed recall sections. The purpose of
this study was to determine the underlying and latent structure of the SCAT3 and SCAT5 on pre-
test data, in addition to evaluating the internal consistency and ceiling effects of the instrument.
An exploratory factor analysis was conducted on the Standardized Assessment of Concussion
(SAC) portion of the SCAT, with a comparison of proportions for floor and ceiling effects.
Results for this study showed the factor structure for both SCAT versions did not adequately
align with the four sections of the assessment. Overall internal reliability of the SCAT5 was
higher than previously reported for other SCAT versions (a = 0.764) and statistical differences
were present for ceiling effects between the SCAT3 and SCAT5 for immediate memory
(x?(1,427) = 218.290, p<.0000) and delayed recall (x%(1, 427) = 90.43, p<.0000). Findings
reveal that the assessment tool structure may be different than what is intended. Despite these
concerns, healthcare practitioners should evaluate their SRC decision-making processes to
determine if this assessment should be utilized in their testing battery and consider its priority in
the return-to-play process.
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Chapter 1
Introduction

Sports-related concussion (SRC) have received increased scrutiny from the media over
the past two decades (Ku, 2017). In response to this pressure, medical professionals who
routinely work with athletes are continually critiquing and evaluating the best protocols for SRC
detection, treatment, return-to-play, and return-to-learn. At the forefront of these SRC
discussions is the sideline assessment. Medical professionals want to know what tools are
available and useful to properly and efficiently detect a SRC during a practice or competition.
Although numerous sideline assessment tools have been developed and modified over the course
of the last decade, research has questioned their effectiveness, validity, and reliability. These
SRC assessments test for various deficiencies in cognition, balance, vestibular-oculomotor, and
symptoms, all of which have been observed in players following a head injury.

One primary goal of SRC assessments is to test for cognitive impairments following an
injury because cognitive deficits have been observed post-injury for athletes across many sports
(Collie, Makdissi, Maruff, Bennell, & McCrory, 2006). This research by Collie et al. (2006)
delineates that these cognitive dysfunctions can occur within information processing, memory,
and attention subgroups. Various assessment tools have been created to assess SRC as
researchers increase their focus on enhancing diagnosis and return-to-play criteria.

The Sport Concussion Assessment Tool (SCAT), created in 2004, by the Concussion in
Sport Group during the Second International Conference on Concussion in Sport, is one attempt
to standardized sideline SRC assessment (McCrory et al., 2005; Yengo-Kahn et al., 2016). When
creating the SCAT, McCrory et al. (2005) combined existing tests to create a comprehensive

assessment that would explore neurological and neurocognitive functions; elements of the
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following tests were included: Standardized Assessment of Concussion (SAC), Post-Concussive
Symptom Scale (PCSS), modified Maddock's questions, on-field observations, and return-to-
play guidelines. The SCAT was revised to create the SCAT2 in 2008 during the Third
International Conference on Concussion in Sport (McCrory et al., 2009). Modifications to the
SCAT2 included the addition of the Glasgow Coma Scale (GCS), alternate word lists for the
immediate memory and delayed recall sections of the test, and a modified version of the Balance
Error Scoring System (Yengo-Kahn et al., 2016). In 2013, the SCATS3 revision (see Appendix A)
had very few modifications but included an additional balance testing option and a neck
examination section (McCrory et al., 2013a).

Annual meetings of concussion experts continue to occur as knowledge of SRC
assessment grows and informs necessary changes for assessment and management. During the
51 International Consensus Conference on Concussion in Sport, the newest revision of the SCAT
(SCATS5) was discussed and subsequently published in 2017 (Echemendia et al., 2017b). The
SCATS (see Appendix B) includes significant adjustments to the immediate memory and delayed
recall portions of the assessment. This is where the optional use of a ten-item word list, instead
of the traditional five-item word list (used in all previous versions of the SCAT), could be
utilized. It should be noted that practitioners still retain the option of using the five-item word
lists though the goal of providing the new ten-item word lists is to limit the reported ceiling
effect. A ceiling effect is defined as a maximal score on the section. This means that if there are
15-items the participant gets all 15 correct. However, Echemendia et al. (2017b) note that this
new format needs to be tested to determine if it is psychometrically viable.

In this research, | utilized exploratory factor analysis (EFA) to determine the

psychometric properties of the SCAT5S in comparison to the SCAT3 with an additional focus on
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the ceiling effects present in the immediate memory and delayed recall sections of both tests.
This research contributes to the conversation on whether the variables tested in the SCAT5 have
the same structure as the SCATS3 or if changes still need to be made to the assessment for it to be

effectively utilized in clinical practice.

Related Studies

The following section explores studies that relate to the research topic, specifically
baseline testing, Standardized Assessment of Concussions, psychometric properties, and ceiling
effects.

Baseline testing. Some assessment tools require baseline assessments to help determine
the presence of a SRC (Benedict et al., 2015; McCrea et al., 1998; McElhiney, Kang, Starkey, &
Ragan, 2014; Sufrinko et al., 2017). Baseline testing allows for a post-injury comparison to the
athlete’s pre-injury abilities, which provides a more individualized assessment with the potential
to minimize possible confounding variables (i.e. learning disabilities, previous injury, etc.).
While these instruments have shown some relationship in diagnosing SRC, no single test
comprehensively assesses all aspects of a concussion. As a result, clinicians are cautioned to use
clinical judgment while using these instruments for diagnosis and return-to-play criteria
(Echemendia et al., 2017a). Some tools that have been utilized that require baseline testing
include Standardized Assessment of Concussions (SAC) (McCrea, 2001b), Sport Concussion
Assessment Tool (SCAT) (Chin, Nelson, Barr, McCrory, & McCrea, 2016), King-Devick test
(Brommer, Fowler, Hons, Gerwing, & Payne, 2016), INPACT (Allen & Gfeller, 2011),
CogSport (Collie et al., 2006), and Balance Error Scoring System (BESS) (Yengo-Kahn et al.,
2016). Of these SRC assessments, the SCAT is the most commonly-used sideline assessment

(Echemendia et al., 2017a).
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Standardized Assessment of Concussion. The section of the SCAT under primary focus
in this research study is historically referred to as the Standardized Assessment of Concussion
(SAC). The SAC, generated in 1997, is one of the earliest tools created for cognitive SRC
assessment (Yengo-Kahn et al., 2016). The SAC was incorporated into the earliest version of the
SCAT and uses orientation, immediate memory, and concentration questions to help clinicians
recognize and diagnose SRCs (McCrory et al., 2005). In 1998, McCrea explored the SAC's
psychometric properties and found a significant difference between SAC baseline testing values
and scores following a SRC, which suggests that the assessment can detect changes in cognitive
function (McCrea et al., 1998).

Psychometric properties. In 2009, more published research contradicted McCrea’s
research by concluding that most SAC items have unacceptable psychometric properties with
76% of the items established as too easy (Ragan, Herrmann, Kang, & Mack, 2009). Based on the
deficiencies in the psychometric properties discovered by Ragan et al. (2009), research was
undertaken to find more psychometrically-sound words for the immediate memory and delayed
recall sections of the SAC (McElhiney et al., 2014). McElhiney et al. (2014) focused on
changing the difficulty of the words given and not on the repetition of the words. Therefore, they
utilized a 10-item list repeated once, instead of the standard three repetitions, with a wide
variation in words. This change maintained the total overall score for the SAC. This 10-item list
was psychometrically sound (McElhiney et al., 2014). However, none of these words are found
within the SCATS and, to the author’s knowledge, no evaluation of the 10-item lists repeated
three times (as is directed on the SCATS5) presently exists. Therefore, it is necessary to conduct
research utilizing the format of the SCATS5 while repeating the a 10-item word list three times to

determine if any structural changes have occurred with the revision.
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The examples above illustrate the conflicting evidence on the psychometric properties of
the SAC and SCAT regarding the instruments’ validity, practice effects, and ceiling effects
(Hecimovich & Marais, 2017; Ragan et al., 2009) and none of the studies reviewed thus far have
reported any exploratory or confirmatory factor analysis, hence the need for a study like this one.
Test-retest reliability on the SCAT ranges from .31 to .71 with an overall coefficient of .64
(McCrea, Kelly, & Randolph, 2007). McCrea, Kelly, and Randolph (2007) suggest that this low
correlation occurs because there is minimal variation in score along with a small ceiling effect.
Barr and McCrea (2001) reported the sensitivity and specificity of the SAC as .94 and .76
respectively with test-retest reliability at .55. Additionally, a practice effect was present when the
test was administered after 120 days for male high school and college football athletes (Barr &
McCrea, 2001). Barr and McCrea (2001) state that a practice effect can occur when a patient
repeatedly takes an assessment, thus their score improves because they know how the test works
and the items on it. This can be a problem because most institutions’ serial testing strategy for
baseline testing use the same instruments and word list annually. This phenomenon can possibly
lead to a ceiling effect and is part of the reason for this study.

Ceiling effect. The ceiling effect of the orientation and immediate memory sections of
the SAC portion of the original SCAT have been compiled and critically evaluated (Echemendia
& Julian, 2001). McCrea et al. (1998) showed that a perfect score or ceiling effect was achieved
for 7% of all subjects. They claimed this percentage as insignificant, yet it meant that there is the
possibility that seven percent of the patients who took the SCAT were not being accurately
assessed (McCrea et al., 1998). Ragan and Kang (2007) noted that the assessment is flawed
during baseline testing and can lead to a misdiagnosis of a SRC, meaning that an assessor may

conclude that an injury did not occur when one really did. In contrast, McCrea et al. (1998)
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found a mean score of 14.51 out of 15 for all subjects taking the 5-item SAC test, which shows
that most athletes scored at the top of the range of the memory assessment. According to
McElhiney et al. (2014), this ceiling effect needs to be further examined with a mixed gender
population to see if it exists using the SCAT3 and whether this ceiling effect is mitigated through

use of the SCATS 10-item list.

Problem

An emphasis on SRCs has grown over the past two decades along with scrutiny by
athletes, parents, and media about the ability of sideline assessment tests to recognize and
diagnose SRCs (Ku, 2017). These involve ethical and legal implications for physicians and
healthcare professionals engaged in the recognition, diagnosis, and treatment of SRCs (Kirschen,
Tsou, Bird Nelson, Russell, & Larriviere, 2014; Pachman & Lamba, 2017). Giving the best
standard of care is a priority for healthcare professionals, so they continue to examine ways to
assess, diagnose, and treat SRCs. These medical professionals aim to better understand SRCs
through an extensive body of research that has been published in the last decade. SRC research
explores physiological changes in the brain, on-field assessment, diagnostic procedures, and
recovery processes including return-to-learn and return-to-play protocols. Yet despite growing
SRC research, it is evident that several gaps still exist in the literature, including the need for
objective SRC assessments (Elkington & Hughes, 2016) and sound objective measures that do

not have a ceiling effect on mixed gender samples (Yengo-Kahn et al., 2016).

Purpose Statement
Medical professionals continue to revise on-field SRC assessment tools to increase their
validity and reliability (Echemendia et al., 2017a; Echemendia et al., 2017b). Thus, multiple

versions of the SCAT have been created over the last decade with the newest revision (SCAT5)



EXAMINATION OF SCAT5 BASELINE TESTING 7

published in 2017 (Echemendia et al., 2017b). This version contains changes from a required
five-item word list to an optional ten-item word list in the immediate memory and delayed recall
sections of the test. These changes aim to address two issues within the SCAT instrument:
specifically, ceiling effects and “sandbagging” (Echemendia et al., 2017b).

A ceiling effect occurs when an athlete takes the assessment and receives a perfect score.
This means that there is a high likelihood that the athlete could receive a higher score if more
variables were present. “Sandbagging” occurs when athletes purposefully study for the test ahead
of time and/or pretend to remember less than they are capable of remembering on the baseline
test in order to increase their chances of scoring well on a post-injury test in the event that they
actually do have a SRC. This practice increases the chances that they could be returned to play
sooner, but essentially invalidates the test results. What is particularly difficult about this
practice is that there are no measurable data on how often it happens. While sandbagging can be
assessed on the SCAT3 and SCATS to confirm participants have offered their best effort on a
pretest, this question was not administered in the data set for this study. This is a significant
concern because clinicians rely on these concussion assessments to return athletes to
participation. Having said this, clinicians are also cautioned to utilize a battery of assessments
before making a final return-to-play decision. Further research should focus on what influence
this has on SCATH5 baseline testing.

The immediate memory portion of the SCAT instructs patients to repeat any words they
can remember after a clinician reads a list of words. These words are to be spoken at a rate of
one word per second. Immediately following the cessation of the words, the patient is to begin
repeating as many words as s/he can remember in any order. This same word list is repeated by

the assessor for a total of three attempts. The delayed recall section utilizes the same word list
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but requires that the patient recall all the words on his/her own. This delayed recall occurs at the
very end of the test and no less than five minutes after the immediate memory portion.

Test results for the SAC, which used a five-item word list, indicated that seven percent of
patients received a perfect score on the entire test with no scores reported by section (i.e.
orientation, immediate memory, concentration, and delayed recall) (McCrea et al., 1998). This
means patients hit the ceiling on the test by being able to reach the maximum score, whether or
not they had a SRC. This ceiling effect impedes the differentiation of post-injury assessment
because patient ability is likely to be greater than five-items during baseline testing, yet only five
words are tested. This effect would create a discrepancy between the patient’s ability and
observed score (Ragan & Kang, 2007), subsequently impeding the diagnosis of a SRC.

The SCATS5 version contains changes from a required five-item word list to an optional
ten-item word list in the immediate memory and delayed recall sections of the test. Due to this
structural change, a psychometric evaluation of the SCATS5 is necessary to determine if the
structure of the assessment has changed and if a ceiling effect still exists with the ten-item word
list. The literature specifically calls for further research on the structural change in the SCAT5
and to this author’s knowledge, no such evaluation has been conducted. Other research provides
a solid argument that SRC assessments are not psychometrically sound and should be re-
evaluated to assess each item for difficulty level and discrimination capabilities (Ragan & Kang,
2007). Specifically, if these SRC assessments do not provide a valid baseline measure, then

results from these assessments post-injury are questionable.

Research Questions

This research aimed to answer two questions:
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RQL1. Are there differences in the factor structure and internal reliability between the
SCAT3 and SCATS5 subsections of immediate memory and delayed recall assessments in an
analysis of baseline data?

RQ2. Are there differences in the proportions of floor/ceiling effects for the SCAT3 and
SCATS5 subsections of immediate memory and delayed recall assessments in an analysis of
baseline data?

Rationale

SCAT is an assessment given to athletes before they are cleared for sports participation
and is used as a baseline comparison for SRC identification during pre- and post-injury
assessment (Yengo-Kahn et al., 2016). SCAT measures four functional components that can be
impacted when an injury occurs: symptom evaluation, cognitive screening, neurological
screening, and delayed recall. The cognitive screening is based on the Standardized Assessment
of Concussion (SAC) and includes three sections: orientation, immediate memory, and
concentration. The delayed recall section is included as a separate section at the end of the
SCAT assessment to give test-takers enough time between the immediate memory testing and the
recall portion to effectively test memory. It is important to note that the words used in the
immediate memory section are also used in the recall section. More weight is given to the
immediate recall section because patients are to recall the list three times while the delayed
recall only requires a single word list. One key reason the SCAT3 was revised and updated was
that research indicated a ceiling effect on the immediate memory and delayed recall portions of
the exam because athletes were only given a five-item word list to recall (Echemendia et al.,

2017a). This ceiling effect was limited to the immediate memory and delayed recall portions of
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the assessment, and these were the portions that were revised in the SCAT5. Therefore, these
portions of the SCATS are the focus of this research.
Significance of the Study

The newest revision of the SCAT extended the number of items tested for immediate
memory from three attempts of a five-item word list (SCAT3) to three attempts of a ten-item
word list (SCATS5). This changed the value of the immediate memory section score to 30 points
instead of 15, thus placing more value on the total SCAT score and providing more opportunity
for patient error in immediate memory (see Table 1). Creating more opportunities for variation in
patient baseline cognitive data may help clinicians in their patient diagnosis and return-to-play
protocols because it holds the potential to help them expose subtle changes in cognitive ability.

Due to the importance of identifying SRCs and establishing safe and effective return-to-
play protocols, it is essential to research whether a ceiling effect exists in the ten-item word list
for immediate memory and delayed recall tests. If the ceiling effect remains, then SCAT5 will
need to be evaluated by other researchers to determine how other populations respond to the

SCATS5 and inform future clinical use.
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Table 1

Number of Questions and Points on SCAT3 and SCAT5

SCAT3 SCATS

Cognitive Sections Questions Points Questions Points
Orientation 5 5 5 5
Immediate Memory 5 15 10 30
Concentration 5 5 5 5
Delayed Recall 5 5 10 10
Total 20 30 30 50

Limitations and Delimitations

There are several limitations to this study regarding the data collection, de-identification

of participants, researcher’s relationship with participants, engagement of participants, and

generalizability. Data for this study were collected over multiple years and compiled using a

medical database. Multiple administrators collected the data with no guarantee that they followed

the SCAT written instructions. These variations could skew the data analysis in unanticipated

ways.

De-identification of information was performed by the medical database report module

and age was not a reportable variable. Therefore, birthdates were reported and converted into the

participants’ ages. Because of the researcher’s association with many of the participants,

previous knowledge existed of birthdays and the possibility of identification of the participants

after de-identification increased.
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Another limitation focused on the engagement of participants in taking the assessment.
Because the assessment was a requirement by the university’s athletic administration, it is
possible that participants did not give their best effort and therefore, results could be skewed.

This study will not be able to be generalized to the collegiate student-athlete population
because the exploratory factor analysis (EFA) methodology is only exploratory in nature and
does not answer a research hypothesis.

The delimitation of this study centers on the subjectivity of methodology for EFA. This
subjectivity restricts the conclusions that can be drawn from the exploratory analysis on the
SCAT.

Definitions of Terms

Baseline assessment — A test administered to an athlete prior to the beginning of an
athletic season and prior to injury.

Ceiling effect — A maximum score on a section of an assessment.

Delayed recall — The ability to remember a given set of words after a minimum of five
minutes.

Immediate memory — This refers to recalling information after a few seconds and can also
be called short-term memory (“Short-term memory,” n.d.).

Return-to-play — The criteria that needs to be met by an athlete with a SRC in order to be
cleared for full sport participation.

Return-to-learn — The criteria that needs to be met by an athlete with a SRC in order to be
cleared to return to classroom activities of reading, homework, notetaking, and listening to

lectures.
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Sports-related concussion — A traumatic brain injury that may be caused by a direct hit to
any part of the body that transmits to the head and results in neurological impairment that can
create symptoms that may increase over time but cannot be seen on neuroimaging. (McCrory et
al., 2017).

Organization of Study

Chapter 2 outlines the prevalence of SRC within the collegiate setting and the role of
baseline testing. This explanation is followed by the history of cognitive testing within the
context of SRC injury including the reliability and validity, ceiling effects, and previous analysis
of the test structure of the SAC and SCAT. Chapter 3 contains a discussion of the methodology
for this proposed study. This chapter includes the research design, the sample size, data
collection procedures, statistical analysis decisions, and ethical considerations. Chapter 4 reports
the results of two EFAs, the reliabilities of the entire test, and of the corresponding subsections.
These results are followed by a description of the floor and ceiling effect differences. Chapter 5
discusses the findings as they relate to the comparison of assessment structure, reliabilities,

ceiling effects, and implications for practice.
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Chapter 2
Review of the Literature

Sports-related concussion (SRC) awareness has increased over the last two decades,
leading healthcare providers to look for the most effective ways to analyze and better current
examination, diagnosis, return-to-play, and return-to-learn policies. As this search continues,
experts in the field are continuing to revise testing protocols and instruments to increase
reliability, validity, sensitivity, and specificity. As a response to this search for the best sideline
assessment tool for SRCs, the 5" International Consensus Conference on Concussion in Sport
published a fourth revision of the Sport Concussion Assessment Tool (SCAT), called the
SCATS. This revision focused on changing the number of items repeated on the immediate
memory and delayed recall portions of the assessment.

A large body of research exists related to SRC and continues to grow annually. This
literature review takes a focused look at SRC with research associated with the following key
terms: The Sport Concussion Assessment Tool (SCAT), the Standardized Assessment of
Concussion (SAC), epidemiology within the National Collegiate Athletic Association (NCAA),
and SRC baseline testing. All research conducted utilizing the SAC or SCAT in any form for
post-SRC assessment was excluded from this literature review unless mean scores for non-
injured collegiate participants, or baseline data, were recorded. This choice was made to focus
this literature review on the baseline psychometric properties of the SCAT5 as compared to the
SCAT3 and not on how these tests give evidence to SRC diagnosis or return-to-play decisions.
Additionally, it is important to recognize the prominent researchers who focus on baseline testing

and its effects on diagnosis, return-to-play, and return-to-learn policies. Included in this list are
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researchers such as: Michael McCrea, Steven Broglio, Kevin Guskiewicz, Robert Cantu, Ruben
Echemendia, Paul McCrory, William Barr, and Margot Putukian.

This review of literature focuses first on the prevalence of SRC in NCAA athletics to
contextualize a discussion of the role and usefulness of baseline testing for SRC assessment,
along with the available research on the psychometric properties and ceiling effects for the SAC
and the SCAT.

SRC Epidemiology

SRC prevalence is not fully understood in NCAA-affiliated institutions because there is
no requirement to provide injury data. Over the last three decades, the NCAA has tried to create
a clearer portrait of SRC prevalence through the enactment of an injury surveillance program that
began in 1982 with the express purpose of better documenting and understanding all injuries that
occur during collegiate sports participation (Dick, Agel, & Marshall, 2007). This program
gathers information from a convenience sample of 250 institutions, approximately fifteen percent
of all participating institutions that are willing to volunteer their injury data to the NCAA Injury
Surveillance System. This percentage is acceptable for a research sample size but requires
inferences to be made about the population that may not reflect the true prevalence of SRC.

The first SRC research compiled from the NCAA surveillance program was published in
2007 with data from 1988 to 2004 (Hootman, Dick, & Agel, 2007). Hootman et al. (2007)
reported an SRC occurrence rate of .28 per 1000 athletic-exposures (A-E) for all NCAA sports
when combining all SRCs during this period. The athletic-exposure or (A-E) designation refers
to the number of times an athlete has the possibility of becoming injured due to play. This can
occur either through a practice or competition. These A-Es are only counted if the athlete

participated in the practice or competition and may vary greatly from institution to institution



EXAMINATION OF SCAT5 BASELINE TESTING 16

because some coaches may only play small numbers of athletes on their rosters and others may
play most or all. Given this, SRCs accounted for 5% of all injuries reported during this 25-year
interval. Additionally, annual SRC rates were reported that showed variation in the data. From
1988-89, the rate was .17 and remained constant until a significant jump to .26 during the 1995-
96 season. Another large increase occurred in 1997-98, from .26 to .32 and continued to increase
through the 2001-02 season. Eventually the rate gradually returned to 1997-98 levels in 2003-04.
Hootman and colleagues attribute these increases in SRC injury rates to two factors: an increase
in the diagnosis and treatment of SRCs but may also account for an increase in SRC injuries.

It is important to note that around the time of the creation of the SAC in 1997, the rates of
SRC incidence per A-E increased (McCrea et al., 1998). This increase in incidence may be due
to the introduction of this new SRC sideline assessment tool that helped improved detection,
such that the rate increase may not ultimately reflect an increase of injury (Hootman et al., 2007);
yet the SRC incidence rate continued to rise. In 2005-06, it was reported from the NCAA ISS
data, which included 180 NCAA institutions, that SRC rates increased to .43 per 1000 A-E with
a practice rate of .28 per 1000 A-E and 1.02 per 1000 A-E during competition. This suggests that
SRC are still occurring at a significant rate and therefore, sideline assessment tools need to be
psychometrically sound for future generations (Gessel, Fields, Collins, Dick, & Comstock,
2007).

The next epidemiological SRC study was not released until 2015, almost a decade later
and reported a very different portrait. The SRC data collected from 2009-2014 estimated from
the NCAA Injury Surveillance System convenience sample that 10,560 SRCs occurred annually
in collegiate athletics with an overall SRC occurrence rate of 4.47 per 1000 A-E (Zuckerman et

al., 2015). Unlike Hootman et al. (2007), Zuckerman et al. (2015) did not report annual SRC
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occurrence rates. This lack of descriptive statistics about annual SRC incidence rate makes it
difficult to discern whether a rise in SRC occurred over time or all at once. These data show a
staggering difference compared to the two previous studies that gave overall SRC occurrence
rates at .28 and .43 per 1000 A-E. It is possible that the incidence rate of SRC increased
exponentially over the last decade but other factors may have influenced these statistics,
including an increase in the number of student-athletes, and more dangerous styles of play. This
research utilized a convenience sample from the NCAA Injury Surveillance System that only
collects data from approximately fifteen percent of the population and therefore may not be a
true representation of the population. Additionally, SRC diagnosis has increased over the past 20
years and therefore, researchers concluded that SRCs may not be increasing in number but rather
that the diagnosis and reporting of SRCs that would have previously gone undetected has
improved (Gessel et al., 2007; Hootman et al., 2007; Zuckerman et al., 2015).

Research shows that an increase in the SRC rate has increased over the last two and a half
decades and may not be attributed solely to an increase in the injury rate but may have resulted
from more objective, specific, and valid assessment tools. Because researchers believe that
assessment tools play a role in the increase of the SRC occurrence rate, it is necessary to explore
the tools used to determine these conclusions. To understand how these tools work, an
exploration of the research will examine how baseline testing has been utilized within SRC
protocols and how these assessments have been improved over the last two decades.

Testing Paradigms

Even though research shows that SRC rates have increased exponentially over the last

two and a half decades, researchers believe that SRC rates have only slightly increased and that

another variable may be attributed to this change. This change relates to the ability to diagnose
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SRC as assessment tools have become more sophisticated during this time and may have a
greater effect on the occurrence rate. There are many assessment tools that can be utilized in the
diagnosis and treatment of SRC. The focus here is on sideline assessments as one improvement
added to the SRC protocol to assist clinicians in diagnosing SRC on the field in a timely fashion.
To fully understand how the problems associated with psychometric properties of baseline
testing occur, it is necessary to review the two testing paradigms: individual-centered standard
and criterion-referenced standard (Ragan & Kang, 2007).

Individual-center standard focuses on the individual as compared to themselves and
follows two assumptions: the participants’ abilities are normally distributed and all ability levels
can be measured. This standard is similar to a norm-referenced standard, but instead of
comparing the datum to a norm, the athlete is compared to their pre-injury baseline SRC datum.
When a SRC is suspected, the clinician will re-test the athlete using the same assessment tool
and then compare the results to their baseline score. If the difference is greater than the
confidence interval, then mental status change is confirmed (Ragan & Kang, 2007).

In contrast to the individual-center standard, researchers like McCrea et al. (1998) have
proposed the use of a criterion-referenced standard. This standard utilizes the mean and standard
deviation (SD) scores for a specific population and baseline testing becomes unnecessary (Ragan
& Kang, 2007). Therefore, athletes will only be diagnosed with a SRC if their score is more than
one SD from the mean value. The problem occurs when the ability level of the athletes differs
significantly. For example, if the cut-off score for a SRC diagnosis is 25 and two athletes sustain
a SRC, resulting sideline testing may reveal that one scored a 28 and the other a 25, yet both
athletes have a SRC. The criterion-reference standard disregards the possibility that one athlete

has a higher cognitive ability than the other, and thus this testing measure would require greater
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cognitive impairment for a SRC to be diagnosed. Therefore, if the assumptions of normality and
ability discrimination are met with appropriate test validity, then individual-centered standard
should be the choice for neuropsychological testing prior to and following a SRC (Ragan &
Kang, 2007).

Baseline Testing. Even though Ragan and Kang (2007) conclude that individual-
centered standard should be the choice for SRC testing, it is necessary to acknowledge the
evolution of these sideline assessments. Individual-center standard, otherwise known as baseline
testing, is a requirement of many SRC assessment tools. This baseline testing is essential because
minimal or no normative data had been published prior to the publication of these assessment
tools. Therefore, individualized baseline testing became the only way for clinicians to observe
changes between pre-injury and post-injury abilities. These individualized baseline tests were
used to compare SRC post-injury data to determine the absence or presence of a SRC.

Baseline testing for SRC usually occurs at the beginning of the academic year prior to the
start of any school-sanctioned practices and competitions. When baseline testing occurs, it can
include many different diagnostic tests including but not limited to SAC, SCAT, BESS,
IMPACT, CogSport, and Sway. Test choice is currently determined by individual institutions and
not mandated by the NCAA (NCAA Sport Science Institute, 2017). Presently, NCAA
institutions are requested by the NCAA Sport Science Institute to have a SRC management plan
that is available to the public through paper and web-based interfaces that includes institutional
procedures for SRC education, pre-participation assessments, recognition and diagnosis of SRC,
post-SRC management, returning athletes to competition, and returning students to the
classroom. The specific request by the NCAA is that baseline testing be performed for all

athletes prior to the start of their season. This baseline testing should include a minimum of four
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basic components: a medical history related to brain injury or SRC, symptom evaluation,
cognitive testing, and balance testing (NCAA Sports Science Institute, 2017).

These types of tests give clinicians an individualized comparison to utilize when an
athlete sustains a SRC. This comparison can help with the initial diagnosis of the injury by
providing a point of reference for the cognitive, balance, and neuropsychological abilities of the
athlete. It is important to note that most SRC diagnoses occur on the field and therefore sideline
assessment tools have been created for this specific reason, including the SAC and the SCAT.
These sideline assessments are endorsed by the NCAA Sport Science Institute (2007) and were
created to help clinicians overcome their lack of equipment, time, and testing atmosphere
(McCrea et al., 2007).

Baseline testing is not a new concept and was first utilized for SRC in a research protocol
created by Jeffery Barth and colleagues (1989) to determine neuropsychological and
psychosocial changes following SRC in collegiate football players using Gronwell’s PASAT.
The PASAT examines concentration, attention, and immediate memory recall through an
auditory numeric material manipulation (Barth et al., 1989). This baseline testing protocol is still
currently utilized and can be seen in the research that focuses on the creation of normative data,
and identifying the validity and reliability of SRC assessment tools (Echemendia & Julian,
2001).

As previously mentioned, some assessment tools require baseline SRC assessments to
help determine the presence of a SRC (Benedict et al., 2015; McCrea et al., 1998; McElhiney et
al., 2014; Sufrinko et al., 2017). While these instruments have shown some relationship in
diagnosing SRCs, no single test comprehensively assesses all aspects of a SRC. As a result,

clinicians are cautioned to use clinical judgment while using these instruments for diagnosis and
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return-to-play criteria (Echemendia et al., 2017a). Some tools that have been utilized, whether
they require a baseline assessment or not, include the Standardized Assessment of Concussions
(SAC) (McCrea, 2001b), Sport Concussion Assessment Tool (SCAT) (Chin et al., 2016), King-
Devick test (Brommer et al., 2016), Immediate Post-Concussion Assessment and Cognitive
Testing (IMPACT) (Allen & Gfeller, 2011), CogSport (Collie et al., 2006), and Balance Error
Scoring System (BESS) (Yengo-Kahn et al., 2016).

There are conflicting data on the usefulness of baseline testing. A majority of the research
has a positive view of baseline testing with only a few impartial studies to support its use. These
are accompanied by expressions of concerns about the psychometric properties of the tests,
themselves. Research that views baseline testing positively focuses on the usefulness of the data
when comparing it to post-injury scores. According to McCrea (2001a), baseline testing is the
preferred method of pre-screening athletes because it provides greater control of variability from
variables that may influence the pre-injury and post-injury assessment. Some examples of these
variables would include learning disabilities and previous history of SRC. During the same year
the 1% International Symposium on Concussion in Sport was held in Vienna, baseline testing was
agreed to be beneficial and needed even though these experts acknowledged the limitations of
SRC assessments (Aubry et al., 2002). It is important to remember that at this time the SAC was
currently in use but the SCAT’s creation was still pending. This view of baseline testing
remained the same three years later at the 2" International Symposium on Concussion in Sport
in Prague but in response to the lack of a consensus of a psychometrically strong sideline
assessment tool, the SCAT was created (McCrory et al., 2005). Over the last decade, additional
research has placed baseline testing in a positive light with regards to exertional testing of the

SAC (Koscs, Kaminski, Swanik, & Edwards, 2009), variations in Post Concussion Symptom
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Scale (PCSS) (Guskiewicz et al., 2013), disparities in post-injury care (Kirschen et al., 2014),
standard of care (Broglio et al., 2014; Pachman & Lamba, 2017), and diagnostic accuracy (King,
Brughelli, & Hume, 2014).

Even though there are researchers who view SRC baseline testing as favorable, there are
still discussions that sideline assessments (i.e. SAC and SCAT) are not useful. The first mention
of issues with baseline testing were published in 2001 along with many of the other studies on
SRC. One major concern was that serial testing could cause problems with practice effects,
player motivation, and non-injured athlete comparisons (Echemendia & Julian, 2001). Specific
issues observed with SAC implementation included athletes rehearsing the recall lists months
prior to assessment, changes in the rate of digit presentation (if faster than the expected rate of
one second per number, then outcomes change), and ceiling effects. Echemendia and Julian
concluded in 2001 the SAC should not be used as a clinical tool and only for research purposes
until it could be properly validated. Other research with a negative view of baseline testing
focuses on the item difficulty of the SAC, stating that baseline testing is not beneficial if the
instrument does not differentiate between a wide variety of abilities. Following the analysis of
item difficulty, it was determined that most of the items were too easy and therefore did not
reflect the variation in abilities necessary to be a valid test that would warrant baseline testing
(Ragan et al., 2009).

Other critiques for baseline testing is in the usefulness of these assessments for
physicians when performing a physical exam (Matuszak, McVige, McPherson, Willer, & Leddy,
2016). These researchers suggest that alternative tools should be utilized to determine the mental
status of patients, yet upon further inspection of the appendices provided with this research, the

mental status testing utilized the same exact principles of the SAC assessment with the only
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differences being slight variations in words and numbers. The reality is that many physicians
screening patients for SRC are under many of the same time constraints as athletic trainers
engaging in sideline assessments, and therefore the practicality of utilizing a more detailed
instrument is limited.

In comparison to general physician guidelines, assessment trends in SRC evaluation for
neuropsychologists were reported that only fifteen percent utilize baseline testing and 92 percent
will evaluate a SRC post-injury without baseline data (Lemonda, Tam, Barr, & Rabin, 2017).
The research did not explore the reasoning behind this choice for the minimal use of baseline
testing but Lemonda et al. speculated that neuropsychologists have numerous tests that can be
utilized during office visits that have been validated and include normative data across specific
age groups but may only have one version of the test, making serial testing imprudent.
Additionally, they discussed the possible difficulty of athletes receiving medical reimbursements
for these tests. This ability to use precise instrumentation, reimbursement opportunities, and lack
of serial testing options may play a role in a neuropsychologist’s choice to engage in baseline
testing.

When Chin and colleagues (2016) were assessing reliability and validity for the SCATS3,
they concluded that there were numerous variables that could inhibit proper baseline testing and
therefore it was better to use normative data that had been carefully screened to use as a
comparison when evaluating SRC incidences. Issues discussed included testing environment,
athlete’s motivation, testing resources, and the fact that the general body of research is
ambiguous in its attempt to show the value of baseline testing. In contrast to this negative
perspective on baseline testing, it is important to remember that a majority of the research sees

baseline testing in a positive light.
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Figure 1. SCAT3 scree plot from principle component analysis and oblique rotation.
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Table 9 Structure Matrix Factor Loading for SCAT3
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Item
(N = 30)

Factors

F1

F2

F3

F4

C1
IM3_5
IM3_2
IM3_4
IM2_2
IM2_5
IM2_4
O _Date
IM3_3
DR1
DR5
DR2
DR4
DR3
O_Month
O_Time
O _Year
IM2_3
IM1_2
IM1_3
IM1_4
O_Day
IM1 5
C3

C4

C2
C_Months
IM3_1
IM1_1
IM2_1

0.680
0.645
0.604
0.568
0.499
0.467
0.415

0.628
0.617
0.587
0.586
0.424
0.264
0.205

0.631
0.628
0.591
0.562
0.239
0.225

0.790
0.653
0.585
0.353

Note Extraction Method: Principal Component Analysis Rotation Method: Oblimin with Kaiser Normalization

Reliabilities for SCAT3

Cronbach’s alpha was utilized to examine the internal consistency of the SAC portion of

the SCATS3. The internal consistency values reported in this chapter are based off the categories

found in Table 10 (Manerikar & Manerikar, 2015). The following sections explore the
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reliabilities and factor name assignments. Additionally, this section is broken into two categories
because the variables did not load on the exact factors as outlined in the SCAT3 assessment.
Therefore, the first section reports the reliabilities for the variables that loaded on the factors
during the EFA,; the second section reports idealized reliabilities. Idealized reliabilities are the
result of variables if they are divided into their assigned sections (i.e. orientation, immediate
memory, concentration, and delayed recall) along with a total internal consistency measure for
the entire SAC assessment.

Table 10

Cronbach’s Alpha Classifications

Cronbach’s Alpha Internal Consistency
a>.9 Excellent (High-Stakes testing)
0.7<a<.9 Good (Low-Stakes testing)
06<a<.7 Acceptable
05<a<.6 Poor
a<.b Unacceptable

Adapted from Manerikar, V., & Manerikar, S. (2015). Cronbach * s Alpha. Aweshkar Research Journal, 19(1),
117-119.

Factor naming and structure. Factor labels were determined by observing the
similarities of variables within the factor loading found in Table 9. This table shows that the four
assigned sections of the SCAT3 were not all represented. It was determined that immediate
memory loaded onto two separate factors and therefore, two factors have been labeled as such.
The implications of this are further discussed in the structure section of Chapter 5.

Factor 1 — Immediate Memory 1. Internal consistency for immediate memory 1 was poor

(o= 0.589) and it does not increase if any of the items are removed, as evidenced in Table 11.
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Table 11
Reliability Scale for SCAT 3 Factors
Scale
Scale Mean Variance if  Corrected
Internal if ltem Item Item-Total a, if Item
Variable Name Consistency Deleted Deleted Correlation Deleted
Immediate Memory 1 0.589
C1 5.88 0.219 0.428 0.543
IM3 5 5.88 0.199 0.417 0.520
IM3_2 5.88 0.210 0.351 0.544
IM3_4 5.88 0.208 0.311 0.552
IM2_2 5.90 0.187 0.273 0.568
IM2_5 5.91 0.166 0.284 0.584
IM2_4 5.89 0.191 0.304 0.552
Delayed Recall 0.512
DR1 5.19 0.998 0.371 0.408
DR5 5.06 1.175 0.326 0.442
DR2 5.14 1.099 0.295 0.451
DR4 5.11 1.097 0.345 0.427
DR3 5.19 1.137 0.197 0.505
O_Month 4.94 1.488 0.111 0.519
O _Time 4.99 1.412 0.087 0.523
Immediate Memory 2 0.367
IM2_3 4.69 0.380 0.266 0.313
IM1 2 4.70 0.345 0.280 0.275
IM1_3 4.71 0.336 0.246 0.283
IM1 4 4.75 0.295 0.222 0.286
O_Day 4.70 0.390 0.075 0.374
IM1 5 4.82 0.262 0.105 0.441
Concentration 0.530
C3 2.06 0.543 0.509 0.250
C4 2.36 0.639 0.370 0.410
Cc2 1.77 0.893 0.316 0.480
C Months 1.87 0.892 0.132 0.599
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Factor 2 — Delayed Recall. The internal consistency of factor 2 is poor a = 0.512. If two
variables, O_Month and O_Time, were removed, the internal consistency increased but not
enough to change the category strength to acceptable.

Factor 3 — Immediate Memory 2. This factor was named immediate memory 2 because
there were more loadings of immediate memory than orientation. Internal consistency was
unacceptable o = 0.367. It should be noted that if the variable O_Day was removed, then the
internal consistency would increase but not enough to change the “poor” status.

Factor 4 — Concentration. All but one of the concentration variables loaded onto factor
4. Internal consistency was poor a = 0.530 as seen in Table 11. It should be noted that if the
variable C_Months was removed, the internal consistency increases, resulting in the factor being
acceptable.

Idealized Reliabilities. As mentioned above, the variables from each of the four
assessment sections (orientation, immediate memory, concentration, and delayed recall) did not
load as expected onto a single corresponding factor. Therefore, the reliabilities presented here
include the reliabilities if all variables had loaded onto the expected corresponding factor. This
choice was made to determine if the reliabilities of the actual assessment sections are
appropriate, regardless of factor loading.

Orientation. As seen in Table 12, the internal consistency for the orientation subsection
was negative, o = -0.084. A negative internal reliability can mean two things, either the
researcher’s coding is incorrect or the participants scores are sporadic. If the researcher does not
code the responses properly, for instance, instead of a “1” it should be a “5,” then this
phenomenon can occur. This is unlikely for this research because the values were “0” and “1.”

Additionally, it is possible that participants’ scores show high variability, which means that the
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items do not group together because they do not belong together. This is the most likely reason
because the orientation variables loaded on all four factors.

Table 12

Reliability Scale for SCAT3 Idealized Factors

Scale
Scale Mean  Variance if  Corrected
Internal if Item Item Item-Total a, if Iltem
Variable Name Consistency Deleted Deleted  Correlation Deleted
Orientation -0.084
O_Day 3.91 0.086 -0.070 0.009
O _Date 3.88 0.102 -0.008 -.100
O_Month 3.87 0.122 -0.027 -.078
O _Year 3.92 0.077 -0.035 -.068
O _Time 3.87 0.122 -0.027 -.078
Immediate Memory 0.485
IM1 1 13.56 0.743 0.023 0.490
IM1_2 13.58 0.663 0.230 0.453
IM1_3 13.59 0.647 0.226 0.452
IM1_4 13.63 0.610 0.182 0.471
IM1 5 13.70 0.527 0.192 0.494
IM2_1 13.56 0.753 -0.025 0.491
IM2_2 13.58 0.678 0.189 0.463
IM2_3 13.57 0.694 0.261 0.456
IM2_4 13.58 0.659 0.310 0.438
IM2_5 13.60 0.608 0.345 0.416
IM3_1 13.56 0.748 0.005 0.491
IM3_2 13.56 0.719 0.153 0.474
IM3_3 13.56 0.748 0.005 0.491
IM3_4 13.57 0.714 0.153 0.473
IM3_5 13.57 0.699 0.233 0.460
Concentration 0.503
C1 2.69 1.141 0.077 0.530
C2 2.77 0.910 0.311 0.436
C3 3.06 0.554 0.512 0.231
C4 3.35 0.652 0.371 0.374
C_Months 2.87 0.905 0.136 0.537
Delayed Recall 0.537
DR1 3.25 0.901 0.358 0.444
DR2 3.20 0.989 0.294 0.486
DR3 3.25 1.007 0.217 0.537
DR4 3.17 0.997 0.332 0.464

DR5 3.12 1.061 0.329 0.472
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Immediate Memory. Of the 15 immediate memory variables six loaded onto factor 1. As
evidenced in Table 12, the internal consistency of the 15 variables was unacceptable (o = 0.485).
Note that if five of the variables were removed (IM1_1, IM1_5, IM2_1, IM3_1, and IM3_3),
internal consistency increases, but does not change the category strength.

Concentration. The internal consistency for concentration, as seen in Table 12, is poor
(oc = 0.503). If the two variables of C1 and C_Months were removed, internal consistency
improves but not in category strength.

Delayed Recall. The internal consistency was poor (a = 0.537).

Total. The internal consistency for all variables in the SAC portion of SCAT3 was poor
(o =0.525) as is evidenced in Table 13. It should be noted that if seven items were removed, the

internal consistency increases but remains poor.
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Table 13

Reliability Scale for SCAT3 All SAC Items
Internal Consistency (a = 0.525)

Corrected
Scale Mean if ~ Scale Variance Item-Total a, if Item

Item (N = 30) Item Deleted if Item Deleted Correlation Deleted
O_Day 26.14 4.013 0.071 0.524
O_Date 26.12 4.070 0.048 0.525
O_Month 26.10 4.079 0.141 0.522
O_Year 26.15 4.016 0.060 0.526
O_Time 26.10 4.137 -0.065 0.529
IM1 1 26.10 4.110 0.018 0.526
IM1_2 26.12 4.036 0.089 0.522
IM1 3 26.13 4.004 0.107 0.520
IM1_4 26.17 3.948 0.102 0.522
IM1 5 26.24 3.818 0.128 0.520
IM2_1 26.10 4.126 -0.022 0.527
IM2_2 26.12 4.005 0.145 0.518
IM2_3 26.11 4.047 0.149 0.519
IM2_4 26.12 3.977 0.216 0.513
IM2_5 26.13 3.924 0.204 0.511
IM3_1 26.10 4.118 0.003 0.527
IM3_2 26.10 4.050 0.164 0.519
IM3_3 26.10 4.118 0.003 0.527
IM3_4 26.11 4.056 0.126 0.521
IM3 5 26.11 4.037 0.171 0.518
C1l 26.10 4.084 0.124 0.522
C2 26.18 3.854 0.172 0.512
C3 26.47 3.411 0.268 0.491
C4 26.76 3.367 0.309 0.480
C_Months 26.28 3.753 0.145 0.518
DR1 26.35 3.500 0.266 0.492
DR2 26.30 3.742 0.140 0.519
DR3 26.35 3.751 0.108 0.528
DR4 26.26 3.573 0.287 0.489
DR5 26.21 3.769 0.197 0.507

Exploratory Factor Analysis for SCAT5

A similar EFA was conducted for the SAC portion of the SCATS, utilizing the same

criteria outline for the SCAT3. An EFA was conducted for the orientation, immediate memory,
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concentration, and delayed recall subsections of the SCATS5 for a sample of 395 NCAA Division
I11 collegiate athletes.

Multicollinearity was the first assumption assessed in the EFA process. This was assessed
by using the determinant which was reported as .000003. If the determinant is above .00001,
factorization can occur. Therefore, multicollinearity does occur for this data set and the
assumption was not met. Multicollinearity within a dataset can be a result of high correlations
existing between the variables and there is the potential that variables exist that measure exactly
the same thing (Mertler & Vannatta, 2010). Upon inspection of the correlation matrix (see
Appendix F) no correlations were above 0.85. However, numerous correlations were observed
below 0.15, meaning there were correlations among the variables that were not sufficient to show
a lack of multicollinearity. Additionally, it was determined that at least one correlation
coefficient was greater than 0.3 for all variables (see Appendix F) and none were highly
correlated. Therefore, there was conflicting data on if the multicollinearity assumption was met.

The second assumption states that Bartlett’s test of sphericity is statistically significant.
The SCAT5 EFA showed Bartlett’s test of sphericity (y2(1225) = 4767.42,p < .0000) to be
statistically significant. The null hypothesis is that the correlation matrix and identity matrix are
identical. Having identical matrices is a problem since it practically means that there are not a
sufficient number of correlations and therefore structure to the underlying latent variables. Given
that Bartlett’s test was statistically significant, the null hypothesis was rejected, implying that the
two matrices are indeed different. This indicated that the data can be factorized for structure or
dimension.

The last assumption states that a moderate overall KMO measure should be .60 or above.

This EFA reported a 0.69 which is near “middling” by some standards (Dziuban & Shirkey,
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1974) and therefore the assumption is met. Even though the determinant was low, an EFA was
still conducted based on Bartlett’s test of sphericity being significant and the higher KMO value
which implies that structure does exist.

EFA revealed that 17 factors had eigenvalues greater than one. Based on the four sections
of the SCATS5 assessment (orientation, immediate memory, concentration, and delayed recall)
the EFA was conducted using four factors which accounted for 9.78%, 6.65%, 5.89%, and
5.43% of the total variance, respectively. These values can be viewed in Table 14. A scree plot is
used to determine the number of components used to conduct the EFA and gives a graphical
depiction that should bend and level off (Mertler & Vannatta, 2010). Figure 2 depicts the scree
plot, which did not accurately depict the four factors because there was no true bend in the line
and no leveling off occurred. This made it difficult to determine if four factors were the best
choice for the SCAT5 assessment EFA because no true bend existed. Additionally, since no
leveling of the line occurred it was difficult to determine if the remaining factors were equal in
size (Mertler & Vannatta, 2010). These issues are discussed further in the structure section of
Chapter 5.

The four-factor solution explained 26% of the total variance, therefore an oblique rotation
was applied to determine if changes to factor loading occurred. The variables did not load in the
way that the assessment tool intended. This means that not all the orientation, immediate
memory, concentration, and delayed recall questions loaded into separate factors. In many of the
factors, there were multiple variables from two or more assessment categories. The factor
loadings of the rotated solution can be found in Table 15. All factor loadings less than 0.2 were

suppressed when the EFA was conducted, which accounts for all blanks in Table 15.
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Table 14
Eigenvalues for SCAT5 EFA using Principle Component Analysis
Initial Eigenvalues Extraction Loadings Rotation
Factor % Cumulative % Cumulative
Total Variance % Total Variance % Total
1 4.895 9.789 9.789 4.895 9.789 9.789 3.306
2 3.327 6.654 16.444 3.327 6.654 16.444 2.189
3 2.716 5.431 21.875 2.716 5.431 21.875 2.041
4 2.055 4.110 25.985 2.055 4.110 25.985 2.038
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Figure 2. SCATS5 scree plot from principle component analysis and oblique rotation.
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Table 15

Factor Loading using Structure Matrix for SCATS

Item Factors
(N =30) F1 F2 F3
IM2_2 0.552
DR4 0.513
IM3 4 0.481
IM3_3 0.474
IM2_4 0.467
IM3 5 0.464
DR5 0.432
IM1 2 0.432
IM1 1 0.429
IM2_1 0.414
IM1_3 0.401
IM2_3 0.394
C4 0.380
IM3_2 0.375
IM2_5 0.352
DR3 0.323
C3 0.296
DR2 0.286
IM3_10 0.679
IM1_10 0.610
IM2_10 0.607
IM2_9 0.566
DR10 0.514
IM3 9 0.451
IM2_8 0.427
IM1 9 0.425
IM1 8 0.353
DR9 0.349
C_Months 0.251

Extraction Method: Principal Component Analysis. Rotation Method: Oblimin with Kaiser Normalization.
Factor loadings < 0.2 were suppressed.
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Table 15 (continued)

Factor Loading using Structure Matrix for SCAT5

Item Factors
(N =30) F1 F2 F3 F4

O_Month -0.902

O_Year -0.849

O_Day -0.714

C1 -0.641

O_Time -0.593

O_Date -0.376

IM3_1 -0.373

C2 -0.262

DR7 -0.564
IM3_7 -0.562
DR6 -0.499
IM3_6 -0.478
IM2_6 -0.460
DR8 -0.438
IM1_4 -0.427
IM3_8 -0.413
IM1_6 -0.383
IM2_7 -0.336
IM1_7 -0.311
DR1 -0.294
IM1_5

Extraction Method: Principal Component Analysis. Rotation Method: Oblimin with Kaiser Normalization.
Factor loadings < 0.2 were suppressed.

Reliabilities for SCAT5

Cronbach’s alpha was utilized to examine the internal consistency of the SAC portion of
the SCATS5. The following sections explore the reliabilities and factor name assignments.
Additionally, this section is broken into two categories because the variables did not load on the
exact factors as outlined in the SCAT5 assessment. Therefore, the first section reports the
reliabilities for the variables that loaded on the factors during the EFA and the second section

reports the idealized reliabilities. The idealized reliabilities are the result of the variables if they
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were divided into their assigned sections (i.e. orientation, immediate memory, concentration, and
delayed recall) along with a total internal consistency measure for the entire SAC assessment.

Factor naming and structure. Factor labels were determined by observing the
similarities of variables within the factor loading in Table 15. Table 15 demonstrates the four
assigned sections of the SCAT3 were not all represented. It was determined that immediate
memory loaded onto two separate factors and therefore, two factors were labeled as such. The
implications for this are further discussed in the structure section of Chapter 5.

Factor 1 — Immediate Memory 1. Of the 30 immediate memory variables, 12 loaded onto
factor 1. The variables that loaded were the first five words in each list. As indicated in Table 16,

the internal consistency was good (o = 0.722).
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Table 16

Reliability Scale for SCAT 5 Factors

Scale
Scale Mean  Variance if  Corrected
Internal if Item Item Item-Total  a, if Item
Variable Name Consistency Deleted Deleted  Correlation Deleted
Immediate Memory 1 0.722
IM2_2 12.78 8.672 0.371 0.705
DR4 12.87 8.463 0.385 0.702
IM3_4 12.82 8.639 0.348 0.706
IM3_3 12.80 8.644 0.369 0.705
IM2_4 12.92 8.441 0.364 0.704
IM3_5 12.77 8.765 0.341 0.707
DR5 12.89 8.610 0.313 0.709
IM1_2 12.79 8.818 0.300 0.711
IM1 1 12.68 9.067 0.353 0.710
IM2_1 12.70 9.028 0.317 0.711
IM1 3 13.05 8.488 0.311 0.710
IM2_3 12.86 8.746 0.277 0.713
C4 13.20 8.514 0.304 0.711
IM3_2 12.74 8.990 0.270 0.714
IM2_5 12.91 8.741 0.253 0.716
DR3 12.91 8.806 0.230 0.718
C3 12.93 8.810 0.219 0.719
DR2 12.84 8.952 0.202 0.720
Immediate Memory 2 0.693
IM3_10 6.10 5.274 0.526 0.646
IM1_10 6.38 5.277 0.388 0.664
IM2_10 6.21 5.300 0.420 0.659
IM2_9 6.19 5.286 0.440 0.656
DR10 6.27 5.359 0.368 0.668
IM3_9 6.14 5.504 0.363 0.669
IM2_8 6.34 5.504 0.286 0.682
IM1 9 6.33 5.597 0.246 0.689
IM1_8 6.55 5.628 0.252 0.687
DR9 6.35 5.488 0.292 0.681
C_Months 6.07 5.937 0.183 0.694
Orientation 0.673
O_Month 4.84 0.280 0.747 0.585
O_Year 4.85 0.278 0.642 0.592
O_Day 4.86 0.261 0.523 0.596
C1 4.85 0.298 0.435 0.637
O_Time 4.87 0.250 0.389 0.639

O_Date 4.92 0.214 0.268 0.772
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Table 16 (continued)

Reliability Scale for SCAT 5 Factors

Scale
Scale Mean  Variance if  Corrected
Internal if ltem Item Iltem-Total  «, if Item
Variable Name Consistency Deleted Deleted  Correlation Deleted
Delayed Recall 0.649
DRY 5.92 5.527 0.384 0.612
IM3_7 5.80 5.540 0.422 0.606
DR6 5.97 5.548 0.369 0.614
IM3_6 5.90 5.546 0.380 0.612
IM2_6 6.03 5.689 0.305 0.626
DR8 5.97 5.720 0.292 0.629
IM1 4 6.03 5.867 0.227 0.641
IM3_8 5.82 5.864 0.258 0.635
IM1_6 6.30 6.079 0.218 0.640
IM2_7 5.96 5.919 0.205 0.645
IM1 7 6.11 5.922 0.214 0.643
DR1 5.66 6.148 0.207 0.642

Factor 2 — Immediate Memory 2. All words towards the end of the immediate memory
list loaded on factor 2. Only one concentration variable loaded on this factor and the remainder
were spread out among the other factors. As evidenced in Table 16, the internal consistency for
immediate memory 2 was acceptable (a = 0.693). It is important to note that if the C_Months
variable was removed the internal consistency would increase slightly but not enough to change
the category strength.

Factor 3 — Orientation. All five of the orientation variables loaded onto factor 3. Internal
consistency was acceptable (a = 0.673) as indicated in Table 16. It is important to note that if the
date question was removed, the internal consistency would increase to good (o = 0.772) because

eliminating some variables may help improve the internal consistency.
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Factor 4 — Delayed Recall. Only four of the 10 delayed recall variables loaded on factor
4. The others were dispersed among the first two factors with four variables loading on the first
factor and two variables loading on the second factor. The other factors that loaded in this area
were immediate memory variables in the middle of the word list. The internal consistency
presented in Table 16 and was acceptable (o = 0.649).

Idealized Reliabilities. As mentioned above, the variables from each of the four
assessment sections (orientation, immediate memory, concentration, and delayed recall) did not
load as expected onto a single corresponding factor. Therefore, the reliabilities presented here
include the reliabilities if all variables had loaded onto the expected corresponding factor. This
choice was made to determine if the reliabilities of the actual assessment sections are
appropriate, regardless of factor loading.

Orientation. As indicated in Table 17, the internal consistency is acceptable for the
orientation subsection (a = 0.637). It should be noted that if the O_Day variable within the

orientation section is removed, the internal consistency would increase to good (a = 0.752).
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Table 17

Reliability Scale for SCATS5 Idealized Factors

Scale
Scale Mean  Variance if  Corrected
Internal if Item Item Item-Total a, if Iltem
Variable Name Consistency Deleted Deleted  Correlation Deleted
Orientation 0.637
O_Day 3.93 0.165 0.267 0.752
O_Date 3.87 0.213 0.504 0.541
O_Month 3.85 0.232 0.700 0.536
O_Year 3.88 0.202 0.377 0.591
O _Time 3.86 0.230 0.603 0.544
Immediate Memory 0.617
IM1_ 1 18.94 13.661 0.194 0.610
IM1 2 19.05 13.617 0.108 0.615
IM1 3 19.31 13.271 0.151 0.612
IM1 4 19.41 13.334 0.131 0.614
IM1 5 19.46 13.726 0.025 0.626
IM1 6 19.68 13.639 0.089 0.617
IM1_7 19.49 13.469 0.099 0.618
IM1 8 19.54 13.503 0.096 0.618
IM1 9 19.31 13.663 0.041 0.624
IM1_10 19.37 13.360 0.123 0.615
IM2_1 18.96 13.519 0.229 0.607
IM2_2 19.05 13.381 0.196 0.608
IM2_3 19.12 13.417 0.146 0.612
IM2_4 19.19 13.148 0.209 0.606
IM2_5 19.17 12.982 0.264 0.600
IM2_6 19.41 12.867 0.264 0.599
IM2_7 19.34 13.249 0.155 0.612
IM2_8 19.32 12.874 0.263 0.599
IM2_9 19.17 13.241 0.184 0.608
IM2_10 19.20 13.408 0.128 0.614
IM3_1 18.92 13.755 0.183 0.612
IM3_2 19.00 13.536 0.172 0.610
IM3_3 19.06 13.362 0.195 0.608
IM3_4 19.09 13.185 0.241 0.603
IM3_5 19.04 13.217 0.269 0.602

IM3_6 19.28 12.715 0.316 0.593
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Table 17 (continued)

Reliability Scale for SCATS5 Idealized Factors

Scale
Scale Mean  Variance if  Corrected
Internal if Item Item Item-Total a, if Item

Variable Name Consistency Deleted Deleted  Correlation Deleted
Immediate Memory 0.617

IM3_7 19.18 12.906 0.285 0.597

IM3_8 19.20 12.912 0.277 0.598

IM3_9 19.12 13.219 0.211 0.606

IM3_10 19.09 13.257 0.216 0.605
Concentration 0.453

C1 2.85 1.040 0.158 0.461

C2 2.92 0.864 0.283 0.383

C3 3.15 0.616 0.340 0.310

C4 3.42 0.604 0.305 0.349

C_Months 3.01 0.812 0.183 0.438
Delayed Recall 0.491

DR1 5.74 3.267 0.319 0.436

DR2 5.81 3.315 0.225 0.458

DR3 5.87 3.326 0.181 0.471

DR4 5.84 3.361 0.176 0.473

DR5 5.86 3.337 0.181 0.471

DR6 6.06 3.195 0.217 0.460

DR7 6.01 3.228 0.202 0.465

DR8 6.05 3.129 0.257 0.446

DR9 6.04 3.349 0.129 0.490

DR10 5.95 3.297 0.171 0.475

Immediate Memory. The internal consistency evidenced in Table 17 was acceptable (o =
0.617). It should be noted that if immediate memory variables 1_5 and 1_9 were removed, the
internal consistency would increase but would not change in relation to category strength.

Concentration. The internal consistency evidenced in Table 17 is unacceptable for the
concentration section of the SCATS (o = 0.453). If the first concentration variable of C1 was

removed, the internal consistency would increase but not enough to change the strength category.
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Delayed Recall. The internal consistency evidenced in Table 17 was unacceptable (o =
0.491).

Total. The internal consistency evidenced in Table 18 was good (a = 0.764) for all
variables in the SAC portion of SCATS. If three items (IM1_5, IM1_8, IM1_9) were removed,

the internal consistency increases but remains as good internal consistency.
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Table 18

Reliability Scale for SCATS5 All SAC Items

Internal Consistency (a = 0.764)
Corrected Item-

Scale Mean if ~ Scale Variance Total a, if ltem
Item (N = 50) Item Deleted if Item Deleted Correlation Deleted
O_Day 34.22 33.797 0.158 0.762
O_Date 34.16 33.982 0.226 0.762
O_Month 34.15 34.034 0.328 0.762
O_Year 34.17 34.007 0.154 0.762
O_Time 34.15 34.046 0.272 0.762
IM1_1 34.20 33.683 0.228 0.760
IM1_2 34.31 33.641 0.134 0.763
IM1_3 34.57 33.078 0.184 0.762
IM1_4 34.67 33.110 0.176 0.762
IM1_5 34.72 33.846 0.049 0.767
IM1_6 34.94 33.634 0.126 0.763
IM1_7 34.75 33.471 0.118 0.764
IM1_8 34.80 33.607 0.099 0.765
IM1_9 34.57 33.692 0.076 0.766
IM1_10 34.63 33.321 0.139 0.764
IM2_1 34.22 33.534 0.238 0.760
IM2_2 34.31 33.290 0.217 0.760
IM2_3 34.38 33.369 0.165 0.762
IM2_4 34.45 32.750 0.266 0.758
IM2_5 34.44 32.790 0.263 0.758
IM2_6 34.67 32.612 0.265 0.758
IM2_7 34.60 33.246 0.153 0.763
IM2_8 34.58 32.599 0.269 0.758
IM2_9 34.44 33.043 0.213 0.760
IM2_10 34.46 33.259 0.167 0.762
IM3_1 34.18 33.864 0.205 0.761
IM3_2 34.26 33.494 0.202 0.761
IM3_3 34.32 33.330 0.200 0.761
IM3_4 34.35 32.968 0.266 0.758
IM3_5 34.30 33.102 0.272 0.758
IM3_6 34.54 32.203 0.346 0.754
IM3_7 34.44 32.364 0.343 0.755

IM3_8 34.46 32.645 0.283 0.757
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Table 18 (continued)

Reliability Scale for SCAT5 All SAC Items

Internal Consistency (a = 0.764)
Corrected Item-

Scale Mean if ~ Scale Variance Total a, if ltem
Item (N = 50) Item Deleted if Item Deleted Correlation Deleted
IM3_9 34.38 32.907 0.260 0.758
IM3_10 34.35 33.039 0.251 0.759
C1 34.15 33.955 0.350 0.761
C2 34.22 33.578 0.228 0.760
C3 34.46 32.985 0.219 0.760
C4 34.72 32.394 0.309 0.756
C_Months 34.31 33.272 0.218 0.760
DR1 34.30 32.953 0.301 0.757
DR2 34.36 32.973 0.255 0.758
DR3 34.43 32.977 0.228 0.760
DR4 34.39 32.717 0.293 0.757
DR5 34.42 32.660 0.296 0.757
DR6 34.62 32.339 0.314 0.756
DR7 34.56 32.485 0.291 0.757
DR8 34.61 32.279 0.325 0.755
DR9 34.60 33.098 0.179 0.762
DR10 34.51 32.575 0.283 0.757

To summarize the findings of RQ1, the SCAT3 and SCATS5 factor structure loaded
differently than what the original SAC researchers intended. This means that the intended factors
of orientation, immediate memory, concentration, and delayed recall did not load the variables
corresponding to their intended subsection. This indicates that the structure of the assessment
needs further scrutiny to determine if there are other latent variables that are being assessed.
Additionally, the reliabilities of the subsections and overall assessment are substantially
increased for the SCATS5, compared to SCAT3. This means that the increase in variables does
appear to have strengthened the internal consistency of the assessment. The next section of this

chapter reports the findings pertaining to RQ?2.
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Floor and Ceiling Proportions

The SCAT3 (N = 224) showed that immediate memory scores ranged from 9 to 15
(M = 14.53,5D = .893) and no participants (x = 0) received a floor effect on the immediate
memory section. Within the delayed recall portion, the range was from0to 5 (M = 4.04,5D =
1.143) with 2.3% of the participants scoring a zero (N = 5) or floor effect on this portion of the
assessment. In contrast, 68.8% (N = 154) of participants received a ceiling effect (x = 15) on
the immediate memory portion and 43.8% (N = 98) did on the delayed memory portion (x =
5). This means that there was a large section of the sample that received a maximal score or
ceiling effect on these sections of the SCAT3.

The SCATS5 (N = 203) showed that immediate memory scores ranged from 12 to 29
(M = 19.85,5D = 3.562) with no participants (x = 0) receiving a floor effect on the immediate
memory section. Within the delayed recall portion, the range was from 0 to 10 (M = 6.62,SD =
1.945) with 0.5% of the participants scoring a zero (N=1) or floor effect on this portion of the
assessment. Similar to the floor effect, no participants exhibited a ceiling effect (x = 30) on the
immediate memory portion. A ceiling effect was present 3.9% (N = 8) for the delayed memory
portion (x = 10). This means that very few participants, if any, exhibited a floor or ceiling effect
on the SCATS.

A Chi-square analysis was run to determine the statistically significant differences for
floor and ceiling frequencies across the SCAT3 and SCATS immediate memory and delayed
recall sections. Statistical significance was present for immediate memory ceiling
(x%(1,427) = 218.290,p < .0000) and delayed recall ceiling (x2(1,427) = 90.43,p <
.0000). No data could be computed for immediate memory floor because no participant received

a zero on this portion of the assessment. The delayed recall floor was not significantly different
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(x2(1,427) = 2.33,p =.127). This means that there were differences in the participants that
received a ceiling effect in both subsections of the test, suggesting that the SCAT5 had a smaller

percentage of maximal scores.

Conclusion

The EFA analysis of the SCAT3 and SCATS5 showed conflicting evidence of the
appropriate factor loading based on the four portions of the assessment: orientation, immediate
memory, concentration, and delayed recall. This indicates that the variables provided did not
load onto the expected factors and therefore, the test may not be testing what it intends. There is
evidence to suggest that the reliability of the assessments is questionable yet there is some
improvement to the reliability of the SCAT5 over the SCAT3 because of the new 10-word list
format. Additionally, the SCATS5’s overall internal consistency increased significantly over the
SCATS3. The ceiling effect present in the immediate memory and delayed recall portions of the
test was significantly improved for the SCATS, yet the floor effects between the two versions
remained unchanged. This indicates that participants taking the SCAT5 will be less likely to earn
a maximum score on these two subsections of the assessment. Therefore, the assessment seems

to provide enough variables to appropriately measure ability in these areas.
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Chapter 5
Conclusion

Assessment tools used for the detection of sports-related concussions (SRCs) are
essential to athletic trainers and other allied healthcare professionals. Many different assessment
tools have been created over the last 20 years and continue to be revised. One of these
assessment tools, the Sport Concussion Assessment Tool (SCAT), was recently revised in April
of 2017 from the SCATS3 to the SCATS5. The main changes were to the immediate memory and
delayed recall portions of the assessment where the 5-item word list was changed to an optional
10-item word list. With the publication of the SCATS5, this optional 10-item list was provided
free of charge to the public. Assessment administrators are not required to utilize the 10-item list
but the medical software utilized for the historical dataset only provides the 10-item word list
when a SCAT is administered. To this author’s knowledge, no published data on the structure of
the SCATS assessment and its ceiling effects exists.

Subsequently, this study examined the differences in the factor structure and internal
reliability between the SCAT3 and SCAT5. The 2017 revision of the Standardized Assessment
of Concussion (SAC) portion of the assessment was specifically addressed. This was
accomplished through an exploratory factor analysis (EFA) that utilized a principle component
analysis with an oblique rotation. Additionally, floor and ceiling effects were analyzed using an
independent sample and chi-square to determine if differences in the proportions exist between
SCAT versions in the immediate memory and delayed recall subsections of the assessment.

This chapter explains the implications of this study, including insights into test
administration issues and participation, why some EFA assumptions were not met, and why the

subsections (orientation, immediate memory, concentration, and delayed recall) did not load as



