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Abstract 

In sports, baseline assessment of self-reported concussion-related symptoms with the 

Sport Concussion Assessment Tool (SCAT) is often implemented as part of sports-

related concussion protocols. However, changes in baseline instructions for symptom 

reporting on the Symptom Evaluation of the SCAT 5th Edition (SCAT5: "how he/she 

typically feels") from the SCAT 3rd Edition (SCAT3: “how you feel now”) have yet to be 

comprehensively studied. The present study used a within-subjects design over a one-

week test-retest period to compare baseline distributional characteristics, within-

individual reporting patterns, and test-retest reliability correlations in a sample of 395 

undergraduate students. Results indicated higher baseline symptom reporting on the 

symptom scale of the SCAT5 than the SCAT3, at Time 1 than Time 2, and in females 

than males; there were no statistically significant interaction effects. Baseline within-

individual reporting patterns were similar in males and females for the most part, though 

males more often endorsed the same level of symptoms across the SCAT5 and SCAT3 

symptom scales. Comparisons of baseline test-retest reliability coefficients 

demonstrated mixed findings, but significant results consistently showed higher test-

retest reliability for symptom variables on the symptom scale of the SCAT5 than the 

SCAT3. These findings provide important considerations for clinicians when using the 

SCAT5 Symptom Evaluation to assess baseline concussion-related symptoms. 

Keywords:  Sport Concussion Assessment Tool, concussion, athletes, baseline 

assessment, psychometrics 
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Chapter 1. Introduction 

The evaluation of post-concussion symptoms with self-report symptom checklists 

and scales is an essential component of a comprehensive assessment of sports-related 

concussions (Broglio et al., 2014; Harmon et al., 2019; McCrory et al., 2017). In a survey 

of athletic trainers, over 85% of respondents reported using a symptom assessment 

scale for the diagnosis of concussions, which was second only to conducting a clinical 

examination (Lempke et al., 2020). Symptom evaluation is also used by a majority of 

athletic trainers (58%) to help with return-to-sport decision-making following a 

concussion (Lempke et al., 2020). Symptom checklists and scales give healthcare 

providers an efficient, cost-effective, and standardized way of evaluating symptoms that 

may otherwise be difficult to ascertain in a systematic way. 

The Sport Concussion Assessment Tool (SCAT) symptom scale is the most 

widely used tool for the assessment of post-concussion symptoms in athletes (Lempke 

et al., 2020). Now in its fifth edition, a major change to the Symptom Evaluation section 

on the SCAT 5th Edition (SCAT5; Echemendia, Meeuwisse, et al., 2017) from the 

previous version, the SCAT 3rd Edition (SCAT3; McCrory et al., 2013), is the inclusion of 

separate instructions for administration of the scale at baseline versus after a 

concussion. At baseline, athletes are now asked to report how they “typically” feel, 

whereas post-injury, athletes are asked how they feel “at this point in time.” Previous 

versions of the SCAT symptom scale simply asked athletes for their current symptoms 

regardless of when the scale was administered. 

It is unclear how the change in instructions affects psychometric properties of 

symptom reporting of scores at baseline on the SCAT5 Symptom Evaluation (S5SE) 

compared to the SCAT3 Symptom Evaluation (S3SE) at both the total symptom level 

and symptom cluster level. Additionally, evidence is lacking as to the psychometric 

properties of symptom scores across subgroups, such as males and females. 

Distribution characteristics and test-retest effects of symptom scores are particularly 

important psychometric properties to evaluate, as they inform whether symptom scores 

after a suspected concussion represent a significant change from baseline symptom 

scores. Therefore, an evaluation of select psychometric properties of symptom scores of 
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the SCAT5 symptom scale is imperative to facilitate best clinical practices in the 

assessment of sports-related concussions. 

1.1. Concussion 

In Canada, the incidence rate of non-fatal traumatic brain injuries (TBIs) has 

been estimated to be 0.5% per year among individuals over 12 years of age, resulting in 

at least 155000 Canadians experiencing a TBI every year (Rao et al., 2017). Described 

as a “serious public health issue” by the Public Health Agency of Canada (2019), TBIs 

can lead to a range of short-term and long-term symptoms that may affect functional 

abilities. Among children and younger adults, sports-related activities are among the 

leading causes of TBIs (Rao et al., 2017), especially TBIs of a milder severity, known as 

concussions (Harmon et al., 2019). 

1.1.1. Definition 

Concussion has been defined as a physiological disruption of brain function 

caused by an external biomechanical force transmitted to the brain (McCrory et al., 

2017; Menon et al., 2010). Mechanisms of concussion often involve direct contact to the 

head but may also include sudden acceleration/deceleration of the brain without external 

head trauma (Menon et al., 2010). The force results in an alteration in mental state, 

which can present in a variety of clinical domains, including physical signs (e.g., loss of 

consciousness [LOC]), neurological deficits (e.g., loss of balance), behavioural changes 

(e.g., irritability), cognitive impairment (e.g., slowed processing speed), sleep/wake 

disturbance (e.g., drowsiness), and symptoms (e.g., headaches) (McCrory et al., 2017). 

Although neuroimaging evidence of brain pathology may support a diagnosis of 

concussion, evidence of macroscopic structural abnormalities is often absent; as such, 

the sequelae are thought to primarily reflect a functional disturbance of the brain 

(McCrory et al., 2017). 

The term “concussion” is often used interchangeably with “mild TBI” (Bodin et al., 

2012). Concussion is often used in the sports medicine literature, whereas mild TBI is 

often used in the larger medical community. Compared to the term concussion, TBI 

encompasses a wider range of injuries varying in severity from mild to severe. 

Classification of TBI severity often uses the Glasgow Coma Scale (GCS) score 
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(Teasdale & Jennett, 1974), or duration of LOC or post-traumatic amnesia (PTA). The 

Mild Traumatic Brain Injury Committee of the Head Injury Interdisciplinary Special 

Interest Group of the American Congress of Rehabilitation Medicine (1993) defined mild 

TBI by initial GCS score of 13-15 30-minutes post-injury, LOC of 30 minutes or less, and 

PTA of less than 24 hours. However, in a sports context, most athletes diagnosed with a 

concussion do not have LOC or PTA (McCrea et al., 2003), and GCS score is usually 14 

or 15 (Dziemianowicz et al., 2012). Therefore, many authors describe concussions as 

mild TBIs that are lower on the severity spectrum (Harmon et al., 2019). In this paper, 

the term concussion will primarily be used to remain consistent with the sports medicine 

literature. 

1.1.2. Pathophysiology 

The pathophysiological processes underlying concussions were originally 

summarized by Giza and Hovda (2001). Since then, experimental animal models of TBI 

and translational neuroimaging research in humans have further elucidated the complex 

neurometabolic cascade of events that occurs after a concussion (Barkhoudarian et al., 

2016; Giza & Hovda, 2014). These mechanisms include ionic, metabolic, hemodynamic, 

and structural alterations, which have been linked to the clinical features of concussions. 

Importantly, these acute changes are increasingly being linked to short- and long-term 

consequences of concussions, including specific symptoms, increased vulnerability to 

subsequent concussions, and cognitive impairments (Barkhoudarian et al., 2016; Giza & 

Hovda, 2014). 

Sudden acceleration and deceleration forces applied to the brain deform 

neuronal and axonal membranes, which results in indiscriminate flux of ions through ion 

channels and release of neurotransmitters into the synaptic cleft (Barkhoudarian et al., 

2016; Giza & Hovda, 2014). Since ions move down their concentration gradient, there is 

efflux of potassium (K+) and influx of sodium (Na+) and calcium (Ca2+). The resulting 

depolarization causes the release of neurotransmitters, including the excitatory amino 

acid, glutamate. Glutamate is particularly important because the binding of glutamate 

with N-methyl-D-aspartate (NMDA) receptors on postsynaptic membranes results in Na+ 

and Ca2+ influx, and K+ efflux, further propagating the rapid depolarization over a larger 

area. 
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In an attempt to restore ionic homeostasis, ion pumps are activated and 

intracellular Ca2+ is sequestered into mitochondria (Barkhoudarian et al., 2016; Giza & 

Hovda, 2014). Ion pumps require energy in the form of adenosine triphosphate (ATP), 

which is normally supplied by glucose metabolism through a process called aerobic 

respiration. Increased glucose metabolism in the brain persists for up to a few hours 

following an injury, which is thought to reflect the increased energy demands of neurons 

(Barkhoudarian et al., 2016). However, the rate of ATP production is unable to match the 

rate of ATP consumption because of two main reasons. After a concussion, cerebral 

blood flow is decreased, leading to reduced transport of oxygen and glucose to neurons 

(Barkhoudarian et al., 2016; Giza & Hovda, 2014). Hypoperfusion may persist for up to a 

month after a concussion. At the same time, Ca2+ overload in mitochondria and 

increased generation of reactive oxygen species inhibits efficient ATP production 

through the uncoupling of oxidative phosphorylation (Signoretti et al., 2011). Neurons 

have to rely on more inefficient mechanisms for generating ATP, such as anerobic 

(oxygen-independent) respiration. As such, the increased energy requirements of 

neurons are unable to be met, resulting in an “energy crisis” (Barkhoudarian et al., 2016; 

Giza & Hovda, 2014; Signoretti et al., 2011). This initial period of hyperglycolysis is 

followed by reduced glucose metabolism that can last about a week following a 

concussion. 

Structural damage to cytoskeletal components within neurons and glial cells can 

also occur from the initial biomechanical forces (Giza & Hovda, 2014). These initial 

insults may be further exacerbated by Ca2+ influx, which may result in loss of axonal 

structural integrity through phosphorylation and proteolysis. Cytoskeletal damage in the 

axon can disrupt axonal transport, and ultimately, disconnection between neurons can 

occur. In mild TBI, these cytoskeletal and axonal changes are less severe and 

potentially reversible (Barkhoudarian et al., 2016). Though macroscopic lesions may not 

be present on neuroimaging, systematic reviews and meta-analyses have found 

alterations in white matter integrity following a mild TBI using diffusion tensor imaging 

(Aoki et al., 2012; Eierud et al., 2014; Gardner et al., 2012; Hellewell et al., 2020). 

Specific white matter tracts, such as the corpus callosum, may be more susceptible to 

biomechanical forces, but findings of white matter alterations across a wide range of 

tracts suggest the importance of individualized assessment to elucidate specific changes 

within an individual. 
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1.2. Sports-Related Concussion 

Among Canadian varsity athletes, about ten new concussions were diagnosed 

per 100 athletes over a three-year period (10% per three years), although the true 

incidence is likely higher due to underreporting or misidentification (Black et al., 2017). 

Sports-related concussion has become a major topic of public interest, as evidenced by 

extensive media coverage, growing public awareness, and increased scientific research 

efforts (Guay et al., 2016). The potential long-term consequences, such as chronic 

traumatic encephalopathy (McKee et al., 2009), have led to increased scrutiny as to how 

concussions are dealt with in sports. In response, various guidelines and 

recommendations have been proposed for the diagnosis, management, and prevention 

of concussion in sport (e.g., Broglio et al., 2014; Harmon et al., 2019; McCrory et al., 

2017). These position statements have emphasized symptom scales as a crucial tool as 

part of a comprehensive assessment of concussion in athletes. As such, an overview of 

the role of symptom scales in the diagnosis and management of sports-related 

concussion is provided to help contextualize the importance of having measures that can 

help provide valid and reliable assessment of post-concussion symptoms in athletes. 

1.2.1. Baseline Assessment 

Prior to sports participation, athletes may undergo a baseline assessment. A 

baseline assessment often consists of medical history, especially with respect to prior 

TBIs, cognitive assessment, balance testing, and self-report symptom scales (Broglio et 

al., 2014; Harmon et al., 2019; McCrory et al., 2017). The purpose of conducting a 

baseline assessment is to provide clinicians with information about an athlete’s level of 

functioning while in an uninjured state. In cases of a suspected concussion, the athlete’s 

level of functioning can then be compared to their pre-injury baseline assessment to help 

with the interpretation of post-injury scores, and thus, help with the diagnosis of 

concussion. This allows each athlete to be their own comparison standard, which may 

reduce variability attributable to individual pre-injury confounding variables, such as age 

and sex, that could affect scores on cognitive assessment, balance testing, and self-

reported symptoms (Echemendia et al., 2013). Although organizations differ in their 

recommendations for baseline testing, it remains a common practice in college sports 

(Baugh et al., 2016) and is mandatory in many professional sports leagues. 
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1.2.2. Diagnosis 

The initial identification of a potential sports-related concussion often occurs on 

the field or on the sideline. Though the observation of signs, such as loss of 

consciousness or tonic posturing, provides clearer indication of a concussion (Harmon et 

al., 2019), neurological signs are often absent, and any symptoms may be transient 

(McCrory et al., 2017). When a suspected concussion occurs during the course of a 

practice or game, the athlete must be immediately removed and evaluated (Broglio et 

al., 2014; McCrory et al., 2017; Harmon et al., 2019). The sideline assessment of an 

athlete with a suspected concussion focuses on trying to establish whether a concussion 

actually occurred, and whether more extensive medical care is necessary (Barr et al., 

2018). 

Once the initial determination is made, if an athlete is suspected of having a 

concussion, they are removed from play (Broglio et al., 2014; McCrory et al., 2017; 

Harmon et al., 2019). A more comprehensive, office assessment is then conducted. This 

assessment may consist of comprehensive medical history, medical examination, 

cognitive testing, and symptom evaluation. If a baseline assessment was previously 

administered, the administration of the same measures can provide evidence for 

whether a significant change in functioning has occurred by comparing the post-injury 

scores with the pre-injury scores (Broglio et al., 2014). If a baseline assessment was not 

previously administered, the use of appropriate normative data may provide evidence for 

a decline in function as compared to what would be expected based on demographic 

factors (Echemendia et al., 2013). 

Research across age groups has indicated that symptom evaluation is the most 

sensitive indicator of concussion when compared to other components of a 

comprehensive concussion assessment, such as cognitive assessment and balance 

testing (Chin et al., 2016; Downey et al., 2018; Garcia et al., 2018; Hurtubise et al., 

2018). Additionally, meta-analyses have shown that effect sizes of the difference 

between post-injury scores and a comparison standard (baseline or normative data) is 

largest for self-reported symptoms as compared to neurocognitive functioning and 

postural control (Broglio & Puetz, 2008; Alsalaheen et al., 2017). Therefore, symptom 

evaluation is a crucial part of the concussion assessment. 
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1.2.3. Management 

Once an athlete has been diagnosed with a concussion, current 

recommendations call for a 24 to 48-hour period of physical and cognitive rest, followed 

by a gradual increase in activity level to avoid exacerbating symptoms (Broglio et al., 

2014; McCrory et al., 2017; Harmon et al., 2019). In the large majority of older 

adolescent and adult athletes, clinical recovery from a concussion occurs within two 

weeks without the need for treatment (McCrea et al., 2013; Williams et al., 2015). The 

Concussion in Sport Group took a more cautious approach in stating that clinical 

recovery often occurs within a month after a concussion (McCrory et al., 2017), as some 

neuroimaging evidence suggests that there may still be alterations in brain function 

beyond medical clearance (Churchill, Hutchison, Richards, et al., 2017).  

A special consideration for sports-related concussions is return to sport. The 

Concussion in Sport Group has recommended a six-stage graduated return-to-sport 

progression in which the intensity of activity is increased with each stage (McCrory et al., 

2017). Progression to the subsequent stage requires 24 hours without the worsening of 

concussion-related symptoms. Therefore, the protocol specifies a minimum time period 

of a week for return-to-sport. After the last stage, athletes can then be re-assessed in 

order to determine whether symptoms have resolved, neurological examination is 

normal, and cognitive performance is at expected levels (Patricios et al., 2017). 

In terms of assessment of concussion during the management phase, serial 

assessments with self-report symptom scales have been recommended for tracking 

recovery, as these measures are easy to administer (Broglio et al., 2014; Echemendia, 

Broglio, et al., 2017; McCrory et al., 2017). In addition, the timeline for self-reported 

symptom resolution is close to or even longer than that of cognitive or balance recovery 

(Alsalaheen et al., 2017; Broglio & Puetz, 2008; Williams et al., 2015). Therefore, 

symptom scales appear to be useful for diagnosing concussions and tracking recovery, 

whereas cognitive and balance assessment may have more limited utility beyond the 

acute phase of a concussion (Echemendia, Broglio, et al., 2017). The repeated 

administration of concussion symptom scales necessitates an understanding of the 

psychometric properties of symptom scores over time. 
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1.3. Psychometric Evaluation of Scores on Concussion 
Symptom Scales 

Although the importance of understanding the psychometric properties of scores 

on measures is often underemphasized, when a scale, such as the SCAT5 symptom 

scale, is used in clinical decision-making, it is imperative that there is evidence that 

demonstrates the reliability and validity of symptom scores on the tool with use in a 

specific population of interest. Alla and colleagues (2009) undertook a systematic review 

to examine the self-report scales and checklists that have been proposed for the 

assessment of sports-related concussion symptoms. They found that measures differed 

in terms of the number of symptoms, naming of symptoms, response format, and 

method of administration. Despite differences in the measures, they identified six core 

scales that share about 20 common symptoms. However, they noted that most scales 

were not developed through a systematic process focused on establishing basic 

measurement properties, and as such, psychometric evidence for the use of scores on 

these scales in the measurement of concussion symptoms in athletes was lacking. While 

they acknowledged the utility of concussion self-report scales and checklists, they 

argued that scientific validation of the scores on these measures was needed. 

1.3.1. Scale Development 

To facilitate best practices for the development and validation of scales, Boateng 

et al. (2018) summarized the process as consisting of three main phases: item 

development, scale development, and scale evaluation. The focus of the first phase, 

item development, is the generation of a set of questions that measure a specific domain 

of interest. The first step is to specify the exact domain or construct to be measured. 

This conceptualization guides the entire scale development process by establishing the 

boundaries of the domain (i.e., what examples of concepts, attributes, or unobserved 

behaviour fall under the domain). After the domain is decided upon, an initial set of items 

can then be generated. This process often involves both deductive and inductive 

methods. Following the initial generation of items, experts, and possibly individuals of 

the target population for which the measure is intended to be used with, evaluate how 

well the items measure the construct. 
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According to Boateng et al. (2018), the second phase is scale development in 

which a cohesive scale is formed from the individual items generated in the first phase. 

Items are pre-tested on individuals of the target population to ensure adequate 

representation of the domain, and valid interpretation and responses. Next, the survey is 

administered, which involves considerations of survey collection format, sample size, 

and study design. Once data has been collected, the functioning of each item can be 

examined to identify any problematic items that should be modified or deleted. Methods 

may include examining item difficulty and item discrimination indices, inter-item and 

item-total correlations, and distractor efficiency analysis. The last step of the second 

phase is factor extraction in which an initial factor structure is elucidated. 

In the last phase, scale evaluation, Boateng et al. (2018) described the need for 

tests of dimensionality, reliability, and validity. Though factor extraction was completed in 

the previous step, tests of dimensionality assess the exploratory or hypothetical factor 

structure that was previously obtained at a different time point or with a different sample. 

Tests of reliability are then conducted to examine the agreement of scores. Finally, tests 

of validity examine whether scores on the scale actually measure the construct of 

interest through assessment of criterion validity and construct validity. 

1.3.2. Test-Retest Effects 

As part of the COnsensus-based Standards for the selection of health 

Measurement INstruments (COSMIN) initiative, an international Delphi study was 

conducted to establish and define key measurement properties for the evaluation of 

health-related patient-reported outcomes (Mokkink et al., 2010). They defined reliability 

as "the extent to which scores for patients who have not changed are the same for 

repeated measurement under several conditions" (Mokkink et al., 2010, p. 743). Under 

classical test theory, an observed score on a variable is posited to be the sum of a true 

score on the variable and sources of measurement error that result in deviation from the 

true score (Lord & Novick, 1968). An instrument ideally minimizes measurement error, 

thus resulting in an observed score that is close to the true score. This psychometric 

property is called reliability, which is defined as the proportion of true score variance to 

observed variance. However, the problem is that the true score variance cannot be 

accessed, as true scores cannot be directly observed. 
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The original conceptualization of reliability required estimating the correlation 

between two parallel forms (Lord & Novick, 1968). However, other ways of assessing the 

consistency between scores have been acknowledged in the Standards for Educational 

and Psychological Testing (2014) as important for the evaluation of a scale, particularly 

in clinical contexts. Test-retest reliability, a form of reliability, refers to the reproducibility 

of a score based on a measure administered under the same conditions over time 

(Mokkink et al., 2010). If the true score of a variable is assumed to be stable over a 

specified length of time, high test-retest reliability would be demonstrated by a large 

correlation coefficient between two observed scores over that specified time frame. 

However, large correlation coefficients can be observed even if there are systematic 

changes in scores over time, as long as the linear or rank-ordered relationship is still 

preserved. Therefore, it is also important to consider absolute change in the observed 

scores. With the COSMIN definition of reliability, high test-retest reliability means that 

changes in scores should not be expected in the absence of any external or clinical 

changes. 

Test-retest reliability is relevant in the assessment of sports-related concussion, 

particularly when baseline testing is used, as measures are administered on at least two 

occasions. It is important for a baseline measurement of symptoms to have high test-

retest reliability so that any change in symptoms following a concussion can be 

attributed to the injury, rather than effects unrelated to the concussion such as 

imprecision of measurement or changes that occur with repeated administration of a 

measure. However, less than optimal test-retest reliability, in terms of consistency 

between measurements, has been reported for measures commonly used in sports-

related concussion assessment (Broglio et al., 2018; Hänninen et al., 2017). 

Reliable change methodology is an important application of test-retest reliability. 

Reliable change methodology evaluates whether a change in a score is greater than 

what would be possible from measurement error alone (Jacobson & Truax, 1991). Thus, 

it provides a criterion upon which a score can be compared against to determine 

whether a “real,” statistically significant change has occurred (Iverson, 2019). When test-

retest reliability increases, the relative contribution of measurement error decreases, and 

the difference score needed to indicate a statistically significant change is lower. 

Therefore, when a measure has symptom scores that have high test-retest reliability with 

use in athletes, it is more sensitive to post-concussive changes (Arnett et al., 2016). 
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Though nearly half of athletic trainers (43.8%) indicated that they determined impairment 

following a concussion by simply examining whether a test score was worse as 

compared to baseline, many (36.8%) reported using reliable change indices to help with 

determination of impairment following a concussion, at least with computerized 

neuropsychological testing (Lempke et al., 2020). Therefore, understanding test-retest 

effects is essential for the interpretation of post-concussion symptom scores. 

1.3.3. Subgroup Analysis 

Even when scales are developed with a specific population in mind, individuals in 

the target population may differ in important ways that could result in subgroup 

differences in psychometric properties of scores on the instrument. Therefore, not only 

should a scale be tested with a sample of the target population to evaluate broad 

applicability of scores, but further analyses should be conducted for each subgroup on 

which the measure may be used, as recommended in the Standards for Educational and 

Psychological Testing (2014). The Standards’ recommendations are reflected in all steps 

of the scale development process, including the analysis of evidence of validity and 

reliability of scores on the scale for each relevant subgroup. 

Subgroup considerations of validity of interpretation of scores include 

examination of construct underrepresentation or construct-irrelevant variance, which 

ultimately can affect the interpretation of scores within subgroups and between 

subgroups. For instance, if individuals within one subgroup interpret items on a scale 

differently than individuals in a different subgroup, subgroup comparisons of scores may 

not be fairly assessing the construct of interest. With respect to reliability, the Standards 

advocate for the reporting of reliability estimates for each relevant subgroup, especially 

when within-group comparisons are made using subgroup normative data (e.g., sex-

specific norms). The implication of differential reliabilities is that interpretation of scores 

can be affected if scores obtained in one subgroup are less reproducible than scores 

obtained in a different subgroup. Therefore, subgroup analyses are important to 

determine whether scores on a measure are appropriate to use in different subgroups, 

and if any score adjustments may be necessary for interpretation of responses. 
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1.4. Sport Concussion Assessment Tool Symptom 
Evaluation 

In 2004, the Concussion in Sport Group developed the SCAT as a standardized 

method of assessing concussion (McCrory et al., 2005). The first version consisted of a 

graded symptom scale, cognitive assessment, and neurological screen. Although the 

scientific literature was consulted to evaluate face and content validity, the SCAT was 

ultimately developed through expert consensus. As such, scores on the measure were 

not subjected to a rigorous development process to evaluate psychometric properties 

(Alla et al., 2009; Eckner & Kutcher, 2010). While the SCAT has undergone several 

revisions, the symptom scale has been retained across all iterations of the SCAT due to 

its widespread use and critical role in the diagnosis and management of concussion. For 

instance, in a survey of athletic trainers, Lempke et al. (2020) found that over 80% of 

those who used a symptom checklist for assessing concussions reported using a version 

of the SCAT graded symptom scale. The SCAT5 is the most recent iteration of the tool.  

The Symptom Evaluation portion of the SCAT5 consists of a list of 22 symptoms 

self-rated on a 7-point ordered response scale from 0 to 6. The response options are 

accompanied by descriptors for the severity of symptoms, with 0 being “none,” 1-2 being 

“mild,” 3-4 being “moderate,” and 5-6 being “severe.” Two summary scores are derived 

from the graded symptom evaluation scale: total number of symptoms and symptom 

severity score. Athletes are then asked to select, in a yes/no format, if engaging in 

physical activity or mental activity exacerbates their symptoms. Finally, athletes are 

asked to indicate what percent of normal they feel if 100% corresponds to “perfectly 

normal,” and to provide a reason if they did not respond with 100%. 

A few revisions have been made to the SCAT5 symptom scale from the previous 

edition (SCAT3), with perhaps the most significant one being new instructions for the 

scale. Different instructions have now been included for completion of the symptom 

scale at baseline versus after injury: “For the baseline assessment, the athlete should 

rate his/her symptoms based on how he/she typically feels and for the post injury 

assessment the athlete should rate their symptoms at this point in time” (Echemendia, 

Meeuwisse, et al., 2017). On the SCAT3 symptom scale, there is only one set of 

instructions that prompts an athlete to rate their symptoms at the time of assessment 

regardless of whether the symptom scale was administered at baseline or after an injury: 
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"You should score yourself on the following symptoms, based on how you feel now” 

(McCrory et al., 2013). The difference in reporting period may influence the reporting of 

baseline symptoms, and thus, warrants further investigation. 

It should be noted that research on the Post-Concussion Symptom Scale (PCSS) 

may inform understanding of baseline symptom reporting on the SCAT symptom scale, 

despite being identified as different core measures by Alla et al. (2009). Both scales 

contain 22 symptoms, of which 18 items are comparable (see Appendix D). Additionally, 

both scales have responses listed on a 7-point ordered response scale from 0 to 6 with 0 

representing “none” or “not experiencing this symptom,” and 6 representing “severe” or 

“worst I have ever experienced.” On the PCSS, athletes are asked to rate their current 

symptoms regardless of administration, which is similar to the S3SE. Therefore, 

research on the psychometric properties of scores on the PCSS has been included 

when relevant. 

1.4.1. Distributional Characteristics 

The different reporting periods of the SCAT5 and SCAT3 symptom scales at 

baseline may elicit different response processes, thus resulting in different distributional 

characteristics of symptom scores. Robinson and Clore (2002a) proposed an 

accessibility model of emotional self-report, which posits that people tend to use the 

most specific and relevant information that is accessible when making judgments about 

their emotions. They argued that experiential knowledge is primarily used for online 

reports of emotions (i.e., “current”), as emotional experiences are specific to a given 

moment and cannot be exactly reproduced. In contrast, semantic knowledge is primarily 

used for trait reports of emotions (i.e., “in general”) because specific episodic details 

become more difficult to recall so generalized beliefs about oneself are reported instead. 

Supporting the idea that different memory systems are being activated, Robinson 

and Clore (2002b) found that ratings for emotions took longer and became more intense 

as the instruction time frame increased from “at this moment” to “last few weeks,” but 

these judgment latencies and rating means levelled off with instruction time frames 

beyond “last few weeks,” including “in general.” However, Walentynowicz et al. (2018) 

failed to find a clear instruction time frame in which there was a switch between memory 

systems, as they showed that an increase in instruction time frame corresponded with 
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an increase in reaction time and response ratings for affective states and symptoms. 

They argued that episodic memory likely still contributes to ratings for longer reporting 

periods, with higher reaction times and response ratings attributable to a larger number 

of memories that can be contributed or a more extreme moment that can be recalled. 

That said, “in general” appeared to be a unique instruction time frame because ratings of 

most states were less intense compared to the longest instruction time frame included, 

which was “last year.” The implication is that “in general” may not be a longer recall 

period than “last year.” However, it is unclear how ratings of states “in general” compare 

to other instruction time frames, such as ratings of current states. Although both 

Robinson and Clore (2002b) and Walentynowicz et al. (2018) appeared to show 

differences between the instruction time frame for current and general self-report, no 

direct comparisons were made. 

The difficulty in quantifying the instruction time frame “in general” is directly 

relevant for baseline administration of the SCAT Symptom Evaluation because the new 

instructions on the S5SE assess symptoms for how athletes typically feel (trait), whereas 

the previous instructions on the S3SE assess symptoms for how athletes feel now 

(state). If trait symptoms are reported based on semantic knowledge or episodic 

memories over a time frame longer than current symptoms, then the expectation is that 

a higher number and severity of concussion-related symptoms should be reported on the 

S5SE than S3SE at baseline. In the only study directly comparing the SCAT5 and 

SCAT3 symptom scales, Asken and colleagues (2020) administered both measures to 

college varsity athletes on the same day using a counterbalanced, within-subjects 

design (with a median time of 3 minutes between scale completion). Overall, they found 

that about 60% of participants had a different symptom severity score on the two scales, 

though there were no statistically significant differences in total symptom severity score. 

Additionally, they reported a Spearman’s rank correlation coefficient of rs = .407 between 

the SCAT5 and SCAT3 total symptom severity score, which seems to support the 

shifting of rank order of scores on the two measures. However, further research is 

needed to evaluate the effect of the different reporting time periods on baseline 

distributional characteristics for number and severity of concussion-related symptoms on 

the S5SE compared to the S3SE. 
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1.4.2. Test-Retest Effects 

The change in wording of the S5SE baseline instructions from “now” to “typically” 

implies a shift from a state to a trait account of symptoms (Asken et al., 2020). The 

expected result of this change is greater temporal stability in the reporting of symptoms 

at baseline, as states are more transient and vulnerable to fluctuations, whereas traits 

are more enduring (Slick, 2006). The day-to-day variability in symptoms would be 

expected to impact state-dependent symptoms but have a minimal effect on trait-

dependent symptoms. This may be especially useful in specific populations, such as 

student athletes, where juggling athletic commitments and academic commitments, such 

as studying for an exam, may affect state symptoms (Balasundaram et al., 2017), but 

not trait symptoms. 

If the change in instructions results in the assessment of more trait-like 

characteristics on the SCAT5 symptom scale, this would potentially allow for a more 

reliable baseline measurement of concussion symptoms. The clinical implication of the 

new baseline instructions is that a more stable baseline standard would facilitate 

improved diagnostic decisions and tracking of recovery following a concussion, such that 

an athlete returns back to their typical level of functioning rather than a level of 

functioning that may have been obtained on an especially “good” or “bad” day (Asken et 

al., 2020). Previous research using daily sampling techniques has demonstrated 

considerable day-to-day variability in baseline symptom frequency and severity on the 

SCAT2 and SCAT3 symptom scales (Balasundaram et al., 2016; Robinson & 

McElhiney, 2017), owing to the dynamic nature of states assessed on these scales. 

Although a comparison between test-retest reliability coefficients has not yet been 

conducted with the SCAT5 and SCAT3 symptom scales, research with other measures 

suggests that test-retest reliabilities for the reporting of traits is higher than states. For 

example, higher test-retest reliability has been reported for the trait scales (r = .73-.86) 

as compared to state scales (r = .16-.62) on the State-Trait Anxiety Inventory 

(Spielberger et al., 1983). 

In terms of further elucidating properties of scores on the SCAT5 symptom scale, 

there are currently no studies that have directly compared the SCAT5 and SCAT3 

symptom scales across more than one time point. These comparisons can have 

implications for the determination of reliable change, and ultimately, the diagnosis and 
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monitoring of sports-related concussions. Preliminary evidence suggests that the new 

baseline instructions may have improved the test-retest reliability in athletes. Hänninen 

et al. (2021) reported a SCAT5 symptom scale test-retest reliability of rs = .85 for total 

number of symptoms and rs = .84 for symptom severity score over a two-week period in 

professional ice hockey players, whereas Chin et al. (2016) reported a SCAT3 symptom 

severity score test-retest reliability of r = .62 over a one-week period in high school and 

college athletes. However, important differences between these studies, such as the 

composition of the sample (e.g., age, sex, level of competition, daily life experiences), 

preclude strong inferences about the impact of the different baseline reference periods 

on test-retest reliability. Therefore, more research is required to compare the test-retest 

reliability of symptom scores at baseline using the S5SE and S3SE. 

In addition to comparing correlation coefficients, changes in concussion symptom 

scores due to repeated administration of the SCAT Symptom Evaluation need to be 

considered. Although Hänninen et al. (2021) and Chin et al. (2016) did not directly 

compare concussion symptom scores between baseline and retest time points, a trend 

of decreasing scores from baseline to retest was observed in uninjured athletes on the 

SCAT5 and SCAT3 symptom scales, respectively. Small decreases in symptom scores 

from baseline to retest six weeks later were reported by Merritt et al. (2018), though 

results were not statistically significant. Meanwhile, other studies have demonstrated a 

significant decrease in symptoms on the PCSS with a baseline to retest interval of 14 

days (Malleck et al., 2019), and on the SCAT2 symptom scale with repeated 

administration for seven consecutive days (Balasundaram et al., 2017). In fact, this 

decrease in concussion-related symptomatology has been even observed for repeated 

baseline administration of the S5SE in immediate succession, despite the lack of an 

intervening event (Hystad, 2019). If concussion-related symptoms change over time in 

the absence of a clinically significant reason for change (e.g., concussion), interpretation 

of symptom scores is complicated by the need to account for test-retest effects, such as 

response shift, regardless of the strength of test-retest reliability coefficients. Further 

characterization of absolute agreement of symptom scores because of the possible 

effect of repeated measurement of the S5SE and S3SE is necessary for informing the 

use of these symptom scales. 
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1.4.3. Sex Differences 

Sex differences in baseline state symptoms have been extensively studied in 

males and females. A meta-analysis found that there was a small sex difference 

between female and male non-concussed high school and college athletes at baseline 

for concussion-related state symptoms (Brown et al., 2015). Additionally, there were sex 

differences in the endorsement of certain concussion-related state symptoms at baseline 

in non-concussed high school and college athletes. Specifically, females were more 

likely to report vision/hearing problems, headache/migraine, difficulty concentrating, 

energy/sleep disturbances, and emotional disturbances than males. Brown et al. (2015) 

suggested that in females, these non-specific symptoms may fluctuate over the course 

of the menstrual cycle in accordance with relative levels of estrogen and progesterone. It 

is necessary to further elucidate any differences in psychometric properties of symptom 

scores between male and female athletes, as these differences may have implications 

for diagnostic and management decisions. 

It is unclear whether sex differences observed for state symptoms persist when 

athletes are asked how they typically feel rather than how they currently feel. A few 

studies have examined the effect of sex on S5SE baseline symptoms, which measures 

trait-like symptoms. In college athletes, Asken et al. (2020) and Petit et al. (2020) did not 

find any significant differences for self-reported number of symptoms or symptom 

severity score between males and females, whereas Black et al. (2020) found that 

female high school rugby athletes reported higher symptom frequency and severity than 

males. The different results may be partly attributable to differences in sample 

characteristics, such as age of sample. Further clarity is needed to understand whether 

sex differences exist for the reporting of baseline symptoms on the SCAT5 symptom 

scale. 

There may also be sex differences in the relative reporting of baseline symptoms 

on the SCAT5 and SCAT3 symptom scales. When comparing reporting of trait and state 

symptoms across sex using the S5SE and S3SE, respectively, Asken et al. (2020) found 

that females more often reported higher S5SE (trait) symptom severity scores than 

S3SE (state) symptom scores as compared to males, whereas males more often 

reported equal S5SE and S3SE symptom severity as compared to females. These sex 

and instruction time frame interaction effects have been found for self-report of 
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emotions, where females reported higher emotion intensity than males, though this sex 

difference was larger at longer instruction time frames than shorter instruction time 

frames (Robinson & Clore, 2002b). However, concussion-related symptoms are 

comprised of more than just affective symptoms, so there is limited evidence as to 

whether there are systematic differences in the reporting of trait and state concussion-

related symptoms between males and females. Therefore, more evidence is needed to 

evaluate potential sex differences across the two versions of the SCAT symptom scale. 

Finally, potential sex differences also need to be considered for the relationship 

of symptoms over time. Recently, Malleck et al. (2019) examined the effect of menstrual 

cycle and hormonal contraceptives over two weeks on baseline PCSS scores in 

undergraduate students. Although there were no differential changes in symptoms over 

time between females and males, consideration of hormonal contraceptive use 

appeared to be important. In eumenorrheic females, post-concussion symptoms, 

specifically nausea, dizziness, lightheadedness, trouble falling asleep, drowsiness, 

sensitivity to noise, sadness, feeling like “in a fog”, and difficulty remembering, 

decreased over time, which corresponded to a shift from the follicular phase to the luteal 

phase. In contrast, females on hormonal contraceptives and males did not appear to 

have this change in symptoms over time, though these group differences were not 

directly compared using statistical analyses. Interestingly, females on hormonal 

contraceptives were observed to have low test-retest reliability coefficients (r = .19) as 

compared to eumenorrheic females (r = .71) and males (r = .79), though sample sizes 

were relatively small (23 females on hormonal contraceptives, 21 eumenorrheic females, 

and 33 males). However, Chin et al. (2016) did not find any differences in test-retest 

reliability coefficients between uninjured male and female high school and collegiate 

athletes on the S3SE symptom severity score. Taken together, there is a need to further 

explore how test-retest effects may differ in males and females. 

1.4.4. Symptom Clusters 

While a total concussion symptom score provides an overview of the severity of 

an athlete’s symptoms, important differences in symptom reporting patterns between 

athletes may be obscured (Kontos et al., 2012; Merritt & Arnett, 2014). For example, 

even though two athletes may have the same symptom severity score after a 

concussion, one athlete may endorse primarily cognitive symptoms (e.g., difficulty 
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concentrating, difficulty remembering), whereas another athlete may endorse primarily 

affective symptoms (e.g., sadness, irritability). Without consideration of the symptoms, 

treatment plans may not be optimally addressing the specific concerns reported by 

individual athletes. This aligns with the clinical trajectories approach proposed by Collins 

and colleagues (2014), in which concussion management strategies should be 

personalized based on the specific symptoms that an athlete is experiencing. 

In general, factor analyses conducted on the PCSS have described four 

symptom clusters: cognitive, physical, affective, and sleep (Kontos et al., 2012; Merritt & 

Arnett, 2014; Pardini et al., 2004). Although many similarities exist between the factor 

solutions obtained by these studies, important differences have been noted, particularly 

with some symptoms in the cognitive, physical, and sleep clusters (see Appendix D). For 

instance, with data on athletes at baseline, Merritt and Arnett (2014) found a more 

homogenous factor of cognitive symptoms, whereas Kontos et al. (2012) found some 

sensory symptoms (sensitivity to light, sensitivity to noise, vision problems) load with 

cognitive symptoms in their cognitive-somatic factor. Meanwhile, Pardini et al. (2004) 

reported fatigue as loading onto their cognitive factor in a sample of athletes with an 

acute concussion (under seven days post-injury). 

There may be several reasons for this discrepancy in factor solutions. The 

loading of symptoms onto factors changes depending on when the scale was 

administered relative to a concussion. For instance, some studies have described a 

global concussion factor that emerges within the first week following a concussion 

(Kontos et al., 2012; Nelson et al., 2018), which may explain why symptoms relating to 

physical symptoms (e.g., headaches, sensitivity to light) and sleep symptoms (e.g., 

fatigue, drowsiness) may be grouped together with cognitive symptoms in the Kontos et 

al. (2012) and Pardini et al. (2004) factor analyses on post-concussion data. Even when 

comparing factor analyses solely conducted on symptoms at baseline in the Kontos et 

al. (2012) and Merritt and Arnett (2014) studies, differences in item loading still emerged, 

which may be attributed to differences in item loading criteria, handling of cross-loading, 

and sample composition. 

Despite slight differences in the composition of symptom clusters across factor 

analyses, research suggests that consideration of symptom clusters may be valuable for 

the assessment of sports-related concussions. For example, Howell et al. (2019) 
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reported that higher symptom severity on the physical and cognitive symptom clusters 

are associated with prolonged recovery from concussions. Additionally, sex differences 

on symptom cluster scores have been noted after concussion, with females reporting 

higher somatic symptom severity following a concussion than males. Examination of 

symptom cluster scores at baseline may also be informative, as athletes with preinjury 

mental health conditions may experience prolonged recovery from sports-related 

concussion (Iverson et al., 2017). At baseline, females have been found to report several 

symptoms more frequently than males across all symptom clusters (Brown et al., 2015), 

although these differences may be more prominent on the physical and affective 

symptom clusters (Hystad, 2019). 

The four general symptom clusters labelled by Merritt and Arnett (2014) have 

since been adapted from the PCSS for the SCAT symptom scale (see Appendix D). 

Some validity evidence has been demonstrated with the adapted SCAT symptom 

clusters in athletes. Churchill, Hutchison, Graham, et al. (2017) found that in athletes 

with a recent concussion (i.e., under seven days post-injury), lower frontal and 

subcortical cerebral blood flow was observed for those reporting more cognitive 

symptoms than physical symptoms, which is consistent with the role of frontal areas in 

higher-order cognition. Differential associations between the four symptom clusters and 

neuroendocrine hormone profiles after a concussion have also been demonstrated (Di 

Battista et al., 2019). In terms of convergent validity evidence, Asken et al. (2020) 

reported that the strongest correlations between symptom clusters were generally 

between corresponding symptom clusters on the SCAT5 and SCAT3 symptom scales. 

Despite all the validity evidence that has accumulated, reliability evidence of the 

symptom cluster scores is lacking. Merritt and colleagues (2018) examined the six-week 

test-retest reliability of the four symptom clusters identified by Merritt and Arnett (2014) 

in a sample of undergraduate students. They demonstrated that test-retest reliability 

coefficients were highest for the cognitive symptom cluster (r = .80, ICC = .77) and 

lowest for the physical symptom cluster (r = .44, ICC = .44). There were no significant 

differences in matched symptom cluster scores across the two time points, and small 

effect sizes of these differences provided evidence of the absolute agreement of 

symptom cluster scores. However, this study was conducted on the PCSS, and item 

differences between the PCSS and SCAT may influence the absolute agreement and 

consistency in the linear relationship of the symptom cluster scores over time on the 
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SCAT. Additionally, with the new baseline instructions on the S5SE, test-retest 

reliabilities of these symptom cluster scores may differ from the state-like symptoms that 

are reported on the PCSS. Although Kontos et al. (2019) suggested that examining 

clinical profiles of symptoms may improve treatment, an important next step towards the 

utilization of these clusters in clinical practice is further research on test-retest effects for 

symptom cluster scores. 

1.5. Summary 

Concussion in sports is a major public health issue due to the potential short- and 

long-term consequences. As part of recommendations for best practices in the diagnosis 

and management of sports-related concussion, many athletes undergo a baseline 

assessment that consists of an evaluation of concussion symptoms. Healthcare 

professionals often use symptom checklists and scales to ascertain the number and 

severity of concussion symptoms over time through repeated measurement. The SCAT5 

symptom scale is one of the most widely used measures for the assessment of self-

reported symptoms. 

A major change in the symptom scale of the SCAT5 compared to the SCAT3 is 

the different set of instructions provided for administration at baseline versus post-injury. 

On the SCAT5 symptom scale, athletes are asked to indicate how they typically feel at 

baseline, whereas athletes are asked to indicate how they currently feel post-injury. On 

the SCAT3 symptom scale, athletes are asked to rate their symptoms based on how 

they currently feel regardless of when it is administered. This change in instructions may 

affect the reporting of symptoms at baseline as the reporting for a baseline level of 

symptoms may be more stable for trait-like characteristics rather than state-like 

characteristics. Since understanding the distributional characteristics and test-retest 

effects contributes to the ability of a measure to reliably detect a change in score in a 

specific population, improved understanding of the psychometric properties of symptom 

scores on the S5SE ultimately has implications for the diagnosis and management of 

sports-related concussion. However, there is currently a lack of research examining how 

the change in instructions affects the select psychometric properties of the S5SE total 

symptom scores and symptom cluster scores, especially with consideration of individual 

differences such as sex. Therefore, steps involved in the scale evaluation phase of scale 
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development are required to facilitate interpretation of symptom scores in clinical 

practice. 

1.6. Current Study 

Preseason baseline assessment remains frequent practice. With the change in 

baseline instructions on the SCAT5 symptom scale from “now” to “typically”, it is 

important to investigate how these different instruction time frames affect symptom 

reporting at a total symptom level and symptom cluster level. Few studies have 

compared psychometric properties of symptom scores on the S5SE and S3SE, and no 

studies have directly examined scores on the symptom scales in a test-retest design. 

Although the difference in wording suggests that symptoms reported at baseline would 

be less affected by day-to-day variations in symptom changes, this has yet to be 

subjected to empirical investigation. Additionally, any potential sex differences on 

symptom scores between males and females have yet to be extensively characterized 

with the SCAT5 symptom scale, particularly with respect to psychometric properties. 

The first goal of the current study was to compare distributional characteristics of 

symptom scores on the Symptom Evaluation section of the SCAT5 and SCAT3 at 

baseline. To this end, the following research questions were addressed: 

1. Are there differences in the distribution of baseline symptoms 
between the S5SE and S3SE at the total symptom level and symptom 
cluster level for the overall sample? 

2. Are there changes in the distribution of “baseline” symptoms from 
Time 1 to Time 2 at the total symptom level and symptom cluster level 
for the overall sample? 

3. Are there sex differences in the distribution of baseline symptoms at 
the total symptom level and symptom cluster level? 

4. Are there interaction effects between SCAT Symptom Evaluation 
version, time, or sex? Do differences in the distribution of “baseline” 
symptoms between the S5SE and S3SE change over time? Do 
differences in the distribution of “baseline” symptoms between the 
S5SE and S3SE differ in females and males? Do changes in the 
distribution of "baseline” symptoms over time differ in females and 
males? Do time-related changes in the distribution of “baseline” 
symptoms between the S5SE and S3SE differ in females and males? 
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The second goal of the current study was to compare within-individual reporting 

patterns of baseline symptoms on the Symptom Evaluation section of the SCAT5 and 

SCAT3. To this end, the following research question was addressed: 

5. Are there sex differences in the percentage of participants who 
reported different patterns of baseline S5SE and S3SE symptoms at 
the total symptom level and symptom cluster level? 

The final goal of the current study was to compare correlations of baseline 

symptom scores on the Symptom Evaluation section of the SCAT5 and SCAT3 over a 

one-week test-retest period. To this end, the following research questions were 

addressed: 

6. Are there differences between the one-week test-retest reliability 
coefficients of “baseline” symptom scores on the S5SE and S3SE for 
corresponding symptom scores at the total symptom level and 
symptom cluster level? 

7. Are there within-sex and between-sex differences in the pattern of 
one-week test-retest reliability coefficients of “baseline” symptom 
scores on the S5SE and S3SE for corresponding symptom scores at 
the total symptom level and symptom cluster level? 
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Chapter 2. Method 

2.1. Participants 

This study was conducted in accordance with university ethics guidelines and 

with Human Subjects Approval from Simon Fraser University’s Research Ethics Board. 

Undergraduate students enrolled in introductory psychology courses at Simon Fraser 

University were recruited through the Department of Psychology’s Research 

Participation System (RPS). All participants provided their informed consent prior to 

beginning the study and received RPS credits for their participation. 

A total of 432 participants took part in the study. Participants were excluded from 

the analyses if the second session was not completed within the specified time period of 

approximately a week (6-9 days) after the first session or if there was missing data on 

the S5SE or S3SE at either time point, resulting in the removal of nine participants. 

Participants were also excluded if they reported a concussion within the past month or 

during the follow-up period, or if they reported persisting post-concussion symptoms 

from a concussion more than a month prior to their participation, resulting in the removal 

of a further eight participants. Another two participants were removed due to providing 

responses that suggested misunderstanding of the instructions (e.g., responding as if 

they currently had a concussion despite not reporting a recent concussion). Finally, 

univariate and multivariate outlier analyses resulted in the removal of 18 participants, 

leaving 395 participants in the final sample included for analysis. 

Demographic and medical information of the final sample is summarized in Table 

E1. The mean age of the sample was 19.54 years (SD = 3.27). The sample consisted of 

78.2% females and 21.8% males. It should be noted that participants were asked to 

indicate their sex and gender in an open-ended response format. Responses for self-

reported sex were used to group participants. If participants did not clearly identify sex 

(e.g., responded with sexual orientation), open-ended responses to gender identity were 

used, as all participants indicated either male or female for one of the two questions. 

Participants in the sample mainly indicated their cultural/ethnic identification as Asian 

(38.0%), Caucasian (28.4%), or South Asian (28.1%), and some participants (5.8%) 

selected more than one cultural/ethnic identification category. Most participants reported 
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that English was their first language (60.3%), or that they were equally or more fluent in 

English than their first language (32.4%). 

2.2. Measures 

2.2.1. Demographic & Medical Questionnaire 

A demographic and medical questionnaire included the SCAT5 Athlete 

Background section to ascertain age, gender, level of education, and medical diagnoses 

(e.g., psychiatric disorders), supplemented with additional questions to ascertain athlete 

status, sports participation, ethnic/cultural background, level of English fluency, 

menstrual status, and concussion history (see Appendix A). For concussion history, a 

formal definition of concussion based on the definition from the 2017 Concussion in 

Sport Group (McCrory et al., 2017) was given to provide clarity for subsequent questions 

about concussion history, which has been done in other studies (e.g., Asken et al., 

2020). 

2.2.2. Sport Concussion Assessment Tool 5th Edition & 3rd Edition 
Symptom Evaluation 

The Symptom Evaluation portion of the SCAT5 (Echemendia, Meeuwisse, et al., 

2017) and SCAT3 (McCrory et al., 2013) was used to obtain ratings on concussion 

symptoms (see Appendix B and C). The SCAT symptom scale consists of a list of 22 

concussion symptoms, each rated on a 7-point ordered response scale ranging from 0 to 

6 based on severity of the symptom. The options are accompanied by a description of 

severity of the symptom, such that 0 corresponds to “none,” 1-2 to “mild,” 3-4 to 

“moderate,” and 5-6 to “severe.” The number of symptoms endorsed were summed to 

derive total number of symptoms, resulting in a possible range of 0-22. The symptom 

severity ratings were summed to derive total symptom severity score, resulting in a 

possible range of 0-132. Higher scores represent a higher number of symptoms 

endorsed and a higher severity of symptoms, respectively. 

Following Merritt et al. (2015), symptom cluster scores were derived in a similar 

way, though with only the symptoms that compose the cluster contributing to those 

scores (see Table D3). For the physical symptom cluster, number of symptoms ranged 
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from 0-9, with a possible severity score of 0-54. For the cognitive symptom cluster, 

number of symptoms ranged from 0-6, with a possible severity score of 0-36. For the 

affective symptom cluster, number of symptoms ranged from 0-4, with a possible 

severity score of 0-24. For the sleep symptom cluster, number of symptoms ranged from 

0-3, with a possible severity score of 0-18. 

Internal consistency values for the symptom clusters used in the current study 

have not been previously reported, though a similar grouping of symptoms was used by 

Hystad (2019) on the S5SE at baseline in undergraduate students. High internal 

consistency was reported for total symptom severity score (α = .93), and internal 

consistency for symptom severity score on the symptom clusters ranged from .68 for the 

sleep symptom cluster to .88 for the physical symptom cluster. In the current study, 

internal consistency for number of symptoms and symptom severity score variables 

were reported with Kuder-Richardson Formula 20 (KR-20) and Cronbach’s alpha, 

respectively (see Table I1). Internal consistency was calculated on both the S5SE and 

S3SE at both time points. At the total symptom level, internal consistency ranged from 

.88-.94. At the symptom cluster level, internal consistency was highest for the affective 

symptom cluster (.80-.92) and lowest for the sleep symptom cluster (.55-.75). 

2.3. Procedure 

Data collection occurred exclusively online through Qualtrics. Though the SCAT5 

and SCAT3 were designed to be administered in person, online administration of the 

SCAT5 is becoming more common to facilitate ease of use. For instance, the SCAT5 

has been reproduced in a web-based format by the British Columbia Injury Prevention 

Unit as part of a federal initiative to improve the prevention, recognition, and 

management of concussions in Canada. Additionally, the National Hockey League 

(NHL) developed the NHL SCAT5 App for administration of the SCAT5 using a tablet 

computer (Echemendia et al., 2020). Many researchers have also successfully adapted 

previous versions of the symptom scale for an online format (e.g., Balasundaram et al., 

2016; Robinson & McElhiney, 2017). Therefore, previous studies and current clinical 

initiatives have provided a precedence for online administration of the SCAT5 and 

SCAT3 symptom scales. 
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The study was a repeated-measures design consisting of two sessions held 

about one week apart. The period of one week was chosen to evaluate select 

psychometric properties of symptom scores over a period that is consistent with the 

initial recovery phase of a concussion and minimum time period for a graduated return-

to-sport progression, while minimizing the likelihood of participants experiencing an 

intervening event (e.g., concussion) that could affect symptom scores. A subset of 

participants signed up for a longer follow-up period with additional sessions, though only 

data from the first two sessions were relevant for the current research questions, and 

thus, were included for the analyses. 

In the first session, after participants provided informed consent for participation 

in the study, they completed a demographic and medical history questionnaire. Next, 

using baseline administration instructions, participants completed the Symptom 

Evaluation portion of the SCAT5 and SCAT3 in immediate succession. Administration 

order of the baseline SCAT symptom scale version was counterbalanced to reduce 

possible order effects, resulting in 54.2% participants receiving the S3SE first and S5SE 

second, and 45.8% participants receiving the S5SE first and S3SE second. Participants 

were not able to see their responses to the first administration of the SCAT Symptom 

Evaluation when completing the second administration. Participants also completed 

additional questionnaires regarding physical activity and mood. 

Six days after completion of the first session, participants received an email with 

access to the second part of the study. Participants were able to complete the second 

session 6-9 days after the first session to accommodate scheduling difficulties and 

reduce participant dropout, while retaining adherence to an approximately one-week 

test-retest period. The mean interval between the first session and the second session 

was approximately 7 days (M = 7.02, SD = 0.85). Prior to completing the SCAT symptom 

scales, participants were asked to report any adverse health events (e.g., concussion) 

that occurred between the first and second session. After participants were shown the 

respective baseline instructions, participants then completed the Symptom Evaluation 

portion of the SCAT5 and SCAT3 in immediate succession, again with administration 

order counterbalanced. In the second session, 49.9% participants received the S3SE 

first and S5SE second, and 50.13% participants received the S5SE first and S3SE 

second. Participants were relatively evenly distributed in the four possible SCAT 

administration orders across the two time points (see Table E2). As with the first 
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session, participants were not able to see their responses to the first administration of 

the SCAT Symptom Evaluation when completing the second administration. Additionally, 

they were not able to see their responses from the first session. 

2.4. Statistical Analysis 

2.4.1. Descriptive Statistics 

Descriptive statistics, such as percentages, medians, means, ranges, standard 

deviations, skewness, and kurtosis were calculated for both the S5SE and S3SE at the 

total symptom level and symptom cluster level for number of symptoms and symptom 

severity score at each time point. In addition, complete correlation matrices for Pearson 

product-moment correlation coefficients for the main variables were calculated. 

Descriptive statistics were calculated for the overall sample and separately by sex as 

appropriate. 

2.4.2. Inferential Statistics 

General Analytic Approach 

Analyses for number of symptoms and symptom severity score were treated as 

separate because the variables can provide different information. For instance, after a 

concussion, an individual may report the same number of symptoms as their baseline, 

though the severity of their symptoms may increase. Additionally, the psychometric 

properties of the two sets of variables may differ based on differences involved in the 

calculation of the variable (i.e., number of symptoms is derived from summing 22 

symptoms scored dichotomously for absence or presence of a symptom, whereas 

symptom severity score is derived from summing ratings of severity from 0-6 on 22 

symptoms). However, the analytic strategy for the two sets of variables followed the 

same, parallel approach. 

Inferential tests were first conducted at the total symptom level, with type I error 

rate set at .05. Inferential tests were then conducted at the symptom cluster level, with 

familywise error rate set at .05. The step-down Holm-Bonferroni method was used to 

control for multiple comparisons involving the four symptom clusters. The step-down 

Holm-Bonferroni method offers increased power over the one-step Bonferroni correction 



29 

(Holm, 1979). Using tests involving the four symptom clusters as an example, p-values 

for the family of tests are sorted in order from smallest to largest. For the first 

comparison, the familywise error rate (.05) is divided by the number of tests conducted 

as part of the family (4). The smallest p-value is then compared to the corrected alpha 

level of .0125. If this comparison yields a statistically significant result, then the 

comparison is conducted for the next smallest p-value. Rather than comparing the p-

value to the same alpha level of .0125 like with the one-step Bonferroni correction, the 

familywise error rate (.05) is divided by the remaining number of tests to be conducted 

as part of the family (3), resulting in a comparison of the next smallest p-value to the 

corrected alpha level of .0167. This process of comparing the next smallest p-value and 

adjusting the alpha level is repeated for the remaining comparisons. If a statistically 

significant result is not obtained at any point in the sequence of tests, as determined by 

the ordered p-values, then the remaining comparisons are not conducted because they 

would also result in a statistically non-significant result. 

Comparisons of Baseline Distributional Characteristics 

For research questions 1 to 4, a series of three-way mixed ANOVA models were 

examined with a baseline symptom variable (number of symptoms or symptom severity 

score) as the dependent variable. In each model, SCAT Symptom Evaluation version 

was a within-subjects factor with two levels (S5SE and S3SE), time was a within-

subjects factor with two levels (Time 1 and Time 2), and sex was a between-subjects 

factor with two levels (female and male). The three-way interaction effect between SCAT 

Symptom Evaluation version, time, and sex (research question 4) was examined first. 

The two-way interaction effects between SCAT Symptom Evaluation version and time, 

SCAT Symptom Evaluation version and sex, and time and sex (research question 4) 

were examined next. Follow-up analyses of significant interaction effects involved 

examination of simple main effects as appropriate. Finally, the main effects of SCAT 

Symptom Evaluation version (research question 1), time (research question 2), and sex 

(research question 3) were examined. These analyses were conducted at the total 

symptom level for both number of symptoms and symptom severity score, followed by 

the symptom cluster level for each symptom cluster for both number of symptoms and 

symptom severity score. The Holm-Bonferroni method was used to control for multiple 

comparisons at a familywise error rate of .05, so for each effect, the analyses for the four 

symptom clusters, ordered from smallest to largest p-value, were compared to corrected 
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alpha levels of .013, .017, .025, and .050. For any statistically significant results, effect 

size was reported using partial η2 (ηP
2 ) and generalized η2 (ηG

2 ) to account for research 

design features that may contribute to inflated ηP
2  estimates (Bakeman, 2005; Olejnik & 

Algina, 2003). Interpretation of ηG
2  followed Bakeman’s (2005) recommendations for the 

appropriateness of Cohen’s (1988) effect size guidelines: 0.02 for small, 0.13 for 

medium, and 0.26 for large. 

As estimates for the main effects of SCAT Symptom Evaluation version, time, 

and sex are aggregated across other factors within the ANOVA, the effect of SCAT 

Symptom Evaluation version, time, and sex were explored separately as well. To 

examine whether there are differences in the distribution of baseline symptoms between 

the SCAT5 and SCAT3 symptom scales separately at Time 1 and Time 2, paired 

samples t-tests and Wilcoxon signed-rank tests were conducted to evaluate differences 

in the mean and median, respectively. To examine whether there are differences in the 

distribution of baseline symptoms between Time 1 and Time 2 separately for the SCAT5 

and SCAT3 symptom scales, paired samples t-tests and Wilcoxon signed-rank tests 

were conducted to evaluate differences in the mean and median, respectively. To 

examine whether there are sex differences in the distribution of baseline symptoms on 

the SCAT5 and SCAT3 symptom scales at Time 1, Levene’s test, independent samples 

t-test, and Mann-Whitney U test were conducted to evaluate differences in the variance, 

mean, and median, respectively. The Holm-Bonferroni method was used to control for 

multiple comparisons at a familywise error rate of .05, so for each effect, the analyses for 

the four symptom clusters, ordered from smallest to largest p-value, were compared to 

corrected alpha levels of .013, .017, .025, and .050. For any statistically significant 

results, effect size was reported using Cohen’s d and Hedges’ g following Cohen’s 

(1988) effect size guidelines: 0.20 for small, 0.50 for medium, and 0.80 for large. 

Cohen’s d for the within-subject effects of SCAT Symptom Evaluation version and time 

was calculated based on difference scores, as described by Cohen (1988). 

Comparisons of Within-Individual Baseline Reporting Patterns 

For research question 5, to assess whether there are sex differences in the 

within-individual reporting pattern of baseline symptoms between the SCAT5 and 

SCAT3 symptom scales, the approach taken by Asken et al. (2020) was used in order to 

reduce the likelihood that differences in means at the sample level may cancel out 
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individual differences. For this analysis, three groups were created consisting of 

participants who had exactly the same score on both measures, participants who had a 

higher score on the S3SE than S5SE, and participants who had a higher score on the 

S5SE than S3SE. A chi-square test of independence was then conducted to examine 

whether there are sex differences in the pattern of relative S5SE (trait) versus S3SE 

(state) symptom scores. The analyses were repeated for each of the four symptom 

clusters, with the grouping method being repeated to determine within-individual 

reporting differences for each symptom cluster. The Holm-Bonferroni method was used 

to control for multiple comparisons at a familywise error rate of .05, so the four tests 

involving symptom clusters, ordered from smallest to largest p-value, were compared to 

corrected alpha levels of .013, .017, .025, and .050. For any statistically significant 

results, effect size was reported using Cramer’s V following Cohen’s (1988) effect size 

guidelines: 0.10 for small, 0.30 for medium, and 0.50 for large. 

Comparisons of Baseline Correlations 

For research question 6, in the overall sample, to compare the one-week test-

retest reliability coefficients for baseline symptom variables on the SCAT5 and SCAT3 

symptom scales at the total symptom level, chi-square tests were conducted to test the 

equality of the corresponding correlations on the S5SE and S3SE. Significant 

differences were corroborated using Steiger’s (1980) two-tailed z-test, which tests the 

difference between the Fisher transform values of two Pearson product-moment 

correlations. Zou’s (2007) confidence interval of the difference between pairs of 

correlations was also reported. To compare the test-retest reliability between symptom 

variables on the S5SE and S3SE at the symptom cluster level, omnibus χ2 tests were 

conducted with the constraint of equality within pairs of correlations for corresponding 

symptom clusters on the S5SE and S3SE. There was no equality constraint set on the 

correlations between correlations across different symptom clusters. For example, the 

test-retest reliability coefficient of physical symptom severity score was set up to be 

equal on the S5SE and S3SE but was not set up to be equal to the test-retest reliability 

coefficient of cognitive symptom severity score. If the overall omnibus hypothesis was 

rejected, follow-up pairwise χ2 tests were conducted to compare pairs of corresponding 

correlations on the S5SE and S3SE. The results from Steiger’s (1980) two-tailed z-test 

and Zou’s (2007) confidence interval were also reported. The Holm-Bonferroni method 

was used to control for multiple comparisons at a familywise error rate of .05, so the four 
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tests involving symptom clusters, ordered from smallest to largest p-value, were 

compared to corrected alpha levels of .013, .017, .025, and .050. For any statistically 

significant differences in correlations, effect size was reported using Cohen’s q, which is 

the difference between the Fisher transform value of two Pearson product-moment 

correlation coefficients. Cohen’s (1988) effect size guidelines were used for the 

interpretation of Cohen’s q: 0.10 for small, 0.30 for medium, and 0.50 for large. 

For research question 7, to compare one-week test-retest reliability coefficients 

for symptom variables on the SCAT5 and SCAT3 symptom scales within and across 

sex, separate analyses were conducted to examine the equality of correlations within 

sex and across sex. For within-group comparisons, analyses followed those for 

comparing test-retest reliability coefficients in the overall sample, except they were 

examined separately for females and males. The Holm-Bonferroni method was used to 

control for multiple comparisons at a familywise error rate of .05, so the four tests 

involving symptom clusters, ordered from smallest to largest p-value, were compared to 

corrected alpha levels of .013, .017, .025, and .050. For between-group comparisons, 

omnibus χ2 tests were conducted to test equality of correlations within pairs of 

corresponding correlations on the SCAT5 and SCAT3 symptom scales across sex 

without constraint of equality of correlations within sex. Therefore, equality of 

corresponding S5SE and S3SE test-retest reliabilities within sex was not included as a 

constraint for between-group comparisons. If the omnibus hypothesis was rejected, 

follow-up χ2 tests were conducted to compare pairs of corresponding correlations 

between females and males. Any significant pairwise comparisons were also reported 

using Steiger’s (1980) two-tailed z-test, and Zou’s (2007) confidence interval of the 

difference between pairs of correlations. The Holm-Bonferroni method was used to 

control for multiple comparisons at a familywise error rate of .05. At the total symptom 

level, the two tests of the equality of S5SE and S3SE test-retest reliability coefficients 

across sex, ordered from smallest to largest p-value, were compared to corrected alpha 

levels of .025 and .050. At the symptom cluster level, the eight tests, ordered from 

smallest to largest p-value, were compared to corrected alpha levels of .006, .007, .008, 

.010, .013, .017, .025, and .050. For any statistically significant results, effect size was 

also reported with Cohen’s q. 
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Assumptions 

For distributional comparisons of means, the assumptions of normality and 

homogeneity of variance were assessed. Normality was assessed by examining 

histograms, skewness and kurtosis values, and q-q plots. Homogeneity of variance was 

assessed using Levene’s test. For distributional comparisons, nonparametric analyses 

and Welch’s t-test were implemented as appropriate for violations of the assumption of 

normality and homogeneity of variance, respectively. 

For correlational pattern analyses, the assumption of bivariate normality for pairs 

of variables was checked. Similar checks for normality were assessed, and in addition, 

linearity of the relationship between pairs of variables was assessed through 

scatterplots. The assumption of multivariate normality was checked for number of 

symptoms and symptom severity score at the total symptom and symptom cluster level 

using Mardia’s (1970) measures of multivariate skewness and multivariate kurtosis, as 

implemented in MML-WBCORR (Fouladi & Serafini, 2018). For analyses of correlational 

patterns, the two-stage asymptotically distribution-free (TSADF) estimation method was 

used over the two-stage generalized least squares (TSGLS) estimation method if the 

assumption of multivariate normality was untenable. In general, under conditions of 

increased skew and kurtosis, which would be observed with multivariate non-normality, 

the TSADF estimation method performs better than the TSGLS estimation method for 

controlling type I error rate, though use of the TSADF estimation method can result in a 

reduction in power as compared to the TSGLS estimation method (Fouladi, 2000). 

2.4.3. Power Analysis 

A priori power analyses were conducted using G*Power 3.1.9.7 to determine 

minimum sample sizes required to achieve a power of .80 for two-tailed tests. When 

effect size estimates were not available from previous research, a medium effect size 

was specified. Alpha level was specified for analyses at the symptom cluster level unless 

otherwise noted, so alpha was set to .0125 for power analyses. 

For F-tests involving the mixed ANOVA models at the symptom cluster level, to 

detect a medium effect size of Cohen’s f = .25, the two-way interaction effects required a 

minimum sample size of 182 participants. For t-tests of within-group means at the 

symptom cluster level, to detect a small effect size of d = 0.20 observed in other studies 
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(e.g., Merritt et al., 2018), a minimum sample size of 282 participants was required. For 

t-tests of between-group means at the symptom cluster level, based on a small to 

medium effect size of d = 0.35 observed in other studies (e.g., Asken et al., 2020; Black 

et al., 2020; Chin et al., 2016), a minimum sample size of 184 participants per group was 

required. 

For z-tests involving comparisons of pairs of corresponding one-week test-retest 

reliability coefficients on the S5SE and S3SE in the overall sample at the symptom 

cluster level (i.e., two dependent Pearson product-moment correlations with no shared 

correlation), different combinations of correlation coefficients were tested based on 

values obtained in other studies (Asken et al., 2020; Chin et al., 2016; Hänninen et al., 

2021; Merritt et al., 2018). To detect a small to medium effect size of q = 0.23 based on 

a test-retest reliability coefficient of r = .80 for symptom scores on the S5SE, test-retest 

reliability coefficient of r = .70 for symptom scores on the S3SE, and a range of 

correlations around r = .40-.60 between symptom scores on the S5SE and S3SE, a 

conservative sample size estimate of 375 participants was obtained. Within-group 

comparisons in females and males separately required similar size estimates per group. 

For between-group comparisons in females and males at the total symptom level (i.e., 

two independent Pearson product-moment correlations), to detect a medium effect size 

of q = 0.30, a minimum sample size of 215 participants per group was required. The 

sample size requirements were larger at the symptom cluster level due to controlling for 

familywise error, resulting in a requirement of 290 participants per group. 

Therefore, the current sample size of 395 participants exceeded the minimum 

sample size targets for most of the analyses and was large enough for to detect small 

effect sizes for some analyses, such as within-group effects. However, the uneven 

sample sizes of females and males, and the substantially lower number of males 

resulted in underpowered analyses for some of the sex-based comparisons, especially 

at the symptom cluster level. The between-group comparisons of test-retest reliability 

coefficients were particularly underpowered. 

2.4.4. Software 

Comparisons of means, medians, variances, and frequencies conducted in 

SPSS Statistics 26. Correlation pattern analyses were conducted using MML-WBCORR 
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(Fouladi & Serafini, 2018), which is based on theory provided by Steiger (2005). MML-

WBCORR implements TSGLS and TSADF chi-square statistics for tests of correlation 

pattern hypotheses. Follow-up checks were conducted using cocor (Diedenhofen & 

Musch, 2015), which includes implementation of Steiger’s (1980) z-test for testing the 

significance of the difference between two Fisher transformed Pearson product-moment 

correlations, and Zou’s (2007) confidence interval of the difference between pairs of 

correlations. 
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Chapter 3. Results 

3.1. Descriptive Statistics 

Descriptive statistics (minimum, maximum, median, mean, standard deviation, 

skew, and kurtosis) for number of symptoms and symptom severity score on the S5SE 

and S3SE at both time points for the entire sample are presented in Tables F1 and F2. 

Descriptive statistics for number of symptoms and severity symptom score on the S5SE 

and S3SE stratified by sex are presented in Tables F3 and F4. Pearson product-moment 

correlation matrices have been presented in for the overall sample in Tables F5-F8, and 

separately for females and males in Tables F9-F12. Comparative histograms have also 

been presented for the symptom variables in Appendix G. 

3.2. Diagnostics and Preliminary Checks 

For the overall sample and within each sex group, the assumption of normality 

was violated for most symptom variables, including difference score variables, at the 

total symptom and symptom cluster level. The distributions of number of symptoms 

exhibited significant skew (direction of skew varied across specific level of analysis) and 

mostly negative kurtosis, whereas the distributions of symptom severity scores exhibited 

significant positive skew and positive kurtosis. As a result, the assumptions of bivariate 

normality and multivariate normality were also violated. Rather than transforming the 

symptom variables which would limit interpretability, nonparametric analyses or 

alternative estimation methods were used to supplement parametric analyses as 

available. For comparisons between females and males, the assumption of homogeneity 

of variance was also violated for many of the symptom variables. Follow-up analyses 

were conducted with Welch’s t-test to accommodate the unequal variance between 

groups. 

Outlier analysis was conducted at the total symptom level for number of 

symptoms and symptom severity score for the overall sample and separately by sex as 

well. Outliers were removed from the final sample due to difficulties with using other 

approaches (e.g., changing scores to make them less extreme) in a multivariate context. 

Because of the number of analyses that required removal of outliers for different 
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combinations of variables, a conservative approach was taken to balance outlier removal 

and sample size considerations. Outliers were only removed if there appeared to be a 

large separation from other scores, including other outliers. To maintain consistency in 

the sample across all analyses, outliers identified at the total symptom level were 

removed from all analyses, including those involving the symptom clusters. Potential 

univariate outliers were identified through the production of boxplots, with extreme 

outliers being noted as scores more extreme than 3 interquartile ranges outside of the 

first or third quartile. Potential bivariate outliers were identified through visual inspection 

of scatterplots. Potential multivariate outliers were identified by comparing Mahalanobis 

distance values to critical values at a .01 level of significance (Barnett & Lewis, 1978). 

Although order of administration for the S5SE and S3SE was counterbalanced at 

both time points, order effects were found at Time 1. A two-way (2 x 2) mixed ANOVA 

with SCAT Symptom Evaluation administration order at Time 1 (between-subjects factor) 

and SCAT Symptom Evaluation version (within-subjects factor) revealed statistically 

significant interaction effects on number of symptoms (dependent variable), F(1, 393) = 

46.08, p < .001, and symptom severity score (dependent variable), F(1, 393) = 48.03, p 

< .001. Follow-up analyses revealed no difference in number of symptoms or symptom 

severity score on the S3SE between participants who received the S5SE first and S3SE 

second versus participants who received the S3SE first and S5SE second. However, 

participants who received the S5SE first reported a higher number of symptoms, 

t(364.64) = 4.80, p < .001, Hedges’ g = 0.49, and symptom severity score, t(357.13) = 

4.58, p < .001, Hedges’ g = 0.47, than participants who received the S5SE second (see 

Figures I1 and I2). These group differences in administration order at Time 1 did not 

persist at Time 2 for number of symptoms, F(1, 393) = 0.87, p = .352, or symptom 

severity score, F(1, 393) = 0.20, p = .657. 

At Time 2, a two-way (2 x 2) mixed ANOVA with SCAT Symptom Evaluation 

administration order at Time 2 (between-subjects factor) and SCAT Symptom Evaluation 

version (within-subjects factor) also revealed statistically significant interaction effects on 

number of symptoms (dependent variable), F(1, 393) = 8.51, p = .004, and symptom 

severity score (dependent variable), F(1, 393) = 7.51, p = .006. Examination of the plots 

revealed that the group that received the S5SE first reported higher symptom scores on 

the S5SE but lower scores on the S3SE than the group that received the S3SE first. 
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However, follow-up analyses for symptom variables on the S5SE and S3SE revealed no 

group differences. 

Further analyses were conducted to examine whether there were group 

differences in demographic or medical variables that contributed to the observed order 

effect at Time 1. Chi-square tests of independence revealed that there were no 

statistically significant associations between SCAT Symptom Evaluation administration 

order at Time 1 and any of the variables examined: sex, χ2(1) = 0.01, p = .921; 

Caucasian self-identification, χ2(1) = 0.33, p = .568; Asian self-identification, χ2(1) = 0.37, 

p = .545; South Asian self-identification, χ2(1) = 1.81, p = .178; level of English fluency, 

χ2(3) = 1.18, p = .758; athlete identification, χ2(1) = 0.02, p = .889; diagnosis or treatment 

of headache disorder or migraines, χ2(1) = 0.17, p = .685; psychiatric disorder diagnosis, 

χ2(1) = 0.22, p = .640; or self-reported concussion history, χ2(1) < .01, p = .971. 

Additionally, an independent samples t-test showed that the two groups did not differ in 

age, t(393) = -0.51, p = .609. Since sex differences were of interest, interaction effects 

involving SCAT Symptom Evaluation administration order at Time 1 and sex were 

examined. There were no statistically significant interaction effects involving the two 

between-subjects factors on number of symptoms or symptom severity score at all levels 

of analysis. Therefore, SCAT Symptom Evaluation administration order at Time 1 was 

not included in the ANOVA models. 

3.3. Comparisons of Baseline Distributional Characteristics 

Results for the three-way mixed ANOVA models have been presented in Table 

H1 for effects at the total symptom level, Table H2 for effects at the symptom cluster 

level for number of symptoms, and Table H3 for effects at the symptom cluster level for 

symptom severity score. 

3.3.1. Three-Way Interaction: SCAT Symptom Evaluation Version by 
Time by Sex 

To investigate whether the effect of SCAT Symptom Evaluation version on 

baseline symptom variables over time is different in females versus males, the three-way 

interaction between SCAT Symptom Evaluation version (within-subjects factor), time 
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(within-subjects factor), and sex (between-subjects factor) on symptom variables was 

assessed. 

Total Symptom Level 

The three-way interaction on total number of symptoms was not statistically 

significant, F(1, 393) = 0.33, p = .564. Similarly, the three-way interaction on total 

symptom severity score was not statistically significant, F(1, 393) = 1.25, p = .264 (see 

Table H1). 

Symptom Cluster Level 

The three-way interaction on number of symptoms was not statistically significant 

for any symptom cluster: physical, F(1, 393) = 0.43, p = .513; cognitive, F(1, 393) = 0.02, 

p = .899; affective, F(1, 393) = 0.26, p = .611; or sleep, F(1, 393) = 3.67, p = .056 (see 

Table H2). Similarly, the three-way interaction on symptom severity score was not 

statistically significant for any symptom cluster: physical, F(1, 393) = 2.35, p = .126; 

cognitive, F(1, 393) < 0.01, p = .992; affective, F(1, 393) = 0.16, p = .690; or sleep, F(1, 

393) = 2.07, p = .151 (see Table H3). 

3.3.2. Two-Way Interaction: SCAT Symptom Evaluation Version by 
Time 

To investigate whether the effect of SCAT Symptom Evaluation version on 

baseline symptom variables changes over time, the two-way interaction between SCAT 

Symptom Evaluation version (within-subjects factor) and time (within-subjects factor) on 

symptom variables was assessed. 

Total Symptom Level 

The two-way interaction on total number of symptoms was not statistically 

significant, F(1, 393) = 0.51, p = .477. Similarly, the two-way interaction on total 

symptom severity score was not statistically significant, F(1, 393) = 2.72, p = .100 (see 

Table H1). 

Symptom Cluster Level 

After the Holm-Bonferroni correction, the two-way interaction on number of 

symptoms was not statistically significant for any symptom cluster: physical, F(1, 393) = 
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1.10, p = .296; cognitive, F(1, 393) = 3.37, p = .067; affective, F(1, 393) = 0.07, p = .796; 

or sleep, F(1, 393) = 4.04, p = .045 (see Table H2). Similarly, after the Holm-Bonferroni 

correction, the two-way interaction on symptom severity score was not statistically 

significant for any symptom cluster: physical, F(1, 393) = 5.17, p = .024; cognitive, F(1, 

393) = 0.59, p = .443; affective, F(1, 393) = 1.73, p = .190; or sleep, F(1, 393) < 0.01, p = 

.988 (see Table H3). 

3.3.3. Two-Way Interaction: SCAT Symptom Evaluation Version by 
Sex 

To investigate whether the effect of SCAT Symptom Evaluation version on 

baseline symptom variables differs in females versus males, the two-way interaction 

between SCAT Symptom Evaluation version (within-subjects factor) and sex (between-

subjects factor) on symptom variables was assessed. 

Total Symptom Level 

The two-way interaction on total number of symptoms was not statistically 

significant, F(1, 393) = 0.08, p = .773. Similarly, the two-way interaction on total 

symptom severity score was not statistically significant, F(1, 393) = 0.69, p = .408 (see 

Table H1). 

Symptom Cluster Level 

The two-way interaction on number of symptoms was not statistically significant 

for any symptom cluster: physical, F(1, 393) = 0.01, p = .918; cognitive, F(1, 393) = 0.64, 

p = .424; affective, F(1, 393) = 3.33, p = .069; or sleep, F(1, 393) = 0.11, p = .738 (see 

Table H2). Similarly, the two-way interaction on symptom severity score was not 

statistically significant for any symptom cluster: physical, F(1, 393) = 0.32, p = .570; 

cognitive, F(1, 393) = 0.01, p = .916; affective, F(1, 393) = 1.97, p = .161; or sleep, F(1, 

393) = 0.51, p = .475 (see Table H3). 

3.3.4. Two-Way Interaction: Time by Sex 

To investigate whether the effect of time on baseline symptom variables differs in 

females versus males, the two-way interaction between time (within-subjects factor) and 

sex (between-subjects factor) on symptom variables was assessed. 
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Total Symptom Level 

The two-way interaction on total number of symptoms was not statistically 

significant, F(1, 393) = 0.08, p = .779. Similarly, the two-way interaction on total 

symptom severity score was not statistically significant, F(1, 393) = 0.24, p = .622 (see 

Table H1). 

Symptom Cluster Level 

The two-way interaction on number of symptoms was not statistically significant 

for any symptom cluster: physical, F(1, 393) = 0.01, p = .927; cognitive, F(1, 393) = 0.40, 

p = .529; affective, F(1, 393) = 0.45, p = .502; or sleep, F(1, 393) = 1.60, p = .207 (see 

Table H2). Similarly, the two-way interaction on symptom severity score was not 

statistically significant for any symptom cluster: physical, F(1, 393) = 0.48, p = .490; 

cognitive, F(1, 393) = 0.23, p = .632; affective, F(1, 393) = 1.04, p = .309; or sleep, F(1, 

393) = 0.05, p = .820 (see Table H3). 

3.3.5. Main Effect: SCAT Symptom Evaluation Version 

Tables F1 and F2 list relevant descriptive statistics for number of symptoms and 

symptom severity score, respectively. Comparative histograms displaying the distribution 

of symptom variables on the S5SE versus S3SE are presented for Time 1 in Figures G1-

G10 and Time 2 in Figures G11-G20. Table H4 lists the estimated marginal means of 

scores on the S5SE and S3SE from the ANOVA models. Tables H5 and H6 list the t-test 

results for the comparisons of means between scores on the S5SE versus S3SE at Time 

1 and Time 2, respectively. Table H7 lists the Wilcoxon signed-rank test results for the 

comparisons of medians between scores on the S5SE versus S3SE at Time 2. 

Total Symptom Level 

There was a significant main effect of SCAT Symptom Evaluation version on total 

number of symptoms, F(1, 393) = 105.83, p < .001, ηP
2  = .21, ηG

2  = .03. Regardless of 

time point or sex, participants reported more symptoms on the S5SE (estimated 

marginal M = 9.14) than the S3SE (estimated marginal M = 7.17), a difference of 

estimated marginal M = 1.97, 95% CI [1.60, 2.35]. Similarly, there was a significant main 

effect of SCAT Symptom Evaluation version on total symptom severity score, F(1, 393) = 

44.47, p < .001, ηP
2  = .10, ηG

2  = .01. Regardless of time point or sex, participants reported 
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higher symptom severity on the S5SE (estimated marginal M = 19.57) than the S3SE 

(estimated marginal M = 15.52), a difference of estimated marginal M = 4.06, 95% CI 

[2.86, 5.25]. 

These differences were further explored at Time 1 rather than aggregated across 

the two time points (see Figures G1 and G2 for comparative histograms). There was a 

higher mean total number of symptoms endorsed on the S5SE (M = 10.18, SD = 6.04) 

than the S3SE (M = 8.24, SD = 5.33), with a statistically significant difference of M = 

1.95 (95% CI [1.55, 2.35]), t(394) = 9.52, p < .001, d = 0.48. Additionally, participants 

reported a statistically significant higher median total number of symptoms on the S5SE 

(Mdn = 10) than the S3SE (Mdn = 8), Z = -8.69, p < .001. The results for total symptom 

severity score were consistent with that of total number of symptoms. There was a 

higher mean total symptom severity score on the S5SE (M = 24.05, SD = 20.68) than 

the S3SE (M = 18.73, SD = 16.81), with a statistically significant difference of M = 5.32 

(95% CI [3.975, 6.658]), t(394) = 7.79, p < .001, d = 0.39. Additionally, participants 

reported a statistically significant higher median total symptom severity score on the 

S5SE (Mdn = 17) than the S3SE (Mdn = 14), Z = -7.49, p < .001. These differences in 

mean and median were observed for both total number of symptoms and symptom 

severity score at Time 2 (see Tables H6 and H7 for comparisons of means and medians, 

respectively). 

Symptom Cluster Level 

After the Holm-Bonferroni correction, there was a significant main effect of SCAT 

Symptom Evaluation version on number of symptoms for all symptom clusters: physical, 

F(1, 393) = 78.16, p < .001, ηP
2  = .17, ηG

2  = .02; cognitive, F(1, 393) = 55.18, p < .001, ηP
2  

= .12, ηG
2  = .01; affective, F(1, 393) = 44.72, p < .001, ηP

2  = .10, ηG
2  = .01; and sleep, F(1, 

393) = 48.49, p < .001, ηP
2  = .11, ηG

2  = .01. This pattern of results was also observed for 

symptom severity score. After the Holm-Bonferroni correction, there was a significant 

main effect of SCAT Symptom Evaluation version on symptom severity score for all 

symptom clusters: physical, F(1, 393) = 44.85, p < .001, ηP
2  = .10, ηG

2  = .01; cognitive, 

F(1, 393) = 24.88, p < .001, ηP
2  = .06, ηG

2  < .01; affective, F(1, 393) = 27.28, p < .001, ηP
2  

= .07, ηG
2  < .01; and sleep, F(1, 393) = 15.48, p < .001, ηP

2  = .04, ηG
2  < .01. For all 

symptom clusters, number of symptoms and symptom severity score were higher on the 
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S5SE than the S3SE for the entire sample aggregated across time points (see Table H4 

for estimated marginal means from the ANOVA models). 

These differences were explored further at Time 1 rather than aggregated across 

the two time points (see Figures G3-G10 for comparative histograms). At Time 1, there 

was a higher mean number of symptoms endorsed on the S5SE than the S3SE for all 

symptom clusters: physical, t(394) = 9.02, p < .001, d = 0.45; cognitive, t(394) = 5.04, p 

< .001, d = 0.25; affective, t(394) = 7.13, p < .001, d = 0.36; and sleep, t(394) = 5.65, p < 

.001, d = 0.28 (see Table H5). Median number of symptoms endorsed on the S5SE was 

also higher than symptoms endorsed on the S3SE for all symptom clusters: physical, Z = 

-8.40, p < .001; cognitive, Z = -4.81, p < .001; affective, Z = -6.66, p < .001; and sleep, Z 

= -5.34, p < .001. These differences in mean and median number of symptoms were 

also observed for all symptom clusters at Time 2 (see Tables H6 and H7 for 

comparisons of means and medians, respectively). 

The results for symptom severity score were consistent with those for number of 

symptoms at the symptom cluster level (see Figures G3-G10 for comparative 

histograms). At Time 1, higher mean symptom severity was reported on the S5SE than 

the S3SE for all symptom clusters: physical, t(394) = 8.33, p < .001, d = 0.42; cognitive, 

t(394) = 5.00, p < .001, d = 0.25; affective, t(394) = 6.53, p < .001, d = 0.33; and sleep, 

t(394) = 4.39, p < .001, d = 0.22 (see Table H5). Median symptom severity score on the 

S5SE was also higher than symptom severity score on the S3SE for all symptom 

clusters: physical, Z = -8.04, p < .001; cognitive, Z = -4.97, p < .001; affective, Z = -6.13, 

p < .001; and sleep, Z = -3.61, p < .001. These differences in mean and median 

symptom severity score were also observed for all symptom clusters at Time 2 (see 

Tables H6 and H7 for comparisons of means and medians, respectively). 

3.3.6. Main Effect: Time 

Tables F1 and F2 list relevant descriptive statistics for number of symptoms and 

symptom severity score, respectively. Comparative histograms displaying the distribution 

of symptom variables at Time 1 versus Time 2 are presented for the S5SE in Figures 

G21-G30 and S3SE in Figures G31-G40. Table H8 lists the estimated marginal means 

of scores at Time 1 and Time 2 from the ANOVA models. Tables H9 and H10 list the t-
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test results for the comparisons of means between scores at Time 1 versus Time 2 on 

the S5SE and S3SE, respectively. 

Total Symptom Level 

There was a significant main effect of time on total number of symptoms, F(1, 

393) = 15.59, p < .001, ηP
2  = .04, ηG

2  < .01. Regardless of SCAT Symptom Evaluation 

version or sex, participants reported more symptoms at Time 1 (estimated marginal M = 

8.53) than Time 2 (estimated marginal M = 7.78), a difference of estimated marginal M = 

0.75, 95% CI [0.38, 1.12]. Similarly, there was a significant main effect of time on total 

symptom severity score, F(1, 393) = 33.36, p < .001, ηP
2  = .08, ηG

2  = .01. Regardless of 

SCAT Symptom Evaluation version or sex, participants reported higher symptom 

severity at Time 1 (estimated marginal M = 19.30) than Time 2 (estimated marginal M = 

15.79), a difference of estimated marginal M = 3.52, 95% CI [2.32, 4.71]. 

These differences were further explored for the S5SE and S3SE rather than 

aggregated across both symptom scales (see Figures G21, G22, G31, and G32 for 

comparative histograms on the S5SE and S3SE). On the S5SE, there was a decrease in 

mean total number of symptoms from Time 1 (M = 10.18, SD = 6.04) to Time 2 (M = 

9.52, SD = 6.04), a statistically significant difference of M = 0.66 (95% CI [0.28, 1.05]), 

t(394) = 3.38, p = .001, d = 0.17. There was also a decrease in mean total symptom 

severity score from Time 1 (M = 24.05, SD = 20.68) to Time 2 (M = 19.39, SD = 17.86), 

a statistically significant difference of M = 4.66 (95% CI [3.42, 5.90]), t(394) = 7.39, p < 

.001, d = 0.37. Additionally, statistically significant decreases in median were observed 

for total number of symptoms from Time 1 (Mdn = 10) to Time 2 (Mdn = 9), Z = -3.50, p 

< .001, and total symptom severity score from Time 1 (Mdn = 17) to Time 2 (Mdn = 14), 

Z = -6.86, p < .001. 

On the S3SE, there was a similar decrease in mean total number of symptoms 

from Time 1 (M = 8.24, SD = 5.33) to Time 2 (M = 7.46, SD = 5.53), a statistically 

significant difference of M = 0.78 (95% CI [0.39, 1.16]), t(394) = 3.94, p < .001, d = 0.20. 

There was also a decrease in mean total symptom severity from Time 1 (M = 18.73, SD 

= 16.81) to Time 2 (M = 16.03, SD = 16.80), a statistically significant difference of M = 

2.71 (95% CI [1.54, 3.88]), t(394) = 4.54, p < .001, d = 0.23. Additionally, statistically 

significant decreases in median were observed for total number of symptoms from Time 
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1 (Mdn = 8) to Time 2 (Mdn = 7), Z = -3.71, p < .001, and total symptom severity score 

from Time 1 (Mdn = 14) to Time 2 (Mdn = 10), Z = -4.75, p < .001. 

Symptom Cluster Level 

After the Holm-Bonferroni correction, there was a significant main effect of time 

on number of symptoms for the physical symptom cluster, F(1, 393) = 5.47, p = .020, ηP
2  

= .01, ηG
2  < .01; affective symptom cluster, F(1, 393) = 24.98, p < .001, ηP

2  = .06, ηG
2  = 

.01; and sleep symptom cluster, F(1, 393) = 21.16, p < .001, ηP
2  = .05, ηG

2  = .01. 

Participants reported more physical, affective, and sleep symptoms at Time 1 than Time 

2. Number of cognitive symptoms did not change over time, F(1, 393) = 0.02, p = .900. 

However, for symptom severity score, after the Holm-Bonferroni correction, there was a 

significant main effect of time for all symptom clusters: physical, F(1, 393) = 13.83, p < 

.001, ηP
2  = .03, ηG

2  < .01; cognitive, F(1, 393) = 6.58, p = .011, ηP
2  = .02, ηG

2  < .01; 

affective, F(1, 393) = 36.81, p < .001, ηP
2  = .09, ηG

2  = .01; and sleep, F(1, 393) = 29.21, p 

< .001, ηP
2  = .07, ηG

2  = .01. Symptom severity score on all clusters was higher at Time 1 

than Time 2 (see Table H8 for estimated marginal means from the ANOVA models). 

These differences were further explored for the S5SE and S3SE rather than 

aggregated across both symptom scales (see Figures G23-G30 and G33-40 for 

comparative histograms on the S5SE and S3SE, respectively). Table H9 displays the 

results of t-tests on comparisons of means at Time 1 and Time 2 on the S5SE. 

Consistent with the ANOVA results, on the S5SE, after the Holm-Bonferroni correction, 

there were statistically significant decreases in number of symptoms from Time 1 to 

Time 2 for the physical symptom cluster, t(394) = 3.32, p = .001, d = 0.17; affective 

symptom cluster, t(394) = 5.26, p < .001, d = 0.26; and sleep symptom cluster, t(394) = 

3.27, p = .001, d = 0.16. Number of cognitive symptoms did not change over time, t(394) 

= 1.57, p = .118. Median number of symptoms decreased from Time 1 to Time 2 for the 

physical symptom cluster, Z = -3.27, p = .001; affective symptom cluster, Z = -5.11, p < 

.001; and sleep symptom cluster, Z = -3.26, p = .001; but not the cognitive symptom 

cluster, Z = -1.64, p = .100. Results for symptom severity score were consistent with the 

ANOVA results as well. After the Holm-Bonferroni correction, there were statistically 

significant decreases in symptom severity score from Time 1 to Time 2 for all symptom 

clusters: physical, t(394) = 6.16, p < .001, d = 0.31; cognitive, t(394) = 2.82, p = .005, d = 
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0.14; affective, t(394) = 8.26, p < .001, d = 0.42; and sleep, t(394) = 6.62, p < .001, d = 

0.33. Median symptom severity score decreased from Time 1 to Time 2 for all symptom 

clusters: physical, Z = -5.63, p < .001; cognitive, Z = -2.10, p = .036; affective, Z = -7.94, 

p < .001; and sleep, Z = -5.90, p < .001. 

The results for the S3SE slightly differed than those for the S5SE. Table H10 

displays the results of t-tests on comparisons of means at Time 1 and Time 2 on the 

S5SE. After the Holm-Bonferroni correction, there were statistically significant decreases 

in number of symptoms from Time 1 to Time 2 only for the affective symptom cluster, 

t(394) = 5.35, p < .001, d = 0.27; and sleep symptom cluster, t(394) = 4.16, p < .001, d = 

0.21. There was no significant change over time for number of physical symptoms, 

t(394) = 1.16, p = .247; or cognitive symptoms, t(394) = 1.11, p = .270. The results for 

median number of symptoms paralleled those for mean number of symptoms. Median 

number of symptoms decreased from Time 1 to Time 2 for the affective symptom 

cluster, Z = -5.04, p < .001; and sleep symptom cluster, Z = -4.01, p < .001. Change in 

median number of symptoms was not significant for the physical symptom cluster, Z = -

1.42, p = .154; or cognitive symptom cluster, Z = -1.18, p = .239. After the Holm-

Bonferroni correction, decrease in symptom severity score from Time 1 to Time 2 was 

also significant only for the affective symptom cluster, t(394) = 5.45, p < .001, d = 0.27; 

and sleep symptom cluster, t(394) = 4.70, p < .001, d = 0.24. There was no significant 

change over time in symptom severity score for the physical symptom cluster, t(394) = 

1.46, p = .144; or cognitive symptom cluster, t(394) = 1.83, p = .068. However, median 

symptom severity score significantly decreased over time for the physical symptom 

cluster, Z = -2.59, p = .010; along with the affective symptom cluster, Z = -5.43, p < .001, 

and sleep symptom cluster, Z = -4.53, p < .001. There was no change in cognitive 

symptom severity score, Z = -1.66, p = .097. 

3.3.7. Main Effect: Sex 

Tables F3 and F4 list relevant descriptive statistics for number of symptoms and 

symptom severity score, respectively. Comparative histograms displaying the distribution 

of symptom variables at Time 1 in females versus males are presented for the S5SE in 

Figures G41-G50 and S3SE in Figures G51-G60. Comparative histograms displaying 

the distribution of symptom variables at Time 2 in females versus males are presented 

for the S5SE in Figures G61-G70 and S3SE in Figures G71-G80. Table H11 lists the 
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estimated marginal means of scores for females and males from the ANOVA models. 

Tables H12 and H13 list the t-test results for the comparisons of means between scores 

for females versus males at Time 1 on the S5SE and S3SE, respectively. Tables H14 

and H15 list the t-test results for the comparisons of means between scores for females 

versus males at Time 2 on the S5SE and S3SE, respectively. Tables H16 and H17 list 

the Mann-Whitney U test results for the comparisons of medians between scores for 

females versus males at Time 2 on the S5SE and S3SE, respectively. 

Total Symptom Level 

There was a significant main effect of sex on total number of symptoms, F(1, 

393) = 15.97, p < .001, ηP
2  = .04, ηG

2  = .03. Regardless of SCAT Symptom Evaluation 

version or time, females reported more symptoms (estimated marginal M = 9.39) than 

males (estimated marginal M = 6.92), a difference of estimated marginal M = 2.47, 95% 

CI [1.26, 3.69]. Similarly, there was a significant main effect of sex on total symptom 

severity score, F(1, 393) = 13.18, p < .001, ηP
2  = .03, ηG

2  = .03. Regardless of SCAT 

Symptom Evaluation version or time, females reported higher symptom severity 

(estimated marginal M = 21.10) than males (estimated marginal M = 13.99), a difference 

of estimated marginal M = 7.11, 95% CI [3.26, 10.95]. 

These differences were further explored for the S5SE at Time 1 (see Figures 

G41 and G42 for comparative histograms). On the S5SE, females (M = 10.74, SD = 

5.84) endorsed a higher mean total number of symptoms than males (M = 8.19, SD = 

6.35), which was a statistically significant difference of M = 2.56 (95% CI [1.13, 3.98]), 

t(393) = 3.52, p < .001. The effect size was small to medium, Hedges’ g = 0.43. Median 

total number of symptoms endorsed was also higher in females (Mdn = 10) than males 

(Mdn = 7), Z = -3.55, p < .001. Variance for the distribution of total number of symptoms 

did not significantly differ between the groups, F(1, 393) = 1.26, p = .262. In contrast, 

there was greater variance in the distribution of total symptom severity score reported by 

females than males, F(1, 393) = 4.47, p = .035. Because the assumption of homogeneity 

of variances was violated, the Welch t-test was conducted. Females (M = 25.88, SD = 

21.14) reported a higher mean total symptom severity score on the S5SE than males (M 

= 17.49, SD = 17.53), a statistically significant difference of M = 8.39 (95% CI [3.96, 

12.81]), t(160.48) = 3.74, p < .001. The effect size was small to medium, Hedges’ g = 

0.41. Median total symptom severity was also higher in females (Mdn = 19) than males 
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(Mdn = 11), Z = -3.79, p < .001. These differences in mean and median were also 

observed at Time 2 (see Tables H14 and H16, respectively). 

The pattern of sex differences on the S5SE was also observed on the S3SE at 

Time 1 (see Figures G51 and G52 for comparative histograms). On the S3SE, females 

(M = 8.73, SD = 5.16) endorsed a higher mean total number of symptoms than males (M 

= 6.45, SD = 5.54), a statistically significant difference of M = 2.28 (95% CI [1.02, 3.54]), 

t(393) = 3.56, p < .001. The effect size was the same as the effect size on the S5SE, 

Hedges’ g = 0.43. Median total number of symptoms endorsed was also higher in 

females (Mdn = 8) than males (Mdn = 5.5), Z = -3.51, p < .001. Variance did not 

significantly differ between the groups, F(1, 393) = 0.76, p = .119. Similarly, there was 

not a statistically significant difference in variance of total symptom severity score 

between females and males, F(1, 393) = 1.81, p = .180. Females (M = 20.13, SD = 

17.21) had a higher mean total symptom severity score than males (M = 13.71, SD = 

14.26), a statistically significant difference of M = 6.42 (95% CI [2.44, 10.41]), t(393) = 

3.17, p = .002. The effect size was similar to the effect size on the S5SE, Hedges’ g = 

0.38. Median total number of symptoms was also higher in females (Mdn = 15) than 

males (Mdn = 9), Z = -3.68, p < .001 (see Tables H15 and H17, respectively). 

Symptom Cluster Level 

After the Holm-Bonferroni correction, there was a significant main effect of sex on 

number of symptoms for all symptom clusters: physical, F(1, 393) = 11.18, p = .001, ηP
2  = 

.03, ηG
2  = .02; cognitive, F(1, 393) = 7.52, p = .006, ηP

2  = .02, ηG
2  = .01; affective, F(1, 

393) = 22.04, p < .001, ηP
2  = .05, ηG

2  = .04; and sleep, F(1, 393) = 9.67, p = .002, ηP
2  = 

.02, ηG
2  = .02. This pattern of results was also observed for symptom severity score. After 

the Holm-Bonferroni correction, there was a significant main effect of sex on symptom 

severity score for all symptom clusters: physical, F(1, 393) = 12.61, p < .001, ηP
2  = .03, 

ηG
2  = .02; cognitive, F(1, 393) = 5.58, p = .019, ηP

2  = .01, ηG
2  = .01; affective, F(1, 393) = 

13.61, p < .001, ηP
2  = .03, ηG

2  = .03; and sleep, F(1, 393) = 10.36, p = .001, ηP
2  = .03, ηG

2  = 

.02. For all symptom clusters, regardless of SCAT Symptom Evaluation version or time 

point, females reported a higher number of symptoms and symptom severity score than 

males (see Table H11 for estimated marginal means from the ANOVA models). 

However, because the assumption of homogeneity of variance was violated for many 



49 

symptom variables, these differences were explored further at Time 1 separately for the 

S5SE and S3SE (see Figures G43-G50 and G53-60 for comparative histograms on the 

S5SE and S3SE, respectively). 

At Time 1, on the S5SE, there were statistically significant differences in the 

variance for number of symptoms between females and males for the affective symptom 

cluster, F(1, 393) = 6.41, p = .012, and sleep symptom cluster, F(1, 393) = 4.72, p = 

.030. For both clusters, the variance was greater in males than females. There were no 

sex differences in variance for the physical symptom cluster, F(1, 393) = 0.16, p = .690, 

or cognitive symptom cluster, F(1, 393) = 0.77, p = .380. Table H12 displays the results 

of t-tests on comparisons of means between females and males at Time 1 on the S5SE. 

Mean number of symptoms endorsed was higher for females than males for the physical 

symptom cluster, t(393) = 2.70, p = .007, Hedges’ g = 0.33; affective symptom cluster, 

t(126.05) = 4.59, p < .001, Hedges’ g = 0.59; and sleep symptom cluster, t(125.88) = 

2.71, p = .008, Hedges’ g = 0.34. There was no statistically significant difference in the 

mean number of cognitive symptoms endorsed between females and males, t(393) = 

1.89, p = .059. In terms of median, females had a higher median number of symptoms 

than males for all symptom clusters: physical, Z = -2.97, p = .003; cognitive, Z = -2.05, p 

= .040; affective, Z = -4.60, p < .001; and sleep, Z = -2.63, p = .008. A similar pattern of 

results was obtained for comparisons of means and medians at Time 2, though there 

was also a significant difference in mean number of cognitive symptoms (see Tables 

H14 and H16, respectively). 

For symptom severity score on the S5SE, there were statistically significant 

differences in the variance for symptom severity score between females and males for 

the physical symptom cluster, F(1, 393) = 6.70, p = .010, and sleep symptom cluster, 

F(1, 393) = 9.71, p = .002. Unlike number of symptoms at the cluster level, for both 

clusters, variance was greater in females than males. There were no sex differences in 

variance for the cognitive symptom cluster, F(1, 393) = 3.12, p = .078, or affective 

symptom cluster, F(1, 393) = 3.35, p = .068. Table H12 displays the results of t-tests on 

comparisons of means between females and males at Time 1 on the S5SE. Mean 

symptom severity score was higher for females than males for the physical symptom 

cluster, t(169.71) = 3.60, p < .001, Hedges’ g = 0.38; affective symptom cluster, t(393) = 

3.73, p < .001, Hedges’ g = 0.45; and sleep symptom cluster, t(164.12) = 3.63, p < .001, 

Hedges’ g = 0.39. As with number of cognitive symptoms, there was no statistically 
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significant difference in the mean cognitive symptom severity between females and 

males, t(393) = 1.80, p = .073. In terms of median, females had a higher median 

symptom severity than males for all symptom clusters: physical, Z = -3.63, p < .001; 

cognitive, Z = -2.06, p < .039; affective, Z = -4.15, p < .001; and sleep, Z = -3.10, p = 

.002. A similar pattern of results was obtained for comparisons of means and medians at 

Time 2, though there was also a significant difference in mean cognitive symptom 

severity score (see Tables H14 and H16, respectively). 

At Time 1, on the S3SE, only number of sleep symptoms differed significantly in 

variance between females and males, with a higher variance in males than females, F(1, 

393) = 4.57, p = .033. There were no sex differences in variance for the physical 

symptom cluster, F(1, 393) = 0.76, p = .383; cognitive symptom cluster, F(1, 393) = .002, 

p = .963; or affective symptom cluster, F(1, 393) = 1.53, p = .217. Table H13 displays the 

results of t-tests on comparisons of means between females and males at Time 1 on the 

S3SE. Mean number of symptoms endorsed was higher for females than males for the 

affective symptom cluster, t(393) = 3.74, p < .001, Hedge’s g = 0.46; physical symptom 

cluster, t(393) = 3.04, p = .003, Hedge’s g = 0.37; and cognitive symptom cluster, t(393) 

= 2.50, p = .013, Hedge’s g = 0.30. There was no statistically significant difference in 

mean number of sleep symptoms endorsed by females and males, t(125.58) = 1.43, p = 

.156. In terms of median, females had a higher median number of symptoms than males 

for the physical cluster, Z = -3.65, p < .001; cognitive cluster, Z = -2.63, p = .008; and 

affective cluster, Z = -3.71, p < .001. Consistent with the results for group differences in 

means on the SCAT3, median number of sleep symptoms for females and males was 

not significantly different, Z = -1.30, p = .192. A similar pattern of results was obtained for 

comparisons of means and medians at Time 2, though there was a significant difference 

in mean and median number of sleep symptoms (see Tables H13 and H15, 

respectively). 

For symptom severity score on the S3SE, there were no statistically significant 

sex differences in variances for symptom severity score for any of the symptom clusters: 

physical, F(1, 393) = 3.43, p = .065; cognitive, F(1, 393) = 2.23, p = .136; affective, F(1, 

393) = 2.06, p = .152; and sleep, F(1, 393) = 3.14, p = .077. Table H13 displays the 

results of t-tests on comparisons of means between females and males at Time 1 on the 

S3SE. Mean symptom severity score was higher for females than males for the physical 

symptom cluster, t(393) = 3.08, p = .002, Hedges’ g = 0.38; affective symptom cluster, 
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t(393) = 3.02, p = .003, Hedges’ g = 0.37; and sleep symptom cluster, t(393) = 2.36, p = 

.019, Hedges’ g = 0.29. Consistent with the S5SE, there was no statistically significant 

difference in mean cognitive symptom severity between females and males, t(393) = 

1.95, p = .052. As with the S5SE for median number of symptoms, females had a higher 

median symptom severity than males for all symptom clusters on the S3SE: physical, Z 

= -4.01, p < .001; cognitive, Z = -2.42, p = .016; affective, Z = -3.82, p < .001; and sleep, 

Z = -2.23, p = .026. A similar pattern of results was obtained for comparisons of means 

and medians at Time 2, though there was also a significant difference in mean cognitive 

symptom severity score (see Tables H13 and H15, respectively). 

3.4. Comparisons of Within-Individual Baseline Reporting 
Patterns 

3.4.1. Total Symptom Level 

A χ2 test of independence showed that there was a significant association 

between sex and within-individual difference in total number of symptoms reported on 

the S5SE and S3SE, χ2(2) = 7.41, p = .025. The association was small, Cramer’s V = 

.14. A higher percentage of males (27.9%) reported an equal number of symptoms on 

both scales as compared to females (15.2%), whereas percentages between males and 

females were similar for higher number of symptoms on the S5SE than S3SE, and 

higher number of symptoms on the S3SE than S5SE. In contrast, sex was not 

associated with within-individual difference in symptom severity score reported on the 

S5SE and S3SE, χ2(2) = 0.11, p = .100. 

3.4.2. Symptom Cluster Level 

For the cognitive cluster, there was a significant association between sex and 

within-individual difference in number of symptoms reported on the S5SE and S3SE, 

χ2(2) = 10.80, p = .005. The association was small, Cramer’s V = .17. A higher 

percentage of males (58.1%) reported an exactly equal number of symptoms on both 

scales as compared to females (41.7%), whereas females (23.6%) reported a higher 

number of cognitive symptoms on the S3SE than S5SE as compared to males (9.3%). 

The percentage of males and females reporting more cognitive symptoms on the S5SE 

than S3SE was similar. Sex was not associated with within-individual difference in 
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number of symptoms reported on the S5SE and S3SE for the other clusters: physical, 

χ2(2) = 3.82, p = .148; affective, χ2(2) = 2.30, p = .316; or sleep, χ2(2) = 2.16, p = .340. 

As with number of symptoms, there was a significant association between sex 

and within-individual difference in symptom severity score on the S5SE and S3SE for 

the cognitive symptom cluster, χ2(2) = 9.64, p = .008. The association was small, 

Cramer’s V = .16. The pattern of differences was the same as number of cognitive 

symptoms as well, with a higher percentage of males (38.4%) than females (24.3%) 

reporting exactly equal cognitive symptom severity on both scales, and a higher 

percentage of females (30.1%) than males (16.3%) reporting higher cognitive symptom 

severity on the S3SE than S5SE. The percentage of males and females reporting more 

cognitive symptoms on the S5SE than S3SE was similar. There was also a significant 

association for the affective symptom cluster between sex and within-individual 

difference in symptom severity score on the S5SE and S3SE, χ2(2) = 20.59, p < .001. 

The effect size was small to medium, Cramer’s V = .23. Again, a higher percentage of 

males (47.7%) reported exactly equal affective symptom severity on both scales than 

females (23.3%). However, a higher percentage of females than males had a higher 

affective symptom severity score on the S5SE than S3SE (49.5% vs. 38.4%), and S3SE 

than S5SE (27.2% vs. 14.0%). Sex was not associated with within-individual difference 

in symptom severity score on the S5SE and S3SE for the other clusters: physical, χ2(2) 

= 3.58, p = .167; or sleep, χ2(2) = 1.26, p = .533. 

3.5. Comparisons of Baseline Correlations 

As the assumption of multivariate normality was untenable, all decisions 

regarding hypotheses of the equality of correlations were made based on TSADF 

estimates rather than TSGLS estimates to better control for type I error. However, 

results of hypothesis tests were also presented with the TSGLS estimates as checks 

due to the reduction in power that has been observed for the TSADF estimation method 

under a variety of conditions (Fouladi, 2000), with the caveat that results between the 

estimation methods may differ due to multivariate non-normality. Based on TSADF 

estimates, the results for comparisons of test-retest reliability coefficients of symptom 

scores on the S5SE versus S3SE in the entire sample are displayed in Table H18. 
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3.5.1. Overall Sample 

Total Symptom Level 

Using the TSADF estimate, the common correlation between the one-week 

S5SE test-retest reliability coefficient for total number of symptoms and S3SE test-retest 

reliability coefficient for total number of symptoms was estimated to be r = .77, 95% CI 

[.74, .80]. A χ2 test of the equality of the test-retest reliability coefficient on the S5SE (r = 

.79) and S3SE (r = .74) indicated a statistically significant difference between the two 

correlations, χ2(1) = 3.91, p = .048. The effect size of the difference of the Fisher 

transform of the two correlations was small, q = 0.13. A statistically significant difference 

between the two test-retest correlations was also found based on the TSGLS estimation 

method, χ2(1) = 4.72, p = .030. These findings were further supported by Steiger’s 

(1980) two-tailed z-test, z = 2.16, p = .031, and Zou’s (2007) confidence interval of the 

difference between the two correlations, 95% CI [.005, .10]. 

Using the TSADF estimate, the common correlation between the one-week 

S5SE test-retest reliability coefficient for total symptom severity score and S3SE test-

retest reliability coefficient for total symptom severity score was estimated to be r = .78, 

95% CI [.75, .80]. Unlike the comparison of test-retest reliabilities for total number of 

symptoms, the difference between the test-retest reliability coefficient on the S5SE (r = 

.80) and S3SE (r = .75) was not statistically significant, χ2(1) = 2.89, p = .089. However, 

if the assumption of multivariate normality were tenable, using the TSGLS estimation 

method would have resulted in a statistically significant difference between the two test-

retest correlations, χ2(1) = 4.57, p = .033. 

Symptom Cluster Level 

An omnibus χ2 test was set up to test the equality of test-retest reliability 

coefficients of number of symptoms within pairs of corresponding symptom cluster 

correlations between the S5SE and S3SE (e.g., correlation between Time 1 S5SE 

number of physical symptoms and Time 2 S5SE number of physical symptoms versus 

correlation between Time 1 S3SE number of physical symptoms and Time 2 S3SE 

number of physical symptoms, etc.). Using the TSADF estimation method, the χ2 test 

indicated that there was a statistically significant difference between test-retest reliability 

coefficients on the S5SE and S3SE in at least one of the pairs of corresponding 
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correlations, χ2(4) = 13.41, p = .009. Follow-up tests of the equality of pairs of correlation 

coefficients between the S5SE and S3SE for each symptom cluster were conducted at a 

familywise error rate of .05, with the Holm-Bonferroni method being used to correct for 

the four post-hoc comparisons. 

The TSADF estimate of the common correlation between the one-week S5SE 

and S3SE test-retest reliability coefficients for number of physical symptoms was r = .69, 

95% CI [.65, .72]. At an adjusted alpha level of .013, the test-retest reliability coefficient 

for number of physical symptoms was higher on the S5SE (r = .72) than the S3SE (r = 

.61), χ2(1) = 7.28, p = .007. The findings were supported by Steiger’s (1980) two-tailed z-

test, z = 3.36, p = .001, and Zou’s (2007) confidence interval of the difference between 

the two correlations, 95% CI [.05, .18]. The effect size of the difference of the Fisher 

transform of the two correlations was small to medium, q = .20. 

The TSADF estimate of the common correlation between the one-week S5SE 

and S3SE test-retest reliability coefficients for number of affective symptoms was r = .67, 

95% CI [.63, .71]. At an adjusted alpha level of .017, the test-retest reliability coefficient 

for number of affective symptoms was also higher on the S5SE (r = .71) than the S3SE 

(r = .62), χ2(1) = 5.76, p = .016. The findings were supported by Steiger’s (1980) two-

tailed z-test, z = 2.73, p = .006, and Zou’s (2007) confidence interval of the difference 

between the two correlations, 95% CI [.02, .15]. The effect size of the difference of the 

Fisher transform of the two correlations was small, q = .16. 

There were no statistically significant differences between test-retest reliability 

coefficients of number of symptoms for the sleep symptom cluster on the S5SE (r = .65) 

and S3SE (r = .54), χ2(1) = 4.38, p = .036, or cognitive symptom cluster on the S5SE (r = 

.71) and S3SE (r = .67), χ2(1) = 0.97, p = .324. If the assumption of multivariate 

normality were tenable, the same pattern of results would have been obtained using the 

TSGLS estimation method rather than TSADF estimation method. 

An omnibus χ2 test was also set up to test the equality of test-retest reliability 

coefficients of symptom severity score within pairs of corresponding symptom cluster 

correlations between the S5SE and S3SE (e.g., correlation between Time 1 S5SE 

physical symptom severity score and Time 2 S5SE physical symptom severity score 

versus correlation between Time 1 S3SE physical symptom severity score and Time 2 
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S3SE physical symptom severity score, etc.). Using the TSADF estimation method, the 

χ2 test indicated that there was a statistically significant difference between test-retest 

reliability coefficients on the S5SE and S3SE in at least one of the pairs of 

corresponding correlations, χ2(4) = 19.73, p = .001. Follow-up tests of the equality of 

pairs of correlation coefficients between the S5SE and S3SE for each symptom cluster 

were conducted at a familywise error rate of .05, with the Holm-Bonferroni method being 

used to correct for the four post-hoc comparisons. 

The TSADF estimate of the common correlation between the one-week S5SE 

and S3SE test-retest reliability coefficients for sleep symptom severity score was r = .72, 

95% CI [.68, .75]. At an adjusted alpha level of .013, the test-retest reliability coefficient 

for sleep symptom severity score was higher on the S5SE (r = .75) than the S3SE (r = 

.64), χ2(1) = 9.57, p = .002. The findings were supported by Steiger’s (1980) two-tailed z-

test, z = 3.72, p < .001, and Zou’s (2007) confidence interval of the difference between 

the two correlations, 95% CI [.05, .16]. The effect size of the difference of the Fisher 

transform of the two correlations was small to medium, q = 0.20. 

The TSADF estimate of the common correlation between the one-week S5SE 

and S3SE test-retest reliability coefficients for physical symptom severity score was r = 

.71, 95% CI [.67, .74]. At an adjusted alpha level of .017, as with number of physical 

symptoms, the test-retest reliability coefficient for physical symptom severity score was 

higher on the S5SE (r = .74) than the S3SE (r = .60), χ2(1) = 7.24, p = .007. The findings 

were supported by Steiger’s (1980) two-tailed z-test, z = 4.30, p < .001, and Zou’s 

(2007) confidence interval of the difference between the two correlations, 95% CI [.08, 

.21]. The effect size of the difference of the Fisher transform of the two correlations was 

medium, q = 0.26. 

The TSADF estimate of the common correlation between the one-week S5SE 

and S3SE test-retest reliability coefficients for affective symptom severity score was r = 

.74, 95% CI [.71, .77]. Consistent with number of affective symptoms, at an adjusted 

alpha level of .025, the test-retest reliability coefficient for affective symptom severity 

score was higher on the S5SE (r = .77) than the S3SE (r = .68), χ2(1) = 6.98, p = .008. 

The findings were supported by Steiger’s (1980) two-tailed z-test, z = 3.77, p < .001, and 

Zou’s (2007) confidence interval of the difference between the two correlations, 95% CI 
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[.05, .15]. The effect size of the difference of the Fisher transform of the two correlations 

was small to medium, q = 0.20. 

Like the comparison of test-retest reliability coefficients of number of symptoms 

for the cognitive cluster, there was not a statistically significant difference between the 

test-retest reliability coefficient for cognitive symptom severity score on the S5SE (r = 

.74) and S3SE (r = .71), χ2(1) = 0.78, p = .378. If the assumption of multivariate 

normality were tenable, the same pattern of results would have been obtained using the 

TSGLS estimation method rather than TSADF estimation method. 

3.5.2. Within Sex 

Total Symptom Level 

In females, using the TSADF estimate, the common correlation between the one-

week S5SE test-retest reliability coefficient for total number of symptoms and S3SE test-

retest reliability coefficient for total number of symptoms was estimated to be r = .74, 

95% CI [.70, .77]. A χ2 test of the equality of the test-retest reliability coefficient on the 

S5SE (r = .76) and S3SE (r = .72) indicated that there was not a statistically significant 

difference between the two correlations, χ2(1) = 2.26, p = .133. If the assumption of 

multivariate normality were tenable, the same result would have been obtained with the 

TSGLS estimation method, χ2(1) = 2.63, p = .105. For total symptom severity score, the 

TSADF estimate of the common correlation between the one-week S5SE test-retest 

reliability coefficient and S3SE test-retest reliability coefficient was r = .76, 95% CI [.73, 

.79]. As with total number of symptoms, a χ2 test of the equality of the test-retest 

reliability coefficient for total symptom severity score on the S5SE (r = .78) and S3SE (r 

= .74) indicated that there was not a statistically significant difference between the two 

correlations, χ2(1) = 1.71, p = .191. If the assumption of multivariate normality were 

tenable, the same result would have been obtained with the TSGLS estimation method, 

χ2(1) = 2.49, p = .115. 

In males, using the TSADF estimate, the common correlation between the one-

week S5SE test-retest reliability coefficient for total number of symptoms and S3SE test-

retest reliability coefficient for total number of symptoms was estimated to be r = .84, 

95% CI [.79, .88]. A χ2 test of the equality of the test-retest reliability coefficient on the 

S5SE (r = .86) and S3SE (r = .80) indicated that there was not a statistically significant 
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difference between the two correlations, χ2(1) = 1.70, p = .192. If the assumption of 

multivariate normality were tenable, the same result would have been obtained with the 

TSGLS estimation method, χ2(1) = 2.61, p = .106. For total symptom severity score, the 

TSADF estimate of the common correlation between the one-week S5SE test-retest 

reliability coefficient and S3SE test-retest reliability coefficient was r = .84, 95% CI [.79, 

.88]. As with total number of symptoms, a χ2 test of the equality of the test-retest 

reliability coefficient on the S5SE (r = .86) and S3SE (r = .78) indicated that there was 

not a statistically significant difference between the two correlations, χ2(1) = 1.97, p = 

.161. However, if the assumption of multivariate normality were tenable, a statistically 

significant difference would have been obtained with the TSGLS estimation method, 

χ2(1) = 4.70, p = .003. 

Symptom Cluster Level 

In females, an omnibus χ2 test was set up to test the equality of test-retest 

reliability coefficients of number of symptoms within pairs of corresponding symptom 

cluster correlations between the S5SE and S3SE (e.g., correlation between Time 1 

S5SE number of physical symptoms and Time 2 S5SE number of physical symptoms 

with correlation between Time 1 S3SE number of physical symptoms and Time 2 S3SE 

number of physical symptoms, etc.). Using the TSADF estimation method, there was not 

a statistically significant difference in the correlations within the four pairs of 

corresponding correlations, χ2(4) = 7.07, p = .132. If the assumption of multivariate 

normality were tenable, the same result would have been obtained with the TSGLS 

estimation method, χ2(4) = 9.07, p = .059. 

Unlike with number of symptoms, for symptom severity score, the same omnibus 

χ2 test of the equality of test-retest reliability coefficients within pairs of corresponding 

symptom cluster correlations between the S5SE and S3SE (e.g., correlation between 

Time 1 S5SE physical symptom severity score and Time 2 S5SE physical symptom 

severity score with correlation between Time 1 S3SE physical symptom severity score 

and Time 2 S3SE physical symptom severity score, etc.) indicated a statistically 

significant difference in the pairs of corresponding correlations, χ2(4) = 13.72, p = .008. 

The same result would have been obtained with the TSGLS estimation method, χ2(4) = 

22.60, p < .001. However, with the TSADF estimate, follow-up pairwise tests completed 

on each pair of corresponding test-retest reliability coefficients on the S5SE and S3SE 
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indicated no statistically significant differences after the Holm-Bonferroni correction: 

physical, χ2(1) = 4.40, p = .036; cognitive, χ2(1) = 0.26, p = .608; affective, χ2(1) = 5.64, p 

= .018; and sleep, χ2(1) = 5.73, p = .017. If the TSGLS estimation method was used, 

higher test-retest reliabilities on the S5SE than S3SE would have been found for the 

physical, χ2(1) = 9.82, p = .002; affective, χ2(1) = 10.39, p = .001; and sleep clusters, 

χ2(1) = 7.92, p = .005. 

As with number of symptoms in females, in males, there was not a statistically 

significant difference in the test-retest reliability coefficients of number of symptoms 

within the pairs of corresponding symptom cluster correlations between the S5SE and 

S3SE using the TSADF estimation method, χ2(4) = 8.36, p = .079. However, if the 

assumption of multivariate normality were tenable, a statistically significant difference in 

the pairs of correlation coefficients would have been obtained with the TSGLS estimation 

method, χ2(4) = 16.36, p = .003. 

Like the result for symptom severity score in females, for symptom severity score 

in males, the omnibus χ2 test of the equality of test-retest reliability coefficients within 

pairs of corresponding symptom cluster correlations between the S5SE and S3SE using 

the TSADF estimation method revealed a statistically significant difference in the pairs of 

correlations, χ2(4) = 10.42, p = .034. The same result would have been obtained with the 

TSGLS estimation method, χ2(4) = 26.07, p < .001. With the TSADF estimate, follow-up 

pairwise tests were completed on each pair of corresponding test-retest reliability 

coefficients on the S5SE and S3SE. The TSADF estimate of the common correlation 

between the one-week S5SE and S3SE test-retest reliability coefficients for sleep 

symptom severity score was r = .78, 95% CI [.71, .83]. Higher test-retest reliability for 

sleep symptom severity was found on the S5SE (r = .82) than S3SE (r = .65), χ2(1) = 

8.53, p = .003. The findings were supported by Steiger’s (1980) two-tailed z-test, z = 

3.13, p = .002, and Zou’s (2007) confidence interval of the difference between the two 

correlations, 95% CI [.06, .30]. The effect size of the difference of the Fisher transform of 

the two correlations was medium, q = 0.37. There were no other statistically significant 

differences in pairs of correlations for corresponding symptom clusters on the S5SE and 

S3SE using the TSADF estimates: physical, χ2(1) = 3.24, p = .072; cognitive, χ2(1) = 

2.06, p = .152; or affective, χ2(1) = 1.26, p = .261. If the TSGLS estimation method was 

used, higher test-retest reliabilities on the S5SE than S3SE would have also been found 
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for the cognitive symptom cluster, χ2(1) = 5.81, p = .016, in addition to the sleep 

symptom cluster, χ2(1) = 9.48, p = .002. 

3.5.3. Between Sex 

Total Symptom Level 

An omnibus χ2 test was set up to test the equality of test-retest reliability 

coefficients of total symptom severity within the two pairs of corresponding correlations 

on the S5SE and S3SE in females versus males (i.e., test-retest reliability for total 

number of symptoms on the S5SE in females versus males, and test-retest reliability for 

total number of symptoms on the S3SE in females versus males). Using the TSADF 

estimation method, there was not a statistically significant difference in the test-retest 

reliability coefficients between females and males, χ2(2) = 5.09, p = .078. If the 

assumption of multivariate normality were tenable, the same result would have been 

obtained with the TSGLS estimation method, χ2(2) = 4.43, p = .109. 

A similar omnibus χ2 test was set up to test the equality of test-retest reliability 

coefficients of total symptom severity within the two pairs of corresponding correlations 

on the S5SE and S3SE in females versus males (i.e., test-retest reliability for symptom 

severity score on the S5SE in females versus males, and test-retest reliability for 

symptom severity score on the S3SE in females versus males). Using the TSADF 

estimation method, there was also not a statistically significant difference in the test-

retest reliability coefficients between females and males, χ2(2) = 3.82, p = .148. If the 

assumption of multivariate normality were tenable, the same result would have been 

obtained with the TSGLS estimation method, χ2(2) = 3.34, p = .188. 

Symptom Cluster Level 

For number of symptoms, between-sex comparison of the corresponding 

symptom cluster correlations within each pair of eight pairs of test-retest correlation 

coefficients on the S5SE and S3SE in females versus males (e.g., test-retest reliability 

for number of physical symptoms on the S5SE in females versus test-retest reliability for 

number of physical symptoms on the S5SE in males, test-retest reliability for number of 

physical symptoms on the S3SE in females versus test-retest reliability for number of 

physical symptoms on the S3SE in males, etc.) were analyzed with an omnibus χ2 test. 
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Using the TSADF estimation method, there was no difference in test-retest reliability 

values within the pairs of corresponding correlations, χ2(8) = 11.81, p = .160. If the 

assumption of multivariate normality were tenable, the same result would have been 

obtained with the TSGLS estimation method, χ2(8) = 12.79, p = .119. 

The same omnibus χ2 test was repeated, but this time for symptom severity 

score (e.g., test-retest reliability for physical symptom severity score on the S5SE in 

females versus test-retest reliability for physical symptom severity score on the S5SE in 

males, test-retest reliability for physical symptom severity score on the S3SE in females 

versus test-retest reliability for physical symptom severity score on the S3SE in males, 

etc.). Using the TSADF estimation method, there was no difference in test-retest 

reliability values within the pairs of corresponding correlations, χ2(8) = 8.83, p = .357. 

However, if the assumption of multivariate normality were tenable, a statistically 

significant difference would have been obtained with the TSGLS estimation method, 

χ2(8) = 19.99, p = .001. 
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Chapter 4. Discussion 

The purpose of the current study was to compare select psychometric properties 

of baseline concussion symptom reporting of scores on the SCAT5 and SCAT3 

symptom scales. As baseline assessment remains a common practice in sports, 

understanding the differences in symptom reporting with the instruction time frame of 

“now” on the S3SE to “typically” on the S5SE has implications for how baseline scores 

are interpreted, and how differences between baseline and post-injury scores are 

interpreted. Even though the SCAT5 is now the most commonly used standardized 

assessment scale (Lempke et al., 2020), not much is known about the basic 

psychometric properties of symptom scores on the Symptom Evaluation, especially in 

comparison to the SCAT3. To this end, the current study implemented a within-groups 

design with counterbalanced administration of the two symptom scales in immediate 

succession at two time points a week apart. The design allowed for direct comparisons 

of scores on the Symptom Evaluation portion of the SCAT5 with the SCAT3 with the aim 

of evaluating distributional characteristics, test-retest effects, and sex differences. 

4.1. Distributional Characteristics 

4.1.1. SCAT Symptom Evaluation Version 

The results indicated that the baseline number of symptoms and symptom 

severity score were both higher when participants completed the Symptom Evaluation 

section of the SCAT5 than the SCAT3. The higher mean and median on the S5SE over 

the S3SE extended to all symptom clusters as well. Furthermore, these differences were 

observed at the second time point, suggesting a robust effect of the instruction time 

frame. There was no interaction effect between SCAT Symptom Evaluation version and 

time, so the differences in baseline symptom reporting on the two symptom scales 

appeared to be stable over time. At the total symptom level, medium effect sizes were 

observed (Time 1: d = 0.39-0.48; Time 2: d = 0.32-0.54), with raw score differences 

corresponding to about 2 more symptoms and 5 more symptom severity points reported 

on the S5SE than S3SE. For the symptom cluster level, differences between the S5SE 

and S3SE tended to be largest for the physical symptom cluster (Time 1: d = 0.42-0.45; 

Time 2: d = 0.25-0.38), and smallest for the cognitive symptom cluster (Time 1: d = 0.25; 
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Time 2: d = 0.25-0.41) and sleep symptom cluster (Time 1: d = 0.22-0.28; Time 2: d = 

0.19-0.28). In general, effect sizes were fairly comparable between number of symptoms 

and symptom severity score for the corresponding level of analysis (e.g., number of 

physical symptoms and physical symptom severity score). 

These findings differed from those reported by Asken et al. (2020), in which they 

did not find any significant differences in symptom severity score between the SCAT5 

and SCAT3 symptom scales except for higher median cognitive symptom severity score 

on the S5SE than S3SE. It is possible that differences in sample composition may 

partially explain the discrepant findings, as the current sample was comprised of 

undergraduate students whereas their sample was comprised of college varsity student 

athletes. Mrazik et al. (2013) reported that undergraduate student athletes with a higher 

level of fitness reported fewer current symptoms on the SCAT2 symptom scale than 

those with a lower level of fitness, so lower symptom reporting in student athletes 

irrespective of instruction time frame in the Asken et al. (2020) sample may have 

attenuated differences between symptom scores on the S5SE and S3SE that were 

observed in the general undergraduate sample in the current study. This idea is further 

supported by the substantially higher mean and median symptom scores on both scales 

observed in the current study compared to their study. Additionally, participants reporting 

English as a second language and certain medical conditions (ADHD, psychiatric 

diagnosis, migraines) were excluded from their analyses, which also may have 

contributed to the non-significant difference between symptom severity on the S5SE and 

S3SE. For instance, it is possible that individuals with certain medical conditions may 

experience more variability between current symptoms and typical symptoms (e.g., 

having a “good day”), and by excluding these participants, the difference between the 

two scales may have been reduced. 

Consistent with more general research on the effect of instruction time frames on 

self-report questionnaires, there were differences in the reporting of trait (S5SE) and 

state (S3SE) symptoms. Robinson and Clore (2002a) proposed that the primary memory 

system that contributes to self-report of emotions differs with instruction time frame, such 

that trait report relies more on semantic memory, whereas state report relies more on 

episodic memory. This perspective would suggest that participants’ generalized beliefs 

about their symptoms, which is removed from specific experiences, is the primary 

contributor to increased symptom reporting for trait symptoms than state symptoms. 
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Meanwhile, Walentynowicz et al. (2018) argued that episodic memory still contributes to 

the reporting of trait affect and symptoms. This perspective would suggest that 

participants had higher ratings of symptoms on the SCAT5 symptom scale because 

“typically” is a longer reporting time frame than “now”, so participants may recall more 

examples or more extreme examples that are considered when providing symptom 

ratings. Although the analyses do not provide an indication as to which process may be 

dominant for reporting of trait symptoms, they are consistent with the trends observed by 

Robinson and Clore (2002b) and Walentynowicz et al. (2018) in which ratings tend to be 

more intense for the “in general” reporting time frame as compared to the “at this 

moment” reporting time frame. The current study extended the finding of higher ratings 

beyond a limited set of emotions and symptoms (e.g., “pain”) to a more comprehensive 

set of physical, cognitive, and sleep symptoms that are assessed after concussions. 

When considering the effect sizes observed across the different symptom 

clusters, it is possible that in an undergraduate student sample, the difference between 

trait and state cognitive or sleep symptoms may be less salient, as students frequently 

encounter demands that exacerbate state cognitive or sleep symptoms. With 

examination of symptoms that form the cognitive and sleep cluster, it is clear how 

symptoms such as “difficulty concentrating”, “difficulty remembering”, and “fatigue or low 

energy” may occur throughout the semester when students are facing deadlines for 

assignments or preparing for exams. However, state physical symptoms, such as 

“nausea or vomiting” or “balance problems”, may be less likely to occur at any given 

moment, though there may be more general instances that can be recalled, thus 

contributing to a larger difference between trait and state physical symptoms. 

Although a baseline assessment of athletes is implemented in many sports 

leagues, consensus statements have stated that baseline testing is not required for 

appropriate sports-related concussion management (Harmon et al., 2019; McCrory et 

al., 2017). When baseline assessment on an athlete is unavailable, use of appropriate 

normative data for comparisons of symptom scores after a concussion may provide 

evidence of a decline, as well as a benchmark for symptom recovery (Echemendia et al., 

2013). The difference between baseline symptom reporting on the Symptom Evaluation 

section of the SCAT5 and SCAT3 necessitates the creation and use of new normative 

datasets for the S5SE, as previous norms for the S3SE may not be applicable. 
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4.1.2. Repeated Administration 

The results showed that there was an effect of time on baseline symptoms, such 

that baseline symptom scores decreased over a week despite the lack of an 

intervention. The effect of time was small (S5SE: d = 0.17-0.37; S3SE: d = 0.20-0.23), 

but raw score differences corresponded to about a decrease of 1 symptom and 3-5 

symptom severity points. Although slight differences emerged in the effect of time on 

symptoms reported on the S5SE and S3SE when the symptom scales were examined 

separately, interaction effects between SCAT Symptom Evaluation version and time 

were not significant. Analyses for changes in the symptom clusters over time revealed 

that decreases in symptom scores were most consistent for the affective and sleep 

symptom clusters. Differences tended to be largest for the affective (d = 0.26-0.42) and 

sleep (d = 0.16-0.33) symptom clusters, although effect sizes were still small. Most 

analyses involving the cognitive symptom cluster showed either no difference or very 

small decreases in symptom scores over time, which is consistent with the idea that 

cognitive symptoms, such as “difficulty concentrating” or “difficulty remembering”, are 

likely often present for undergraduate students. 

Data collection procedures ruled out other potential explanations for the 

decrease in symptoms over time. For instance, since data collection occurred throughout 

the semester over the course of two semesters, it is unlikely that a decrease in 

symptoms from Time 1 to Time 2 could be attributed to a specific external event for the 

entire sample. Additionally, data collection occurred every day throughout the week, so it 

is also unlikely that a decrease in symptoms could be attributed to participants 

completing the first session on a weekday and the second session during the weekend. 

Although it is plausible that participants truly experienced a change in symptoms over a 

week, these increases and decreases in symptoms would be expected to even out 

across participants. Therefore, it appears likely that the lowering of symptoms over time 

is attributable to the act of completing the SCAT Symptom Evaluation on two occasions. 

Response shift may have contributed to the effect of repeated administration, such that 

participants may have had different standards for evaluating the presence or severity of 

symptoms, or interpreted the symptoms differently from the first to second time point 

(Sprangers & Schwartz, 1999). 
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Other studies have also found an effect of repeated administration of concussion 

symptom scales in which symptoms decreased over time for state symptoms (e.g., 

Balasundaram et al., 2017; Malleck et al., 2019). Despite the lack of significant changes 

in symptom cluster scores over time reported by Merritt et al. (2018) due to small sample 

size, effect sizes for the change in symptom cluster scores over six weeks were similar 

to those observed in the current study over a week, especially for the affective and sleep 

symptom clusters. However, research is limited as to changes over time for baseline 

symptom reporting on the S5SE. Although Hänninen et al. (2021) did not directly 

compare test and retest symptom scores, there appeared to be a similar trend of 

decreasing baseline symptom scores on the S5SE. Therefore, the current results add to 

previous findings regarding the effect of repeated administration of the SCAT Symptom 

Evaluation. 

In addition, this study contributes findings of a similar effect of repeated 

administration on reporting of both trait and state concussion-related symptoms. 

Previous studies have not directly compared changes in baseline symptoms reported on 

the SCAT5 and SCAT3 symptom scales over time. Because trait-like characteristics 

should have higher test-retest reliability than state-like characteristics (Slick, 2006), the 

instruction time frame “typically” on the S5SE was expected to be more stable in terms 

of absolute agreement over time compared to the timeframe “now” on the S3SE. 

However, other processes, such as the effect of repeated administration, may be salient 

regardless of instruction time frame. 

The findings raise questions about the measurement of baseline symptoms on 

the S5SE. At both time points, participants were given the same S5SE baseline 

instructions that assess symptoms for how participants typically feel. Because of the 

decrease in symptomology on retest, it is unclear as to whether the administration at 

Time 1 or Time 2 presents a more accurate reflection of one’s “true” baseline. Since 

baseline symptom scores provide a within-individual standard with which recovery after 

a concussion can be assessed, the difference in baseline symptom scores presents a 

challenge for clinicians. Although there are no clear guidelines regarding retest effects 

for baseline symptoms, a more conservative recommendation would be for the S5SE to 

be administered on more than one occasion to obtain a baseline, with the lower of those 

symptom scores forming the baseline standard. 
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Additionally, the findings have implications for the monitoring of symptoms over 

time. For the SCAT3 symptom scale, athletes are asked to evaluate their symptoms 

based on how they feel “now”. With the SCAT5 symptom scale, post-injury, athletes are 

asked to rate their symptoms “at this point in time”, so the decrease in state symptoms 

over time observed on the S3SE can inform the monitoring of symptoms after a 

concussion using the S5SE. Following a concussion, athletes may be administered the 

SCAT5 symptom scale on several occasions in order to track recovery over time, as is 

consistent with current sports-related concussion guidelines (Broglio et al., 2014; 

McCrory et al., 2017). Although a decrease in symptoms may be attributable to 

improvement over the course of recovery from a concussion, the current findings 

suggest that a decrease in symptoms may also occur simply with administration of the 

SCAT symptom scale on more than one occasion. Therefore, clinicians may need to 

account for the effect of repeated administration when interpreting symptom scores, as 

is the case with practice effect corrections that can be applied to reliable change 

methodology (Iverson, 2019). 

4.1.3. Sex Differences 

The results showed that regardless of SCAT Symptom Evaluation version or time 

point, females reported a higher mean and median total number of symptoms and 

symptom severity score than males. Females also reported a higher mean and median 

number and severity of symptoms than males across all symptom clusters, though at 

Time 1, no sex differences were noted for the cognitive symptom cluster on the S5SE, 

severity of cognitive symptoms on the S3SE, and number of sleep symptoms on the 

S3SE. At Time 2, higher number of symptoms and symptom severity score were 

observed across all symptom scales in females as compared to males. Effect sizes for 

the difference between females and males ranged from small to medium, with the 

largest differences occurring on the affective symptom cluster (d = 0.36-0.59), and the 

smallest differences occurring on the cognitive symptom cluster (d = 0.21-0.35). At the 

total symptom level, on average, females reported about 2-3 symptoms and 6-8 

symptom severity points more than males. 

There were mixed findings regarding sex differences in variability of symptom 

variables. At Time 1, on the S5SE, for number of symptoms, variance was greater in 

males than females for number of affective symptoms and number of sleep symptoms. 
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However, the opposite pattern was observed for symptom severity score, where 

variance was greater in females than males at the overall level, and for the physical and 

sleep symptom clusters. On the S3SE, the only sex difference that was emerged was 

larger variance in number of sleep symptoms for males than females, a finding that was 

also observed on the S5SE. However, at Time 2, there was greater variance in all 

symptom severity variables in females than males, whereas there was no difference in 

variance between females and males for number of symptoms. Taking the results for 

sex differences on means and medians into account, in general, females reported a 

higher number and severity of symptoms than males. Additionally, there was greater 

variability in symptom severity scores reported by females than males. 

These findings are consistent with a meta-analysis that demonstrated a small 

effect of sex on baseline concussion-related state symptoms, such that females have 

higher total symptom scores than males (Brown et al., 2015). This pattern of results was 

also shown with trait symptoms on the SCAT5, consistent with Black et al. (2020). 

However, recent studies on the SCAT5 symptom scale in college athletes have not 

shown a difference in number of symptoms or symptom severity score between males 

and females (Asken et al., 2020; Petit et al., 2020). Differences in sample composition 

may partially explain the discrepancy in findings, as the current sample consisted of 

undergraduate students. College athletes differ from undergraduate students in many 

ways that may impact the reporting of symptoms, such as level of fitness and motivation 

for reporting symptoms. However, based on values presented by Asken et al. (2020), a 

similar pattern of sex differences was also observed, with greater variability of symptom 

severity scores in females than males across both the SCAT5 and SCAT3 symptom 

scales, as well as higher means and medians in females than males. In fact, effect sizes 

calculated based on values presented by Asken et al. (2020) were similar to the small to 

medium effect sizes observed in the current study, suggesting that the current study was 

sufficiently powered to detect sex differences in baseline concussion-related symptoms. 

None of the interaction effects of sex with other variables examined were 

significant. There were no differential changes of symptom scores over one week, or 

differential symptom patterns on the two versions of the Symptom Evaluation. 

Additionally, the symptom reporting patterns on the two versions of the SCAT Symptom 

Evaluation over a one-week period were not different in males and females. Although 

these sex-based interaction effects have not been examined in the context of 
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concussion-related symptoms at baseline, the findings suggest that females and males 

use the same processes to report symptoms across both symptom scales and over time, 

though females simply may experience and report more symptoms. 

Although the underlying reasons for sex differences in the reporting of 

concussion-related symptoms could not be resolved in the current study, possible 

explanations have often focused on hormonal changes that occur over the course of the 

menstrual cycle (Brown et al., 2015; Malleck et al., 2019). Many of the symptoms that 

are within the physical, affective, and sleep symptom clusters, such as headache, 

emotional disturbances (e.g., depression, nervousness, irritability), and energy or sleep 

disturbances, were found to be reported more frequently in females than males and 

share similarities with symptoms associated with premenstrual syndrome (Brown et al., 

2015). Difficulty concentrating may also be experienced with premenstrual syndrome, 

but symptoms within the cognitive symptom cluster may also be experienced similarly in 

males within the context of schoolwork, which may explain the somewhat smaller effect 

sizes compared to the other symptom clusters. 

The observed sex differences in the current study suggest that sex is an 

important consideration when measuring baseline concussion-related symptoms. When 

a baseline assessment is not available, post-injury symptom scores should be compared 

to appropriate sex-based baseline normative data to account for baseline sex 

differences in symptom reporting. Although phase of the menstrual cycle was not 

controlled in the current study, previous studies argued for the importance of accounting 

for menstrual cycle phase in the context of a baseline assessment in athletes who 

menstruate, particularly given the overlap of concussion-related symptoms with 

symptoms that may be experienced over the course of the menstrual cycle. 

4.2. Within-Individual Reporting 

As the study design allowed for examination of within-individual reporting 

patterns on the SCAT5 and SCAT3 symptom scales, sex differences in the reporting of 

trait and state symptoms could be compared. Most analyses did not demonstrate a sex 

difference in the relative reporting of S5SE versus S3SE baseline symptoms. However, 

a few sex differences did emerge. For total number of symptoms, number and severity of 

cognitive symptoms, and severity of affective symptoms, the most consistent finding was 
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that males reported exactly equal symptoms across both the S5SE and S3SE at a 

higher percentage than females. For the cognitive symptom cluster, females reported a 

higher number and higher severity of symptoms on the S3SE than the S5SE as 

compared to males. On the affective cluster, females reported a higher severity of 

symptoms on the S5SE than the S3SE, but also on the S3SE than S5SE as compared 

to males. 

These findings slightly differed from those reported by Asken et al. (2020), in 

which they found that for total symptom severity, males more frequently reported equal 

symptom scores on the SCAT5 and SCAT3 symptom scales, whereas females more 

frequently reported higher symptom scores on the S5SE than the S3SE. Although the 

finding was not replicated for total symptom severity score, the most consistent finding 

was that males reported equal scores on both the S5SE and S3SE more often than 

females. When examining the distribution of scores, males more often endorsed scores 

of 0 on both symptom scales, thus resulting in a higher percentage of males having the 

same number of symptoms and symptom severity score on both scales as compared to 

females. However, the finding of higher relative symptom scores on the S5SE than the 

S3SE in females than males was not replicated in this study. Previous work has 

suggested that females may be more prone to negatively biased symptom reporting for 

longer instruction time frames, but this effect may be driven by females with strong 

beliefs about the negative impact of menstruation on symptoms (Robinson & Clore, 

2002a). Although beliefs about menstruation were not assessed in the current study, the 

same biases for more severe symptom reporting over longer instruction time frames 

appeared to be consistent for the most part in females and males. 

For the symptom clusters, sex differences for relative reporting of trait and state 

number and severity of symptoms only occurred the cognitive symptom cluster. A higher 

percentage of females reported more symptoms and more severe symptoms on the 

S3SE than the S5SE as compared to males. It is possible that females report more 

fluctuations in symptoms than males, but the nature of these fluctuations may differ such 

that at times, trait symptoms are higher than state symptoms, but at other times, state 

symptoms are higher than trait symptoms. This appeared to be the case for within-

individual relative reporting of symptom severity on the affective symptom cluster, where 

a higher percentage of females reported higher S5SE than S3SE score, as well as S3SE 

than S5SE score. More research regarding these differences over the course of the 
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menstrual cycle may help to inform whether hormonal changes are a primary contributor 

of these sex differences in relative trait versus state reporting. 

4.3. Test-Retest Reliability 

For the overall sample, comparisons of the one-week test-retest reliability 

coefficients between the SCAT5 and SCAT3 symptom scales demonstrated that the 

correlation of corresponding symptom scores at Time 1 and Time 2 was either higher on 

the S5SE than the S3SE, or not different between the S5SE and S3SE. Differences that 

did occur were not always consistent across number of symptoms and symptom severity 

score for a given level of analysis. At the total symptom level, test-retest reliability of total 

number of symptoms was slightly higher on the S5SE than S3SE, but there was no 

difference in test-retest reliability of total symptom severity score on the S5SE and 

S3SE. At the symptom cluster level, higher test-retest reliability on the S5SE than S3SE 

for both number of symptoms and symptom severity score was demonstrated for the 

physical and affective symptom clusters, whereas for the sleep symptom cluster, higher 

test-retest reliability was found on the S5SE than S3SE for only symptom severity score. 

There were no differences in test-retest reliability of number of symptoms or symptom 

severity score between the S5SE and S3SE for the cognitive symptom cluster. 

Differences between test-retest reliabilities at the symptom cluster level were generally 

small, with the largest improvement in test-retest reliability from the S3SE to S5SE for 

physical symptom severity score. 

Although no studies have directly compared test-retest reliability between the 

symptom variables of the SCAT5 and SCAT3 symptom scales, previous studies have 

showed that the magnitude of test-retest reliability coefficients appeared to be larger on 

the Symptom Evaluation section of the SCAT5 than the SCAT3 (e.g., Chin et al., 2016; 

Hänninen et al., 2021). As state symptoms are more vulnerable to day-to-day 

fluctuations, trait symptoms should be more stable over time (Slick, 2006). The findings 

of the current study partially support this idea, as many of the comparisons 

demonstrated that the test-retest reliability of baseline symptom scores on the S5SE was 

higher than that on the S3SE. Because the S3SE instructions assess how participants 

feel now, there is likely greater variability in reporting of symptoms between participants, 

thus lowering the strength of the correlation between Time 1 S3SE symptom scores and 

Time 2 S3SE symptom scores. In contrast, the S5SE instructions assess how 
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participants typically feel, so the reporting of symptoms may be more consistent over 

time across participants, thus resulting in a stronger correlation between Time 1 S5SE 

symptom scores and Time 2 S5SE symptom scores. 

However, there were also many comparisons of test-retest reliability of symptom 

variables between the S5SE and S3SE that were not significant. Notably, there was no 

difference in test-retest reliability between the S5SE and S3SE for the cognitive 

symptom cluster. On the PCSS, which assesses current symptoms, Merritt et al. (2018) 

reported that the six-week test-retest reliability, as assessed by both Pearson product-

moment correlation coefficients and intraclass correlation coefficients, in a sample of 

undergraduate students was highest in the cognitive symptom cluster, though no formal 

statistical analyses were conducted to compare test-retest reliability coefficients across 

the symptom clusters. Taken together, these findings suggest that consistency in the 

linear relationship of cognitive symptom scores over time is similar for trait and state 

cognitive symptom reporting in a sample of undergraduate students. Based on the items 

that compose the cognitive symptom cluster, it is easy to see how undergraduate 

students may experience the symptoms such as “difficulty concentrating” or “difficulty 

remembering” on an ongoing basis with schoolwork, which can affect reporting of state 

symptoms and recall of longer-term experiences for reporting of trait symptoms. 

Meanwhile, other symptoms, particularly in the physical symptom cluster, may be 

more likely to fluctuate over time. Merritt et al. (2018) reported that the six-week test-

retest reliability of state symptoms was lowest for the physical symptom cluster. In the 

current study, the test-retest reliability for the physical symptom cluster on the SCAT3 

symptom scale seemed lower compared to test-retest reliabilities on the other symptom 

clusters as well. However, these physical symptoms, which may be subject to greater 

variability at any given moment, may be more consistently aggregated over a longer 

timeframe, such that test-retest reliability on the S5SE is larger than that of the S3SE for 

the physical symptom cluster. 

The findings suggest that the new baseline instructions for the Symptom 

Evaluation section of the SCAT5 have resulted in small to medium improvements in the 

test-retest reliability for the reporting of baseline concussion-related symptoms. If 

athletes are administered a baseline assessment, the scores at baseline become the 

standard on which subsequent post-concussion scores are compared against (Broglio et 
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al., 2014). As diagnostic and management decisions may be made based on a direct 

comparison of baseline symptom scores to post-injury symptom scores, having a stable 

baseline standard can facilitate improved care in athletes. For instance, if baseline 

symptom scores exhibit significant variability over time, it can be difficult to know what 

baseline standard the post-injury scores should be compared against. Ultimately, the 

determination of recovery becomes more difficult, which can have consequences for 

athletes in terms of medical clearance for return-to-sport, and ultimately, their health. 

Therefore, the new baseline instructions for the SCAT5 symptom scale appear to be 

beneficial for eliciting more consistent reports of baseline symptoms. 

4.3.1. Sex Differences 

Within-sex comparisons of one-week test-retest reliabilities showed that test-

retest reliability coefficients of symptom variables between the SCAT5 and SCAT3 

symptom scales were fairly similar in both females and males. In females, there were no 

significant differences in the test-retest reliability coefficients after correcting for multiple 

comparisons, whereas in males, the only significant difference was that test-retest 

reliability for sleep symptom severity was higher on the S5SE than the S3SE. Between-

sex comparisons of corresponding one-week test-retest reliabilities on the S5SE and 

S3SE showed that there were no statistically significant differences between males and 

females. However, the current analyses were underpowered, as sample size targets for 

the male group were not met for some of the proposed analyses. Upon inspection of the 

magnitude of the difference for certain corresponding correlations between females and 

males, some effect sizes were likely close to medium. 

The results were somewhat unexpected, particularly when considering hormonal 

changes that occur over the menstrual cycle in individuals who menstruate (Brown et al., 

2015). Females who menstruate may experience greater variability in state symptoms in 

accordance with menstrual cycle phase. The expected result of this increased fluctuation 

in state symptoms would be lower S3SE symptom score test-retest reliability as 

compared to S5SE symptom score test-retest reliability in females, as well as lower 

S3SE symptom score test-retest reliability in females as compared to males. However, 

the results failed to show any sex differences. 
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These results are consistent with those from Chin et al. (2016), in which they also 

did not find any differences in test-retest reliability coefficients between female and male 

athletes on the SCAT3 symptom scale. However, their sample size was similarly limited, 

as their comparisons of test-retest reliability were based on a sample of 164 uninjured 

controls. There are a few potential explanations for the lack of sex differences beyond 

insufficient sample size. The current study may have not sufficiently captured the course 

of the menstrual cycle with a one-week test-retest period. Symptom changes that may 

be expected to occur over the menstrual cycle may not have been detected depending 

on how the one-week time window aligned with an individual’s menstrual cycle, which 

would result in test-retest reliability coefficients being similar for state symptoms on the 

S3SE and trait symptoms on the S5SE. Malleck et al. (2019) more tightly controlled data 

collection around the menstrual cycle in individuals who menstruate, which allowed 

analysis of symptom reporting at different phases of the menstrual cycle. Additionally, 

they considered hormonal contraceptive use and found differences in test-retest 

reliability of current concussion-related symptoms based on comparison of eumenorrheic 

females, females using hormonal contraceptives, and males. Therefore, sex differences 

in the current study might have been masked by considering females as an entire group, 

rather than further dividing individuals who menstruate into separate groups based on 

hormonal contraceptive use. 

4.4. General Discussion 

Concussion in sports has become a major topic of public interest in light of high-

profile incidents. Particular attention has been paid to the effects of repeated 

concussions, which may have unique consequences. For instance, executive functions, 

which govern higher-order cognitive operations, may be particularly sensitive to the 

effects of multiple concussions (Karr et al., 2014). Additionally, repetitive brain trauma 

has been linked to a neurodegenerative disease known as chronic traumatic 

encephalopathy (McKee et al., 2009). Although most athletes recover within a month of 

a concussion (McCrory et al., 2017), the need to accurately diagnose and manage 

concussion in athletes may reduce adverse outcomes. To this end, assessment of 

concussion symptoms is one of the most essential components of a concussion 

assessment due to its utility in diagnosing concussions and tracking recovery 

(Echemendia, Broglio, et al., 2017). Symptom evaluation is often implemented at 
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baseline by many sports leagues in order obtain an athlete’s level of symptomology in an 

uninjured state, which can then be used as a comparison standard if they sustain a 

concussion. Therefore, improved understanding of baseline symptom reporting on the 

Symptom Evaluation portion of the SCAT5 may help to facilitate improved practices 

related to the education, prevention, assessment, and management of concussions. 

Taken together, the findings demonstrate important considerations for clinicians 

regarding use of the SCAT5 symptom scale. Reporting of baseline symptoms on the 

SCAT5 symptom scale appears to be more consistent over time than on the SCAT3 

symptom scale, as evidenced by improved test-retest reliability when there were 

significant results. Despite the absence of an interaction effect between SCAT Symptom 

Evaluation version and time for all symptom variables, there were some differences 

between test-retest reliability coefficients between the S5SE and S3SE. These 

seemingly discrepant findings suggest that even though symptom scores decreased 

across time similarly for the S5SE and S3SE in the entire sample, participants’ scores 

changed in a more consistent way between participants on the S5SE than the S3SE. 

Despite the lack of absolute agreement of symptom scores based on the decrease in 

symptom scores over time for both symptom scales, the changes occurred in a more 

uniform way for reporting of trait symptoms on the S5SE than state symptoms on the 

S3SE, thus resulting in higher test-retest reliability coefficients on the S5SE than the 

S3SE. These findings align with more stable reporting of trait-like symptoms over state-

like symptoms (Slick, 2006), which is an important feature for obtaining a more 

reproducible baseline. 

Although test-retest reliability was improved, differences in distributional 

characteristics between S5SE (trait) and S3SE (state) symptom variables pose 

challenges for interpreting differences in baseline and post-injury scores on the S5SE. 

The SCAT5 symptom scale assesses typical symptoms at baseline and current 

symptoms after a concussion. However, the results revealed small to medium 

differences in the reporting of trait (S5SE) and state (S3SE) symptoms at baseline, as 

evidenced by increased baseline scores on the S5SE as compared to the S3SE. These 

differences occurred despite the administration of both scales in immediate succession, 

which reduced the likelihood of an intervening event affecting symptomatology. These 

findings were observed at the overall symptom level and symptom cluster level for all 

symptom clusters, and at both time points, suggesting a robust effect of instruction time 
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frame. Additionally, decreased baseline symptom scores on both the S5SE and S3SE 

were observed over time at retest at the total symptom level and with most symptom 

clusters in the absence of a clear external event that could account for such a decrease 

in symptomology. The effect of repeated administration was similarly small to medium. 

Practically, it is possible that after a concussion, post-injury symptom scores 

rated for current symptoms may not significantly differ from baseline symptom scores 

rated for general symptoms, as the lower symptom reporting for current symptoms and 

on retest may counteract the increase in symptoms expected after a concussion. Even if 

there is an increase in symptom scores post-injury as compared to baseline symptom 

scores, these results raise questions about the appropriate baseline to use to determine 

recovery. Should an athlete’s baseline standard for recovery be based on their baseline 

trait symptoms if more symptoms and more severe ratings of symptoms are elicited by 

asking about trait rather than state symptoms? Should an athlete’s baseline standard for 

recovery be based on a one-time administration of SCAT5 symptom scale if there is a 

trend of decreasing symptomology with repeated administration of the same symptom 

scale? Score corrections may be necessary in order to compare post-injury scores with 

baseline scores to account for the effects of instruction time frame and repeated 

measurement. As with practice effects, these considerations may be relevant for deriving 

reliable change indices.  

The different instructions pose additional difficulties when considering reliable 

change methodology. Reliable change methodology incorporates a reliability coefficient, 

often test-retest, in the calculation to determine change above what would be expected 

given measurement error. However, careful consideration of the appropriate test-retest 

reliability is necessary with the new Symptom Evaluation instructions on the SCAT5. On 

the S5SE, baseline instructions assess symptoms for how athletes typically feel (trait), 

whereas post-injury instructions assess symptoms for how athletes feel now (state). 

Therefore, in clinical applications for assessing reliable change after a concussion, it is 

likely that the test-retest reliability of the reporting of S5SE baseline trait symptoms 

would be irrelevant for the determination of change from trait symptoms to state 

symptoms. Rather, the correlation between S5SE baseline, trait symptom score and 

S5SE “post-injury”, state symptom score when uninjured would be most appropriate, 

given that the S5SE instructions provided at baseline differ from the instructions 

provided post-injury. If this is the case, then the new SCAT5 baseline Symptom 
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Evaluation instructions may not have improved utility of the tool for assessing 

concussions, as examination of the one-week S5SE and S3SE symptom score test-

retest reliability coefficients appear to be the lowest. In addition, both the effects of 

instruction time frame and repeated administration would need to be accounted for. 

These challenges may limit the utility of the S5SE for accurately determining when an 

athlete has recovered from a concussion. 

Finally, an important consideration for use of the S5SE is the presence of sex 

differences. Females reported a higher number and severity of symptoms than males for 

both trait symptoms on the S5SE and state symptoms on the S3SE. If baseline data is 

not available on an athlete, normative data stratified by sex should be used in order to 

ensure that post-injury scores are compared to the proper baseline standard. Because 

recovery is judged based on a comparison of post-injury scores to baseline scores, 

whether that is an individual’s own baseline standard or normative baseline standard, 

ensuring that the standard accurately reflects characteristics that may affect baseline 

symptoms is of utmost importance for diagnostic and management decisions. 

4.5. Limitations and Future Directions 

There are several limitations to this current study. Although the SCAT was 

designed to be administered with athletes, the sample consisted of undergraduate 

students, and thus, the findings may not be generalizable to athletes. Even though 

student athletes at universities share many of the same stressors as non-athletes, 

student athletes may experience unique stressors related to balancing academic and 

athletic performance (Hwang & Choi, 2016). These stressors may exacerbate certain 

symptoms included on the SCAT Symptom Evaluation. Additionally, there may be salient 

differences regarding the disclosure or non-disclosure of concussion symptoms in 

athletes versus non-athletes. For instance, it has been suggested that athletes may 

underreport symptoms in order to expedite return to play (Conway et al., 2020; Doucette 

et al., 2020; Meier et al., 2015; Torres et al., 2013), leading researchers to caution 

against the use of symptom scales (Broglio & Puetz, 2008; Broglio et al., 2017). These 

differences necessitate further comparisons of the SCAT5 and SCAT3 symptom scales 

in athlete-only samples. That said, regardless of sample differences, the results suggest 

that careful consideration of the instruction time frame is required when administering or 

selecting self-report questionnaires. 
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Another limitation with respect to sample composition is the unequal sample size 

between females and males. As participants were recruited through the undergraduate 

psychology student pool, there were limited opportunities to increase the number of 

males that participated in the current study. For the ANOVA models, minimum sample 

size requirements were met for detecting a medium effect size for the main effects and 

interaction effects at pre-specified power and Type I error rate values. However, the 

analyses for the three-way interaction effect may have been underpowered, especially at 

the symptom cluster level due to correcting for multiple comparisons. Additionally, the 

within-sex and between-sex comparisons of test-retest reliability coefficients were 

underpowered. When examining differences in the magnitude of test-retest reliability 

coefficients between females and males, it is likely that there were some small to 

medium effects that were not statistically significant due to underpowered analyses 

resulting from the limited sample of males. Therefore, future research would benefit from 

having larger and more equal sample sizes of females and males to adequately test 

potential sex differences, particularly for test-retest reliability coefficients. 

Both versions of the SCAT Symptom Evaluation were administered 

electronically, even though the measures were designed to be administered by paper-

and-pencil. Only a few studies have compared paper-and-pencil administration with 

electronic administration of the SCAT symptom scales or PCSS. No significant 

differences on symptom severity and total symptoms were found between paper-and-

pencil administration of the SCAT5 and electronic administration using the NHL SCAT5 

App, though only a small subset of NHL or American Hockey League players were 

administered the paper version (Echemendia et al., 2020). However, when the paper-

and-pencil SCAT2 symptom scale was compared against the ImPACT PCSS, which is 

computerized, Lemke (2014) found a higher PCSS total score. Additionally, Cripps and 

Boham (2015) found that the reporting of baseline concussion symptoms using the 

ImPACT PCSS resulted a higher overall symptom score when administered 

electronically as compared to paper-and-pencil administration, though administration 

order was not counterbalanced. A possible explanation for this difference may be that 

electronic responding allows for a greater sense of anonymity, which may result in more 

honest responding of concussion symptoms (Cripps & Boham, 2015; Lemke, 2014). 

Symptom reporting differences relating to mode of administration were not explored in 

the current study, as data collection on the S5SE and S3SE occurred exclusively online 
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due to limitations from the COVID-19 pandemic. However, potential differences with 

electronic administration and paper-and-pencil administration of the SCAT5 symptom 

scale warrant further investigation, especially as clinical initiatives incorporate electronic 

or online versions of the SCAT5 for ease of use. 

Due to the within-group design, participants were exposed to both sets of 

instructions twice. Participants may have been affected by the initial exposure of 

instructions for either the S5SE or S3SE, such that their initial administration served as a 

within-individual comparative standard for the other symptom scale. The order effects 

observed at Time 1 suggest the possibility of this response strategy. At Time 1, 

participants who received the S5SE first reported a higher number of symptoms and 

symptom severity than participants who received the S5SE second. These differences 

were only observed on the S5SE and not the S3SE. Therefore, it is possible that 

observed differences in baseline symptom scores were primarily driven by order effects, 

though when symptom scores were only examined in a between-groups comparison for 

groups created by only examining the first administration of either the S5SE or S3SE at 

Time 1, there was still a statistically significant difference in symptom scores. The order 

effects at Time 1 may have also resulted in a lowering of the SCAT5 symptom scale 

test-retest reliability coefficients, particularly in the group of participants that received the 

S5SE instructions first. There seemed to be no systematic differences in the 

administration order of SCAT Symptom Evaluation versions with demographic factors 

(e.g., age, sex, English fluency), suggesting that the order effects may be primarily due 

to the order of exposure to the instruction time frames. Future studies may wish to 

further investigate order effects with respect to state and trait symptom reporting, as well 

as compare the SCAT5 and SCAT3 symptom scales using a between-groups design in 

order to reduce any potential order effects. 

Finally, although the use of symptom clusters can be informative, the symptom 

clusters used in the current study were not derived from a factor analysis. Although the 

symptom clusters were similar to those presented on the PCSS based on the solution 

provided by Merritt and Arnett (2014) in college athletes at baseline, the SCAT 

adaptation of the symptom clusters used by Churchill, Hutchison, Graham, et al. (2017) 

and Di Battista et al. (2019) were also not derived through a factor analysis. As there are 

slightly different symptoms between the PCSS and SCAT symptom scale, different 

factor structures may emerge. Consideration of the difference between the factor 
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structure of symptoms on the S5SE and S3SE is especially pertinent, as relationships 

between the symptoms may differ when trait symptoms are examined instead of state 

symptoms. Comparisons of factor structure on the S5SE from baseline to post-injury 

may also be important to elucidate, given that effects of both instruction time frame and 

concussion are operating. Finally, examination of measurement invariance is warranted 

for subgroups, such as in females and males, given that differences in symptom scores 

were observed between these subgroups. Further psychometric evidence for use of 

symptom scores derived from the symptom clusters in athletes will be important to 

establish. 

Based on the results of the current study, future studies may wish to compare 

psychometric properties for baseline symptom scores on the SCAT5 and SCAT3 

symptom scales in an athlete sample, as the measures were designed to be used with 

athletes in the context of sports-related concussions. Although a one-week test-retest 

interval was implemented in the current study, other clinically relevant test-retest periods 

may be important to evaluate as well. Consideration of the difference between baseline 

trait symptoms and retest state symptoms over these different test-retest periods can 

help to further guidance about the appropriate use of this measure for post-injury 

symptom comparisons. These analyses should take place at both the total symptom 

level, but also symptom cluster level, given the potential clinical utility of examining the 

different symptom clusters. However, further work is needed to derive and validate factor 

structures for symptoms on the S5SE in athletes, with special consideration of subgroup 

analyses. Finally, the current study implemented a within-subjects design, but a 

between-subjects design may be more appropriate for evaluating test-retest reliability to 

avoid potential effects of exposure to both sets of instructions with the different reporting 

time frames. 

4.6. Conclusion 

Baseline assessments for sports-related concussion are frequently conducted 

with athletes as part of concussion protocols. Concussion-related symptoms at baseline 

are often assessed with a self-report symptom scale, such as the most widely used one, 

the SCAT Symptom Evaluation. The current study found important differences between 

the SCAT5 and SCAT3 symptom scales, particularly in terms of higher symptom 

reporting on the S5SE than the S3SE, and somewhat improved one-week test-retest 
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reliability for some symptom variables on the S5SE over the S3SE. In addition, 

symptoms were found to decrease upon repeated administration, and females reported 

higher symptoms than males. This research may help to inform clinicians as to relevant 

considerations for use of baseline symptoms on the SCAT5 symptom scale. 
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Appendix A. 
 
Demographic & Medical Questionnaire 

1. What is your age in years? 

2. What is your sex? 

3. What gender do you identify as? 

4. What ethnic/cultural background(s) do you identify as? 

□ Caucasian 

□ Asian 

□ South Asian 

□ African 

□ Indigenous/Aboriginal/Metis 

□ Other ___________ 

5. Rate your level of English fluency. 

□ Very fluent: English is my first language 

□ More fluent in English than in my first language 

□ Same fluency in English as my first language 

□ Less fluent in English than my first language 

6. What is the highest level of education that you have completed? 

□ Less than a high school diploma 

□ High school diploma or equivalent 

□ Associate degree, trades certificate or diploma 

□ Bachelor’s degree (e.g., B.A., B.Sc., B.Ed., LL.B.) 

□ Master’s degree (e.g., M.A., M.Sc., M.Ed., M.B.A.) 

□ Doctorate (e.g., Ph.D.) 

□ Other ___________ 

7. Do you identify as an athlete? 

□ Yes 

□ No 

8. Have you participated in any sports within the past 12 months? 

□ Yes 

□ No 

a. If yes: What sport(s) did you play? 
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b. If yes: Did you participate in individual or team sports? 

□ Individual 

□ Team 

□ Both 

c. If yes: What level did you compete at? 

□ Professional (e.g., international, national, or provincial level) 

□ Competitive (e.g., club sports) 

□ Recreational (e.g., intramurals) 

□ Other ___________ 

9. Do you currently participate in any sports? 

□ Yes 

□ No 

a. If yes: What sport(s) do you play? 

b. If yes: Do you participate in individual or team sports? 

□ Individual 

□ Team 

□ Both 

c. If yes: What level do you compete at? 

□ Professional (e.g., international, national, or provincial level) 

□ Competitive (e.g., club sports) 

□ Recreational (e.g., intramurals) 

□ Other ___________ 

10. What is your dominant hand? 

□ Right  

□ Left 

□ Neither 

Concussion is a traumatic brain injury caused by a direct blow to the head, face, neck or 

elsewhere on the body with an impulsive force transmitted to the head. Symptoms and 

signs include an alteration in cognitive function or mental state (e.g., confusion, 

disorientation, slowed thinking, loss of consciousness). 

11. Have you ever had a concussion? 

□ Yes 

□ No 
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□ Don’t know 

a. If yes: How many concussions have you had? 

b. If yes: When was the most recent concussion? 

c. If yes: Have you ever had a concussion while playing sports or engaging in 

physical activity? 

□ Yes 

□ No 

12. Have you ever been diagnosed with any concussions in the past by a healthcare 

professional (e.g., doctor)? 

□ Yes 

□ No  

a. If yes: How many diagnosed concussions have you had? 

b. If yes: When was the most recent diagnosed concussion? 

13. Have you ever been: 

a. Hospitalized for a head injury? 

□ Yes 

□ No 

b. Diagnosed/treated for headache disorder or migraines? 

□ Yes 

□ No 

c. Diagnosed with a learning disability/dyslexia? 

□ Yes 

□ No 

d. Diagnosed with attention deficit disorder (ADD)/attention-deficit/hyperactivity 

disorder (ADHD)? 

□ Yes 

□ No 

e. Diagnosed with depression, anxiety or other psychiatric disorder? 

□ Yes 

□ No 

14. Have you ever had a menstrual cycle? 

□ Yes 

□ No 

15. Do you currently have a menstrual cycle? 
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□ Yes 

□ No 

16. Are you currently pregnant? 

□ Yes 

□ No 

17. Are you currently going through, or have you gone through menopause? 

□ Yes 

□ No 

a. If yes: Are you currently taking hormone replacement therapy? 

□ Yes 

□ No 

18. Do you have a regular menstrual cycle? 

□ Yes 

□ No 

a. If yes: What is the average length of your menstrual cycle in days? 

19. Are you currently menstruating? 

□ Yes 

□ No 

20. When did your last menstrual period start (first day of bleeding)? If you are currently 

menstruating, enter the first day of your current period (dd/mm/yy). 

21. Are you currently taking hormonal contraceptives? 

□ Yes 

□ No 

a. If yes: Select the hormonal contraceptive method(s) you are currently using. 

□ Birth control pill 

□ Hormonal intrauterine device (IUD) (e.g., Mirena) 

□ Contraceptive patch (e.g., Ortho-Evra) 

□ Vaginal contraceptive ring (e.g., Nuva-ring) 

□ Injection (e.g., Depo-Provera) 

□ Hormonal implant (e.g., Nexplanon) 

□ Other ___________ 

22. How many hours do you sleep on an average night? 

23. How many hours did you sleep last night? 



96 

Appendix B. 
 
Sport Concussion Assessment Tool – 5th Edition 
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Appendix C. 
 
Sport Concussion Assessment Tool – 3rd Edition 
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Appendix D. 
 
Symptoms on the S5SE, S3SE, and PCSS 

Table D1. Comparison of Symptoms on the S5SE, S3SE, and PCSS 

S5SE S3SE PCSS 

Headache Headache Headache 

“Pressure in head”a “Pressure in head”a Nauseac 

Neck paina Neck paina Vomitingc 

Nausea or vomitingc Nausea or vomitingc Balance problems 

Dizziness Dizziness Dizziness 

Blurred visionc Blurred visionc Fatiguec 

Balance problems Balance problems Trouble falling asleep 

Sensitivity to light Sensitivity to light Sleeping more than usualb 

Sensitivity to noise Sensitivity to noise Sleeping less than usualb 

Feeling slowed down Feeling slowed down Drowsiness 

Feeling like “in a fog”c Feeling like “in a fog”c Sensitivity to light 

“Don’t feel right”a “Don’t feel right”a Sensitivity to noise 

Difficulty concentrating Difficulty concentrating Irritability 

Difficulty remembering Difficulty remembering Sadness 

Fatigue or low energyc Fatigue or low energyc Nervousnessc 

Confusiona Confusiona Feeling more emotionalc 

Drowsiness Drowsiness Numbness or tinglingb 

More emotionalc Trouble falling asleep Feeling slowed down 

Irritability More emotionalc Feeling mentally “foggy”c 

Sadness Irritability Difficulty concentrating 

Nervous or anxiousc Sadness Difficulty remembering 

Trouble falling asleep Nervous or anxiousc Visual problemsc 

Note. Symptoms are listed in the order they appear on the scale. 
S5SE = SCAT5 Symptom Evaluation; S3SE = SCAT3 Symptom Evaluation; PCSS = Post-Concussion Symptom Scale 
a Items that are unique to the S5SE/S3SE and have no equivalent on the PCSS 
b Items that are unique to the PCSS and have no equivalent on the S5SE/S3SE 
c Items that are similar but have different wording on the S5SE/S3SE and PCSS 
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Table D2. Comparison of Symptom Clusters Obtained with Factor Analyses on the PCSS 
 Physical Cognitive Affective Sleep 

Symptom 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 

Headache X  X   X           

Nausea X  X X             

Vomiting X X X X             

Balance problems X  X X             

Dizziness X  X X  X           

Fatigue     X X         X X 

Trouble falling asleep             X X X X 

Sleeping more than usual     X            

Sleeping less than usual             X X X X 

Drowsiness     X X         X X 

Sensitivity to light X   X  X X          

Sensitivity to noise X   X  X X          

Irritability         X  X X     

Sadness         X X X X     

Nervousness         X X X X     

Feeling more emotional         X X X X     

Numbness or tingling X X               

Feeling slowed down     X X X X         

Feeling mentally “foggy”     X X X X         

Difficulty concentrating     X X X X         

Difficulty remembering     X X X X         

Visual problemsa       X          

Note. Dark grey shading refers to symptoms that have ≥ 3 studies supporting its inclusion in the factor. Medium grey shading refers to symptoms that have 2 studies supporting its 
inclusion in the factor. Light grey shading refers to symptoms that only have 1 study supporting its categorization in the factor. 
1 = Pardini et al. (2004) on athletes with concussion; 2 = Kontos et al. (2012) on athletes with concussion; 3 = Kontos et al. (2012) on athletes at baseline; 4 = Merritt & Arnett 
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(2014) on athletes at baseline; Naming of symptom clusters follows what was used by Merritt and Arnett (2014). 
a Pardini et al. (2004) used the 21-item PCSS, which does not include “visual problems”. 
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Table D3. S5SE and S3SE Symptom Clusters 

Physical Cognitive Affective Sleep 

Headache Feeling slowed down More emotional Fatigue or low energy 

“Pressure in head” Feeling like “in a fog” Irritability Drowsiness 

Neck pain “Don’t feel right” Sadness Trouble falling asleep 

Nausea or vomiting Difficulty concentrating Nervous or anxious  

Dizziness Difficulty remembering   

Blurred vision Confusion   

Balance problems    

Sensitivity to light    

Sensitivity to noise    

Note. Symptoms are grouped based on previous symptom clusters of the Sport Concussion Assessment Tool used by 
Churchill, Hutchison, Richards, et al. (2017) and Di Battista et al. (2019). 
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Appendix E. 
 
Study Sample 

Table E1. Sample Characteristics (N = 395) 

Characteristic % Mean SD 

Age  19.54 3.27 

Sexa    

   Female 78.23   

   Male 21.77   

Cultural/ethnic identification    

   Caucasian 28.35   

   Asian 37.97   

   South Asian 28.10   

   African 2.53   

   Indigenous 0.76   

   Other 9.37   

English Fluency    

   Very fluent: English is my first language 60.3   

   More fluent in English than my first language 23.5   

   Same fluency in English as my first language 8.9   

   Less fluent in English than my first language 7.3   

Athlete identification 27.34   

Self-reported concussion history 15.95   

   1 concussion 61.90   

   2 concussions 20.63   

   3+ concussions 17.46   

Diagnosed/treated for headache disorder or migraines 14.68   

Diagnosed with a learning disorder or dyslexia 1.52   

Diagnosed with ADD/ADHD 2.28   

Diagnosed with depression, anxiety, or other 
psychiatric disorder 

19.24   

Note. a Participants were asked to indicate their sex and gender in an open-ended response format. If participants did 
not clearly identify sex (e.g., responded with sexual orientation), open-ended responses to gender identity were used, 
as all participants indicated either male or female for one of the two questions. 
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Table E2. Frequency and Percent of Sample Randomized to SCAT Symptom 
Evaluation Administration Order Conditions 

 Time 2 – S3SE first Time 2 – S5SE first 

Time 1 – S3SE first 100 (25.32%) 114 (28.86%) 

Time 1 – S5SE first 97 (24.56%) 84 (21.27%) 
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Appendix F. 
 
Tables of Descriptive Statistics for Symptom Variables 

Table F1. Descriptive Statistics for Number of Symptoms on the SCAT5 Symptom Evaluation (S5SE) and SCAT3 
Symptom Evaluation (S3SE) at Each Time Point for the Overall Sample (N = 395) 

 Time 1 Time 2 

 Min Max Median Mean SD Skew Kurtosis Min Max Median Mean SD Skew Kurtosis 

S5SE               

Total (0-22) 0 22 10 10.18 6.04 0.14 -0.99 0 22 9 9.52 6.04 0.22 -0.97 

   Physical (0-9) 0 9 3 3.18 2.64 0.56 -0.73 0 9 3 2.86 2.47 0.73 -0.29 

   Cognitive (0-6) 0 6 2 2.59 2.00 0.26 -1.19 0 6 2 2.71 2.01 0.16 -1.25 

   Affective (0-4) 0 4 3 2.52 1.54 -0.55 -1.24 0 4 2 2.20 1.63 -0.17 -1.60 

   Sleep (0-3) 0 3 2 1.89 1.00 -0.46 -0.90 0 3 2 1.75 1.05 -0.27 -1.14 

S3SE               

Total (0-22) 0 22 8 8.24 5.33 0.39 -0.48 0 22 7 7.46 5.53 0.67 -0.25 

   Physical (0-9) 0 9 2 2.26 2.14 1.01 0.44 0 9 2 2.15 2.17 1.23 1.23 

   Cognitive (0-6) 0 6 2 2.23 1.92 0.48 -0.89 0 6 2 2.15 1.90 0.58 -0.84 

   Affective (0-4) 0 4 2 2.10 1.61 -0.11 -1.58 0 4 1 1.73 1.56 0.29 -1.44 

   Sleep (0-3) 0 3 2 1.64 1.04 -0.21 -1.11 0 3 1 1.43 1.06 0.03 -1.23 

 

  



110 

Table F2. Descriptive Statistics for Symptom Severity Score on the SCAT5 Symptom Evaluation (S5SE) and SCAT3 
Symptom Evaluation (S3SE) at Each Time Point for the Overall Sample (N = 395) 

 Time 1 Time 2 

 Min Max Median Mean SD Skew Kurtosis Min Max Median Mean SD Skew Kurtosis 

S5SE               

Total (0-132) 0 110 17 24.05 20.68 1.08 0.80 0 93 14 19.39 17.86 1.27 1.37 

   Physical (0-54) 0 39 4 6.49 7.02 1.45 1.97 0 31 3 5.01 5.68 1.86 4.21 

   Cognitive (0-36) 0 30 4 5.99 6.41 1.32 1.31 0 25 3 5.37 5.62 1.31 1.20 

   Affective (0-24) 0 24 5 6.73 6.19 0.83 -0.26 0 24 3 5.07 5.50 1.26 1.02 

   Sleep (0-18) 0 18 4 4.84 3.99 0.79 -0.04 0 18 3 3.94 3.59 1.09 0.72 

S3SE               

Total (0-132) 0 85 14 18.73 16.81 1.30 1.51 0 85 10 16.03 16.80 1.55 2.17 

   Physical (0-54) 0 29 3 4.22 4.93 1.80 3.57 0 38 2 3.88 5.30 2.64 9.38 

   Cognitive (0-36) 0 26 3 4.88 5.73 1.59 2.22 0 30 2 4.48 5.67 1.80 3.11 

   Affective (0-24) 0 24 4 5.41 5.89 1.21 0.71 0 22 2 4.19 5.09 1.40 1.27 

   Sleep (0-18) 0 18 4 4.22 3.80 1.02 0.69 0 17 2 3.48 3.69 1.23 0.85 
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Table F3. Descriptive Statistics for Number of Symptoms on the SCAT5 Symptom Evaluation (S5SE) and SCAT3 
Symptom Evaluation (S3SE) at Each Time Point Stratified by Sex 

 Time 1 Time 2 

 Min Max Median Mean SD Skew Kurtosis Min Max Median Mean SD Skew Kurtosis 

Female (n = 309)               

S5SE               

Total (0-22) 0 22 10 10.74 5.84 0.10 -1.01 0 22 10 10.06 5.93 0.16 -0.96 

   Physical (0-9) 0 9 3 3.37 2.62 0.45 -0.86 0 9 3 3.03 2.47 0.69 -0.33 

   Cognitive (0-6) 0 6 2 2.69 1.97 0.23 -1.18 0 6 3 2.84 2.02 0.09 -1.28 

   Affective (0-4) 0 4 3 2.71 1.50 -0.75 -0.88 0 4 3 2.38 1.59 -0.35 -1.47 

   Sleep (0-3) 0 3 2 1.96 0.97 -0.49 -0.85 0 3 2 1.82 1.03 -0.36 -1.04 

S3SE               

Total (0-22) 0 22 8 8.73 5.16 0.42 -0.41 0 22 7 8.02 5.53 0.59 -0.33 

   Physical (0-9) 0 9 2 2.43 2.13 0.92 0.29 0 9 2 2.34 2.22 1.14 0.94 

   Cognitive (0-6) 0 6 2 2.36 1.91 0.43 -0.91 0 6 2 2.29 1.90 0.49 -0.92 

   Affective (0-4) 0 4 3 2.26 1.57 -0.25 -1.49 0 4 2 1.86 1.58 0.16 -1.51 

   Sleep (0-3) 0 3 2 1.68 1.01 -0.20 -1.05 0 3 2 1.53 1.06 -0.08 -1.21 

Male (n = 86)               

S5SE               

Total (0-22) 0 22 7 8.19 6.35 0.46 -0.80 0 22 6 7.57 6.05 0.54 -0.76 

   Physical (0-9) 0 9 2 2.51 2.61 1.08 0.32 0 9 1.5 2.28 2.41 0.98 0.12 

   Cognitive (0-6) 0 6 2 2.23 2.08 0.40 -1.20 0 6 2 2.27 1.94 0.46 -1.00 

   Affective (0-4) 0 4 2 1.83 1.62 0.14 -1.62 0 4 1 1.53 1.61 0.52 -1.35 

   Sleep (0-3) 0 3 2 1.62 1.08 -0.28 -1.17 0 3 1 1.49 1.08 0.06 -1.26 

S3SE               

Total (0-22) 0 22 5.5 6.45 5.54 0.54 -0.61 0 22 4 5.47 5.07 1.08 0.66 

   Physical (0-9) 0 9 1 1.65 2.05 1.52 1.91 0 9 1 1.48 1.87 1.70 3.44 

   Cognitive (0-6) 0 6 1 1.78 1.87 0.68 -0.76 0 6 1 1.63 1.80 0.95 -0.18 

   Affective (0-4) 0 4 1 1.53 1.66 0.45 -1.49 0 4 1 1.27 1.42 0.78 -0.70 

   Sleep (0-3) 0 3 2 1.49 1.13 -0.15 -1.38 0 3 1 1.09 0.99 0.41 -0.96 
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Table F4.  Descriptive Statistics for Symptom Severity Score on the SCAT5 Symptom Evaluation (S5SE) and SCAT3 
Symptom Evaluation (S3SE) at Each Time Point Stratified by Sex 

 Time 1 Time 2 

 Min Max Median Mean SD Skew Kurtosis Min Max Median Mean SD Skew Kurtosis 

Female (n = 309)               

S5SE               

Total (0-132) 0 110 19 25.88 21.14 1.04 0.70 0 93 14 20.88 18.49 1.23 1.19 

   Physical (0-54) 0 39 5 7.07 7.26 1.37 1.70 0 31 4 5.40 5.92 1.83 3.96 

   Cognitive (0-36) 0 30 4 6.30 6.58 1.29 1.18 0 25 4 5.72 5.87 1.26 0.97 

   Affective (0-24) 0 24 6 7.33 6.27 0.75 -0.43 0 24 4 5.56 5.67 1.19 0.83 

   Sleep (0-18) 0 18 4 5.18 4.10 0.72 -0.21 0 18 3 4.20 3.71 1.04 0.54 

S3SE               

Total (0-132) 0 85 15 20.13 17.21 1.32 1.46 0 85 12 17.50 17.48 1.48 1.86 

   Physical (0-54) 0 29 3 4.62 5.07 1.74 3.34 0 38 3 4.34 5.63 2.48 8.17 

   Cognitive (0-36) 0 26 3 5.17 5.90 1.56 2.06 0 30 2 4.82 5.89 1.76 2.91 

   Affective (0-24) 0 24 4 5.88 6.01 1.17 0.59 0 22 3 4.59 5.26 1.29 0.94 

   Sleep (0-18) 0 18 4 4.46 3.92 1.02 0.62 0 17 3 3.76 3.78 1.15 0.65 

Male (n = 86)               

S5SE               

Total (0-132) 0 74 11 17.49 17.53 1.18 0.77 0 54 9 14.05 14.20 1.13 0.41 

   Physical (0-54) 0 28 2 4.41 5.69 1.71 2.91 0 19 2 3.60 4.44 1.58 2.39 

   Cognitive (0-36) 0 25 3 4.90 5.69 1.40 1.70 0 18 3 4.10 4.44 1.21 0.72 

   Affective (0-24) 0 22 2 4.56 5.38 1.17 0.72 0 17 1 3.34 4.45 1.39 0.98 

   Sleep (0-18) 0 15 3 3.63 3.33 0.98 0.61 0 12 2 3.00 2.92 1.07 0.55 

S3SE               

Total (0-132) 0 53 8 13.71 14.26 1.05 0.27 0 52 6 10.72 12.85 1.59 1.88 

   Physical (0-54) 0 19 1 2.79 4.11 2.11 4.63 0 22 1 2.26 3.42 2.97 12.91 

   Cognitive (0-36) 0 23 2 3.81 4.96 1.60 2.43 0 19 1 3.24 4.64 1.78 2.41 

   Affective (0-24) 0 20 1 3.73 5.14 1.37 0.91 0 18 1 2.77 4.15 1.90 3.21 

   Sleep (0-18) 0 12 3 3.37 3.20 0.75 -0.27 0 12 1 2.45 3.16 1.64 1.98 



113 

Table F5. Correlation Matrix for Total Number of Symptoms on the SCAT5 
Symptom Evaluation (S5SE) and SCAT3 Symptom Evaluation (S3SE) 
at Each Time Point for the Overall Sample (N = 395) 

 Time 1 S5SE Time 1 S3SE Time 2 S5SE Time 2 S3SE 

Time 1 S5SE 1    

Time 1 S3SE .75 1   

Time 2 S5SE .79 .73 1  

Time 2 S3SE .69 .74 .79 1 

Note. All correlations were significant at the .01 level (2-tailed). 

Table F6. Correlation Matrix for Total Symptom Severity Score on the SCAT5 
Symptom Evaluation (S5SE) and SCAT3 Symptom Evaluation (S3SE) 
at Each Time Point for the Overall Sample (N = 395) 

 Time 1 S5SE Time 1 S3SE Time 2 S5SE Time 2 S3SE 

Time 1 S5SE 1    

Time 1 S3SE .76 1   

Time 2 S5SE .80 .73 1  

Time 2 S3SE .69 .75 .81 1 

Note. All correlations were significant at the .01 level (2-tailed). 
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Table F7. Correlation Matrix for Number of Symptoms at the Symptom Cluster Level on the SCAT5 Symptom Evaluation 
(S5SE) and SCAT3 Symptom Evaluation (S3SE) at Each Time Point for the Overall Sample (N = 395) 

   Time 1 Time 2 

   S5SE S3SE S5SE S3SE 

   P C A S P C A S P C A S P C A S 

Time 1 

S5SE 

P 1                

C .65 1               

A .51 .64 1              

S .51 .65 .62 1             

S3SE 

P .66 .44 .34 .36 1            

C .48 .74 .52 .50 .52 1           

A .37 .48 .73 .46 .42 .57 1          

S .34 .49 .44 .63 .39 .57 .53 1         

Time 2 

S5SE 

P .72 .56 .47 .46 .65 .49 .38 .35 1        

C .50 .71 .57 .56 .41 .65 .50 .48 .63 1       

A .45 .52 .71 .54 .38 .48 .63 .42 .54 .65 1      

S .42 .53 .53 .65 .33 .47 .47 .57 .52 .69 .60 1     

S3SE 

P .57 .45 .36 .40 .61 .51 .37 .31 .69 .48 .41 .39 1    

C .47 .63 .51 .51 .45 .67 .53 .51 .53 .75 .58 .59 .60 1   

A .39 .46 .57 .43 .35 .48 .62 .37 .43 .52 .69 .47 .45 .63 1  

S .44 .49 .48 .54 .37 .50 .47 .56 .49 .57 .49 .69 .52 .69 .54 1 

Note. All correlations were significant at the .01 level (2-tailed). 
P = Physical; C = Cognitive; A = Affective; S = Sleep 
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Table F8. Correlation Matrix for Symptom Severity Score at the Symptom Cluster Level on the SCAT5 Symptom 
Evaluation (S5SE) and SCAT3 Symptom Evaluation (S3SE) at Each Time Point for the Overall Sample (N = 
395) 

   Time 1 Time 2 

   S5SE S3SE S5SE S3SE 

   P C A S P C A S P C A S P C A S 

Time 1 

S5SE 

P 1                

C .64 1               

A .61 .75 1              

S .61 .78 .79 1             

S3SE 

P .64 .41 .39 .38 1            

C .42 .74 .57 .57 .55 1           

A .39 .58 .78 .58 .43 .66 1          

S .43 .61 .58 .74 .46 .69 .63 1         

Time 2 

S5SE 

P .74 .50 .52 .51 .67 .44 .41 .41 1        

C .52 .74 .67 .67 .41 .68 .60 .61 .62 1       

A .49 .58 .77 .64 .38 .50 .70 .51 .60 .77 1      

S .50 .62 .65 .75 .36 .53 .55 .64 .58 .81 .78 1     

S3SE 

P .52 .42 .45 .44 .60 .47 .44 .41 .67 .51 .48 .47 1    

C .38 .63 .56 .55 .41 .71 .60 .60 .47 .80 .62 .66 .62 1   

A .39 .52 .64 .55 .35 .50 .68 .52 .49 .65 .78 .62 .49 .68 1  

S .46 .57 .56 .65 .37 .54 .56 .64 .48 .68 .61 .78 .57 .77 .66 1 

Note. All correlations were significant at the .01 level (2-tailed). 
P = Physical; C = Cognitive; A = Affective; S = Sleep 
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Table F9. Correlation Matrix for Total Number of Symptoms on the SCAT5 
Symptom Evaluation (S5SE) and SCAT3 Symptom Evaluation (S3SE) 
at Each Time Point Stratified by Sex 

 Time 1 S5SE Time 1 S3SE Time 2 S5SE Time 2 S3SE 

Time 1 S5SE 1 .85 .86 .78 

Time 1 S3SE .71 1 .83 .80 

Time 2 S5SE .76 .68 1 .87 

Time 2 S3SE .66 .72 .76 1 

Note. Correlations for females (n = 309) are presented in the lower diagonal section, and correlations for males (n = 
86) are presented in the upper diagonal section. 
All correlations were significant at the .01 level (2-tailed). 

Table F10. Correlation Matrix for Total Symptom Severity Score on the SCAT5 
Symptom Evaluation (S5SE) and SCAT3 Symptom Evaluation (S3SE) 
at Each Time Point Stratified by Sex 

 Time 1 S5SE Time 1 S3SE Time 2 S5SE Time 2 S3SE 

Time 1 S5SE 1 .86 .86 .80 

Time 1 S3SE .73 1 .84 .78 

Time 2 S5SE .78 .70 1 .86 

Time 2 S3SE .66 .74 .80 1 

Note. Correlations for females (n = 309) are presented in the lower diagonal section, and correlations for males (n = 
86) are presented in the upper diagonal section. 
All correlations were significant at the .01 level (2-tailed). 
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Table F11. Correlation Matrix for Number of Symptoms at the Symptom Cluster Level on the SCAT5 Symptom Evaluation 
(S5SE) and SCAT3 Symptom Evaluation (S3SE) at Each Time Point Stratified by Sex 

   Time 1 Time 2 

   S5SE S3SE S5SE S3SE 

   P C A S P C A S P C A S P C A S 

Time 1 

S5SE 

P 1 .71 .58 .55 .66 .68 .51 .49 .78 .57 .57 .44 .67 .55 .53 .47 

C .63 1 .71 .66 .50 .82 .65 .54 .66 .78 .59 .59 .50 .69 .55 .61 

A .48 .62 1 .58 .44 .67 .84 .51 .60 .67 .79 .59 .46 .56 .66 .53 

S .49 .65 .62 1 .40 .58 .53 .71 .48 .59 .58 .75 .48 .51 .47 .58 

S3SE 

P .65 .41 .28 .33 1 .56 .50 .47 .68 .42 .45 .29 .54 .42 .45 .33 

C .41 .71 .46 .47 .50 1 .71 .65 .71 .76 .66 .55 .65 .75 .67 .67 

A .31 .41 .68 .42 .38 .52 1 .56 .60 .71 .78 .56 .47 .61 .75 .54 

S .28 .47 .41 .59 .36 .54 .52 1 .47 .53 .46 .60 .43 .49 .42 .58 

Time 2 

S5SE 

P .70 .53 .42 .44 .63 .43 .30 .31 1 .69 .60 .53 .77 .59 .62 .55 

C .48 .68 .53 .54 .40 .61 .43 .46 .61 1 .69 .73 .55 .74 .69 .61 

A .39 .50 .66 .51 .33 .42 .57 .40 .51 .64 1 .60 .52 .65 .77 .46 

S .41 .51 .50 .61 .32 .43 .43 .56 .50 .67 .59 1 .49 .55 .53 .70 

S3SE 

P .53 .42 .31 .37 .61 .47 .32 .27 .66 .46 .36 .35 1 .58 .53 .56 

C .43 .61 .47 .50 .44 .64 .49 .51 .50 .74 .54 .59 .59 1 .66 .63 

A .34 .43 .52 .40 .31 .42 .58 .34 .37 .47 .66 .44 .42 .61 1 .55 

S .41 .45 .44 .52 .36 .44 .43 .56 .47 .55 .47 .68 .50 .70 .52 1 

Note. Correlations for females (n = 309) are presented in the lower diagonal section, and correlations for males (n = 86) are presented in the upper diagonal section. All 
correlations were significant at the .01 level (2-tailed). 
P = Physical; C = Cognitive; A = Affective; S = Sleep 
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Table F12. Correlation Matrix for Symptom Severity Score at the Symptom Cluster Level on the SCAT5 Symptom 
Evaluation (S5SE) and SCAT3 Symptom Evaluation (S3SE) at Each Time Point Stratified by Sex 

   Time 1 Time 2 

   S5SE S3SE S5SE S3SE 

   P C A S P C A S P C A S P C A S 

Time 1 

S5SE 

P 1 .62 .57 .56 .69 .54 .46 .39 .74 .51 .44 .35 .58 .40 .37 .36 

C .64 1 .81 .76 .32 .88 .73 .62 .54 .84 .66 .62 .51 .77 .62 .67 

A .60 .74 1 .79 .35 .75 .90 .60 .62 .77 .87 .72 .52 .68 .75 .67 

S .61 .78 .78 1 .30 .73 .70 .81 .59 .75 .73 .82 .55 .62 .65 .70 

S3SE 

P .62 .42 .37 .38 1 .44 .38 .34 .60 .29 .32 .19^ .40 .22* .28 .14^ 

C .39 .71 .53 .53 .57 1 .76 .74 .50 .78 .70 .62 .45 .75 .68 .63 

A .36 .55 .75 .54 .43 .63 1 .61 .57 .76 .86 .69 .43 .68 .81 .63 

S .42 .60 .57 .72 .47 .68 .63 1 .48 .67 .62 .76 .39 .60 .56 .65 

Time 2 

S5SE 

P .73 .49 .49 .49 .67 .42 .36 .39 1 .62 .62 .54 .63 .39 .47 .42 

C .51 .72 .64 .65 .42 .66 .56 .59 .62 1 .79 .80 .56 .86 .72 .74 

A .48 .56 .75 .61 .37 .45 .66 .48 .59 .76 1 .75 .48 .69 .82 .64 

S .52 .62 .63 .73 .38 .50 .52 .61 .57 .81 .78 1 .50 .69 .66 .78 

S3SE 

P .50 .40 .43 .42 .61 .46 .43 .41 .67 .49 .46 .46 1 .52 .37 .42 

C .37 .60 .52 .53 .43 .70 .58 .59 .47 .79 .59 .65 .63 1 .71 .79 

A .38 .49 .61 .52 .34 .46 .65 .50 .49 .63 .77 .61 .50 .67 1 .71 

S .46 .54 .53 .63 .40 .51 .53 .64 .48 .66 .59 .77 .59 .77 .64 1 

Note. Correlations for females (n = 309) are presented in the lower diagonal section, and correlations for males (n = 86) are presented in the upper diagonal section. 
P = Physical; C = Cognitive; A = Affective; S = Sleep 
^ Correlation was not significant at .05 level (2-tailed). * Correlation was significant at .05 level (2-tailed). All other correlations were significant at the .01 level (2-tailed).



119 

Appendix G. 
 
Figures of Distributions of Symptom Variables 

Figure G1. Comparative Histogram of Total Number of Symptoms at Time 1 on 
the SCAT3 Symptom Evaluation (S3SE) vs. SCAT5 Symptom 
Evaluation (S5SE) 

 

Figure G2. Comparative Histogram of Total Symptom Severity Score at Time 1 
on the SCAT3 Symptom Evaluation (S3SE) vs. SCAT5 Symptom 
Evaluation (S5SE) 
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Figure G3. Comparative Histogram of Number of Physical Symptoms at Time 1 
on the SCAT3 Symptom Evaluation (S3SE) vs. SCAT5 Symptom 
Evaluation (S5SE) 

 

Figure G4. Comparative Histogram of Physical Symptom Severity Score at Time 
1 on the SCAT3 Symptom Evaluation (S3SE) vs. SCAT5 Symptom 
Evaluation (S5SE) 
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Figure G5. Comparative Histogram of Number of Cognitive Symptoms at Time 1 
on the SCAT3 Symptom Evaluation (S3SE) vs. SCAT5 Symptom 
Evaluation (S5SE) 

 

Figure G6. Comparative Histogram of Cognitive Symptom Severity Score at 
Time 1 on the SCAT3 Symptom Evaluation (S3SE) vs. SCAT5 
Symptom Evaluation (S5SE) 
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Figure G7. Comparative Histogram of Number of Affective Symptoms at Time 1 
on the SCAT3 Symptom Evaluation (S3SE) vs. SCAT5 Symptom 
Evaluation (S5SE) 

 

Figure G8. Comparative Histogram of Affective Symptom Severity Score at 
Time 1 on the SCAT3 Symptom Evaluation (S3SE) vs. SCAT5 
Symptom Evaluation (S5SE) 
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Figure G9. Comparative Histogram of Number of Sleep Symptoms at Time 1 on 
the SCAT3 Symptom Evaluation (S3SE) vs. SCAT5 Symptom 
Evaluation (S5SE) 

 

Figure G10. Comparative Histogram of Sleep Symptom Severity Score at Time 1 
on the SCAT3 Symptom Evaluation (S3SE) vs. SCAT5 Symptom 
Evaluation (S5SE) 
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Figure G11. Comparative Histogram of Total Number of Symptoms at Time 2 on 
the SCAT3 Symptom Evaluation (S3SE) vs. SCAT5 Symptom 
Evaluation (S5SE) 

 

Figure G12. Comparative Histogram of Total Symptom Severity Score at Time 2 
on the SCAT3 Symptom Evaluation (S3SE) vs. SCAT5 Symptom 
Evaluation (S5SE) 
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Figure G13. Comparative Histogram of Number of Physical Symptoms at Time 2 
on the SCAT3 Symptom Evaluation (S3SE) vs. SCAT5 Symptom 
Evaluation (S5SE) 

 

Figure G14. Comparative Histogram of Physical Symptom Severity Score at Time 
2 on the SCAT3 Symptom Evaluation (S3SE) vs. SCAT5 Symptom 
Evaluation (S5SE) 
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Figure G15. Comparative Histogram of Number of Cognitive Symptoms at Time 2 
on the SCAT3 Symptom Evaluation (S3SE) vs. SCAT5 Symptom 
Evaluation (S5SE) 

 

Figure G16. Comparative Histogram of Cognitive Symptom Severity Score at 
Time 2 on the SCAT3 Symptom Evaluation (S3SE) vs. SCAT5 
Symptom Evaluation (S5SE) 
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Figure G17. Comparative Histogram of Number of Affective Symptoms at Time 2 
on the SCAT3 Symptom Evaluation (S3SE) vs. SCAT5 Symptom 
Evaluation (S5SE) 

 

Figure G18. Comparative Histogram of Affective Symptom Severity Score at 
Time 2 on the SCAT3 Symptom Evaluation (S3SE) vs. SCAT5 
Symptom Evaluation (S5SE) 

 

40 30 20 10 0 10 20 30 40

0

2

4

% of Participants

N
u

m
b

er
 o

f 
Sy

m
p

to
m

s

S3SE S5SE

35 25 15 5 5 15 25 35

0

5

10

15

20

% of Participants

Sy
m

p
to

m
 S

ev
er

it
y 

Sc
o

re

S3SE S5SE



128 

Figure G19. Comparative Histogram of Number of Sleep Symptoms at Time 2 on 
the SCAT3 Symptom Evaluation (S3SE) vs. SCAT5 Symptom 
Evaluation (S5SE) 

 

Figure G20. Comparative Histogram of Sleep Symptom Severity Score at Time 2 
on the SCAT3 Symptom Evaluation (S3SE) vs. SCAT5 Symptom 
Evaluation (S5SE) 
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Figure G21. Comparative Histogram of Total Number of Symptoms on the SCAT5 
Symptom Evaluation (S5SE) at Time 1 vs. Time 2 

 

Figure G22. Comparative Histogram of Total Symptom Severity Score on the 
SCAT5 Symptom Evaluation (S5SE) at Time 1 vs. Time 2 
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Figure G23. Comparative Histogram of Number of Physical Symptoms on the 
SCAT5 Symptom Evaluation (S5SE) at Time 1 vs. Time 2 

 

Figure G24. Comparative Histogram of Physical Symptom Severity Score on the 
SCAT5 Symptom Evaluation (S5SE) at Time 1 vs. Time 2 
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Figure G25. Comparative Histogram of Number of Cognitive Symptoms on the 
SCAT5 Symptom Evaluation (S5SE) at Time 1 vs. Time 2 

 

Figure G26. Comparative Histogram of Cognitive Symptom Severity Score on the 
SCAT5 Symptom Evaluation (S5SE) at Time 1 vs. Time 2 
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Figure G27. Comparative Histogram of Number of Affective Symptoms on the 
SCAT5 Symptom Evaluation (S5SE) at Time 1 vs. Time 2 

 

Figure G28. Comparative Histogram of Affective Symptom Severity Score on the 
SCAT5 Symptom Evaluation (S5SE) at Time 1 vs. Time 2 
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Figure G29. Comparative Histogram of Number of Sleep Symptoms on the 
SCAT5 Symptom Evaluation (S5SE) at Time 1 vs. Time 2 

 

Figure G30. Comparative Histogram of Sleep Symptom Severity Score on the 
SCAT5 Symptom Evaluation (S5SE) at Time 1 vs. Time 2 
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Figure G31. Comparative Histogram of Total Number of Symptoms on the SCAT3 
Symptom Evaluation (S3SE) at Time 1 vs. Time 2 

 

Figure G32. Comparative Histogram of Total Symptom Severity Score on the 
SCAT3 Symptom Evaluation (S3SE) at Time 1 vs. Time 2 
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Figure G33. Comparative Histogram of Number of Physical Symptoms on the 
SCAT3 Symptom Evaluation (S3SE) at Time 1 vs. Time 2 

 

Figure G34. Comparative Histogram of Physical Symptom Severity Score on the 
SCAT3 Symptom Evaluation (S3SE) at Time 1 vs. Time 2 
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Figure G35. Comparative Histogram of Number of Cognitive Symptoms on the 
SCAT3 Symptom Evaluation (S3SE) at Time 1 vs. Time 2 

 

Figure G36. Comparative Histogram of Cognitive Symptom Severity Score on the 
SCAT3 Symptom Evaluation (S3SE) at Time 1 vs. Time 2 
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Figure G37. Comparative Histogram of Number of Affective Symptoms on the 
SCAT3 Symptom Evaluation (S3SE) at Time 1 vs. Time 2 

 

Figure G38. Comparative Histogram of Affective Symptom Severity Score on the 
SCAT3 Symptom Evaluation (S3SE) at Time 1 vs. Time 2 
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Figure G39. Comparative Histogram of Number of Sleep Symptoms on the 
SCAT3 Symptom Evaluation (S3SE) at Time 1 vs. Time 2 

 

Figure G40. Comparative Histogram of Sleep Symptom Severity Score on the 
SCAT3 Symptom Evaluation (S3SE) at Time 1 vs. Time 2 

 

35 25 15 5 5 15 25 35

0

2

% of Participants

N
u

m
b

er
 o

f 
Sy

m
p

to
m

s

Time 1 Time 2

25 20 15 10 5 0 5 10 15 20 25

0

5

10

15

% of Participants

Sy
m

p
to

m
 S

ev
er

it
y 

Sc
o

re

Time 1 Time 2



139 

Figure G41. Comparative Histogram of Total Number of Symptoms on the SCAT5 
Symptom Evaluation (S5SE) at Time 1 in Females vs. Males 

 

Figure G42. Comparative Histogram of Total Symptom Severity Score on the 
SCAT5 Symptom Evaluation (S5SE) at Time 1 in Females vs. Males 
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Figure G43. Comparative Histogram of Physical Number of Symptoms on the 
SCAT5 Symptom Evaluation (S5SE) at Time 1 in Females vs. Males 

 

Figure G44. Comparative Histogram of Physical Symptom Severity Score on the 
SCAT5 Symptom Evaluation (S5SE) at Time 1 in Females vs. Males 
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Figure G45. Comparative Histogram of Cognitive Number of Symptoms on the 
SCAT5 Symptom Evaluation (S5SE) at Time 1 in Females vs. Males 

 

Figure G46. Comparative Histogram of Cognitive Symptom Severity Score on the 
SCAT5 Symptom Evaluation (S5SE) at Time 1 in Females vs. Males 
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Figure G47. Comparative Histogram of Affective Number of Symptoms on the 
SCAT5 Symptom Evaluation (S5SE) at Time 1 in Females vs. Males 

 

Figure G48. Comparative Histogram of Affective Symptom Severity Score on the 
SCAT5 Symptom Evaluation (S5SE) at Time 1 in Females vs. Males 
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Figure G49. Comparative Histogram of Sleep Number of Symptoms on the 
SCAT5 Symptom Evaluation (S5SE) at Time 1 in Females vs. Males 

 

Figure G50. Comparative Histogram of Sleep Symptom Severity Score on the 
SCAT5 Symptom Evaluation (S5SE) at Time 1 in Females vs. Males 
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Figure G51. Comparative Histogram of Total Number of Symptoms on the SCAT3 
Symptom Evaluation (S3SE) at Time 1 in Females vs. Males 

 

Figure G52. Comparative Histogram of Total Symptom Severity Score on the 
SCAT3 Symptom Evaluation (S3SE) at Time 1 in Females vs. Males 
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Figure G53. Comparative Histogram of Physical Number of Symptoms on the 
SCAT3 Symptom Evaluation (S3SE) at Time 1 in Females vs. Males 

 

Figure G54. Comparative Histogram of Physical Symptom Severity Score on the 
SCAT3 Symptom Evaluation (S3SE) at Time 1 in Females vs. Males 
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Figure G55. Comparative Histogram of Cognitive Number of Symptoms on the 
SCAT3 Symptom Evaluation (S3SE) at Time 1 in Females vs. Males 

 

Figure G56. Comparative Histogram of Cognitive Symptom Severity Score on the 
SCAT3 Symptom Evaluation (S3SE) at Time 1 in Females vs. Males 
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Figure G57. Comparative Histogram of Affective Number of Symptoms on the 
SCAT3 Symptom Evaluation (S3SE) at Time 1 in Females vs. Males 

 

Figure G58. Comparative Histogram of Affective Symptom Severity Score on the 
SCAT3 Symptom Evaluation (S3SE) at Time 1 in Females vs. Males 
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Figure G59. Comparative Histogram of Sleep Number of Symptoms on the 
SCAT3 Symptom Evaluation (S3SE) at Time 1 in Females vs. Males 

 

Figure G60. Comparative Histogram of Sleep Symptom Severity Score on the 
SCAT3 Symptom Evaluation (S3SE) at Time 1 in Females vs. Males 
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Figure G61. Comparative Histogram of Total Number of Symptoms on the SCAT5 
Symptom Evaluation (S5SE) at Time 2 in Females vs. Males 

 

Figure G62. Comparative Histogram of Total Symptom Severity Score on the 
SCAT5 Symptom Evaluation (S5SE) at Time 2 in Females vs. Males 
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Figure G63. Comparative Histogram of Physical Number of Symptoms on the 
SCAT5 Symptom Evaluation (S5SE) at Time 2 in Females vs. Males 

 

Figure G64. Comparative Histogram of Physical Symptom Severity Score on the 
SCAT5 Symptom Evaluation (S5SE) at Time 2 in Females vs. Males 
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Figure G65. Comparative Histogram of Cognitive Number of Symptoms on the 
SCAT5 Symptom Evaluation (S5SE) at Time 2 in Females vs. Males 

 

Figure G66. Comparative Histogram of Cognitive Symptom Severity Score on the 
SCAT5 Symptom Evaluation (S5SE) at Time 2 in Females vs. Males 
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Figure G67. Comparative Histogram of Affective Number of Symptoms on the 
SCAT5 Symptom Evaluation (S5SE) at Time 2 in Females vs. Males 

 

Figure G68. Comparative Histogram of Affective Symptom Severity Score on the 
SCAT5 Symptom Evaluation (S5SE) at Time 2 in Females vs. Males 

 

45 35 25 15 5 5 15 25 35 45

0

2

4

% of Participants in Group

N
u

m
b

er
 o

f 
Sy

m
p

to
m

s

Female Male

45 35 25 15 5 5 15 25 35 45

0

5

10

15

20

% of Participants in Group

Sy
m

p
to

m
 S

ev
er

it
y 

Sc
o

re

Female Male



153 

Figure G69. Comparative Histogram of Sleep Number of Symptoms on the 
SCAT5 Symptom Evaluation (S5SE) at Time 2 in Females vs. Males 

 

Figure G70. Comparative Histogram of Sleep Symptom Severity Score on the 
SCAT5 Symptom Evaluation (S5SE) at Time 2 in Females vs. Males 
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Figure G71. Comparative Histogram of Total Number of Symptoms on the SCAT3 
Symptom Evaluation (S3SE) at Time 2 in Females vs. Males 

 

Figure G72. Comparative Histogram of Total Symptom Severity Score on the 
SCAT3 Symptom Evaluation (S3SE) at Time 2 in Females vs. Males 
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Figure G73. Comparative Histogram of Physical Number of Symptoms on the 
SCAT3 Symptom Evaluation (S3SE) at Time 2 in Females vs. Males 

 

Figure G74. Comparative Histogram of Physical Symptom Severity Score on the 
SCAT3 Symptom Evaluation (S3SE) at Time 2 in Females vs. Males 
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Figure G75. Comparative Histogram of Cognitive Number of Symptoms on the 
SCAT3 Symptom Evaluation (S3SE) at Time 2 in Females vs. Males 

 

Figure G76. Comparative Histogram of Cognitive Symptom Severity Score on the 
SCAT3 Symptom Evaluation (S3SE) at Time 2 in Females vs. Males 
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Figure G77. Comparative Histogram of Affective Number of Symptoms on the 
SCAT3 Symptom Evaluation (S3SE) at Time 2 in Females vs. Males 

 

Figure G78. Comparative Histogram of Affective Symptom Severity Score on the 
SCAT3 Symptom Evaluation (S3SE) at Time 2 in Females vs. Males 
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Figure G79. Comparative Histogram of Sleep Number of Symptoms on the 
SCAT3 Symptom Evaluation (S3SE) at Time 2 in Females vs. Males 

 

Figure G80. Comparative Histogram of Sleep Symptom Severity Score on the 
SCAT3 Symptom Evaluation (S3SE) at Time 2 in Females vs. Males 
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Appendix H. 
 
Tables of Results from Inferential Analyses 

Table H1. Three-Way Mixed ANOVA Results at the Total Symptom Level 
Variable df F p η

P
2  η

G
2  

Total Number of Symptoms 

 SCAT SE version × Time × Sex 1, 393 0.33 .564 < .01 < .01 

 SCAT SE version × Time 1, 393 0.51 .477 < .01 < .01 

 SCAT SE version × Sex 1, 393 0.08 .773 < .01 < .01 

 Time × Sex 1, 393 0.08 .779 < .01 < .01 

 SCAT SE version 1, 393 105.83 < .001* .21 .03 

 Time 1, 393 15.59 < .001* .04 < .01 

 Sex 1, 393 15.97 < .001* .04 .03 

Total Symptom Severity Score 

 SCAT SE version × Time × Sex 1, 393 1.25 .264 < .01 < .01 

 SCAT SE version × Time 1, 393 2.72 .100 .01 < .01 

 SCAT SE version × Sex 1, 393 0.69 .408 < .01 < .01 

 Time × Sex 1, 393 0.24 .622 < .01 < .01 

 SCAT SE version 1, 393 44.47 < .001* .10 .01 

 Time 1, 393 33.36 < .001* .08 .01 

 Sex 1, 393 13.18 < .001* .03 .03 

Note. The assumption of homogeneity of variance, as assessed by Levene’s test, was violated for all ANOVA models. 
SCAT SE = Sport Concussion Assessment Tool Symptom Evaluation 
*The effect was statistically significant at p = .050. 

  



160 

Table H2. Three-Way Mixed ANOVA Results for Number of Symptoms at the 
Symptom Cluster Level 

Variable Cluster df F p η
P
2  η

G
2  

SCAT SE version × Time × Sex       

 Physical 1, 393 0.43 .513 < .01 < .01 

 Cognitive 1, 393 0.02 .899 < .01 < .01 

 Affective 1, 393 0.26 .611 < .01 < .01 

 Sleep 1, 393 3.67 .056 .01 < .01 

SCAT SE version × Time       

 Physical 1, 393 1.10 .296 < .01 < .01 

 Cognitive 1, 393 3.37 .067 .01 < .01 

 Affective 1, 393 0.07 .796 < .01 < .01 

 Sleep 1, 393 4.04 .045 .01 < .01 

SCAT SE version × Sex       

 Physical 1, 393 0.01 .918 < .01 < .01 

 Cognitive 1, 393 0.64 .424 < .01 < .01 

 Affective 1, 393 3.33 .069 .01 < .01 

 Sleep 1, 393 0.11 .738 < .01 < .01 

Time × Sex       

 Physical 1, 393 0.01 .927 < .01 < .01 

 Cognitive 1, 393 0.40 .529 < .01 < .01 

 Affective 1, 393 0.45 .502 < .01 < .01 

 Sleep 1, 393 1.60 .207 < .01 < .01 

SCAT SE version       

 Physical 1, 393 78.16 < .001* .17 .02 

 Cognitive 1, 393 55.18 < .001* .12 .01 

 Affective 1, 393 44.72 < .001* .10 .01 

 Sleep 1, 393 48.49 < .001* .11 .01 

Time       

 Physical 1, 393 5.47 .020* .01 < .01 

 Cognitive 1, 393 0.02 .900 < .01 < .01 

 Affective 1, 393 24.98 < .001* .06 .01 

 Sleep 1, 393 21.16 < .001* .05 .01 

Sex       

 Physical 1, 393 11.18 .001* .03 .02 

 Cognitive 1, 393 7.52 .006* .02 .01 

 Affective 1, 393 22.04 < .001* .05 .04 

 Sleep 1, 393 9.67 .002* .02 .02 

Note. The assumption of homogeneity of variance, as assessed by Levene’s test, was violated for all ANOVA models. 
SCAT SE = Sport Concussion Assessment Tool Symptom Evaluation 
*The effect was statistically significant at p = .050 after the Holm-Bonferroni correction. 
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Table H3. Three-Way Mixed ANOVA Results for Symptom Severity Score at the 
Symptom Cluster Level 

Variable Cluster df F p η
P
2  η

G
2  

SCAT SE version × Time × Sex       

 Physical 1, 393 2.35 .126 .01 < .01 

 Cognitive 1, 393 < .001 .992 < .01 < .01 

 Affective 1, 393 0.16 .690 < .01 < .01 

 Sleep 1, 393 2.07 .151 .01 < .01 

SCAT SE version × Time       

 Physical 1, 393 5.17 .024 .01 < .01 

 Cognitive 1, 393 0.59 .443 < .01 < .01 

 Affective 1, 393 1.73 .190 < .01 < .01 

 Sleep 1, 393 < .001 .988 < .01 < .01 

SCAT SE version × Sex       

 Physical 1, 393 0.32 .570 < .01 < .01 

 Cognitive 1, 393 0.01 .916 < .01 < .01 

 Affective 1, 393 1.97 .161 .01 < .01 

 Sleep 1, 393 0.51 .475 < .01 < .01 

Time × Sex       

 Physical 1, 393 0.48 .490 < .01 < .01 

 Cognitive 1, 393 0.23 .632 < .01 < .01 

 Affective 1, 393 1.04 .309 < .01 < .01 

 Sleep 1, 393 0.05 .820 < .01 < .01 

SCAT SE version       

 Physical 1, 393 44.85 < .001* .10 .01 

 Cognitive 1, 393 24.88 < .001* .06 < .01 

 Affective 1, 393 27.28 < .001* .07 < .01 

 Sleep 1, 393 15.48 < .001* .04 < .01 

Time       

 Physical 1, 393 13.83 .020* .03 <.01 

 Cognitive 1, 393 6.58 .011* .02 < .01 

 Affective 1, 393 36.81 < .001* .09 .01 

 Sleep 1, 393 29.21 < .001* .07 .01 

Sex       

 Physical 1, 393 12.61 .001* .03 .02 

 Cognitive 1, 393 5.58 .019* .01 .01 

 Affective 1, 393 13.61 < .001* .03 .03 

 Sleep 1, 393 10.36 .001* .03 .02 

Note. The assumption of homogeneity of variance, as assessed by Levene’s test, was violated for all ANOVA models. 
SCAT SE = Sport Concussion Assessment Tool Symptom Evaluation 
*The effect was statistically significant at p = .050 after the Holm-Bonferroni correction. 
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Table H4. Estimated Marginal Means for the Main Effect of SCAT Symptom 
Evaluation Version at the Symptom Cluster Level 

 S5SE Mean 
(Standard Error) 

S3SE Mean 
(Standard Error) 

Mean Difference, 
95% CI [LL, UL] 

Unadjusted 
p-value 

Number of Symptoms 

Total 9.14 (0.34) 7.17 (0.30) 1.97 [1.60, 2.35] < .001 

   Physical 2.80 (0.14) 1.98 (0.12) 0.82 [0.64, 1.01] < .001 

   Cognitive 2.51 (0.11) 2.01 (0.11) 0.49 [0.36, 0.62] < .001 

   Affective 2.11 (0.09) 1.73 (0.09) 0.38 [0.27, 0.50] < .001 

   Sleep 1.72 (0.06) 1.45 (0.06) 0.28 [0.20, 0.35] < .001 

Symptom Severity Score 

Total 19.57 (1.10) 15.52 (0.95) 4.06 [2.86, 5.25] < .001 

   Physical 5.12 (0.36) 3.50 (0.27) 1.62 [1.14, 2.10] < .001 

   Cognitive 5.25 (0.34) 4.26 (0.32) 0.99 [0.60, 1.38] < .001 

   Affective 5.20 (0.33) 4.24 (0.30) 0.95 [0.60, 1.31] < .001 

   Sleep 4.00 (0.21) 3.51 (0.21) 0.49 [0.25, 0.74] < .001 

Note. Positive mean difference indicates a higher number of symptoms or higher symptom severity score reported on 
the SCAT5 Symptom Evaluation (S5SE) than SCAT3 Symptom Evaluation (S3SE). 

Table H5. Paired t-test Results for Symptom Variables on the SCAT5 Symptom 
Evaluation (S5SE) vs. SCAT3 Symptom Evaluation (S3SE) at Time 1 

 Mean 
Difference 

95% CI of Mean 
Difference [LL, UL] 

df t p 
Cohen’s 

d 

Number of Symptoms 

Total 1.95 [1.55, 2.35] 394 9.52 < .001* 0.48 

   Physical 0.92 [0.72, 1.12] 394 9.02 < .001* 0.45 

   Cognitive 0.36 [0.22, 0.50] 394 5.04 < .001* 0.25 

   Affective 0.42 [0.30, 0.53] 394 7.13 < .001* 0.36 

   Sleep 0.25 [0.16, 0.34] 394 5.65 < .001* 0.28 

Symptom Severity Score 

Total 5.32 [3.98, 6.66] 394 7.79 < .001* 0.39 

   Physical 2.27 [1.73, 2.80] 394 5.03 < .001* 0.42 

   Cognitive 1.12 [0.68, 1.56] 394 4.93 < .001* 0.25 

   Affective 1.31 [0.92, 1.71] 394 4.96 < .001* 0.33 

   Sleep 0.62 [0.34, 0.90] 394 3.79 < .001* 0.22 

Note. Positive mean difference indicates a higher number of symptoms or higher symptom severity score reported on 
the S5SE than S3SE. 
*The difference was statistically significant at p = .050, with the Holm-Bonferroni correction applied to the analyses 
involving symptom clusters. 
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Table H6. Paired t-test Results for Symptom Variables on the SCAT5 Symptom 
Evaluation (S5SE) vs. SCAT3 Symptom Evaluation (S3SE) at Time 2 

 Mean 
Difference 

95% CI of Mean 
Difference [LL, UL] 

df t p 
Cohen’s 

d 

Number of Symptoms 

Total 2.06 [1.69, 2.44] 394 10.79 < .001* 0.54 

   Physical 0.71 [0.53, 0.90] 394 7.59 < .001* 0.38 

   Cognitive 0.57 [0.43, 0.71] 394 8.07 < .001* 0.41 

   Affective 0.47 [0.34, 0.59] 394 7.39 < .001* 0.37 

   Sleep 0.31 [0.23, 0.40] 394 7.52 < .001* 0.28 

Symptom Severity Score 

Total 3.37 [2.31, 4.42] 394 6.27 < .001* 0.32 

   Physical 1.13 [0.69, 1.57] 394 5.03 < .001* 0.25 

   Cognitive 0.89 [0.54, 1.25] 394 4.93 < .001* 0.25 

   Affective 0.88 [0.53, 1.23] 394 4.96 < .001* 0.25 

   Sleep 0.46 [0.22, 0.70] 394 3.79 < .001* 0.19 

Note. Positive mean difference indicates a higher number of symptoms or higher symptom severity score reported on 
the S5SE than S3SE. 
*The difference was statistically significant at p = .050, with the Holm-Bonferroni correction applied to the analyses 
involving symptom clusters. 

Table H7. Wilcoxon Signed-Rank Test Results for Symptom Variables on 
SCAT5 Symptom Evaluation (S5SE) vs. SCAT3 Symptom Evaluation 
(S3SE) at Time 2 

 Z p 

Number of Symptoms 

Total -9.71 < .001* 

   Physical -7.39 < .001* 

   Cognitive -7.65 < .001* 

   Affective -6.96 < .001* 

   Sleep -6.99 < .001* 

Symptom Severity Score 

Total -6.27 < .001* 

   Physical -6.04 < .001* 

   Cognitive -4.90 < .001* 

   Affective -4.82 < .001* 

   Sleep -3.56 < .001* 

Note. The median was higher on the S5SE than S3SE for all symptom variables. 
*The difference was statistically significant at p = .050, with the Holm-Bonferroni correction applied to the analyses 
involving symptom clusters. 
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Table H8. Estimated Marginal Means for the Main Effect of Time at the 
Symptom Cluster Level 

 Time 1 Mean 
(Standard Error) 

Time 2 Mean 
(Standard Error) 

Mean Difference, 
95% CI [LL, UL] 

Unadjusted 
p-value 

Number of Symptoms 

Total 8.53 (0.32) 7.78 (0.33) 0.75 [0.38, 1.12] < .001 

   Physical 2.49 (0.13) 2.28 (0.13) 0.21 [0.03, 0.39] .020 

   Cognitive 2.27 (0.11) 2.26 (0.11) 0.10 [-0.14, 0.16] .900 

   Affective 2.08 (0.09) 1.76 (0.09) 0.32 [0.20, 0.45] < .001 

   Sleep 1.69 (0.06) 1.48 (0.06) 0.21 [0.12, 0.29] < .001 

Symptom Severity Score 

Total 19.30 (1.06) 15.79 (0.99) 3.52 [2.32, 4.71] < .001 

   Physical 4.72 (0.33) 3.90 (0.30) 0.82 [0.39, 1.26] < .001 

   Cognitive 5.05 (0.34) 4.47 (0.32) 0.57 [0.13, 1.01] .011 

   Affective 5.38 (0.34) 4.06 (0.30) 1.31 [0.89, 1.74] < .001 

   Sleep 4.16 (0.22) 3.35 (0.21) 0.81 [0.51, 1.10] < .001 

Note. Positive mean difference indicates a higher number of symptoms or higher symptom severity score reported at 
Time 1 than Time 2. 

Table H9. Paired t-test Results for Symptom Variables on the SCAT5 Symptom 
Evaluation (S5SE) at Time 1 vs. Time 2 

 Mean 
Difference 

95% CI of Mean 
Difference [LL, UL] 

df t p 
Cohen’s 

d 

Number of Symptoms 

Total 0.66 [0.28, 1.05] 394 3.38 .001* 0.17 

   Physical 0.32 [0.13, 0.51] 394 3.32 .001* 0.17 

   Cognitive -0.12 [-0.27, 0.03] 394 -1.57 .118 -0.08 

   Affective 0.32 [0.20, 0.44] 394 5.26 < .001* 0.26 

   Sleep 0.14 [0.06, 0.23] 394 3.27 .001* 0.16 

Symptom Severity Score 

Total 4.67 [3.42, 5.90] 394 7.39 < .001* 0.37 

   Physical 1.48 [1.01, 1.95] 394 6.16 < .001* 0.31 

   Cognitive 0.63 [0.19, 1.06] 394 2.82 .005* 0.14 

   Affective 1.65 [1.26, 2.05] 394 8.26 < .001* 0.42 

   Sleep 0.91 [0.64, 1.18] 394 6.62 < .001* 0.33 

Note. Note. Positive mean difference indicates a higher number of symptoms or higher symptom severity score 
reported at Time 1 than Time 2. 
*The difference was statistically significant at p = .050, with the Holm-Bonferroni correction applied to the analyses 
involving symptom clusters. 
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Table H10. Paired t-test Results for Symptom Variables on the SCAT3 Symptom 
Evaluation (S3SE) at Time 1 vs. Time 2 

 Mean 
Difference 

95% CI of Mean 
Difference [LL, UL] 

df t p 
Cohen’s 

d 

Number of Symptoms 

Total 0.78 [0.39, 1.16] 394 3.94 < .001* 0.20 

   Physical 0.11 [-0.08, 0.30] 394 1.16 .247 0.06 

   Cognitive 0.09 [-0.07, 0.24] 394 1.11 .270 0.06 

   Affective 0.37 [0.24, 0.51] 394 5.35 < .001* 0.27 

   Sleep 0.21 [0.11, 0.30] 394 4.16 < .001* 0.21 

Symptom Severity Score 

Total 2.71 [1.54, 3.88] 394 4.54 < .001* 0.23 

   Physical 0.34 [-0.12, 0.80] 394 1.46 .144 0.07 

   Cognitive 0.40 [-0.03, 0.83] 394 1.83 .068 0.09 

   Affective 1.22 [0.78, 1.66] 394 5.45 < .001* 0.27 

   Sleep 0.75 [0.43, 1.06] 394 4.70 < .001* 0.24 

Note. Note. Positive mean difference indicates a higher number of symptoms or higher symptom severity score 
reported at Time 1 than Time 2. 
*The difference was statistically significant at p = .050, with the Holm-Bonferroni correction applied to the analyses 
involving symptom clusters. 

Table H11. Estimated Marginal Means for the Main Effect of Sex at the Symptom 
Cluster Level 

 Females Mean 
(Standard Error) 

Males Mean 
(Standard Error) 

Mean Difference, 
95% CI [LL, UL] 

Unadjusted 
p-value 

Number of Symptoms 

Total 9.39 (0.29) 6.92 (0.55) 2.47 [1.26, 3.69] < .001 

   Physical 2.79 (0.11) 1.98 (0.22) 0.81 [0.34, 1.29] .001 

   Cognitive 2.55 (0.10) 1.98 (0.18) 0.57 [0.16, 0.98] .006 

   Affective 2.30 (0.08) 1.54 (0.14) 0.76 [0.44, 1.08] < .001 

   Sleep 1.75 (0.05) 1.42 (0.09) 0.33 [0.12, 0.53] .002 

Symptom Severity Score 

Total 21.10 (0.91) 13.99 (1.73) 7.11 [3.26, 10.95] < .001 

   Physical 5.36 (0.28) 3.27 (0.52) 2.09 [0.93, 3.25] < .001 

   Cognitive 5.50 (0.29) 4.02 (0.56) 1.49 [0.25, 2.73] .019 

   Affective 5.84 (0.28) 3.60 (0.54) 2.24 [1.05, 3.43] < .001 

   Sleep 4.40 (0.19) 3.11 (0.35) 1.87 [0.50, 2.07] .001 

Note. Positive mean difference indicates a higher number of symptoms or higher symptom severity score reported by 
females than males. 
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Table H12. Paired t-test Results for Symptom Variables on the SCAT5 Symptom 
Evaluation (S5SE) at Time 1 between Females vs. Males 

 Mean 
Difference 

95% CI of Mean 
Difference [LL, UL] 

df t p 
Hedges’ 

g 

Number of Symptoms 

Total 2.56 [1.13, 3.98] 393 3.52 < .001* 0.43 

   Physical 0.86 [0.23, 1.49] 393 2.70 .007* 0.33 

   Cognitive 0.46 [-0.02, 0.94] 393 1.89 .059 0.23 

   Affective 0.89 [0.50, 1.27] 126.05 4.59 < .001* 0.59 

   Sleep 0.35 [0.09, 0.60] 125.88 2.71 .008* 0.34 

Symptom Severity Score 

Total 8.39 [3.50, 13.28] 160.48 3.74 < .001* 0.41 

   Physical 2.66 [1.20, 4.12] 169.71 3.60 < .001* 0.38 

   Cognitive 1.40 [-0.13, 2.94] 393 1.80 .073 0.21 

   Affective 2.77 [1.31, 4.23] 393 3.73 < .001* 0.45 

   Sleep 1.55 [0.71, 2.40] 164.12 3.63 < .001* 0.39 

Note. Positive mean difference indicates a higher number of symptoms or higher symptom severity score reported by 
females than males. 
*The difference was statistically significant at p = .050, with the Holm-Bonferroni correction applied to the analyses 
involving symptom clusters. 

Table H13. Paired t-test Results for Symptom Variables on the SCAT3 Symptom 
Evaluation (S3SE) at Time 1 between Females vs. Males 

 Mean 
Difference 

95% CI of Mean 
Difference [LL, UL] 

df t p 
Hedges’ 

g 

Number of Symptoms 

Total 2.28 [1.02, 3.54] 393 3.56 < .001* 0.43 

   Physical 0.78 [0.28, 1.29] 393 3.04 .003* 0.37 

   Cognitive 0.58 [0.12, 1.04] 393 2.50 .013* 0.30 

   Affective 0.72 [0.34, 1.10] 393 3.74 < .001* 0.46 

   Sleep 0.19 [-0.07, 0.46] 125.58 1.43 .156 0.18 

Symptom Severity Score 

Total 6.42 [2.44, 10.41] 393 3.17 .002* 0.38 

   Physical 1.83 [0.66, 3.00] 393 3.08 .002* 0.38 

   Cognitive 1.36 [-0.01, 2.73] 393 1.95 .052 0.28 

   Affective 2.15 [0.75, 3.55] 393 3.02 .003* 0.37 

   Sleep 1.09 [0.18, 1.99] 393 2.36 .019* 0.29 

Note. Positive mean difference indicates a higher number of symptoms or higher symptom severity score reported by 
females than males. 
*The difference was statistically significant at p = .050, with the Holm-Bonferroni correction applied to the analyses 
involving symptom clusters. 
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Table H14. Paired t-test Results for Symptom Variables on the SCAT5 Symptom 
Evaluation (S5SE) at Time 2 between Females vs. Males 

 Mean 
Difference 

95% CI of Mean 
Difference [LL, UL] 

df t p 
Hedges’ 

g 

Number of Symptoms 

Total 2.50 [1.07, 3.92] 393 3.43 .001* 0.42 

   Physical 0.75 [0.16, 1.34] 393 2.50 .013* 0.31 

   Cognitive 0.57 [0.09, 1.05] 393 2.34 .020* 0.28 

   Affective 0.85 [0.47, 1.23] 393 4.35 < .001* 0.53 

   Sleep 0.33 [0.08, 0.58] 393 2.61 .009* 0.32 

Symptom Severity Score 

Total 6.83 [3.16, 10.50] 173.48 3.68 < .001* 0.37 

   Physical 1.80 [0.65, 2.96] 178.09 3.08 .002* 0.30 

   Cognitive 1.61 [0.46, 2.77] 176.26 2.77 .006* 0.28 

   Affective 2.22 [1.08, 3.36] 169.51 3.84 < .001* 0.39 

   Sleep 1.20 [0.45, 1.95] 169.00 3.16 .002* 0.32 

Note. Positive mean difference indicates a higher number of symptoms or higher symptom severity score reported by 
females than males. 
*The difference was statistically significant at p = .050, with the Holm-Bonferroni correction applied to the analyses 
involving symptom clusters. 

Table H15. Paired t-test Results for Symptom Variables on the SCAT3 Symptom 
Evaluation (S3SE) at Time 2 between Females vs. Males 

 Mean 
Difference 

95% CI of Mean 
Difference [LL, UL] 

df t p 
Hedges’ 

g 

Number of Symptoms 

Total 2.55 [1.25, 3.85] 393 3.85 < .001* 0.47 

   Physical 0.86 [0.35, 1.38] 393 3.30 .001* 0.40 

   Cognitive 0.66 [0.21, 1.11] 393 2.90 .004* 0.35 

   Affective 0.59 [0.24, 0.94] 148.56 3.33 .001* 0.38 

   Sleep 0.43 [0.18, 0.69] 393 3.41 .001* 0.42 

Symptom Severity Score 

Total 6.78 [3.42, 10.15] 181.82 3.98 < .001* 0.41 

   Physical 2.08 [1.12, 3.04] 226.52 4.26 < .001* 0.40 

   Cognitive 1.58 [0.39, 2.76] 169.10 2.62 .010* 0.28 

   Affective 1.82 [0.76, 2.88] 168.78 3.38 .001* 0.36 

   Sleep 1.31 [0.51, 2.10] 159.30 3.24 .001* 0.36 

Note. Positive mean difference indicates a higher number of symptoms or higher symptom severity score reported by 
females than males. 
*The difference was statistically significant at p = .050, with the Holm-Bonferroni correction applied to the analyses 
involving symptom clusters. 
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Table H16. Wilcoxon Signed-Rank Test Results for Symptom Variables on 
SCAT5 Symptom Evaluation (S5SE) at Time 2 between Females vs. 
Males 

 Z p 

Number of Symptoms 

Total -3.47 .001* 

   Physical -2.83 .005* 

   Cognitive -2.33 .020* 

   Affective -4.21 < .001* 

   Sleep -2.54 .011* 

Symptom Severity Score 

Total -3.42 .001* 

   Physical -2.96 .003* 

   Cognitive -2.19 .029* 

   Affective -3.89 < .001* 

   Sleep -2.67 .008* 

Note. The median was higher in females than males for all symptom variables. 
*The difference was statistically significant at p = .050, with the Holm-Bonferroni correction applied to the analyses 
involving symptom clusters. 

Table H17. Wilcoxon Signed-Rank Test Results for Symptom Variables on 
SCAT3 Symptom Evaluation (S3SE) at Time 2 between Females vs. 
Males 

 Z p 

Number of Symptoms 

Total -4.09 < .001* 

   Physical -3.67 < .001* 

   Cognitive -3.12 .002* 

   Affective -3.08 .002* 

   Sleep -3.36 .001* 

Symptom Severity Score 

Total -3.98 < .001* 

   Physical -3.76 < .001* 

   Cognitive -2.92 .004* 

   Affective -3.25 .001* 

   Sleep -3.28 .001* 

Note. The median was higher in females than males for all symptom variables. 
*The difference was statistically significant at p = .050, with the Holm-Bonferroni correction applied to the analyses 
involving symptom clusters. 
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Table H18. Comparison of One-Week Test-Retest Reliability Coefficients in the 
Overall Sample (N = 395) 

 S5SE T1 & T2 
Correlation 

S3SE T1 & T2 
Correlation 

TSADF Estimate, 

95% CI [LL, UL] 
χ2 df p 

Number of Symptoms 

Total .79 .74 .77 [.74, .80] 3.91 1 .048* 

   Physical .72 .61 .69 [.65, .72] 7.28 1 .007* 

   Cognitive .71 .67 .69 [.65, .73] 0.97 1 .324 

   Affective .71 .62 .67 [.63, .71] 5.76 1 .016* 

   Sleep .65 .54 .61 [.56, .65] 4.38 1 .036 

Symptom Severity Score 

Total .80 .75 .78 [.75, .80] 2.89 1 .089 

   Physical .74 .60 .71 [.67, .74] 7.24 1 .007* 

   Cognitive .74 .71 .73 [.69, .76] 0.78 1 .378 

   Affective .77 .68 .74 [.71, .77] 6.98 1 .008* 

   Sleep .75 .64 .72 [.68, .75] 9.57 1 .002* 

Note. S5SE = SCAT5 Symptom Evaluation; S3SE = SCAT3 Symptom Evaluation; TSADF = Two-stage asymptotically 
distribution-free 
*The difference was statistically significant at p = .050, with the Holm-Bonferroni correction applied to the analyses 
involving symptom clusters. 
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Appendix I. 
 
Additional Analyses 

Table I1. Internal Consistency for Symptom Variables on the SCAT5 Symptom 
Evaluation (S5SE) and SCAT3 Symptom Evaluation (S3SE) for the 
Overall Sample (N = 395) 

 Time 1 Time 2 

S5SE     

Number of 
Symptoms 

KR-20 
95% CI 

[LL, UL] 
KR-20 

95% CI 

[LL, UL] 

Total .91 [.90, .92] .91 [.90, .92] 

   Physical .81 [.78, .84] .79 [.75, .82] 

   Cognitive .80 [.77, .83] .80 [.77, .83] 

   Affective .82 [.78, .84] .84 [.82, .87] 

   Sleep .55 [.46, .62] .59 [.51, .65] 

Symptom Severity 
Score 

Cronbach’s α 
95% CI 

[LL, UL] 
Cronbach’s α 

95% CI 

[LL, UL] 

Total .94 [.93, .95] .94 [.93, .95] 

   Physical .85 [.83, .87] .83 [.80, .85] 

   Cognitive .87 [.85, .89] .88 [.86, .90] 

   Affective .91 [.89, .92] .92 [.90, .93] 

   Sleep .75 [.70, .79] .73 [.68, .78] 

S3SE     

Number of 
Symptoms 

KR-20 
95% CI 

[LL, UL] 
KR-20 

95% CI 

[LL, UL] 

Total .88 [.86, .90] .90 [.88, .91] 

   Physical .73 [.69, .77] .76 [.72, .79] 

   Cognitive .77 [.73, .80] .78 [.75, .81] 

   Affective .83 [.80, .85] .80 [.77, .83] 

   Sleep .56 [.48, .63] .58 [.51, .65] 

Symptom Severity 
Score 

Cronbach’s α 
95% CI 

[LL, UL] 
Cronbach’s α 

95% CI 

[LL, UL] 

Total .91 [.90, .92] .93 [.92, .94] 

   Physical .76 [.72, .79] .83 [.80, .85] 

   Cognitive .85 [.82, .87] .88 [.86, .89] 

   Affective .90 [.89, .92] .87 [.85, .89] 

   Sleep .69 [.63, .74] .73 [.68, .77] 

Note. KR-20 = Kuder-Richardson Formula 20 
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Figure I1. SCAT Administration Order Effect for Total Number of Symptoms at 
Time 1 on the SCAT3 Symptom Evaluation (S3SE) vs. SCAT5 
Symptom Evaluation (S5SE) 

 

Figure I2. SCAT Administration Order Effect for Total Symptom Severity Score 
at Time 1 on SCAT3 Symptom Evaluation (S3SE) vs. SCAT5 
Symptom Evaluation (S5SE) 

 


