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ABSTRACT

Traumatic brain injury (TBI) is the most common injury in childhood, and it is the
leading cause of disability. Early childhood is an area of specific interest because it is a
period of rather significant vulnerability to longer-standing problems. Better health and
behavior-related outcomes generally improve when diagnosis occurs early enough to
inform evidence-based interventions adequately. However, there continues to be
relatively weak identification of concussions in early childhood, and misdiagnoses often
lead children to receive the incorrect intervention if they receive intervention at all.
Clinicians need to identify symptoms of a concussion immediately following injury. To
this end, the present study examines the literature to determine domains, and any narrow
abilities impacted following a concussion. Assessments items were generated based on a
review of published norm references tests and task demands analyses (n = 18). Testing
items were cross-referenced using developmental literature to ensure they were
appropriate for assessment for children age 3 years. Via the Delphi survey method, a
heterogeneous panel of experts (Round 1 n = 17; Round 2 n = 13), including physicians,
psychologists, school nurses, speech and language pathologists, and athletic trainers,
offered their opinion regarding what areas are impacted following a concussion. The
panel provided clarification on the operational definitions and agreed that the testing
items, indeed, were developmentally appropriate. The group also decided that a
paraprofessional could administer the items with minimal training, which is an essential
consideration because children in early childhood are often cared for by professionals
untrained in assessment, working in daycare or preschool settings. The present study
concludes that, indeed, an evaluation of concussions symptoms that are like traditional
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sideline assessments is possible. However, the results of this assessment are only
preliminary, and there was no evidence for validity based on response processes or
relations to other variables; likewise, reliability data are unavailable at this time.
Recommendations for future research are included, and ideas to move toward
standardization are presented. Recommendations for the training of paraprofessionals in
these assessment procedures, too, are outlined.

Keywords: Concussion, Mild Traumatic Brain Injury, Early Childhood, Preschool
Concussion Assessment, Acute Concussion Assessment
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CHAPTER 1
INTRODUCTION

The Brain
The brain is responsible for intellectual and emotional functioning. It is also
responsible for an array of other actions, including physical and motor movements. The
brain assists in learning, feeling, propelling the body through space, and making bodies
run efficiently and precisely. When damage or injured, it complicates development.
Therefore, it is reasonable to suspect that an injury to a child’s brain may have a
significant impact on educational, vocational, and social performance.
Historical Perspective
Traumatic brain injury (TBI) has appeared in various historical accounts of
physicians that describe a form of head injury resulting in brief changes in mental status,
temporary paralysis, and loss of consciousness without observable skull fracture
(Covassin & Elbin, 2011). Interestingly, the first account of a TBI can be found in the
Old Testament when Goliath was initially knocked unconscious by a stone from David’s
slingshot (Covassin & Elbin, 2011). Likewise, Hippocrates, known as the father of
medicine, wrote of patients losing their ability to speak after what appeared to be a
concussion or other shaking of the brain (Verjall & Van ‘T Hooft, 1975). Easterling and
Easterling (1961) also wrote that early medical reports identified patients suffering from
balance and dizziness after sustaining a blow to the head.
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Interest in understanding the TBI began in the 19th century with the Industrial
Revolution and the development of the railway system, as a larger mass of people
became exposed to rapid acceleration and deceleration (Auerbach, 1989; Trimble, 1981).
Early in the understanding of TBIs, the term “brain-injured” described any person who
received an injury or an infection, but, currently, there is a distinction between infections
and injuries (Auerbach, 1989). Other classifications of brain-injured persons included
minor brain damage, organic brain disease, organic brain damage, or minimal cerebral
damage. However, later research (Denny-Brown & Russell, 1941; Holbrum, 1943) began
to confirm that acceleration-deceleration forces on the brain were the leading cause of the
TBI.
TBI resurfaced in history in the 1920s and 1930s. Pathologist Harrison S.
Martland (1928) documented TBI in boxers and coined the term “punch drunk syndrome,
later termed dementia pugilistica (Millspaugh, 1937). As modern medicine became more
efficient and effective in localizing brain functioning in the 1960s, head injury
classifications, in terms of both type and severity, became more specific (Savage &
Wolcott, 1994). Building on the research of Strich (1961), Adams and his colleagues
(1972, 1975, 1980, 1982a, 1982b, 1985, 1986) and Gennarelli and his colleagues (1982)
confirmed that TBIs differ in both severity and type in both human and primate subjects.
Chronic traumatic brain injury began to be associated with cognitive deteriorations,
degrading executive functions, motor impairment, and dementia.
The TBI in Modernity
The severity of the TBI is measured using a combination of the following factors:
the length of post-traumatic amnesia (PTA), the depth and period of unconsciousness,
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and the presence of neurological abnormalities (King & Tyerman, 2003). The extent of
unconsciousness is routinely measured using the Glasgow Coma Scale (GCS; See Table
1.1), initially developed by Teasdale and Jennett (1974).
Table 1.1
Classification of Depth of Unconsciousness Based on the GCS
Subscale

Response

Score

Eye Opening

Opens eyes on his/her own

4

Opens eyes when asked to do so in a loud voice

3

Opens eyes to pain

2

Does not open eyes

1

Carries on conversation correctly and tells the examiner
where he or she is the year and month

5

Seems confused or disoriented

4

Talks so the examiner can understand him or her but
makes no sense

3

Makes sounds that the examiner cannot understand

2

Makes no noise

1

Follows simple commands

6

Pulls examiner’s hand away on painful stimuli

5

Verbal Response

Motor Response

3

Table 1.1, continued
Subscale

Response

Score

Pulls a part of his or her body away on painful stimuli

4

Flexes body appropriately to pain

3

Decerebrate posture

2

Has no motor response to pain

1

Scores on the GCS can range between 3 and 15, with higher scores indicating
more intact functioning. More specifically, ratings between 3 and 8, 9 and 12, and 13 and
15 describe “severe,” “moderate,” and “mild” TBIs, respectively (Teasdale & Jennett,
1974). Researchers further divided the scores, suggesting that scores between 3 and 5 are
“very severe,” and scores between 6 and 8 are “severe” (Zhang, Jiang, Zhong, Yu, &
Zhe, 2001).
The GCS is widely used and is the most popular quantitative measure of the
severity of a head injury. It is internationally accepted, familiar to clinicians, easy to use,
and has a high degree of inter-rater reliability (Nell, et Phil, Yates, & Kruger, 2000).
However, the GCS is not used to differentiate the different types of milder injuries
(Jennet, 1989; Nell et al., 2000). Criticisms suggest that persons are often oriented at the
time of initial assessment following a concussion, thus scoring at the top of the GCS
(Jennet, 1989).
There is also criticism of specific symptom assessment; for instance, Nell and his
colleagues (2000) summarized the disproportionate weight of assessment items. For
4

example, they wrote that there are six scale points to assess severe TBI, accommodating
10 percent of live hospital admissions. They added that four items determine the
moderate TBI accounting for another 10 percent of hospital admissions. However, the
concussion accounts for 80 percent of hospital admissions, yet there are only three scale
points to accommodate.
Open- and Closed-Injuries
TBIs can also be classified by whether they are primary or secondary. Primary
injuries are those that involve the death of neurons; secondary injuries refer to the loss of
neuronal efficiency or depression in the functionality of neurons (Gouvier et al., 1997).
The former involves neuronal death and degradation, while the latter refers to the body
and brain’s response to injuries, such as edemas and brain swelling (Richardson, 1990)
and excitotoxicity (Regan & Choi, 1994). Further, TBIs include both closed- and openhead injuries (i.e., when an impact against the skull is significant and penetrates the skull,
exposing the brain; Holtz, 2011). Typically, the amount of damage in an open-head injury
is related to the amount of energy exerted on the brain. However, these types of injuries
are beyond the scope of this review.
Holtz (2011) wrote that a closed-head injury is different from an open-head injury
in that the brain is never exposed. Closed-head injuries occur in two phases: coup, the
initial impact, and contrecoup, the ricocheting of the brain back and forth, and from side
to side within the skull (Holtz, 2011). The treatment for close head injuries typically
involve a combination of managing brain swelling, monitoring prescribed medication,
and provided psychological support services (Holtz, 2011; Sugden et al., 2006).
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Closed-head injuries may also include contusions, which may lead to brain
hemorrhaging, and hematomas, a localized collection of blood outside of the blood
vessels (Gouvier et al., 1997; Holtz, 2011). Holtz (2011) added that closed TBI might
have other secondary effects, including infections, hydrocephalus, and anoxic damage,
caused by low blood pressure or respiratory distress.
Concussion
Ambrose Paré, a French military surgeon, first used the term “concussion” when
he referred to the “concussion, commotion, or shaking of the brain” (Denny-Brown &
Russell, 1941; Verjaal & Van ‘T Hooft, 1975). A cerebral concussion is a type of closedhead injury; on the spectrum of TBI, concussions are considered mild (mTBI). Typically,
it represents an alteration in ordinary consciousness and brain processes, including loss of
consciousness, amnesia, impairment of reflex activity, and confusion with these
alternations persisting for an undetermined amount of time (Webbe, 2006).
Diffuse axonal injury (DAI), where axons are damaged and destroyed by forces of
acceleration and deceleration acting on them and blood vessels, primarily cause a
concussion (Bigler, 1990). DAI occurs when progressive changes in the axonal structure
create adverse physiological reactions (Gouvier et al., 1997; Povlishock & Christman,
1994; Richardson, 1990). Holtz (2011) and Echemendia and his colleagues (2011) noted
that common symptoms of a concussion include loss of consciousness, PTA, somatic
symptoms, cognitive problems, psychological distress, and sometimes seizures.
Attempts to define the concussion is ever-evolving, though (Covassin & Elbin,
2011). First, the American Medical Association (AMA) and the Congress of
Neurological Surgeons (CNS) defined a concussion as “a clinical syndrome characterized
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by the immediate and transient post-traumatic impairment of neurological function, such
as alteration of consciousness, disturbance of vision, equilibrium, etc., due to brainstem
involvement” (CNS, 1996, p. 16). However, Covassin and Elbrin (2011) criticized this
definition for failing to account for common symptoms, overemphasizing brainstem
dysfunction and loss of consciousness, and failing to recognize the role of other affective
brain structures. Subsequent revisions to the definition of a concussion ensued.
In 2002, the Concussion in Sport (CIS) group further evolved the definition to
include that a concussion is “a complex pathophysiological process affecting the brain,
induced by traumatic biomechanical forces” (Aubret et al., 2002, p. 56). More
specifically, CIS noted that direct impact to the head, neck, or elsewhere on the body with
an impulsive force transmitted to the head cause concussions. Further, CIS reported that a
concussion, indeed caused neuropathological changes that reflect a functional disturbance
rather than structural injury; that is, typically, there is temporary impairment of
functioning that seems to resolve spontaneously. Of note, CIS documented that the
concussion is generally associated with grossly normal structural neuroimaging studies,
and it does not have to involve loss of consciousness. Echemendia and his colleagues
(2011) echoed this sentiment by defining a concussion as “a mild traumatic brain injury
typically caused by acceleration/deceleration forces from a blow to the head or body.
These forces produce biochemical and neurometabolic changes in the brain that typically
evolve dramatically over time following the injury” (p. 1290).
Webbe (2011) noted that interest in discovering and assisting those with
concussions became popular in academia in the early 1980s due to the increase in injuries
on the football field. However, research is still needed to understand how the concussion
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affects individual differences in injury type and magnitude (Webbe & Barth, 2003).
Research is also still necessary to determine when it is appropriate for students and
athletes to return to school and play and how recurrent concussions affect overall
functioning across settings (Webbe & Barth, 2003).
Treatment for concussions should include emergency room examinations to
determine the severity of the injury. Typical interventions may consist of pain relievers
for headaches and medications to relieve depression, nausea, and dizziness; rest may also
be advised (Holtz, 2011). While controlling the physical needs of the client is essential, it
may also be necessary to provide psychoeducation. Mittenberg and his colleagues (2001)
found that educations about symptoms, attribution of symptoms to benign causes, and
reassurance of favorable prognosis was effective in preventing the re-emergence of
symptoms.
Sustaining a single concussion does not usually cause long-term impairment, and
recovery tends to be spontaneous. However, a long-term functional impairment may be
subtle because electrophysiological alteration and cognitive changes tend to be covert and
unpredictable (Henry & de Beaumont, 2011). Nevertheless, typical recovery from a
concussion is between 2 and 10 days. (Dikmen, McLean, & Temkin, 1986; Hinton-Bayre
& Geffer, 2002; McCrory et al., 2009).
Mounting data suggest, though, that, during the acute injury phase, athletes can
experience increased symptomatology (Bruch & Echemendia, 2004; Collins et al., 2002;
Iverson et al., 2004; Killam, Cautin, & Santucci, 2005; Thorton, Cox, Whitfield, &
Fouladi, 2008). Further, following a concussion, a person may begin to experience
lingering abnormalities in both traits and behaviors, commonly referred to as
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postconcussive syndrome (Holtz, 2011). For instance, attention problems, impaired
verbal retrieval, forgetfulness, headaches, dizziness, irritability, sleep disturbances, and
fatigue are generally reported (Gasquoine, 1997; Ponsford et al., 2000).
Additionally, initially sustaining a concussion increases susceptibility to
subsequent concussions (Delaney, Lacroix, Leclerc, & Johnston, 2002; Colvin et al.,
2009; Gerberich et al., 1983; Guskiewicz et al., 2003; Hollis et al., 2009; Zemper, 2003),
referred to as second impact syndrome (SIS; Cantu, 1995, 1998, 2003; Cobb & Battin,
2004). According to Henry and de Beaumont (2011), “the exact nature of the cumulative
effects of multiple concussions on neuropsychological functions remains a subject of
debate” (p. 160). However, the authors contended that it is apparent that some groups are
more vulnerable than others and that some deficits are more conspicuous than others. For
instance, mild cognitive impairment and early onset of Alzheimer’s and Parkinson’s
diseases correlate with the number of concussions sustained (Corsellis et al., 1973;
Guskiewicz et al., 2005; Henry & de Beaumont, 2011).
In the 1990s, the United States Congress passed the TBI Act of 1996 (Public Law
S. 110-793), which was reauthorized in 2008, extended through the fiscal year 2012
(Holtz, 2011). In 2012, the legislation reauthorized state grant programs, funded research,
and provided educational outreach to those suffering from TBI. It allowed for the Center
for Disease Control (CDC) and the Department of Health and Human Services (HHS)
more flexibility to work and collaborate with other departments. It clarified grant funds to
be used for direct services and oversaw how states received funds. Most importantly,
though, the TBI Act of 2012 directed prevention measures and included public input for
long-term federal planning.
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Prevalence of Concussions
Estimates of individuals who experience TBI vary greatly. Broadly, the incidence
and prevalence are difficult to calculate because mTBIs may not always be treated (Holtz,
2011). Notwithstanding, estimates of TBI from the United States Census in 2000
suggested that over one million visits to the hospital emergency rooms, over 200,000
hospitalizations, and more than 50,000 fatal injuries (Jager, Weiss, Coben, & Pepe, 2000;
Langlois et al., 2006; Thurman, Alverson, Dunn, Guerrero, & Sniezek, 1999). These rates
are somewhat consistent with the National Head Injury Foundation (NHIF; 1992).
Kraus (1995) suggested that the incidence rate for TBI is 180 per 100,000
children per year. Other researchers suggested that most people do not seek medical help
and attempt to resume normal activities (Echlin et al., 2010; Holtz, 2011; McCrea,
Hammeke, Olsen, Leo, & Guskiewicz, 2004). As indicated above, without proper
diagnostic assessment and treatment, injured persons can experience an inability to
perform at their expected level, and they are also at higher risk for sustaining subsequent
head injuries and more severe sequelae.
Due to the link between concussions and sports-related injuries, the American
College of Sports Medicine, and the National Collegiate Athletic Association (NCAA)
Injury Surveillance Systems (ISS) sought to increase the reporting of injuries. The NCAA
ISS suggested that, during any practice or game, any suspected head injury requires
medical attention from an athletic trainer or physician. Further, they mandated the
immediate restriction of activities for at least one to two days post-injury (NCAA, 1997).
Similarly, the National Athletic Trainer’s Association (NATA) defined a reportable
injury as “an adverse event which occurs during an organized training session, practice,
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and/or event and which restricts participation in that sport for at least 24 hours” (Kohl,
Malina, & Campaigne, 1996, p. 207).
Etiology of Concussions
The peak age for TBI falls between 15 and 24 years, and, typically, males sustain
TBI at a far higher rate than females in this age range (Chorazy, 1985; Jager et al., 2000).
Persons older than 64 years and children younger than the age of 5 years are the next
groups at risk for sustaining a TBI (Jager et al., 2000; Kraus & Chu, 2005).
A TBI may be produced by contact when the head strikes or an object, and
noncontact, resulting from movement of the head and brain-related to cranial
acceleration/deceleration forces. Holtz (2011) summarized that the etiology of TBI is
most often falls, child abuse, moving vehicle accidents, and sports injuries. In preschoolaged children, the most common causes of TBI are accidents in the homes (e.g., falls) and
child abuse (although reliable statistics are difficult to obtain; Ponsford, 1995). As
children get older, most causes of TBI occur outside of the home and may include falls,
moving objects striking the head, and automobile accidents (Ponsford, 1995). Teenage
children are subject to the additional risk factors of driving and alcohol and drug use
(Chorazy, 1985).
Impact of Concussions
After sustaining a TBI, persons often experience neurological difficulties.
However, this varies greatly with the severity of the initial injury, ranging from death to a
persistent vegetative state to variable cognitive and physical difficulties (Ewing-Cobbs &
Bloom, 2004). Gouvier and his colleagues (1997) noted that persons suffering a TBI are
far more impaired after a brain injury than they would be in subsequent weeks; however,
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functional recovery may continue for significantly longer (e.g., months, years, or even a
lifetime). These deficits and difficulties are similar in both open and closed TBI injuries;
however, the severity of the injury dictates the level of impairment (Holtz, 2011).
Most notably, after sustaining a TBI, persons begin to demonstrate impairment in
processing speed, difficulties with concentration and attention, memory deficits,
executive dysfunction, linguistic capabilities, and problems with reaction time (Ponsford,
1995). Difficulties with changes in behavior and personality, deterioration of adaptive
skill repertoire, and affective problems, such as depression, are also present (Holtz,
2011).
Research has suggested that after sustaining a closed-head TBI, those afflicted
seem to look “normal,” noting that they can talk as they usually do with unique
mannerisms, walk with normal gait and balance, and navigate the environment
seamlessly (Hart, Sherer, Whyte, Pilansky, & Novack, 2004; Holtz, 2011). However,
patients tend to experience fatigue and other covert symptomologies, such as feelings of
failure, anger, and frustration. They and may also struggle with employment, social
relationships, school, and family.
Historically, health care professionals have only examined the physical aspects of
the disability; however, TBI can impact the family (Rosenthal & Geckler, 1997). On the
positive side, family support is related to faster rehabilitation (Ebra, 1975; Litman, 1966;
Mace & Rabins, 1982; Turnblom & Myers, 1952). However, Rosenthal and Geckler
(1997) have suggested that changes in cognition and behavior can create crises in the
family and may require the family to be incredibly flexible and reorganized.
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Moreover, predisposing or risk factors complicate recovery from a TBI. Klonoff
(1971) and Rutter and his colleagues (1980) suggested that most children who sustain a
TBI come from socially disadvantaged families. They also indicated that premorbid
emotional, behavioral, and learning difficulties predispose children to head injuries;
further, premorbid behavioral problems may become exacerbated following the injury
(Ponsford, 1995).
TBI in Children
Age at injury is a significant predictor of the neural atypicality following a TBI in
children (Mack & Home, 1989). Yet, it is challenging to adopt concussion guidelines in
children, and the shortcomings are rather apparent (Moser, Fryer, & Berardinelli, 2011;
Reddy, Collins, & Gioia, 2008). For instance, Ylvisaker and his colleagues (1998) noted
that children with TBIs comprise a diverse group of individuals with a variety of deficits
and disabilities. Children are much different than adults and have different patterns of
cognitive strengths and weaknesses and neurological trajectories. There is significantly
less research dedicated to children and learning outcomes following a TBI.
The site of the injury for TBI in children is similar to adults with difficulties
involving the frontal and temporal lobes; however, historical accounts indicate a belief
that children recover more quickly and thoroughly than adults due to the plasticity of
their brains (Holtz, 2011; Kennard, 1942). In 1942, Kennard famously wrote, “If you
were to have brain damage, have it early,” now commonly referred to as the Kennard
principle. Kennard’s earliest work (1936, 1938, 1940) suggested that the immature brain
exhibits more significant potential for recovery. Anderson and her colleagues (2010)
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found that brain insults and injuries before the age of 3 are less likely to lead to future
deficiencies and deficits due to brain plasticity.
However, opponents of Kennard (Dobbing, 1968; Johnson & Almli, 1978)
suggested that immature organs and those undergoing development are the most
susceptible to damage; that is, damage to the young brain may disrupt the acquisition of
future abilities, the vulnerability hypothesis (Goldman, 1971, 1974). There is other
research in opposition to the plasticity argument. While children and adolescents may
appear to recover, deficits do begin to surface as the developmental process proceeds.
Limond and Leeke (2005) noted that damage to an immature brain does interfere with
future brain development, and deficits may become more apparent over time.
Corroborating the vulnerability hypothesis, Mateer, Kerns, and Eso (1997)
concluded that the long-term effects of cognitive deficits, in combination with the
developmental process, produce very different recovery patterns in children. The
interaction of development and brain injury can, indeed, create a phenomenon often
referred to as “grow[ing] into deficits” (Mateer et al., 1997).
Treatment for children and adolescents with TBI is much different than in adults.
Children may begin to view the world through a distorted lens, spend time comparing
themselves to their previous levels of functioning, and are at high risk for anxiety,
depression, chemical dependency, and other behavioral difficulties, including school
failure (Holtz, 2011). Children may also have a more difficult time processing their
emotions, as they are just beginning to differentiate various emotions and control them.
Feelings, such as anger, rage, envy, and other strong emotions, can be uncontrollable, and
they seem to develop without any apparent cause (Holtz, 2011). Ponsford (1995) noted
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that maturational, psychosocial, and cognitive factors interact with the injury more in
children than adults. Moreover, infants and younger children must not only regain
functioning, but they must also learn new skills. Deficits that might appear after a delay
and accumulate over time may prevent future effective and efficient skill acquisition.
Additionally, as indicated above, families can be affected by TBI. Children with
TBI especially increase the risk of family dysfunction because they have a dependent role
within the family structure (Rosenthal & Geckler, 1997). Rosenthal and Geckler (1997)
also noted that “parents frequently express uncertainty about how to parent an ill child
and how to set reasonable limits on disruptive behavior” (p. 53). Similarly, fathers
frequently have problems adapting to a child’s injury and may disengage from the family,
leaving the mother with the responsibility for the entire family (Soloman & Scherzer,
1991). Parental and familial stress, however, can be reduced by introducing family into
the treatment immediately. Parents may require counseling and psychoeducation for both
learning treatment programs, including limit setting, discipline, and introducing
autonomy, and helping with negotiating bureaucracies and being advocates for their
children (Rosenthal & Geckler, 1997; Yaremko-Dolan, 1984). However, providing the
appropriate level of support to the family requires early identification of an injury in the
child.
Neuro- and School Psychological Services
Although concussed individuals tend to look physical normal, there are noted
impacts in classroom performance (Teachers’ desk reference, 2020). For instance, there
appear to be disruptions in typical thinking and learning and the BrainSTEPS program in
Pennsylvania suggests that teachers and other school professional are usually the fust to
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notice alternations in a student’s academic performance.

Traditional outcomes are

different in children and adolescents than in adults; indeed, the recovery process is more
complicated for children than adults (Ponsford, 1995). Children may be more emotionally
and behaviorally vulnerable (Ponsford, 1995). Likewise, they have different emotional,
psychological, and physical needs at each stage of development. For instance, younger
children may develop anxiety and fears related to their injury; older children may develop
a poor body image, social isolation, and problems with self-esteem and depression
(Ponsford, 1995). These reports are also documented as potential indicators to teachers
that a student may be concussed (Traumatic Brain Injury, 2020).
It is not surprising that clinical neuropsychologists have been at the forefront of
both scientific and clinical initiatives aimed at identifying symptoms and problems
associated with concussions, recovery, and return to school and play. Echemendia and his
colleagues (2011) suggested that there is a multidisciplinary body of evidence
establishing the value of neuropsychological assessments in detecting changes following
TBI in children that is distinctly different from the evaluation of adults.
One significant difference is that children must go to school, and they need to
learn and acquire new skills; adults, on the other hand, typically need to resume a familiar
routine (Ponsford, 1995). Impairment of cognitive abilities may affect progress at school
and, as an extension, change their future functioning. In children, after sustaining a TBI,
academic delays, including those related to reading and mathematics performance, are
possible (Goldstein & Levin, 1985).
Schools, too, began to recognize TBI as one of the educational disabilities in
1990, and school psychologists assumed a role in the provision of direct services,
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assessment, and educational planning (Bengali, 1992). School psychologists need to
integrate the principles of psychology, neuropsychology, evaluation, and counseling in
treatment planning for a child’s school following their injury. School psychologists play a
role in reintegration efforts, assist with eligibility and placement decisions, provide
consultation, conduct ongoing assessments, coordinate educational initiatives, develop
programs, provide counseling services, and serve as a case manager and referral agents.
Implications, Purpose, and Research Questions
TBI is one of the most common injuries during childhood, and it is the leading
cause of disability (Kraus, 1995). Of importance, preschool is a period of vulnerability,
and there is little research on the long-term consequences of TBI for this group
(McKinlay & Anderson, 2013). During preschool, children experience a time of rapid
neuronal, physical, and emotional change (Anderson, Northam, Hendy, & Wrennnal,
2001; Anderson, Spencer-Smith, & Wood, 2011), but the impact of the concussion on
this development is varied. There is some evidence to suggest that preschool is a time of
neuronal plasticity (e.g., Ewing-Cobbs, Barnes, & Fletcher, 2003; Giza & Prinz, 2006);
Meeks, Jennekens-Schinkel, & van Schooneveld, 2006). However, there is also evidence
to suggest that, during early childhood, children have fewer consolidation skills to
facilitate spontaneous recovery (e.g., Anderson, Catroppa, Morse, Haritou, & Rosenfeld,
2006).
McKinlay (2014) suggested that concussions in children cause long-term adverse
health and behavior-related outcomes. However, there is generally a lack of
understanding and appropriate management of concussion in younger children, and there
continues to be a proliferation of weak identification, misdiagnosis, and treatment
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recommendations that are not evidence-based (Moser et al., 2011). Likely, preschoolaged children report significantly less and phenotypically different symptomology. As
such, McKinlay (2014) called for practitioners to take a careful approach to fully identify
symptoms when evaluating the severity of concussions in preschool children. Obviously,
with rampant misidentification, comprehensive assessment cannot occur, thus allowing
for a lack of injury management to continue.
Regarding current assessment practices, criticisms of the GCS suggested that
assessment of mild TBI needs to rely on a severity index that is more sensitive to the
nuances of the concussion presentation. That is, a person with a GCS of 15 on admission
and soon after that can still present amnesic and hyperaroused, yet they meet discharge
criteria (Nell et al., 2000). Thus, an instrument that measures concussions marked by
transient confusion, as well as the loss of consciousness, is essential. The appropriate
identification of mild TBI must occur to provide early and effective treatment (Nell et al.,
2000).
Moreover, Davis and Purcell (2014) wrote that early childhood is marked with a
vastly different physical, cognitive, and emotional presentation than adults. More
specifically, a study conducted by Anderson and More (1995) suggested that children
who are younger than age 7 years at the time of injury fare worse in adjusted performance
and neurocognitive assessment than older children. This phenomenon is likely due to the
difference in vulnerability and recovery between pediatric and adolescent and adult
populations. Nevertheless, clinicians treat children using practice principles, guidelines,
and recommendations for adults despite the unique concerns related to brain development
(Karlin, 2011). Indeed, the younger child appears to be more susceptible to concussion
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and requires more time to recover, thus putting them at a higher risk for problems both
acute to the injury and in terms of long-term sequelae (Karlin, 2011).
However, DeMatteo and her colleagues (2015) reviewed post-concussion return
to play and return to school guidelines for children. They found that there are no
pediatric-specific concussion guidelines despite evidence that pediatric return to activities
guidelines needs to be more conservative than adults. As such, age-specific, validated
diagnostics tools are necessary to help manage concussions in children before they return
to normal daily activities.
To this end, the overall goal of this project was to create a conceptual
understanding of items to be used in a low-stakes assessment tool that will be able to
adequately determine the need for more comprehensive treatment during an mTBI in a
preschool child. The current research focuses on the first objective in test designs, item
generation; of note, the results of this study are not to be used to make any diagnostic
decision, and future research is necessary to provide evidence for interpretation.
Nevertheless, this study addressed the following research questions:
1. (a) What are the domains assessed in a concussion battery for preschool
children?
(b) How are these domains operationally defined?
2. (a) What specific testing items could adequately screen for abnormalities in a
preschool population?
(b) Are there possible testing items that are both thorough and
developmentally appropriate?
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3. Can these domains be reliably assessed by paraprofessionals quickly and
efficiently with minimum training and without the use of pre-prepared
manipulatives?

20

CHAPTER 2
LITERATURE REVIEW

Epidemiology research of TBI suggests that millions of individuals are living with
disability due to head injuries (CDC, 2002), and TBIs are the leading cause of death in
persons under the age of 35 years (Fletcher, Ewing-Cobbs, Francis, & Levin, 1995). The
Center for Disease Control (CDC; 2002) furthers that adolescents and young adults are
the most at-risk population, and many individuals who suffer a TBI will have a
significant neurological sequela (Di Scala, Osberg, Gans, Chin, & Grant, 1991).
As previously noted, medical professional group TBIs according to their severity
(Morrison, 2010), and Youse and colleagues (2002) suggested that the majority are mild,
referred to as a concussion. Although medicine has made significant advances regarding
the treatment of TBI and, more specifically, concussions, the educational needs of injured
children remain unknown. Primary brain insults are evident immediately, but secondary
injuries may not become apparent for some time after the damage occurs (Leddy et al.,
2007). For instance, post-concussion syndrome (PCS) has symptoms that persist for
variable amounts of time following the injury. According to McCrea (2008) and
Morrison (2010), Injured persons may complain of headaches, dizziness, confusion, and
vertigo. They may also report issues with memory and concentration, sleeping problems,
feelings of restlessness, distractibility, and other executive dysfunctions. Affective
complaints also include irritability, apathy, depression, and anxiety. Morrison (2010)
added that concussions and PCS could be associated with confusion, distractibility, and
executive dysfunction (e.g., difficulties with planning, organizing, reasoning, problem-
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solving, and judgment). Adapted from Morrison (2010), Table 2.1 highlights the possible
consequences of a TBI.
Table 2.1
TBI Consequence
Domain

Description

Neurological
Impairment

Motor function impairment; sensory loss; sleep disturbance;
medical complications

Cognitive
Impairment

Memory impairment; problems in planning, organizing, and
making decisions; language problems; impaired judgment and
safety awareness

Personality and
Behavioral Changes

Impaired social and coping skills; poor emotional and behavioral
control and regulation; psychiatric and mood disorders

Common Lifestyle
Consequences

Academic difficulties; transportation difficulties; decrease play
and leisure skills; social skills problems; vocational difficulties

The cognitive sequelae of TBI are affected by both injury-related variables and
preinjury characteristics. For instance, Rabinowitz and Levin (2014) noted that injury
severity, subsequent complications, concomitant injuries, and chronicity are mediating
factors in predicting the breadth and depth of functional impairment. However,
Rabinowitz and Levin (2014) also suggested that preinjury neuropsychiatric status,
genotype, and quality of rehabilitation need consideration when attempting to predict
future cognitive difficulties.
Recovery on clinical outcomes in the case of a mild TBI is relatively quick. In
general, deficits associated with a mild TBI usually resolve within three to six months
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(Belanger & Vanderploeg, 2005), presuming adequate identification of the injury,
thereby allowing for reasonable access to treatment without reinjury. Identification of
concussions, however, is not always easily achieved. For instance, the diffuse axonal
injury (DAI) associated with a concussion may not be visible on computed tomography
(CT) scans (Morrison, 2010). Likewise, Johnson (1992) asserted that the observed rapid
recovery from mild TBI masks lingering cognitive difficulties that remain; “returning to
school” is not an acceptable indicator of recovery. A further complication with
identification is that the use of a unitary measure of cognitive ability (e.g., a Full-Scale IQ
score) is not a sufficient tool (Morrison, 2010). Therefore, it is essential to review the
signs and symptoms in a more robust and early identification assessment.
Sensory Processing and Motor Control
Although the acute presentation of a child after experiencing a TBI will be varied,
some themes seem to emerge in the sensory processing domain. A child can exhibit a
range of motor difficulties, including paralysis, the weakening of the muscles, and poor
coordination. There may be noticeable gait disturbances, oromotor control difficulties,
and impairments in fine-motor coordination (Morrison, 2010). Sibley and colleagues
(2008) also found that affected persons may have some difficulty executive motor actions
due to asymmetrical sensorimotor control. These movement abnormalities include both
gross motor difficulties (e.g., balance, running speed, strength, and coordination) and
fine-motor concerns, including upper-limb speed and dexterity, both of which may lead
to long-term impairments of motor proficiency (Kuhtz-Buschbeck et al., 2003). Further,
children may experience sensitivity or alteration in the processing of visual inputs,
sounds, tastes, and smell (Morrison, 2010).
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Morrison (2010) noted that sensory processing exists in three units: primary
sensory inputs, secondary outputs, and tertiary arousal. The first unit helps with the
registration of visual, auditory, and tactile sensations; in the second unit, information
culminates into a perception. Finally, in the tertiary unit, a combination of the parietal,
temporal, and occipital lobes, sensory perception is integrated. For the most part, a
complete sensory loss is rare; however, Morrison (2010) suggested that the tertiary zones
are particularly vulnerable during a head injury, mainly due to their size and more diffuse
status.
Likewise, Hodzic and colleagues (2004) shared that tertiary distortions may be
associated with brain plasticity, which, according to Doidge (2007), refers to the
adaptation of the neural network to restructure itself both functionally and
hemispherically. Building on these theories, Goldshtrom, Knorr, and Goldshtrom (2010)
postulated that motor function depends on the processes that can reestablish the function
in the contralateral hemisphere. Based on their hypothesis, Goldshtrom and his
colleagues (2010) were able to improve motor spasticity and spontaneous movement
using rhythmic exercises.
Similarly, Sashindranath, Daglas, and Medcalf (2015) were able to demonstrate
the decreased movement, including stride frequency/cadence and swing duration, of all
limbs in brain-injured rats. These findings mirror gait patters in humans (e.g., NiechwiejSzwedo et al., 2007; Williams et al., 2009), providing support for the claim that gait
disorders are common following TBI albeit of varying severity (Olver et al., 2013;
Williams et al., 2009).
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However, there has been little research in the classification of gait disorder for
TBI (Williams et al., 2010) except for pelvic motion (e.g., asymmetry in pelvic axial
rotation), step length, stance time, push-off, and ataxia (Mysix et al., 1990; Williams et
al., 2015). Through the conceptualization of a theoretical framework and classifying
people with a TBI through this framework based on experimental data from a clinical
sample, Williams and his colleagues (2015) were able to provide clinical descriptors for
TBI gait classifications, adapted in Table 2.2.
Table 2.2
Clinical Descriptors for Gait Classifications in TBI
Clinical Description

Feature

Spastic hemiparesis

Unilateral, hypertonic, spastic, muscle hyperexcitability

Nonspastic
hemiparesis

Unilateral, hypotonic, paretic, weak

Ataxia/dyspraxia –
Unilateral

Unilateral disorder of movement control when active

Spastic bilateral
paresis

Bilateral, hypertonic, spastic, muscle hyperexcitability

Nonspastic bilateral
paresis

Bilateral, hypotonic, paretic, weak

Ataxia/dyspraxia –
Bilateral

Bilateral disorder of movement control when active

There, however, has only been limited investigation in muscle strength in the
lower extremities in younger populations (Drijkoningen et al., 2015. Therefore, they
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sought to investigate asymmetry in the power of the leg muscles in mediating deficits in
gait and posture. Drijkoningen and his colleagues (2015) found that impairments in gait
and posture included an increased body sway during stance and a decreased velocity.
They also found increased double support and increased asymmetry during walking (both
fast and comfortable). Drijkoningen and his colleagues (2015) used instrumented
measures of balance control to show that disturbed balance control increased with task
difficulty through compromised sensory feedback. Palmer and her colleagues (2011)
echoed these sentiments, suggesting that differences between healthy and impaired
walking are challenging to distinguish through traditional gait and balance measures.
They indicated that concussed individuals struggled more with motor deficits when they
were simultaneously completing a cognitive task. Other research (e.g., Taylor et al.,
2006) was similar in that gait was found to be altered in the TBI population for as much
as four weeks post-injury when performing cognitive and motor tasks simultaneously.
Furthermore, in the pediatric TBI population, children were found to walk with
decreased velocity and longer double-support phase (Drijkoningen et al., 2015).
Drijkoningen and his colleagues (2015) also found reduced muscle strength, increased
asymmetry, associated with poor balance performance, and step-time variability. While
these findings are consistent with the hemiparetic stroke population, TBI patients may
have more significant variability, as TBI damage tends to be more widespread and
diffuse. Laterality, therefore, may not be as pronounced in the TBI population.
Attention and Executive Functioning
Morrison (2010) reported that attention and executive functioning, the skills
necessary for purposeful, goal-directed behavior (Lezak, Howison, & Loring, 2004), are
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affected during a TBI. However, of note, the frontal lobes, where attention and executive
functioning occur, are the last of the cerebral lobes to develop. As such, executive
functioning deficits may not become apparent until later in development when
considering typical neurological development and developmental trajectories.
Nevertheless, frontal lobe damage is particularly vulnerable, as the shape and structure of
the skull and its position to the anterior portions of the frontal lobe are incredibly
susceptible to acceleration and deceleration injuries (Anderson & Catroppa, 2005; Kerns,
& Eso, 1996).
Attention appears to be an integrated system, both cognitive and physiologically
(Cooley & Morris, 1990; Halperin, 1991; Mirsky et al., 1991; van Zomeran, 1994). For
instance, there are several different components responsible for various aspects of
attention (see Table 2.3, adapted from Mirskey et al., 1991; Posner & Petersen, 1990; and
Stuss et al., 1995).
Table 2.3
Attention Processes
Type

Process

Sustain Attention
(Vigilance)

Capacity to maintain arousal and alertness

Selective Attention

Ability to select target information while ignoring unnecessary
information

Shifting Attention

Capacity to flexibly change attentive focus

Divided Attention

Ability to divide one’s attention between competing sources of
information
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Table 2.3, continued
Type

Process

Attentional Control

Ability to inhibit responses

Speed of Processing

The completion rate for an activity

Further, Ruff, Capozzoli, & Weissberg (1998) noted that attention occurs on a
continuum: (1) casual attention (e.g., looking at a toy, but not engaged), (2) settled
attention (e.g., steady looking with some physical movement), and (3) focused attention
(e.g., intense-looking at a toy with minimal movement or talking. Ruff and her colleagues
(1998) suggested that from ages 10 to 42 months, there is an increase in time spent in
settled attention. Between ages 26 and 42 months, settled attention decreases, and, at age
42 months, children increase their attention focus in response to distractors, suggesting an
enhanced ability to inhibit responding. By age 50 months, children are readily able to
focus their attention on structured tasks. Notably, the attention system is linear from ages
7 to 42 months.
Damage to the frontal lobe and subsequent impairment in the executive
functioning system can be very debilitating. Power and colleagues (2007) described the
executive functioning system as essential in the development of new knowledge and
capabilities and successful participation in activities of daily living. Rabinowitz and
Levin (2014) added that “executive function” described a variety of high-order cognitive
abilities involving planning, problem-solving, processing speed, abstract reasoning,
multitasking, cognitive flexibility, and metacognition (Morrison, 2010). Further,
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Papoutsis, Stargatt, and Catroppa (2014) provided evidence to support the idea that early
injuries may disrupt brain maturation and facilitate higher risks later in life.
Planning depends on a person’s ability to hold rules and conditions, represent, and
keep track of information, and predict consequences (Rabinowitz & Levin, 2014). After
suffering a TBI, individuals are more likely to violate rules and take unnecessary steps in
task execution. However, planning skills may be further compromised by difficulties with
metacognition (i.e., the conscious awareness of one’s cognitive abilities; Flavell, 1979)
and self-awareness (e.g., denying that an injury occurred or underestimating the extent of
difficulties; Sherer et al., 1998). Further, persons suffering a TBI may have reduced goaldirection and lowered motivation; however, it is not always clear whether apathy is the
cause of poor outcomes or a byproduct of the injury itself (Damasio, 1994). Similarly,
judgment and decision making, albeit rare in mild TBI cases, may also be affected; that
is, persons suffering from a TBI may be impulsive and might struggle with risk
adjustment and rational choices (Newcombe et al., 2011).
In terms of developmental theories, executive functioning (EF) abilities develop
later than other cognitive functions and over a more extended period. They increase with
age well into adulthood; however, the development is not uniform (Best, Miller, & Jones,
2009; Kalkut et al., 2009; Keshavan, Kennedy, & Murray, 2004). Moreover, there is
increasing evidence to support a hierarchical pattern of EF development (i.e., more
complex abilities develop later and depend on mastery of less complicated skills;
Freedman & Brown, 2011; Garon, Bryson, & Smith, 2008). Within the literature, the first
five years of life play a critical role in EF development (Garon et al., 2008), and during
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infancy and preschool, core components of EF develop. However, studying EF in early
childhood is difficult due to the lack of age-appropriate tasks (Garon et al., 2008).
Historically, there have been two approaches to understanding the development of
EF. First, EF was considered a unitary construct with fundamental subprocesses
(Baddeley, 1986, 1992; Norman & Shallice, 1986; Shallice, 1988). In this view, a central
attention system regulates each subcomponent (Posner & Rothbart, 1998; Rothbart &
Posner, 2001). In the second approach, EF has dissociable processes (e.g., working
memory and inhibition; Carlson & Moses, 2001; Diamond, 1991; Pennington, 1997;
Welsh, Pennington, & Grossier, 1991).
Miyake and his colleagues (2000) reconciled this by conceptualizing EF as an
organized hierarchy that consists of both a unitary construct and dissociable components
by recognizing the significant elements of three of the most promising emerging views of
EF. First, for Zelazo and Frye (1998), EF directs behaviors toward goals. In terms of
organization, rules become more hierarchical (e.g., at age 2 years, children can represent
one rule. at age 3 years, they can represent pairs of rules, and, at age 4 years, children can
integrate incompatible rules). Second, noted that EF is responsible for flexible behavior
and thought and includes both latent (e.g., reflecting continuous learning) and active (e.g.,
used to maintain and manipulate information) systems of graded representations
(Munakata, 2001).
For Diamond (2006), EF guides behavior through separate components (i.e.,
working memory, inhibition, and cognitive flexibility) that show considerably different
developmental trajectories. All these processes interact and are dependent upon attention.
Miyake and his colleagues (2000) noted that there is evidence for both unity and diversity
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in the EF system. Inhibition, working memory, and shifting are separate, but they are
correlated. He and his colleagues (2000) argued that a partially dissociable model is the
most likely compromise, acknowledging that a common mechanism (e.g., attention or
inhibition) underlies the processes.
Similarly, another component of EF is the flexibility to shift attention (Garon et
al., 2008). Rothbart and Posner (2001) noted that cognitive flexibility begins to emerge
between ages 4 and 6 months, and infants shift attention between two objects. During
preschool, children start to demonstrate the ability to change between internal and
external stimuli (Nielsen & Dissanayake, 2004).
In terms of understanding how EF differs across the lifespan, especially in early
childhood, Miyake and his colleagues’ (2000) model suffices in representing the most
prevalent themes in the literature. Further, Garon and her colleagues (2008) summarized
attention as a hierarchical relationship between EF. First, working memory develops, and
selective attention is present very early in the life span. Soon after that (approximately
ages 4 to 6 months), working memory emerges, and as the child matures (around age 2
years), voluntary attention develops. When the child has mastered these working memory
tasks, they, then, can start inhibiting tasks (ages 3 to 5 years) before being capable of
shifting responses (age 3 years) and attention (age 4 years).
Interestingly, Papoutsis and her colleagues (2014) found that very young children
performed poorly on measures of divided attention when compared to their non-injured
peers; however, there were no statistical differences in any other aspect of executive
functioning. As such, it seemed that executive dysfunction may not be acutely apparent
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but will likely impact later problem solving, as executive functions follow a predictable
developmental trajectory.
Some research (Anderson et al., 2001; Betts et al., 2006; Kail, 1986; Manly et al.,
1999; Reook et al., 1997) suggests that a child does not develop measurable attention
until age 7 years. However, there is evidence that younger children begin to show deficits
related to distractibility, information processing, selecting, dividing, and shifting
attention, and inhibiting responses following a TBI (Catroppa et al., 2011). Further
research suggests that working memory and attentional control delays are present in the
younger population, too (Papoutsis et al., 2014).
Visual Perception and Visual-Motor Processing
Most visual impairments following a TBI are a result of an injury to the brain,
rather than the eye itself (Brahm et al., 2009; Goodrich et al., 2007; Lew et al., 2007).
Brain injury can produce different symptoms, depending on the area of the brain that was
damaged. Therefore, problems can range from dry eyes to visual field (VF) loss to double
vision (Morrison, 2010). The most common visual perceptive issues include oculomotor
difficulties (e.g., accommodation, vergence, and version; Brahm et al., 2009; CapoAponte et al., 2012; Ciuffreda et al., 2007; Goodrich et al., 2007; Lew et al., 2007).
Associated with these difficulties are reading difficulties (e.g., losing one’s place,
comprehension, and endurance), diplopia, eye fatigue, gait, and postural imbalance, and
attention and concentration difficulties (Kingston et al., 2010). Also, children may have
trouble navigating themselves in familiar places, misjudge the “straight-ahead” position,
and confuse left and right (Morrison, 2010). Morrison (2010) also suggests that the
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location and severity of the injury dictate the impact of a TBI on vision, the most
common effect being only a partial field of view in each eye (Morrison, 2010).
Zihl (1989) has suggested that VF deficits are the most common visual deficit
following a TBI; however, these are often un- or under-diagnosed. Walsh and his
colleagues (2015) confirmed that VF deficits are common in TBI, especially concussions.
Notably, there was a profound decrease in sensitivity in most eyes tested. The most
common were nonspecific scatter defects, even in asymptomatic participants. Therefore,
Walsh and his colleagues (2015) concluded that subtle VF defects in mTBI are likely to
be undiagnosed. There has been the variable incidence of such symptomology, although
the prevailing rates appear to be between 24 and 25 percent (e.g., Goodrich et al., 2007;
Van Stavern et al., 2001).
Similarly, research (e.g., Caeyenberghs et al., 2010; Heitger et al., 2004, 2007)
suggests that visuomotor tracking errors and prolonged tracking lag persist in persons
with a TBI. Functionally, persons affected by a TBI often bump into objects, trip over
objects, have difficulty in crowded areas, miss words and have difficulty reading, and
experience visual neglect (Morrison, 2010).
Schmitter-Edgecombe and Robertson (2015) indicated that, in the everyday
environment, visual searching is a common activity. Conventional theories suggest that
visual searching depends on both preattentive and attentive processes (Palmer, Fencsik,
Flusberg, Horowitz, & Wolfe, 2011; Smilek, Frischen, Reynolds, Gerritsen, & Eastwood,
2007). Typically, in the former, the observer must identify if a target item is present or
absent among distractor items. In these situations, the search process is quick and
requires little attentional effort, bottom-up processing (Muller-Oehring, Shulte, Rohlfing,

33

Pfefferbaum, & Sullivan, 2013). In the latter, the observer must identify a target item that
overlaps in features with distractor items. Here, the visual search depends on attentive
processing, requiring effortful serial search patterns (Wilkinson, Halligan, Henson, &
Dolan, 2002). Schmitter-Edgecombe and Robertson (2015) summarized findings that
suggested that individuals with TBI require more time to process task-irrelevant
information and search within visual displays.
Schmitter-Edgecombe and Robertson (2015) replicated findings that suggested
that “visual search abilities of individuals … did not differ from those controls when the
visual search process was largely automatic” (p. 173). However, their findings suggested
that, in more cognitively demanding, controlled processes, the TBI group required a
significantly longer time to search. Additionally, the TBI group had greater difficulty
directing their search and ignoring distractors. Consistent with other research (e.g.,
Hommell, Li, & Li, 2004; Potter et al., 2012), Schmitter-Edgecombe and Robertson
(2015) concluded that persons affected by TBI might have difficulty detecting and
selecting the absence of a target item. They may also have a higher criterion for ruling
out the presence of a target item. Overall, then, it seemed that persons with TBI have
specific difficulties with the visual search process rather than a reduction in processing
speed.
Morrison (2010) found that there are also physical limitations associated with
visual difficulties, including compromised (i.e., neither smooth nor accurate) eye
movements – those essential in reading, tracking objects, and compensating body
movement. Nystagmus, a jerky movement of the eyes, may also occur and may result in
vertigo-like symptoms. Blurred or double vision, either constant or intermittent, are also
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common complaints of persons with a TBI (Morrison, 2010). Further, children with TBI
may have difficulty smoothly reading along a line of print (Clark, 1996; Hellerstein &
Kadey, 1999; Schoenbrodt, 2001), possibly due to ocular convergence, eye fatigue and
discomfort, and saccades (Morrison, 2010).
Visual-motor integration (VMI) refers to the coordination and assimilation of
visual information and motoric output (i.e., hand-eye coordination), the combination of
visual searching, and coordinate physical reactions to visual stimuli. Sutton and his
colleagues (2011) describe VMI as a combination of visual perception, construction, and
organization. These skills are significant because, as Caeyenberghs and her colleagues
(2010) noted, “eye-hand coordination is a critical manual function required to perform
daily tasks successfully” (p. 1479).
In the literature, there is plenty of evidence to suggest that VMI is affected by TBI
(e.g., Chadwick et al., 1981; Mandleberg & Brooks, 1975; Millis et al., 2001; Van
Zomeren & Deelman, 1978). Caeyenberghs and her colleagues (2010) indicated that TBI
patients were less successful in dynamic visual-motor tasks. Sutton and his colleagues
(2011) also found that following a TBI, children tend to score more than one standard
deviation below the mean on measures of VMI. However, these difficulties become more
pronounced when the fast integration of feedback and predictive control is required
(Caeyenberghs et al., 2009).
Language
Language and communication problems are also present following a TBI and
include both the receptive and expressive communication (Chapman, Levin, Wanek,
Weyrauch, & Kufera, 1998; Ewing-Cobbs et al., 1997; Sullivan & Ricco, 2010). For
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instance, children who suffer TBI have slow information processing speed and difficulty
with basic language decoding skills (Ewing-Cobbs & Barnes, 2002). These problems
cause further complications with verbal learning, vocabulary acquisition, and poor
reading and listening comprehension (Zetterqvist & Jennische, 2010). Expressive
language deficits include a lack of a robust vocabulary (Zetterqvist & Jennische, 2010)
and verbal fluency (Brookeshire et al., 2000; Hanten et al., 2009). Problems also differ
significantly in terms of severity.
Some persons with TBI may present with aphasia, difficulty understanding, and
producing spoken and written language (Morrison, 2010). There are three main types of
aphasia presentations, according to the brain area affected and the compromised
processes: (1) Brocha’s aphasia, (2) Wernicke’s aphasia, and (3) global aphasia. When
Brocha’s area is affected, children may struggle to recall words or speak in complete
sentences (e.g., speaking in broken phrases or pausing frequently; Morrison, 2010). As
can be expected, this causes children to become extremely frustrated. With damage to
Wernicke’s area, a child’s speech may be devoid of meaning despite having been spoken
in complete sentences with correct grammar (Morrison, 2010). Functionally, flowing
gibberish, nonessential information, or invented words are present in conversational
speech. Children, though, are not aware of their nonsensical conversations and
expression, and they often become angry with the listener. Global aphasia has extremely
pervasive and severe communication problems (Morrison, 2010).
Similarly, dysarthria, a motor-speech disorder, is common following a TBI
(Liégeois et al., 2013). Speech is mostly unintelligible, resulting from a combination of
respiratory, phonatory, articulatory, and resonatory impairment, (Cahil, Murdoch, &
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Theodoros, 2002; Morgan, Mageandran, & Mei, 2010). This type of injury is likely
related to brain damage to the language production regions (Leigeois et al., 2013).
Notably, samples of TBI patients with dysarthria presented with significant difficulties in
sentence production and word comprehension (Leigeois et al., 2013).
Aphasia and dysarthria, though, are severe consequences to TBI. Most language
and communication problems are more subtle. Crowe and her colleagues (2014) noted
that language skills rapidly develop between birth and age 3 years. Children develop
semantics, syntax, phonology, and precursory skills to language development (Feldman
& Messick, 2008; Paul, 2007). Further, children demonstrate a preference for their native
language (Dehaene-Lamberts, Hertz-Pannier, & Dubois, 2006) and recognition of
specific speaker voices (Mehler, Bertoncini, & Barriere, 1978).
Early in life, children play communicative games and use single-word utterances.
Specifically, between ages 12 and 36 months, children rapidly develop expressive and
receptive vocabulary (Paul, 2007). Overall, research suggests (e.g., Ewing-Cobbs et al.,
1989) that children who sustain a TBI before age 3 years will be at considerable risk of
impaired receptive and expressive language. In a review of verbal abilities and language
outcomes following TBI, Crowe and her colleagues (2014) concluded that children with
TBI performed worse on measures of verbal intelligence and language abilities.
Specifically, they noted that measures of vocabulary and both receptive and expressive
language ability scores were significantly lower than non-injured peers. Further, they
indicated that injured children were less likely to provide elaboration and generally
employed shorter sentences.
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Further, higher-order aspects of pragmatic language communication may be
affected by TBI (Didus, Anderson, & Catroppa, 1999; Ryan et al., 2013; Sullivan &
Riccio, 2010). Pragmatic language centers around the comprehension of complex
language (e.g., sentences with embedded clauses; Ewing-Cobbs et al., 2006) and abstract
language (e.g., idioms, sarcasm, and humor; Dennis & Barnes, 1990; Dennis et al., 2001;
Docking, Murdoch, & Jordan, 2000; Towne & Entwisle, 1993; Turkstra, McDonald, &
Kaufmann, 1996). It also involves emotional recognition, theory of mind, facial
expressions, and vocal tone (Wszalek & Turkstra, 2015). It may also include producing
sufficient information, organizing conversation, and using language for social functioning
(Morse et al., 1999; Yu et al., 2011).
Although pragmatic language emerges during middle childhood (Dennis &
Barnes, 1990; Gerard-Morris et al., 2010), the connecting pathways that implicate social
cognitive and executive processes may be affected during a TBI and may interfere with
the acquisition and establishment of these skills (Ewing-Cobbs et al., 2012). For instance,
more impoverished pragmatic language correlates with younger age at brain insult
(Chapman et al., 1998; Didus et al., 1999). Specifically, children who sustained a TBI in
early childhood displayed impairments in pragmatic communication (Didus et al., 1999).
Ryan and his colleagues (2015) confirmed that outcomes and recovery of pragmatic
communication are dependent upon neurological and chronological age at injury.
Crowe and her colleagues (2014) noted that language skills are particularly
vulnerable to disruption, and the trajectory of language development is an important
consideration. They pointed out that the gap between injured and typical peers may
widen, and future impairment in language may develop. Dennis (1989) and her
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colleagues (2014) corroborated this hypothesis by finding that skills emerging or
developing at the time of brain insult are at risk for persisting disruptions while the child
can more easily recover established skills.
Discourse skills (Lê et al., 2012; Marini et al., 2011) are also affected, and
children may struggle with understanding irony and nonliteral concepts (Angeleri et al.,
2008; Dennis et al., 2001). However, language discourse is more complex and better
analyzed at a systems level. For instance, research (e.g., Caplan, 1992; Glosser & Deser,
1990) described both micro- and macrolinguistic abilities. The former refers to withinsentence construction and details the lexical-syntactic aspects of language, focusing on
types of errors (e.g., phonological, semantic, or indefinite) and organization (e.g.,
complete sentences and syntactic complexity). The latter refers to pragmatic aspects of
language process (e.g., cohesive, and conceptual links amongst contiguous and longdistant utterances; Marini et al., 2011). Persons with TBI may also have difficulty
deriving the gist of conversation (Chapman et al., 2004) and understanding rapidly
spoken sentences (Turkstra, 1998) due to micro- and macrolinguistic skill deficits.
Persons with TBI are more likely to have difficulties at the microlinguistic level.
Coelho and his colleagues noted that participants with TBI tended to insert multiple ideas
into sentences, produce fewer prepositions, and have trouble organizing semantic
information. Functionally, communication skills have also been described as
impoverished, inefficient, and confused (Davis & Coelho, 2005; Hartley & Jensen, 1991,
1992).
However, research (e.g., Carlomagno et al., 2011; Stout, Yorkston, & Pimental,
2000) also suggests macrolinguistic deficits. Ellis and Peach (2009) reported increased
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pausing in conversation in persons with TBI. There appear to be two significant aspects
of narrative discourse in non-aphasic individuals with TBI: (1) slower speech rate (e.g.,
Carlomango et al., 2005; Marini et al., 2011; Stout et al., 2000) and (2) poorly organized
speech (Carlomagno et al., 2005; Coelho, 2002; Coelho et al., 2005; Marini et al., 2011).
More specifically, Marini and her colleagues (2011) found that persons with TBI
had typical lexical and grammatical skills, albeit with disorganized narrative information.
They also found that children with TBI produced significantly fewer lexical units and had
more global coherence errors. However, the evidence they collected seemed to suggest
that, contrary to some authors (e.g., Peach & Shaude, 1986; Ellis & Peach, 2009),
linguistic problems may not have been due to specific linguistic issues. Instead, the
performance of the injured person suggested more generalized cognitive dysfunction
(Marini et al., 2011), consistent with earlier research (e.g., Coelho et al., 2005).
Additionally, following a TBI, speech can be slow, slurred, and garbled. There are
notable problems with intonation and inflection, and persons with TBI may struggle with
the most subtle, pragmatic aspects of language (e.g., interpreting body language and
reading nonverbal or emotional signals; Morrison, 2010). These types of language
deficits cause miscommunication, confusion, and frustration (Demir et al., 2006;
Schoenbrodt, 2001).
Of note, language problems following TBI tend to be chronic (Anderson et al.,
2004; Jordan & Murdoch, 1990). In a study of language outcomes, Liégeois and his
colleagues (2014) confirmed persistent, long-term language and communication
problems following TBI, especially moderate to severe injuries. Further, Yu, Babikian,
and Asarnow (2011) suggested that communication difficulties cause persistent deficits
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regarding academic skills. However, in the early 2000s, it was noted that relatively few
children with TBI received special education services under IDEA (Glang et al., 2004).
Of note, Yu and her colleagues (2011) also demonstrated that, with close monitoring and
targeted intervention, language skills improve and eventually recover. However, the
reclamation of academic prowess can be ongoing and variable.
Memory
Rabinowitz and Levin (2014) suggested that memory is a common complaint
following a TBI. However, they noted that the memory difficulties described are quite
different from an amnestic memory disorder in that there is usually no deficit in memory
storage. Nevertheless, learning and memory difficulties are common neurocognitive
sequelae following a TBI. Learning and memory difficulties are most commonly due to
focal injuries, diffuse injuries, cerebral swelling, and pathophysiological cascades in
isolation or combination (Squire, Stark, & Clark, 2004). Generally, more straightforward
memory functions remain intact following in a TBI; however, problems with recalling
vast amounts of information, remembering complex stimuli and task requirements, and
recalling information have been documented (Morrison, 2011). Nevertheless, Carlozzi,
Grech, and Tulsky (2013) noted that persons afflicted with a TBI performed significantly
worse than their matched peers on the Wechsler Memory Scale, Fourth Edition (WMSIV; Wechsler, 2009). A similar study on rats (Amorós-Agular et al., 2015) suggested
issues with retention that persisted well into adulthood.
TBI patients generally retain the ability to recognize newly learned material;
however, they may have difficulty organizing new information (Dikmen et al., 2009;
Stuss & Alexander, 2000). Therefore, persons affected by a TBI are likely to attribute
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information to the wrong source or conflate different pieces of information. In general,
short-term memory is unaffected; however, TBI typically causes problems concerning
learning and retrieval, recognition rates (i.e., difficulty discrimination between intrusion
and target items), and delayed memory (DeLuca et al., 2000; Vakil, 2005). However,
these problems are more likely related to an encoding problem rather than a retrieval
deficit.
TBI also impacts episodic memory, the memory for discrete events (Himanen et
al., 2006; Ricker et al., 2001; Wright et al., 2010). More specifically, the processes
related to the information to be attended to, encoded, stored, accessed effectively,
managed properly upon retrieval, and used accurately in response to prompts are
impacted (Arenth et al., 2012). Further, Arenth and her colleagues (2012) found that TBI
person recalled fewer words than their controls, suggesting a flattening of the slope of the
learning curve in the TBI group.
Related to episodic memory, research (e.g., Levin et al., 2002; Ricker et al., 2001;
Russell et al., 2011) suggested that persons who suffered a TBI tended to use different
strategies when recalling these events. Brain imaging studies suggested less lateralized,
diffuse, and more intense areas of activation. Atypical encoding strategies negatively
affect memory and learning (Mangels et al., 2002; Strangman et al., 2009), and changes
in executive functioning associated with TBI affect the use of common strategies (Turner
& Levin, 2008). Arenth and her colleagues (2012) confirmed this assertion when they
determined that the TBI participant group did not or was not able to use semantic and
categorical clustering in their performance on list-learning tasks.
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Arenth and her colleagues (2012) also suggested that the TBI group was exerting
more considerable cognitive effort during encoding to achieve the same level of
performance as their peers ultimately. Interestingly, the control group was using more
energy in the recognition paradigm. Overall, Arenth and her colleagues (2012) noted that,
during relatively simple tasks, the TBI group and matched peers are typical in terms of
their performance and neural activation during memory tasks. With decreased
automaticity, though, TBI persons exerted more significant effort and begin to use
different strategies for encoding items. Of note, Arenth and her colleagues (2012)
observed brain activation in the language areas of the brain in the TBI group; these
activations were absent in the control group. Therefore, TBI patients may use strategies
that involve linguistics, another area dramatically impacted by a TBI, as noted above.
This finding provides some evidence to suggest that injuries affecting neurological
processes can be more pervasive than related solely to the apparent function.
In the literature, there is mounting evidence (Catroppa & Anderson, 2002; Levin
et al., 1988) to suggest that memory skills in TBI are most vulnerable to disruption during
periods of rapid development (Kolb, 1995; Luciana, 2003). At other times, they are more
resilient (Lah et al., 2011). This finding is apparent when examining explicit and implicit
memory problems following TBI. Explicit memory, requiring conscious recollection of
facts and experiences, develops between ages 6 and 12 years (Dirks & Neisser, 1977;
Greebaum & Graf, 1989; Newcombe, Rogoff, & Kagan, 1977). Implicit memory
develops rapidly during infancy and preschool years (Billingsley, Smith, & McAndrews,
2002; DiGiulio et al., 1994; Lorschbach & Worman, 1989; Russo et al., 1995). Many
studies (e.g., Catroppa & Anderson, 2002; Jaffe et al., 1992; Levin et al., 1988; Max et
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al., 1999) have cited TBI outcomes associated with difficulty with free and cued recall
and recognition; however, there is little research on implicit memory.
For example, three studies (Shum et al., 1999; Ward et al., 2002; Yeates & Enrile,
2005) found no difficulty with implicit memory; however, the methodology included
school-aged children, children injured when implicit memory was fully developed and
resilient to disruption. Conversely, Lah and her colleagues (2011) examined implicit
memory in children who sustained injuries through infancy to late childhood and
concluded that TBI impacts both implicit and explicit memory. Notably, repletion
priming was significantly more affected than skill learning.
Notably, contextual memory helps individuals recall previous events and plan
future activities (Wright et al., 2014). Wright and his colleagues (2014) furthered that
contextual memory includes not only content but also source information and temporal
order. It is through the integration of the aforementioned that individuals can make
crucial decisions regarding everyday functioning. In remembering daily activities,
multiple memory processes are involved. Fuster (2000) defined this as “activity
memory,” a form of executive memory for planning and goal-directed actions. It can be
differentiated from other types of memory in that it is goal-driven rather than sequential
memory. Therefore, content memory appears distinct from contextual memory, and
different brain regions may be responsible for executing this process.
Thus, TBI can impair content memory due to DAI or a combination of frontal and
temporal lobe injury. Schmitter-Edgecombe and Wright (2003) hypothesized that
differences in memory for performed activity require higher information processing.
Additional research (e.g., Cooke & Kausler, 1995; Schmitter-Edgecmbe & Seelye, 2012;
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Scmitter-Edgecombe & Wright, 2003) confirmed that TBI participants have defective
content memory when compared to their control peers. Further, the research provided
insight suggesting that temporal order memory is weak in TBI when given intentional
learning instructions. Moreover, incidental learning in a shorter duration and less
purposeful activities appears significantly impacted. This finding was consistent across
modalities.
In a follow-up study, Wright and his colleagues (2014) noted that content memory
(i.e., recall and recognition) for activities was significantly weaker for TBI participants,
and they concluded that temporal order memory might be encoded more implicitly under
incidental learning conditions. TBI participants may override this effect by relying on
effortful, explicit memory processes.
Overall, it seems that effortful processing (or lack thereof) can account for
difficulties in memory following a TBI. In corroboration, West and her colleagues (2011)
asserted that poor effort was typical in TBI, especially mTBI. Lange, Iverson, Sullivan,
and Anderson (2006) concluded that, in a sample of TBI participants, groups scored
lower on measured indexes when they were not exerting significant effort. West and her
colleagues (2011) found that mTBI patients performed comparably to their peers when
controlling for effort. Although this study specifically examined malingering, it is
important to note that a lack of effort may not always be related to purposeful
exaggeration or feigning of injury. Instead, it may reflect the effects of TBI on efficient,
effective, and automatic processing.
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Assessment of TBI Domains
Rabinowitz and Levin (2014) suggest that any patient with a TBI receive an
assessment of their cognitive functioning. In the literature, there is plenty of evidence to
advocate for the sensitivity of current neuropsychological assessment to detect discrete
changes following an injury (Belanger & Vanderploeg, 2005; Carroll et al., 2004;
Iverson, 2005; Rabinowitz & Levin, 2014; Schretlen & Shapiro, 2003). However, this
assertion is a blanket statement and fails to account for the development of different
processes over a lifetime. Nevertheless, overarching themes are presented below before
making any considerations with the preschool population.
Sensory Processing and Motor Control
Schoenbrodt (2001) suggested that children with TBI may present with behaviors
and symptomology closely related to sensory processing disorders. Typically, the
neuropsychological assessment of sensory processing and motor functions mirrors the
physical examination completed by physicians with careful consideration not to assess
nor treat problems outside of the brain. However, the conceptual framework must
incorporate the medical or neurological aspects to understand the role of the body in its
contribution to functioning (Goldstein & Sanders, 2004).
In general, sensory and motor functions create a hierarchy. The most basic level
includes end-organs, peripheral nerves, and the spinal cord and manages the nervous
system (e.g., visual acuity, reflexes, thresholds, and simple visual, auditory, tactile, and
motor skills). The next level involves attention that is assessed with perceptual and motor
tasks that require some differential response to the environment (e.g., detecting the
presence or absence of stimuli or responding to discriminative stimuli). The highest level

46

of sensory and motor functioning involves problem-solving and mostly resembles the
standard neuropsychological assessment procedures (Goldstein & Sanders, 2004).
Overall, of the five senses, the neuropsychologist focuses most heavily on vision,
hearing, and touch. Visual perception and visual-motor integration are described
elsewhere in this review; however, in terms of auditory perceptions, neuropsychologists
are interested in hearing acuity. Specifically, Kimura (1967) first introduced the concept
of dichotic listening where auditory stimuli (e.g., two different words, letter pairs, or
digits) were presented to each ear simultaneously, and the patient reported what they
heard. Tactile acuity refers to stimulation on the body. In one method, a light touch is
given to the hands and face, varying between single and double stimulation, calculating
the total number of suppressions (i.e., reporting a single stimulus when exposing a double
stimulus). In other procedures, touch location, discrimination (e.g., dull or hard, and twopoint), motion sensing, tactile recognition, position sense, and three-dimensional
identification are measured (Goldstein & Sanders, 2004).
Most notably, though, neuropsychologists measure movement and motor skills.
These may include assessment of basic functions (e.g., gait, balance, and reflexes),
skilled movements (e.g., dexterity, coordination, and speed), or skilled activities (e.g.,
writing, drawing, or producing constructions). Neuropsychologists may measure grip
strength, lateral dominance, and basic speed. Dexterity is usually measured using
pegboard tasks (Goldstein & Sanders, 2004). Of note, neuropsychologists are often
seeking to identify apraxia, the inability to execute skilled, learned movements, or
movement sequences.
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Attention and Executive Functioning
Given that executive skills are vital to activate goal-oriented behavior, EF is
essential to assess in persons suspected of having cognitive or behavioral difficulties.
Typically, EF tests must include novelty, complexity, and the need to integrate
information (Anderson, 1998; Shallice, 1990). Therefore, Henry and Bettenay (2010)
noted that, in terms of psychometric properties, low-reliability estimates are inevitable.
Further, Henry and Bettenay (2010) shared that no test battery assesses the entirety of
executive functioning comprehensively, nor do they provide comparative scores on
verbal and visual domains. Therefore, EF assessment should include alternative
assessments (e.g., observations and clinical interviews) to understand how the
dysfunction manifests in everyday life (Anderson, 2002).
As noted above, the development of attention and executive functioning varies
significantly across the lifespan. Nevertheless, regardless of developmental level, there
appear to be five distinct measures (Table 2.4) measured across different modalities (i.e.,
both verbal and visual conditions).
Table 2.4
EF Assessment Domains
Type

Process

Working Memory

System for temporarily holding and manipulating information as
part of a wide range of essential tasks; Involves both processing
and storing

Fluency

Item generation about a specific theme; Cognitive flexibility

Inhibition

Deliberate, controlled suppression of prepotent responses
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Table 2.4, continued
Type

Process

Switching

Changing and adapting mental sets, alternating strategies, and
abandoning strategies

Planning

Developing goals, working out strategies, monitoring
performance, and generative new solutions

Speed of Processing

The completion rate for an activity

Visual Perception and Visual Motor Integration
Visual acuity is of high interest because undetected or uncorrected deficits can
confound neurological assessments. Visual fields, indeed, are affected by damage to the
brain, and the neuropsychologist may map the visual fields by examinations related to the
confrontation of finger wiggles in the peripheral vision. Other vision assessments assess
the capacity to perceive forms in situations that make perception difficult.
Visual-motor coordination refers to motor activities that require speed, accuracy,
and dexterity based on visual stimuli. According to Goldstein and Sanders (2004), the
emphasis is on the skilled movement of the hands regardless of hand strength. Measures
of visual-motor integration usually require the child to draw a design from a model and
are influenced by quantitative and fluid reasoning skills and age-related variance (Decker,
Englund, Carboni, & Brooks, 2011).
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Language
Kelley, Jones, and Fein (2004) suggested that there are four aspects of language
that develop in tandem with typically developing children: phonology and prosody,
morphology and syntax, semantics, and pragmatics and discourse.
Phonology refers to “all the sounds that are present in the words of that language
and the rules for combining them,” and prosody refers to “the understanding and use of
intonation patterns of a language” (Kelley et al., 2004, p. 194). Phonology is typically
assessed by asking participants to segment and form auditory gestalts. Further,
segmenting (i.e., asking the student to create new words by omitting or substituting
phonemes) can also assess phonology. Nonsense word repetition assesses the encoding
and decoding of sound patterns and articulation. Verbal fluency is the generation of
words according to semantic and phonemic word categories. Further, articulation of
sounds in different parts of words (e.g., initial, media, and final word positions), as well
as sounds in sentences, are considered phonological assessment procedures. Prosody is
more challenging to assess and typically uses spontaneous speech samples for looking at
the acoustics of speech productions and contrastive stress (Shriberg et al., 2001).
A morpheme is the smallest unit of meaning in a language. Morphology involves
auditory comprehension and expressive communication (i.e., syntax). Pointing to pictures
that correspond to sentences, and expressive communication that consists of the
combination of two simple sentences into one complex one, reordering words to form
complete, correct sentences, and recognizing grammatically incorrect sentences assess
morphology (Kelley et al., 2004). Standard assessment of neuropsychological usually
ignore more complex aspects of syntax; however, examining embedded clauses, do-
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support, and verb argument structures informally can be helpful in a comprehensive
language assessment (Kelley et al., 2004).
Semantics acquisition refers to the acquisition of vocabulary and the meanings
associated with words (Kelley et al., 2004). Semantic language assessment relates to the
naming-to-visual stimuli method where, qualitatively, the examiner investigates the
forms of errors to determine aspects of expressive language impairment. Evaluation of
semantic understanding also examines sentences and grammar (Kelley et al., 2004).
Last, pragmatics and discourse examine how individuals express themselves
appropriately in various social situations. Pragmatic language includes quantity, quality,
relevance, and manner (Berko-Gleason, 1993), and the study of discourse involves
exploring the ability to string words into sentences, sentences into paragraphs, and
paragraphs into narratives (McCabe, 1996). Dialogue includes directives (i.e., trying to
get the listener to do something), questions (i.e., requesting), commenting (i.e., making
general comments), commissives (i.e., committing to plans), expressives (i.e., expressing
one’s feelings), and representatives (i.e., asserting beliefs about a truth; Searle, 1969).
Assessment of these functions measures knowledge and use of pragmatic language rules
and judgment and examines an individual’s ability to understand humor and irony. It also
involves adjusting speech to the listener (Kelley et al., 2004). Unfortunately, no
standardized and norm-referenced test captures these abilities; however, the analysis of
discourse looks at spontaneous speech samples and describes the child’s interactions with
others. Specifically, the assessment targets utterance formation, rate, rhythm, syntax,
vocabulary, retrieval, and prosody (Miller, 1996).
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Memory
Dehn (2010) notes that “a comprehensive, explicit memory assessment should
investigate several memory dimensions” (p. 130). He reports that short-term and working
memory first need to be investigated before a long-term memory assessment can occur.
Then, it is possible to consider distortions in episodic and semantic memory and the
processes of encoding, consolidation, retention, and retrieval.
Dehn (2010) wrote that there are several components and processes to consider
when assessing memory. For instance, short-term phonological memory is assessed
quickly with span tasks (Dehn, 2008). Visual memory (memory for objects) and spatial
memory (memory for location) in the immediate condition assesses visual-spatial shortterm memory. Verbal and visual working memory (WM) requires the processing of
information while trying to retain the same or different information and, in the latter,
usually involves mental rotation. Interviews and the arranging of tasks for the examinee
to complete later assesses prospective memory.
The recall for narratives, word lists, paired associations, and learning tasks
assesses verbal episodic memory, the ability to learn and recall orally presented material
Forgetfulness and imperfect autobiographical information are usually associated with
verbal episodic memory. This type of memory difficulties often manifests as difficulty
remembering the location of ordinary objects, navigating familiar surroundings, or
recalling the appearances of acquaintances. Typically, assessment procedures involve the
reproduction of designs, memory for faces, memory for objects, and memory for
locations. Items tend to be abstract and difficult to name so that verbal mediation does not
confound the results (Dehn, 2010). Semantic memory involves the ability to learn and
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acquire knowledge (Dehn, 2010). Assessment procedures include tests of knowledge,
information, and vocabulary.
Learning, according to Dehn (2010), is associated with encoding, while memory
is associated with storage and retrieval. Assessment of encoding occurs via repeated
exposure and corrective feedback (e.g., presenting and recalling a word list several times)
and documenting the rate of acquisition of information. Storage and retrieval, however,
are more challenging to assess, although it typically involves retrieval efficiency (e.g.,
associational fluency) or rapid automatic naming (RAN; Dehn, 2010). Further,
recognition is “a type of retrieval in which cues facilitate the delayed recall of
information” (Dehn, 2010, p. 137). Recognition tasks can discriminate between retrieval
and storage issues. For instance, if recognition is significantly higher than recall, retrieval
(instead of storage) is likely the underlying cause of memory problems.
Consideration for the Assessment of TBI Domains in Early Childhood
In general, preschool assessment is complex and multifaceted. It requires a broad
range of skills to meet the purposes of screening, diagnosis, progress monitoring,
intervention design, and implementation, and program evaluation; specific and diverse
training is necessary. Nagle (2007) argued that “training should include mastery of the
broad spectrum of techniques involving test and nontest assessment [to] perform
comprehensive evaluations that accurately identify child and family strengths and
weaknesses to provide useful information in intervention planning” (p. 43). Background
and content knowledge in child development, developmental disabilities, biological and
environmental correlates of risk and protective factors, service delivery, and curriculum

53

programs are necessary (Nagle, 2007). NASP has advocated for pre- and in-service
education in preschool assessment and intervention.
Assessment of preschool-aged children presents inherent challenges to evaluators.
There are issues related to pre-mature labeling, rapid developmental change, and
contextual and situational specificity (Paget & Nagle, 1986). The National Association of
School Psychology (NASP), though, argues for multidisciplinary team assessments that
include multiple procedures, sources of information, settings, and times (Nagle, 2007).
Nevertheless, preschool assessment is necessary to gather information to make decisions
about children, and evaluations should be sufficiently comprehensive to assist in the
screening and diagnosis of children, progress monitoring, and program evaluation
(Boehm & Sandberg, 1982; Nagle, 2007).
Preschool-aged children, too, are unique. Limited understanding and
conceptualization of growth and development (Bailey, 1996), rapid developmental
changes (Kelley & Melton, 1993), discontinuous and unstable growth (Bailey, 1996),
different rates of maturation (Romero, 1992), and spurts in development (Culbertson &
Willis, 1993) compromises the professional tasks of evaluation. Further, the behavior of
children (e.g., short attention spans, high levels of activity, high distractibility, limited
frustration tolerance, and fatigue) complicates the assessment procedures (Nagle, 2007).
Likewise, preschool children vary considerably in their experiences and cultural
backgrounds (Romero, 1992).
In terms of instrumentation, technical adequacy, the psychometric properties of
instruments, includes an examination of the reliability and validity of testing materials.
Bracken and Walker (1997) suggest that evaluation procedures need to consider test-
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retest reliability (i.e., the stability of assessed behaviors and the degree that intervening
environmental stimuli and maturation will affect the stability). Further, test floors, the
availability of standard scores that are two standard deviations below the mean or the
presence of a sufficient number of more accessible items to adequately differential
between ability levels, should be examined (Boan, Aydlett, & Multunas, 2007; Bracken
& Walker, 1997). Nagle (2007) notes that low test floors limit the ability of the
assessment procedure to determine a significant discrepancy between actual and expected
performances. Similarly, item gradients (i.e., how rapidly standard score increase as a
function of minute raw score fluctuations) affect the test sensitivity (Boan et al., 2007;
Bracken, 1987; Nagle, 2007). Social validity (i.e., the ability to identify the specific needs
of an individual child within the curriculum) is also paramount in assessment selection
(Boan et al., 2007). Construct validity, the degree to which an instrument measures the
construct of interest, is also confounded by the interrelationship among assessed domains
(Boan et al., 2007).
Unfortunately, most of the available tests for the preschool population show
significant inadequacy at the lower end of the preschool range (i.e., younger than age 4
years; Bracken, 1987; Flanagan and Alfonso, 1995). The technical qualities of new and
revised tests having shown improvement (Nagle, 2007). However, there have been
arguments for replacing norm-referenced tests with more authentic and alternative
approaches (e.g., play-based assessment, direct observation, clinical judgment, rating
scales, and curriculum-based assessments; Bagnato & Neisworth, 1991, 1994). Similarly,
parent interviews can serve as valuable pieces of assessment, and a child’s caregivers can
serve as vital sources of information about the representativeness of behavior sampling
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during the evaluation (Nagle, 2007). Bracken (1994) reconciles this, though, and states
that preschool assessment should not necessarily require choosing between the traditional
or alternative approaches. Instead, they should be complementary. Gyruke (1994) also
suggested the combined use of assessment models.
Regardless of the assessment procedures, because early development is so
unpredictable and varied, communication and conjoint consultation are imperative.
Traditionally, to ensure practitioners work together to capture the entirety of the child’s
functioning, preschool assessment uses a variety of different methods of evaluation. The
multidisciplinary model, the most widely used approach assessment, is akin to the
medical model. Here, specialists evaluate the child in the area of their expertise (Benner,
1992). The interdisciplinary model allows professionals to assess children independently
and requires communication and consultation across disciplines (McLean & Crais, 1996).
In the transdisciplinary approach, arena assessments (e.g., few team members work
directly with the child while others observe the interactions) optimizes communication
and collaboration (McLean & Crais, 1996).
Specific to the TBI assessment of the pediatric population, there are also some
significant considerations. For instance, much of the TBI literature in the adult population
does not reflect observations in the pediatric population. Specifically, children are more
likely to experience edema of brain tissue, cranial distortions, and more neuronal death
(Kochanek, 2006). Further, while the literature is rich with trajectories associated with
the cognitive effects of TBI in children and adolescents (e.g., Mangeot et al., 2002;
Sesma et al., 2008; Vriezen & Pigott, 2002), very young children are not typically
studied, and the research is scant (Papoutsis et al., 2014)
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Motor Skills Assessment
A motor skills assessment in a preschool-aged child ensures that the child is
afforded the appropriate support and reduce the likelihood that future cognitive,
academic, and social-emotional problems will occur due to motor limitations. Of note,
the early years are a very rapid stage of development, marked by considerable growth and
change of motor skill repertoires (Piek, Hands, & Licari, 2012). For younger children,
this period includes the evolution of basic skills into the complex ones necessary for
successful completion of activities of daily living and other physical activities. Sensory
and motor areas, typically, are the first to mature during early childhood (Casey et al.,
2005). Therefore, the assessment needs to consider the developmental trajectories for
timed movements, task complexity, and maturation (Largo et al., 2001). Further, sex
differences need consideration, as boys tend to have better locomotor skills, and girls
tend to be better at tasks requiring balance and flexibility (e.g., Anastasi, 1981; Piek et
al., 2002; Van Waelvelde et al., 2003).
Further, distinguishing the difference between movement and motor performance
is essential. Mobility refers to external skills. Movement is observable while the motor
performance refers to the internal process linked with the observed motor ability (Burton
& Miller, 1998). Motor skills refer to aspects, such as balance or locomotion, while
movement skills include manual skills (Piek et al., 2012).
Piek and her colleagues (2012) describe dozens of assessment tools available to
measure motor performance; however, a comprehensive examination is beyond the scope
of this review. Nevertheless, typical assessment techniques include the measurement of
the following: aiming and catching (Henderson et al., 2007), manual dexterity (Bruininks
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& Bruininks, 2005; Cools et al., 2009; Henderson et al., 2007), static and dynamic
balance (Bruininks & Bruininks, 2005; Cools et al., 2009; Henderson et al., 2007), fine
motor precision and integration (Cools et al., 2009), running speed and agility (Cools et
al., 2009), upper limb coordination, strength (Cools et al., 2009), and postural control
(Bruininks & Bruininks, 2005). However, when considering preschool-aged children, as
with all assessment domains, the assessor needs to be privy to the variability in terms of
developmental rate in children; indeed, development is not linear, and assessment should
occur over repeated trials for short assessment rates (Blank et al., 2012).
Neuropsychological Assessment
For the most part, there is a relative absence of developmentally appropriate
standardized instruments for very young children (Baron & Anderson, 2012). Further, in
the neuropsychological assessment of preschoolers, there is a reliance on general
intelligence and periodic tracking of motor skills (as previously noted), language
(detailed in another section of this review), and social developmental milestones (Baron
& Anderson, 2012). However, Baron and Anderson (2012) note that the neurological
assessment of young children should also include measurement of executive functioning,
attention, and memory.
Based on the work of Miyake and his colleagues (2000), there are specific tasks
that can measure the developing EF in early childhood (see Table 2.5). However, as
previously reported, EF is also dependent on attention, which develops rapidly during the
preschool years and includes the ability to focus and attend to stimuli (White et al., 2009),
parallel processing (Lachter et al., 2004), and maintenance of attention (Cooley & Morris,
1990). In the assessment of preschool children, typical procedures include performance-
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based tests, rating scales, and structured interviews. Mostly, assessment procedures
include computerized responding with data collection focused on omissions,
perseverations, commissions, reaction time, and error to determine the breadth and depth
of attention problems (Mahone & Schneider, 2012). Other assessment procedures include
paper and pencil/stamper. Still, verbal and visual tasks are available to verbal and visual
processes that assess selective visual and verbal attention, motor inhibition and
persistence, auditory and visual span (encoding), and motor control (Mahone &
Schneider, 2012).
Table 2.5
EF Assessment in Early Childhood
Domain

Description

Task Example

Simple
Working
Memory

Holding information in mind over a
delay

Repeat a list of digits or words

Complex
Working
Memory

Holding in mind and manipulating
information

Repeat a list of digits backward

Simple
Response
Inhibition

Withholding automatic responding

Choose between a more
substantial, delayed reward and
smaller, immediate reward

Complex
Response
Inhibition

Holding a rule in mind, responding
according to the rule, and inhibiting
a prepotent response

Respond “night” to a picture of
a sun and “day” to a picture of
the moon
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Table 2.5, continued
Domain

Description

Task Example

Response
Shifting

Forming an arbitrary S-R set and shifting
to a new S-R- set

Retrieve a hidden object over
consecutive trials and hide an
object in a different position

Attention
Shifting

Like response shifting, however, the first
mental set involves attention to one
aspect of stimuli before shifting to a new
aspect

Sorting by color, then sorting
by shape

As previously noted, Dehn (2010) outlines the processes for a comprehensive
assessment of memory. However, he also cautioned that it is difficult to differentiate
between memory systems dysfunction and ineffective application of memory strategies or
cognitive dysfunction (e.g., language impairment or slow processing speed). Further,
formal academic environments and everyday activities require different processing.
Therefore, data can be misleading. Moreover, persons often have high rates of forgetting
when assessing retention at longer intervals (Martin et al., 1991). Also, semantic rather
than episodic memory limitations may be the cause of problems, and specific to the
assessment of younger individuals, the former depends on learning opportunities.
Likewise, in younger individuals, the processes of encoding, consolidation, and retrieval
are not necessarily fully developed. Dehn (2010) noted that between the ages of 3 and 6
years, it is developmentally appropriate for children only to perform feats of rote
rehearsal.
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Speech and Language Assessment
Specific to the assessment of younger individuals, language difficulties appear to
be mostly related to their productive abilities (e.g., vocabulary) and language
development (e.g., stringing words together). Receptive language assessment, however,
provides information regarding the nature of the child’s language problems. That is,
children use cues from a variety of sources to understand language, and they have vastly
different strategies to help them (Chapman, 1978; Shatz, 1978). Therefore, ContiRamsden and Durkni (2012) argued for multi-method and multi-informant assessment
with natural observations.
Formal assessment, though, requires an evaluation of several dimensions and
components that comprise the complex language system. These systems work
dynamically with each other and change through development. Language problems, too,
tend to have a cascading effect. For instance, a young child may have an adequate
vocabulary but may have issues of semantics and grammar (Gray, Plante, & Vance,
1999). A comprehensive assessment of language involves examining the nature and
extent of difficulties and should be reviewed based on the typically expected trajectory.
However, memory, information processing, temporal auditory processing, specific
linguistic mechanisms (Dehn, 2010; Piek et al., 2012), and EF (e.g., working memory;
Baddeley, 1986, 2003) are all contributory and, thus, have adverse effects on language
and language production, as previously alluded.
Functional Implications and Realistic Expectations of Acute TBI Assessment
Measurement, as defined by Reynolds (1986), is a set of rules for assigning
numbers to objects, events, and actions. Further, psychological tests are instruments for
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applying rules to behavior; they use standardized procedures in their measurement to
facilitate reproduction. However, a comprehensive assessment is time-consuming and
requires a set of administration criteria and assessor credentials. To streamline the
evaluation process and to assess a larger pool of children better, professionals use
screening tools and, at times, rely on paraprofessionals to assist with test administration.
The Use of Screening Tools
Typically, screening involves the evaluation of children with brief procedures.
They are quick, reliable, and cost-efficient. Developmental screening and readiness are
integral to the decision-making process in early childhood (Boan et al., 2007), and the
assessment determines which children may need further and more comprehensive and
diagnostic evaluations. Nagle (2007) writes that screening activities do not provide an
extensive evaluation; instead, the accuracy of decisions solely attempts to identify “atrisk” children. Therefore, screening instruments facilitate follow-up evaluation (that
includes a broader range of methods) to confirm a problem, ascertain strengths and
weaknesses, and inform eligibility for specially designed instruction, programming, and
intervention. In short, screening instruments neither diagnose nor facilitate treatment
planning for a disorder. Instead, they assist in early identification and referral for
diagnostic evaluations (Boan et al., 2007). Luehr and Hoxie (1995) note that screening
measures compare a child to a series of norms and distinguish health and developmental
atypicality from small fluctuation within the normal range. Nagle (2007) also indicated
that screening instruments facilitate the identification of a link between assessment and
intervention and program evaluation.
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Developmental screenings provide cursory information across, grossly, five
domains: (1) healthy and physical functioning, (2) social and emotional development, (3)
approaches to learning, (4) language and communication, and (5) cognition and general
knowledge (see Table 2.8; Boan et al., 2007). Typically, each domain has a focus and
procedure, but there may be interdomain overlap (Lichenstein & Ireton, 1991; Meisels,
1994). Further, children who perform poorly in these measures need a more
comprehensive evaluation of their abilities.
Table 2.6
Developmental Assessment Domains
Domain

Focus

Procedure

Physical

Impairments in sensory functioning,
gross- and fine-motor skills, illnesses
or medical conditions, growth, and
overall physical wellbeing

Gross- and fine-motor skill
performance (e.g., the ability to
copy pictures or engage in
behaviors such as skipping

Social and
Emotional

Age-appropriate social skills,
psychological wellbeing, selfperceptions, and interpersonal
interaction

Qualitative or observational
opportunities to identify social
awareness, self-reference, and
social skills

Learning

Attention, curiosity, and enthusiasm
for learning activities

The ability to maintain attention
and to follow directions

Language

Verbal and nonverbal communication
skills and early literacy skills

Examination of expressive ad
receptive skills, understanding of
syntax, and ability to demonstrate
basic phonological skills
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Table 2.6, continued
Domain

Focus

Procedure

Cognitive

Problem-solving and early
mathematical skills, abstract
reasoning, and overall fund of
knowledge

Assessment of basic concepts (e.g.,
color and shape identification, quantity,
and time) and problem-solving abilities

These domains present merely a basis for evaluation, and procedures may vary.
For instance, testing varies in the development of items administered, the recommended
method for interpretation, and relative robustness in interpretation (Boan et al., 2007).
Scott-Little and Niemeyer (2001) added that assessment techniques range from traditional
norm-referenced approaches (e.g., formal methods for assessment, rating scales, and
checklists) to alternative means (e.g., mastery tasks; observational techniques; portfolio
assessments).
When using screening instruments, though, recognizing the sensitivity (i.e., the
proportion of those children requiring further services and identified as such) and
specificity (i.e., the percentage of children in the non-target group who are correctly
classified) is essential (Lichenstein & Ireton, 1991). Likewise, an analysis of the
predictive validity (i.e., learning and behavior problems can accurately and reliably
predict future functioning) is necessary (Gredler, 1997). Thus, screening of preschool
children identifies those children “at-risk” and determine which would benefit from more
comprehensive assessments. Screening instrumentation provides an index and should
measure the potential for acquiring skills and the possibility of pathology, presuming
there is adequate technical adequacy.
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Additionally, Nagle (2007) surmises that “a higher proportion of children
performing well at follow-up were not identified as at risk, but a considerable portion of
children identified as at-risk at the screening were performing adequately at follow-up”
(p. 32). The occurrence of false-positive classification may create anxiety and
unnecessary worry and time. In contrast, false-negative designation prevents children in
need of services from the opportunity to participate in early intervention services
(Lichtenstein & Ireton, 1991). Avoiding interpretation errors is mitigated by having
clearly defined goals and adequate technical properties. Screeners typically aim to reduce
negatives, which, in turn, can increase the likelihood of false positives. Immediate
referral for further evaluation, however, can mitigate the anxiety created by the “at-risk”
label.
The Use of Paraprofessionals as Assessors
With the advent of P.L. 94-142, individuals with disabilities had an increasing
presence in the public school system, and additional support was necessary (Rothstein &
McGinley, 2010). Research suggests that there have been growing numbers of
paraprofessionals in school settings. In 2005, federal data suggested that approximately
390,000 paraprofessionals worked in special education settings in schools (Giangreco,
Suter, and Doyle, 2010). Further, the data indicate that there were more full-time
equivalents than special education teachers (Giangreco et al., 2010).
However, research on the paraprofessional (e.g., Giangreco, Broer, & Edelman,
2002; Tillery, et al., 2003) has noted that the field generally lacks respect, training,
administrative support, and experiences poorly defined job descriptions, low pay and
benefits, and limited career enhancement. Further, there has been evidence to suggest that
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losing qualified personnel was higher given their access to better paying and higher-status
jobs. Also, there has been a documented increased frustration in the paraprofessional
community due to their poorly defined job descriptions and a myriad of seemingly
unclear uses.
Over the past 50 years, the roles of the paraprofessional have expanded to become
more involved in instruction, assessment, and evaluation in the classroom as opposed to
clerical and administrative support (Darch et al., 2014). More specifically, Riggs and
Mueller (2001) note that the paraprofessional role has also expanded to include
responsibilities such as more instruction, planning, assessment, communication, and
clerical duties. Giangreco and his colleagues (2010) noted that paraprofessional is
operating with higher levels of autonomy, making high-stake decisions, and providing
instruction. Griangreco and Broer (2005) found that paraprofessional spend a significant
portion of their day is spent implementing behavior plans and providing instruction to
people with disabilities. Corroborating other research (e.g., Rogan & Held, 1999), Rispoli
and her colleagues (2011) noted, “it is not uncommon for paraprofessionals to be the
primary service provider” (p. 379).
However, despite proliferate use of paraprofessionals in the school setting,
research about their effectiveness on positive student outcomes has been scarce
(Giangreco et al., 2001a). Some positive systematic reviews, though, have indicated a
positive impact on academic engagement (e.g., Werts, Zigmond, & Leeper, 2001) and
positive effects on teacher engagement (e.g., more engaging teaching with students with
disabilities and better supervision of paraprofessional staff; Giangreco, Broer, and
Edelman, 2001).
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The Individuals with Disabilities Education Act (IDEA, 2004) provides guidelines
for training paraprofessionals. However, resounding in the literature is the need for the
training of paraprofessionals (e.g., Carter et al., 2009; Davis et al., 2007; Giangreco,
2003; Griffen-Shirley & Matlock, 2004; Riggs, & Mueller, 2001; Whitaker, 2000). More
specifically, research supports the notion that “the long-standing and troubling situation
persists that as a field, we continue to assign the least qualified personnel to students who
present the most challenging learning and behavioral characteristics” (Giangreco et al.,
2010, p. 51). Giangreco and his colleagues (2010) note that, for a paraprofessional to be
successful in their roles, specific training in knowledge, perspectives, and skills across
content areas is necessary. However, due to a lack of role clarity, problems related to
training can be exacerbated. Further, paraprofessionals may need training in code of
conduct, professional ethics standards, confidentiality guidelines, and roles and
responsibilities before they receive supplemental clinical training in a setting already
impoverished for the time dedicated to training (McKenzie, 2011). Giangreco and his
colleagues (2010) added that practical training could occur across different training
formats. For instance, counselors and psychologists could provide pre- and in-service
training, a trend that has increased since that advent of the Response to Intervention
(RTI) model (Fuchs, Fuchs, & Compton, 2012).
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CHAPTER 3
METHODS

Overview
Test construction is a matter of carefully composing groups of items,
administering them to a sample of people, and analyzing the responses (Ramsay &
Reynolds, 2000). More specifically, Allen and Yen (1979) wrote that the base outline for
test construction is as follows: develop a plan, design the items that fit the plan, conduct a
pilot investigation, analyze the results, and modify and repeat as needed. However, there
are trends that suggest suggest there must be closer attention paid to the test itself
(Ramsay & Reynolds, 2000) and that tests should have a basis in empirical research and
theory (e.g., Reynolds & Bigler, 1995a, 1995b; Reynolds & Kamphaus, 1992a, 1992b).
This research focused on defining cognitive constructs associated with concussions, both
conceptually and empirically, to adequately design initial assessment items.
In a joint venture, the American Educational Research Association (AERA), the
American Psychological Association (APA), and the National Council on Measurement
in Education (NCME) defined validity as “the degree to which evidence and theory
support the use of tests” (2014, p. 11). They noted that it is the most fundamental aspect
of test development. The AERA, APA, and NCME (2014) furthered that proper
validation includes gathering evidence and providing a scientific basis of score
interpretation. The AERA, APA, and NCME (2014) reported that validation is an
evolving concept, and all evidence gathered helps to represent the construct better,
distinguish it from other constructs, and relate it to other variables and validation.
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Conceptual Generation of Testing Items – Evidence Based on Test Content
AERA, APA, and NCME (2014) noted that validity evidence could be obtained
“from an analysis of the relationship between the content of a test and the construct it is
intended to measure” (p. 14). They added that test content—more specifically, the
measured domain—and interpretation require logical and empirical analysis. The present
research uses two approaches (i.e., a literature review and a panel with experts) to
determine the domains affected following concussion in children age 3 years and the
feasibility of reliable and valid assessment.
Literature Review
Consistent with previous literature (Clark & Watson, 1995; Ramsay & Reynolds,
2000; and Schwab, 1980), this research used a deductive approach, via a review of testing
and assessment literature, to establish content validity and determine precise and detailed
construction within a theoretical context. Subsequent results and data sufficed to provide
perspectives on construct definitions and operational definitions without incurring
additional time, cost, and effort.
Test item generation began with definitions derived from previously defined
constructs. Databases of peer-reviewed research (e.g., PsychInfo via EBSCOhost) and
book chapters were employed to examine the breadth and depth of concussions in young
children. Search terms included variations on “concussion,” “head injury, “traumatic
brain injury,” and “closed-head injury.” Qualifier terms (e.g., “pediatric,” “infant,” and
“toddler”) were used to ensure that the information obtained applied to the targeted
population. Additional qualifiers (e.g., “sequela,” “immediate,” and “acute”) provided the
targeting of the appropriate cognitive processes, mental states, and behavioral
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manifestations. Information gathered via the literature review was organized into broad
categories of areas affected following a concussion. Where applicable, more succinct,
observational, and measurable terms expressed these broad categories into narrow
abilities.
Controlling for Existing Measurement Problems
Clark and Watson (1995) wrote that it is crucial to establish what a relationship
between and among constructs is not. The literature review helped clarify the nature and
the range of the constructs. However, a more thorough analysis of existing measurement
problems, inconsistencies, and limitations was necessary.
After proposing working definitions of broad domains and narrow abilities, the
examination of tasks from previously published, normed, and reliable and valid
assessments ensued. Via factor analyses reviewed in the literature and technical manuals
of the tests, scrutiny of the reliability and technical adequacy followed. More specifically,
a review of the technical manual yielded a stability coefficient for each task in the
targeted age for inclusion for further analysis. Bracken (1987) recommended that the
test’s stability should be greater than or equal to 0.90 for high-stakes tests; for low-stakes
testing, Bracken (1987) suggested that a stability coefficient of 0.80 is sufficient. Thus,
further analysis of any tasks with a stability coefficient below 0.80 did not occur.
Demands Assessment
Analysis of the remaining tasks occurred to determine the process by which
domains, behaviors, and cognitive processes were assessed and codified. Based on the
work of Hale and Fiorello (2004) and with worksheets adapted from Flanagan, Ortiz, and
Alfonso (2013), the principal examiner coded each task based on neuropsychological
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perspectives, including input (e.g., stimulus materials, directions, and demonstrations)
and output (i.e., the skills necessary for successful responding), outlined in Tables 3.1 and
3.2. A volunteer graduate student in the School Psychology program at Temple
University independently coded the tasks. The volunteer is certified as a School
Psychologist in both Pennsylvania and New Jersey and has received training in
completing demands analyses.
Table 3.1
Demands Analysis Checklist (Input)
Mechanism

Specific Demands

Instruction

Demonstration/Modeling
Brief Oral Directions
Length Oral Directions

Timing

Overall Time Limit
Speed Bonus

Teaching

Sample Item
Teaching Items
Dynamic Assessment
Feedback when Correct
Querying
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Table 3.1, continued
Mechanism

Specific Demands

Visual Stimulus

Pictures/Photos
Abstract Figure
Models
Symbols
Written Language
Large
Color Important

Auditory Stimulus

Brief Verbal
Lengthy Verbal
Spoken
Audio Recording
Headphones
Background Noise
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Table 3.2
Demands Analysis Checklist (Output)
Mechanism

Specific Demands

Oral

Brief Oral
Brief Length
Self-report of Strategy

Motor

Pointing
Graphomotor

Response Format

Manipulatives
Sensory Integration
Open Response
Multiple Choice

The results of the demands analyses reflected the clinical judgment of each rater.
As such, because this research collected data via coders’ responses, to ensure reliability,
inter-rater reliability (IRR) was established (AERA et al., 2014; Hallgreen, 2012).
Cohen’s kappa (k) coefficient (Carlson et al., 2009) judged the reliability of the
ratings, consistent with literature that suggested IRR is sufficient for assessing IRR with
nominal variables (Cohen, 1960). Table 3.3 outlines Landis and Koch (1977)
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interpretation guidelines. Although there have been criticisms of these cutoff values (e.g.,
Krippendorff, 1980), Hallgreen (2010) noted that “in practice … kappa coefficient below
Krippendrorff’s conservative cutoff values are often retained in research studies” (p. 27);
thus, k ≥ 0.60 was considered an acceptable agreement.
Table 3.3
IRR Interpretation Guidelines (Landis & Koch, 1977)
k

Interpretation Guidelines

0.0 – 0.40

Slight Agreement

0.41 – 0.60

Moderate Agreement

0.61 – 0.80

Substantial Agreement

0.81 – 1.00

Perfect Agreement

Tasks that failed to establish IRR required a secondary demand analysis
completed by a third independent rater, a faculty member in the Temple University
School Psychology Program, where necessary. These ratings were compared to the
primary examiner and the first independent coder to establish IRR further. If IRR failed
again, the principal examiner and the first and second independent raters met to discuss
disagreements to determine the vital and essential demands of the tasks.
Generating and Proposing Potential Test Items
After achieving IRR, an examination of the specific demands of each retained
task occurred. More specifically, a comprehensive item analysis occurred to help
generate the range of age-appropriate content and functions for the targeted population.
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These analyses helped to develop a more detailed understanding of the specific and ageappropriate content that is required to assess the processes formally.
This process helped guide the development of similar testing questions to help
further establish evidence based on test content. The writing of the instruction and items
sought to be as concise, simple, and precise as possible to avoid unnecessary wording and
to control for item bias (Bond, Moss, & Carr, 1996; Klein, 1986). This process also
ensured formalized and standardized instructions and items.
Wherever possible, the response type was limited to fixed-responses and closedended answers to eliminate the possibility for multiple responses (i.e., free-response or
open-ended inquiries). Fixed-responses ensured that scoring remained objective, rather
than requiring subjective clinical judgment. They also provide better measures of target
characteristics, take less time to complete and score, provide more comprehensive
coverage, and reduce the chance of error (Anastasi, 1988). Fixed-responses also tend to
increase IRR, which will make further validation via future research easier (Ramsay &
Reynolds, 2000).
Before gathering expert opinion, the sponsoring committee for the research
reviewed the working of test items, item content, item pictures, and human actions to
justify the extent to which items could be offensive or insensitive to given groups,
thereby reducing stereotype threat (Rudner, 1996).
The Delphi Process – Round 1
A final aspect of valid item development, an inductive approach, the Delphi
Method, was used to establish evidence of validity. Traditionally, the Delphi Survey
Method is a measure of forecasting future scenarios; however, research seeking to
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determine the range of opinions on particular matters, to test for clinical relevance, and to
achieve consensus on a topic has also employed this method (Iqbal & Popon-Young,
2009). Although not typically used in the psychological sciences (e.g., Graham & Milne,
2003; Haste et al., 2001; Petry et al., 2007), the Delphi Method was selected for this
study because of the limited research on concussions in toddler-aged children. Thus,
ideas and conclusions generated from a knowledgeable participant pool provided further
validation evidence based on test content (Hasson et al., 2000).
Participants
In the Delphi Survey Method, participants, referred to as “panelists,” provide their
opinions based on their expertise on specific topics to achieve consensus. For the present
student, clear inclusion criteria that included work experience as physicians, school
psychologists, speech and language pathologists, athletic trainers, and nurses were
necessary to establish the expert panel. Field experience was an essential identification
marker because the previous leg of this research relied on expert scientists and research
opinions, and the use of practicing clinics further established ecological validity. A wide
variety of panelists was selected for inclusion because Linstone and Turoff (2002)
suggested that a varied panel is considered best in producing a credible questionnaire.
An e-mail and cover letter sent to institutions (e.g., the human resource
department in a school district or the chairperson of a hospital department) helped recruit
participants. The cover letter explained the study, and the institution disseminated access
to the on-line survey, detailed below, to employees or contractors therein at their
discretion. Of note, “snowballing,” where panelists pass on invitation to other relevant
individuals, likely broadened recruitment (Iqbal & Popon-Young, 2009).
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Survey
Participation was entirely voluntary. Via an on-line survey tool, panelists
acknowledged their right to close their browsers and not participate in the survey by
reading a disclaimer explaining the purpose of the study, confidentiality and security of
their responses, the time commitment (about 30 minutes), and their right to quit the study
at any time. Clicking “ok” and continuing signified consent.
Polling was anonymous, so no interactions between participants occurred.
Panelists provided some descriptive information, including training, educational level,
and years of experience. However, age, gender, and ethnicity of the panelists were not
variables under consideration; thus, no data collected reflected personal information.
Presumably, the sample was representative of the field in which the panelist is an expert.
The panelists did provide their preferred e-mail, though, so they could be easily contacted
for a second round.
In Round 1, the panelist read statements about the operational definitions of broad
domains, narrow abilities presumed to be under the umbrella of the broad abilities and
their operational definitions, and whether these broad and narrow abilities were affected
immediately following a concussion. They remarked whether they agreed or disagreed
with the statement; an option of “I don’t know” was also provided so the panelists did not
feel pressured to respond to prompts of which they were unsure. The panelists, then, took
the opportunity to provide any comments about changes to definitions or any other
abilities not reflected by the statements. Commentary was optional.
The panelists also read proposed testing items. They read statements regarding
whether the tasks measured the hypothesized domain, whether a typical child age 3 years
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could complete the tasks, whether the task requires any manipulatives, and whether they
felt a paraprofessional with minimal training could complete the task. They provided
“agree,” “disagree,” and “don’t know” responses. The panelists, then, provided any
commentary about modification of the tasks if desired.
Consensus and Qualitative Analysis
The statements achieved consensus when at least 67 percent of the experts agreed
on the nominal scales (Alexandrov et al., 1996; Pastukeviciut, 2000). The examiner
reviewed the qualitative comments to help formulate questions for Round 2.
The Delphi Process – Round 2
Only surveys that were completed in their entirety were retained for Round 2. The
panelists that completed the survey received a second link to participate in Round 2. The
methodology was consistent with that of Round 1. The analyses from Round 1 provided a
framework for the questions posed in Round 2.
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CHAPTER 4
RESULTS

Operationally Defining the Constructs
A literature review yielded operational definitions of the broader domains and
helped to divide these broad categories further into more narrow definitions, presented in
Table 4.1. They represent the clusters of cognitive, speech and language, and motor
domains (e.g., Flanagan, Ortiz, & Alfonso, 2013; McGrew, LaForte, & Schrank, 2014;
McGrew & Schneider, 2012).
Table 4.1
Broad and Narrow Domains Immediately Impacted by a Concussion
Broad Domain

Narrow Ability

Attention/Executive Functioning

Impulse Control
Processing Speed
Selective/Sustained Attention
Shifting Attention

Memory

Associative Memory
Ideational Fluency
Meaningful Memory
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Table 4.1, continued
Broad Domain

Narrow Ability

Visual Processing

Closure Speed
Flexibility of Closure
Visual Memory
Visualization

Language

Communication
Lexical Knowledge
Listening Ability
Verbal Information

Sensory Processing

Manual Dexterity
Gross Body Equilibrium

Attention and Executive Functioning
Broadly, attention and executive functioning are thought to be the processes used
to command and control other cognitive processes. More specific narrow abilities include
impulse control, processing speed, selective and sustained attention, and shifting
attention. Impulse control is the ability to inhibit responding to distracting stimuli while
maintaining focus on target stimuli. Processing speed refers to an individual’s capacity to
control their attention to perform automatic and relatively simple and repetitive cognitive
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tasks. Selective and sustained attention is the ability to maintain vigilance in the presence
of background distractions for a prolonged period, while shifting attention is considered
to be the capacity to reallocate attentional resources from one activity to another.
Language
For this study, language grossly represents the comprehension of speech;
however, it also includes an individual’s fund of procedural and declarative knowledge.
Communication, a subdomain under the language domain, is the specific skill related to
an individual’s ability to express their thoughts clearly and efficiently, and lexical
knowledge is the ability to define words and demonstrate vocabulary development.
Listening ability refers to an individual’s capacity to understand speech, both in terms of
single word utterances and longer, more complicated and complex discourse. Finally,
verbal information is related to knowledge that is essential and practical within a cultural
context.
Memory
Memory is broadly defined as the ability to learn, store, and consolidate
knowledge. However, it also includes the rate and fluency with which a person can
retrieve previously stored information. More specifically, memory appears to be both
associative (i.e., the encoding and retrieval of previously unrelated information) and
meaningful (i.e., the capacity to construct coherent representations and ideas from
connected narratives). Ideational fluency referred to an individual’s ability to produce
information related to a specific category.

81

Sensory Processing
Sensory processing, the ability to perform skilled physical and motor movements,
is composed of subdomains that include manual dexterity and gross body equilibrium.
Manual dexterity is the ability to make precise and coordinated movements of the hand.
Gross body equilibrium is defined as the ability to maintain balance and hold the body in
a specific position.
Visual Processing
The definition of visual processing, for this study, is identified as the ability to use
visual information to analyze stimuli; it includes the capacity to transform mental
imagery for problem-solving tasks. Visual processing includes several different
subdomains or narrow abilities. For instance, closure speed refers to the capability to
detect meaningful visual objects from incomplete or vague visual stimuli fields, and
flexibility of closure is the ability to identify very specific visual figures or stimuli
embedded in complex and distracting stimuli. Visual memory refers to the ability to form
and remember visual stimuli and visualization the capacity to perceive visual patterns and
manipulate them sufficiently to solve visual problems.
Test Reviews for Previously Published Tests Measuring Targeted Constructs
After the domains and narrow abilities were adequately defined and categorized,
another literature review helped identify specific tasks purported to measure these areas.
Tasks from published, nationally normed tests of cognitive abilities, neuropsychological
functions, and speech and language skills were culled and organized into specific
domains. The test batteries and citations are included in Table 4.2 (full citations available
in Appendix A), but no technical information from the test batteries was examined or
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included. Instead, the specific technical properties for selected tasks are detailed
individually, based on their domain designation.
Table 4.2
Test Batteries Reviewed
Test

Citation

Bracken Basic Concept Scale: Expressive

Bracken-E

Bracken, 2006a

Bracken Basic Concept Scale: Receptive

Bracken-R

Bracken, 2006b

Clinical Evaluation of Language
Fundamentals, Second Edition, Preschool

CELF-2-P

Semel, Wiig, & Secord,
2004

Differential Ability Scale, Second Edition

DAS-II

Elliot, 2007

Developmental Assessment of Young
Children, Second Edition

DAYC

Voress & Maddox, 2013

Kaufman Assessment Battery for Children,
Second Edition

KABC-II

Kaufman & Kaufman, 2004

Oral and Written Language Scales, Second
Edition

OWLS-2

Carrow-Woolfolk, 2011

Reynolds Intellectual Assessment Scales,
Second Edition

RIAS-II

Reynolds & Wamphaus,
2015

Stanford-Binet, Fifth Edition

SB-V

Gale, 2003

Beery-Buktenica Development Test of VisualMotor Integration

VMI-VI

Beery, Buktenica, & Beery,
2010

83

Table 4.2, continued
Test

Citation

Test

Woodcock-Johnson, Fourth edition

WJ-IV

Shrank, McGrew, Mather,
2014

Wechsler Preschool and Primary Scales of
Intelligence, Fourth Edition

WPPSI-IV

Wechsler, 2012

Descriptive Statistics
Fifty-eight (58) tasks assessed the domains mentioned above in children age 3
years. Four tasks measured attention and executive functioning: two measured impulse
control, one measured processing speed, and one measured of shifting attention. Most of
the tasks (24, 41.3%) measured all aspects of language development, including 18 tasks
that measured lexical knowledge, three tasks that measured listening ability, two tasks
that measured communication, and one task that measured verbal information. Five tasks
assessed memory; there were two measures of ideational fluency, two measures of
meaningful memory, and one measure of associative memory. There were 20 tasks
(34.4%) that measured visual processing, including 13 tests of visualization, five
measures of visual memory, one measure of closure speed, and one measure of the
flexibility of closure. Finally, five tasks measured sensory processing; these tasks
included three measures of manual dexterity and two tasks that measured gross body
equilibrium.
Task Exclusions and Retained Tasks
Tasks that failed to demonstrate the necessary psychometric properties necessary
for stable assessment in children age 3 years were excluded from further review (r <
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0.80). They are included in Table 4.3. Tasks that failed to demonstrate IRR (κ < 0.60)
during demands analyses—both at the primary (κ1) and secondary levels (κ2)—were also
excluded from further review. They are included in Table 4.4
Table 4.3
Tasks Excluded due to Insufficient Psychometric Properties
Broad Domain

Narrow Ability

Test

Task

r

Attention and
Executive
Functioning

Processing
Speed

NEPSY-II

Visuomotor
Precision

0.70

Language

Lexical
Knowledge

Bracken-R

Time/Sequence

0.71

Quantity

0.76
0.78

Self/Social

Memory

DAS-II

Early Number
Concepts

0.79

OWLS-2

Listening
Comprehension

0.79

Listening
Ability

NEPSY-II

Theory of Mind

0.76

Verbal
Information

NEPSY-II

Body Part
Naming

0.76

Associative
Memory

KABC-II

Atlantis

0.73
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Table 4.3, continued
Broad Domain

Sensory
Processing

Visual
Processing

Narrow Ability

Test

Task

r

Ideational
Fluency

NEPSY-II

Word
Generation –
Initial Sound

0.60

Word
Generation –
Semantic

0.77

Meaningful
Memory

NEPSY-II

Narrative
Memory

0.62

Manual
Dexterity

NEPSY-II

Visuomotor
Precision

0.70

Imitating Hand
Position

0.77

Closure Speed

WPPSI-IV

Object
Assembly

0.78

Visual Memory

KABC-II

Face
Recognition

0.56

NEPSY-II

Memory for
Designs

0.64

Memory for
Designs –
Spatial

0.69

Memory for
Designs –
Content

0.73
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Table 4.3, continued
Broad Domain

Narrow Ability

Visualization

Test

Task

r

RIAS-II

Nonverbal
Memory

0.74

KABC-II

Conceptual
Thinking

0.55

PTI

NEPSY-II

SB-V
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Form
Discrimination

0.57

Design
Copying –
Global

0.64

Design
Copying –
Local

0.66

Design
Copying –
Motor

0.72

Block
Construction

0.76

Nonverbal
Visuospatial

0.77

Verbal VisuoSpatial

0.79

Table 4.4
Tasks Excluded due to Insufficient Consensus of Task Demands
Broad
Domain

Narrow Ability

Test

Task

Language

Communication

OWLS-2

Oral Expression

0.86 0.36 0.31

Listening Ability

WJ-IV

Understanding
Directions

0.95 0.46

—

CELF-2P

Concepts and Following
Directions

0.84 0.58

—

WJ-IV

Picture Vocabulary

0.94 0.22

—

BrackenR

Directions/Positions

0.93 0.53

—

DAS-II

Naming Vocabulary

0.91 0.58

—

KABC-II

Expressive Vocabulary

0.86 0.53

—

WJ-IV

Verbal Comprehension

0.86 0.40

—

BrackenR

School Readiness

0.85 0.51

—

WPPSIIV

Picture Naming

0.83 0.52

—

KABC-II

Verbal Knowledge

0.81 0.45

—

Lexical
Knowledge
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r

κ1

κ2

Table 4.4, continued
κ2

Narrow Ability

Test

Task

Visual Processing

Visualization

VMI-VI

Visual
Perception

0.89 0.52

—

DAS-II

Copying

0.81 0.57

—

NEPSYII

Design Copying

Sensory
Processing

Manual
Dexterity

r

κ1

Broad Domain

0.80 0.39 0.51

Table 4.5 shows tasks that demonstrated sufficient psychometric properties and
were further analyzed; likewise, these tasks achieved sufficient IRR to demonstrate
consensus related to task demands. In terms of tasks reviewed, current testing tools are
devoid of measures of selective and sustained attention for children age three years.
Likewise, there did not appear to be any technically adequate tasks of associate memory;
however, a measure of meaningful memory, Story Recall (WJ-IV), was reviewed.
Regarding language, tasks reviewed included all suggested subdomains (i.e.,
communication, listening ability, lexical knowledge, and verbal information). As reported
above, measures of closure speed and visual memory appeared insufficiently reliable to
assess these narrow abilities in children age 3 years. However, tasks of the flexibility of
closure and visualization were available for review. Tasks of both manual dexterity and
gross motor equilibrium were available for further analysis.
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Table 4.5
Task Stability and IRR for Retained Tasks
κ2

Narrow Ability

Test

Task

Attention and
Executive
Functioning

Impulse Control

NEPSYII

Statue

Processing
Speed

WJ-IV

Letter-Pattern
Matching

Shifting
Attention

WJ-IV

Verbal Attention

0.88 0.10 1.00

Communication

DAYC

Communication

0.98 0.07 1.00

Listening Ability

NEPSYII

Comprehension of
Instruction

0.85 0.67

—

Lexical
Knowledge

RIAS-II

Verbal Reasoning

0.94 0.64

—

BrackenE

School Readiness

0.93 0.62

—

BrackenE

Quantity

0.81 0.62

—

KABC-II

Riddles

0.80 0.69

—

Verbal
information

NEPSYII

Body Part
1dentification

0.81 0.08 1.00

Meaningful
Memory

WJ-IV

Story Recall

0.98 1.00

Language

Memory
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r

κ1

Broad Domain

0.82 0.10 1.00

0.91 0.60

—

—

Table 4.5, continued
κ2

Narrow Ability

Test

Task

Visual
Processing

Flexibility of
Closure

RIAS-II

What’s Missing

0.85 0.91

—

Visualization

VMI-VI

Total Test

0.87 0.64

—

DAS-II

Pattern
Construction

0.81 0.65

—

DAYC

Physical
Development

0.99 0.51 0.63

NEPSYII

Statue

0.82 0.10 1.00

VMI-VI

Motor
Coordination

0.89 0.39 1.00

VMI-VI

Total Test

Sensory
Processing

Gross Motor
Equilibrium

Manual Dexterity

r

κ1

Broad Domain

0.87 0.64

—

Task Demands and Implications for Item Development and Generation
Attention and Executive Functioning
On Statue (NEPSY-II), a task of impulse control, the child is asked to maintain a
body position with their eyes closed during a 75-second interval while inhibiting the
impulse to respond to sound distractions. IRR established that the instructions are lengthy
and include both demonstration and modeling. The task includes background noise, and
the child needs to demonstrate visual-sensory-motor integration.
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As evident, there are two aspects of Statue that warranted closer examination. Of
note, First, the balance and motor coordination aspect of this tasks requires the student to
demonstrate manual dexterity; these aspects of the task is detailed later in this section
(see “Sensory Processing”). Second, Statue is a measure of impulse control. More
specifically, on the Statue task, the child inhibits their responding for between 16 and 60
without any body movement, eye openings, or vocalization while ignoring a dropped
pencil, a cough, two knocks on the table, and the examiner exclaiming “Ho-hum!” For
this assessment, the child is encouraged to focus on the assessor's nose (i.e., “Look at my
nose!) while encouraging sustained attention (e.g., “Keep looking at my nose, no matter
what you hear”). The examiner will then snap, slap their leg, and exclaim “Yippee!”
every 10 seconds, monitoring for the child’s loss of impulse control (e.g., body
movement, orienting to the sound, or making a vocalization). Reminders are provided at
each interval; Dowsett and Livesey (2000) note, “although 3-year-olds consciously
represent the relevant rules, they fail to employ them because they cannot further reflect
on these rules and subordinate them to a higher-order rule” (p. 162). Thus, it seems
appropriate to provide in vivo executive skills training. The 10-second interval was
selected because Mulder and her colleagues (2019) suggested that 2- and 3-year-old
children can inhibit their responses for about 10 seconds.
On Letter-Pattern Matching (WJ-IV), a measure of processing speed, instructions
are brief and the task includes an overall time limit. In this task, the child is asked to
locate and circle two identical letters patterns in a row of six patterns in a response
booklet. The task consists of both sample and teaching items, and requires the child to
demonstrate fine-motor control, graphomotor control, and visual-sensory-motor
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integration. This task requires manipulatives, including a stimulus book and a writing
utensil, and it is unlikely that these tools will be available immediately upon injury. Still,
it remains recommended that this or a similar task be included in a more comprehensive
and extensive evaluation if deemed necessary.
Verbal Attention (WJ-IV) is a task of shifting attention and requires a child to
listen to a series of animals and digits played on an audio recording; the child is then
asked to answer specific questions regarding the sequence (e.g., “say the animal that
came before the number 5”). Although an audio recording will not likely be available
during the assessment, the predominant focus of the task can be maintained. That is,
regarding input, the examiner gives the child brief oral instructions before using a lengthy
auditory stimulus to which the child offers a lengthy verbal response. However, based on
the norms layout table of the WJ-IV, a child age 3 years only needs to hear one animal
and one number before being asked to repeat either the animal or the number.
Research suggests (e.g., Linder, 2008) that by age 3 years, a child can count to 10.
However, other research is contradictory and suggests that the child should only be able
to count to three or four (Wynn, 1990). Additionally, Patrick and Tunnicliffe (2011)
conducted a study where children were asked to free-list plants and animals. The study
concluded that, indeed, children have a deep understanding of animals they encounter in
their everyday lives. Their data suggested the most commonly named animals were a
mouse, dog, and cat (Patrick & Tinnicliffe, 2011). This information allowed for the
generation of two items that align with the task demands of Verbal Attention and that are
sensitive to childhood development research whereby the assessor says, “Cat… 4. Tell
me the animal;” and “3… dog. Tell me the number.”
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Language
Regarding the input on the Communication task on the DAYC, the instructions
are brief, and the examiner gives demonstration and models the task. Querying is
permitted and feedback is provided when the child provides a correct answer to both
visual (e.g., pictures and photos) and auditory (e.g., brief spoken words) cues . The child
offers short, oral, open, and free responses, points, and uses manipulatives. While certain
items on the DAYC may not be directly observed in the natural environment, some are
indeed developmentally appropriate (Table 4.6). For instance, via the DAYC, the child
responds to “who” and “whose” questions, changes their speech depending on the
listener, and organically uses contractions. Other skills measured on the DAYC are also
consistent with developmental norms for children age 3 years, outlined in Table 4.6, and
include the child rhyming, giving their full name on request, and following two- and
three-step commands. These tasks are easily adaptable to a screening instrument.
Table 4.6
Developmental Skills and DAYC Tasks
Language Comprehension

Language Production

Understands descriptive words

Requests adults’ help to handle emotions

Identifies gender

Gives first and last name

Identifies basic colors

Names smaller body parts

Understands why questions

Verbalizes toileting needs

Understands spatial concepts

Uses pronoun “I”
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Table 4.6, continued
Language Comprehension

Language Production

Answers where and what … doing
questions

Produces spatial, comparative, contrastive, and
temporal concepts

Understands categories

Starts to produce “is”

Follows 2-3 step unrelated
instructions

Produces rhymes

Identifies most common objects and
their pictures

Asks where questions

Understands what others say

Produces regular plurals

Understands terms for family
relationships

Produces overextension of concrete nouns

Follows 2-3 steps of unrelated
instructions

Asks who and whose questions

Identifies most common objects and
their pictures

Asks “Is…?” and “Do…?” questions

Understands what others say

Produces hundreds of words

Understands terms for family
relationships

States gender and age when asked

Understands words for basic shapes
and sizes

Uses and, but, and because to complete
sentences

Understands descriptive concepts

Uses possessives
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Table 4.6, continued
Language Comprehension

Language Production

Understands in front of, behind, between
Understands how many, who, and whose questions
Another facet of communication assessment includes storytelling. Filipi (2017)
notes that, with some adult prompting, children as young as age 2 years can tell relevant
and meaningful stories, including describing past events and important family events and
providing descriptions in the future tense. These findings are consistent with Linder
(2008), who suggests that at age 2 years, children can begin to narrate past evens with an
adult’s help. She adds that by age 3.5 years, a child can combine two events in a
narrative.
For the present study, screening items, indeed, can ask the child to recount a story
that includes either past events or upcoming events. The child, however, may need some
adult assistance to initiate the conversation and help sequence events. For this
assessment, the examiner should prompt the child, “Did you do anything fun (appropriate
time of day; for instance, this morning, this afternoon, or last night)?” The examiner
should look for a combination of two events and can provide gentle prompting
throughout the story (e.g., “Oh yeah? And then what?”). Further, the child should be to
answer comprehension about stories told to them. More specifically, by age 3 years,
Linder (2008) suggests that children can respond to “where and what…doing” questions.
As such, after the child finishes with their story, the examiner can tell a scripted story
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(i.e., “That sounds so fun! Let me tell you what I did. Last night, I went to the store and
ate three cookies!”) before asking the child, “Where did I go?” and “What did I eat?”
The Bracken-E includes items via its School Readiness Composite that measures
lexical knowledge. On this task, the child identifies primary colors, demonstrates an
understanding of letter sounds, counts and identifies single- and double-digit numbers,
differentiates stimuli based on salient characteristics, and identifies shapes. Via the use of
color pictures and photos, the child answers lengthy questions by providing brief oral
responses. This task requires the use of a stimulus book, and many items are not
replicable. However, expressive assessments of letters and sound, sizes and comparisons,
and shapes require the child to be shown specific stimuli and are beyond the scope of this
assessment. The child’s ability to count, though, can be directly assessed. As reported
above, children generally are fluent with numbers to four by age 3 years (Wynn, 1990).
As part of this assessment, to screen the child for intact counting abilities, the examiner
can show four fingers on their hand while saying, “Here are four fingers” and proceeding
to count them. The examiner can then extend one finger and ask, “How many fingers
now?” For a second trial, the examiner repeats this procedure, albeit modeling two
fingers and prompting the child to count three fingers.
Additionally, via assessment of communication skills, children age 3 years are
expected to use between 300 and 1,000 words in spontaneous speech (Linder, 2008). This
direct assessment is beyond the scope of the screening tool; however, if the child
typically uses spontaneous speech and is not responsive to verbal prompts, emergency
medical services are necessary.
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Other measures of language and, lexical knowledge included Verbal Reasoning
(RIAS-II) and Riddles (KABC-II). Consistent across both tasks, via IRR of task demands,
is that responses to lengthy verbal (i.e., spoken) stimuli; the examiner, too, may query
unclear or incomplete answers. On Verbal Reasoning (RIAS-II), the child listens to a
given set of two to four clues before being asked to deduce the described object or
concepts. The child is provided with teaching items, and they provide lengthy, oral
responses and sometimes open and free responses. This task demand is consistent with
developmental norms (see Table 4.6) and other reviewed language and communication
tasks (e.g., the DAYC). Indeed, by age 3 years, children, for the most part, can
understand “big” and “little,” primary colors, and the function of body parts. Items to
assess the child’s capacity to solve analogies, then, can include: (1) “A giraffe is big, and
a bumblebee is …,” (2) The sky is blue, and the grass is…,” and (3) “You talk with your
mouth and listen with your…”
On Riddles (KABC-II), the examiner describes aspects of an object or idea (e.g.,
“point to something you wear on your foot”), and the child points to pictured objects.
Riddles adds the use of pictures and photos, where the use of color is essential, and
requires the student to point to objects. The choices are constrained to the stimuli
provided in the stimulus book; as such, this task is difficult to replicate as the natural
environment would be inconsistent across settings.
On Body Part Identification (NEPSY-II), another task of lexical knowledge, in
terms of input demands, the child is given brief oral instructions, gestures, and
pantomime. They view a picture while simultaneously being given lengthy verbal
directions (e.g., “point to the …”), and they point to specified body parts. More
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specifically, the child points to corresponding body parts on a figure as the examiner
names them aloud. They need to identify the knee, shoulder, cheek, and forehead on a
stimulus card.
Previous research (e.g., MacWhinney, Cermak, & Fisher, 1987) suggested that
some children age 3 years can indeed identify these body parts. However, MacWhinney
and her colleagues’ findings did not indicate that these body parts are entirely secure in
children age 3 years. Table 4.7 summarizes the results of MacWhinney and her
colleagues’ findings as they pertain to children age 2 and 3 years.
Table 4.7
MacWhinney et al., 1987 Findings
Percentage of Subjects Correctly Identifying Body Parts
Body Part

Age 2 years (n=24)

Age 3 years (n=24)

Ankle

0

25

Arm

71

96

Back

71

96

Chin

67

75

Ears

96

100

Elbow

21

71

Eyes

100

100
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Table 4.7, continued
Percentage of Subjects Correctly Identifying Body Parts
Body Part

Age 2 years (n=24)

Age 3 years (n=24)

Finger

92

100

Foot

96

96

Hair

96

100

Hand

96

96

Knee

46

83

Leg

58

92

Mouth

92

100

Neck

42

96

Nose

96

100

Shoulders

21

71

Toes

100

100

Tummy

92

100

Wrist

4

17

For this present item generation, it seemed more appropriate to select body parts
that were not mastered by children age 2 years but were by children age 3 years. More
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specifically, items to be included are ears, finger, hair, mouth, nose, and tummy. Further,
because this assessment is not intended to occur in a standardized environment, it is not
likely that a stimulus card will be available. As such, the examiner will ask the child to
identify these parts on their own body.
In terms of listening ability, on Comprehension of Instructions (NEPSY-II), the
child’s readiness to receive, process, and executive oral instructions of increasing
syntactic complexity is assessed by asking them to point to appropriate stimuli in
response oral instructions. This task requires the child to view stimuli of varying sizes,
and listen to lengthy, spoken auditory stimuli while providing a pointing response. More
specifically, the child points to blue or yellow bunnies that have emotional expression.
They point to different combinations of size (e.g., big and little) and color; size and
emotion; and size, color, and feelings. It is crucial to understand the typical child’s
understanding of colors and shapes, as well as size and comparison to adjust this task
appropriately. However, this task does include a stimulus book and requires an external
display of emotions, and direct adaptation is not possible. Otherwise, task requirements,
including those related to receptive and expressive language and school readiness, were
included in the prospective assessment, as previously indicated.
Memory
On Story Recall, the directions are brief, and the examiner uses an audio
recording to give the child lengthy, verbal auditory stimuli. The child then provides a
lengthy response in return. More specifically, the child listens to a story and recalls
elements of that story. Because limited vocabulary and comprehension, as well as
delayed expressive language and attention, may impact the performance on this task, it
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was essential to examine age-appropriate expectations for an adequate return on this task.
On Story Recall, the child hears a sentence, “The cat tried to catch the little bird, but the
bird flew away” and is asked to repeat it. This task seems appropriately challenging for a
child age 3 years; Linder (2008) reported that, by age 3 years, children can relate detailed
sequences or experiences from the recent past and can remember events from up to 18
months in the past. The child can also remember visual landmarks and can use their
fingers to count to aid memory. Likewise, children can formulate dramatic play scripts
based on remembering routines and events and can sing simple songs and rhyme. More
importantly, between 3 and 3.5 years, children remember sentences with four or more
words containing adjectives (Linder, 2008).
For the present study, the child is told a sentence of a similar structure (i.e., a
compound sentence with a subject, action, and objects with a sequential subordinate
clause containing a different subject and action). More specifically, the child is told: “The
boy threw the ball, and his friend caught it.” The child needs to recall two of the
following: the subject (i.e., “boy”), the action (i.e., “threw”), the object (i.e., “ball”), and
the subsequent action (i.e., “caught”).
Sensory-Motor Processing
In terms of physical development, on the DAYC (Physical Development),
children are required to demonstrate a variety of fine and gross motor tasks. For instance,
they are required to imitate strokes, show pencil grip, and use vertical, horizontal, and
circular motions when drawing. They are required to walk with swinging arms, catch
balls, and use scissors. They are required to hop, somersault, walk with balance, and
jump over objects. They are asked to copy shapes, bounce and catch balls, color within
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lines, and demonstrate finger dexterity. This task provides the student with
demonstrations and modeling and gives them brief oral directions in the presence of
background noise. The child is then asked to demonstrate age-appropriate fine and gross
motor skills. Table 4.8 is adapted from Linder (2008) and indicates developmental motor
milestones that are mastered by age 3 years. These tasks, indeed, can be adapted to
address sensorimotor distortions following an mTBI. Modified tasks present in the
current assessment are outlined in Table 4.9; however, it is noteworthy that the current
proposed assessment situation does not include stacking, as stackable objects may not be
available.
Table 4.8
Developmental Motor Milestones
Gross Motor Activity

Arm and Hand Use

Catch a ball against chest

Use adequate power grasp on tools

Walk with retaining turn and reciprocal arm swing

Throw a ball for three feet

Walk upstairs and downstairs alternating feed

Move coin from palm to fingers

Climb nursery apparatus

Shift fingers to separate pages
Stack blocks
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Table 4.9
Current Assessment Task
Domain

Task

Gross Motor Activity

Examiner finds a manipulative in
the environment and asks the child
to catch it.
Examiner asks the student to walk,
noticing the rotating trunk and arm
swing.
Examiner asks the child to
demonstrate walking stairs.

Fine Motor Activity

Examiner asks the child to grip the
examiner’s hand.
Examiner asks the child to throw
an object.
The examiner places an object in
the child’s palm and asks them to
pick it up with their fingers.

The task demands and description of the Statue task (NEPSY-II) was previously
detailed. However, this task is also a measure of manual dexterity insofar as the student is
required to balance. Indeed, this aspect of the task is reproducible for this assessment.
However, it was first necessary to examine developmental research on static balance in
children via a single-leg stance (SLS). The research suggested that younger developing
children (i.e., those younger than age 7 years) are only capable of SLS for 24 to 35
seconds (Atwater et al., 1990; Gheysen et al., 2008). Further, Condon and Cremin (2013)
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suggested that children younger than age 7 years are only capable of SLS between 9 and
30 seconds with their eye closed. As such, for this present questionnaire, children are
asked to stand with their eyes closed in SLS while the examiner times them; the child
should be able to maintain SLS for at least 9 seconds and no more than 30 seconds. Of
note, the VMI-VI, previously detailed in the “Visual Processing” section, includes a
supplemental test of motor coordination. However, this task, too, requires manipulatives
and cannot necessarily be translated to the current assessment procedure.
Visual Processing
On What’s Missing (RIAS-II), a task of the flexibility of closure and spatial and
visualization skills, children are shown pictures with some key element or logical
component missing; they are required to identify the missing essential component. In
terms of demands, the examiner gives the child brief oral instruction and uses teaching
items to ensure understanding. Pictures and photographs from a stimulus book are used,
and the child points to missing parts of an object with brief oral, open, and free responses.
Additionally, regarding visualization, the VMI-VI requires children to copy a sequence of
geometric forms using a paper and pencil. Adaptation of these tasks is beyond the scope
of the proposed screening instrument because it uses rather substantial manipulatives in
its administration. Likewise, on Pattern Construction (DAS-II), the child is asked to copy
geometric designs with colored tiles and patterned cubes. According to a demands
analysis consensus, the child receives brief oral directions and demonstrations and
modeling. A teaching item is present, and the child uses abstract figures, of which color is
critical, to demonstrate their visual-sensory-motor integration skills. This task is also
beyond the scope of the present screening measurement because it requires manipulatives
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not available in the natural environment. Visual processing demands, as outlined above,
indeed, are necessary for a comprehensive evaluation of the impact on cognitive skills
following a concussion. Still, the requirements of the task are not available for an
assessment in the natural environment.
Development of an Assessment Protocol
Above, specific task demands were detailed from previously published tests. Ideas
for adaption were included, and the sponsoring chair of the present research committee
coded the requirements of the proposed test to ensure they were consistent with the
findings of previously established and validated tests. Presented in Table 4.10, there was
an agreement that each of the proposed tasks satisfied the demands of already established
tests (κ3). One item did require further consultation and discussion of the specific
demands; consensus, though, was achieved in the second round of IRR (κ4). Additionally,
the dissertation chairperson confirmed the ease of assessment and suggested that
assuming the child’s primary language is English, for the purpose of completing the
assessment, does not indicate cultural insensitivity. A final protocol appears in Appendix
B.
Table 4.10
Task Demands IRR for Proposed Items
Item

κ3

κ4

1

0.80

—

2

0.80

—

3

0.80

—

106

Table 4.10, continued
Item

κ3

κ4

4

0.80

—

5

0.80

—

6

1.0

—

7

1.0

—

8

1.0

—

9

1.0

—

10

0.27

1.00

11

0.87

—

12

0.87

—

13

0.87

—

14

0.87

—

15

0.87

—

16

1.00

—

17

0.84

—
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Delphi Descriptive Statistics
According to Berdetta (1996), the number of panelists improves the credibility of
a study, and Sumsion (1998) suggests that a 70 percent response rate is desirable.
Presently, 26 panelists attempted to complete the survey; 17 (65%) responded to all the
prompts. The response rate is consistent with previous literature. Further, research
suggests that for suitable science using a heterogenous panel, between 10 and 30 panelists
is desired (Clayton, 1997; Gordon, 1994; Ziglio, 1996).
Table 4.11 represents the present heterogeneous panel and demographic
information collected via the survey. Nine of the panelists (52.9%) identified themselves
as psychologists, with seven of them describing themselves as school psychologists.
There were three (17.6%) physicians, one of whom identified explicitly as an Orthopedic
surgeon. Two (11.8%) panelists reported being athletic trainers. The panel also included a
speech-language pathologist, certified school nurse, and a manager for test
accommodations for the National Board of Osteopathic Medicine Examiners, each
accounting for about 6 percent of the panelists. All panelists reported having advanced
degrees; more specifically, seven panelists (41.2%) said that they have doctoral-level
degrees, and 10 (58.8%) reported having master’s degrees. Likewise, each panelist
reported being actively credentialed by their state or national accreditation board. Years’
experience ranged between 3 and 45 years, with a mean of 14.8 years. Of these 17
panelists, 13 (76.5%) also participated in Round 2, and the panel maintained a
heterogeneous mix.
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Table 4.11
Round 1 Descriptive Statistics
Respondent

Profession

Highest Degree

Years’ Experience

1

Athletic Trainer

Master’s Degree

21

2

Orthopedic Surgeon

Doctorate

4

3

School Psychologist

Master’s Degree

16

4

Speech-Language
Pathologist

Master’s Degree

13

5*

Physician

Doctorate

5

6

Certified Athletic
Trainer

Master’s Degree

28

7

Psychologist

Doctorate

45

8

School Psychologist

Master’s Degree

18

9

School Psychologist

Master’s Degree

3

10*

Physician

Doctorate

15

11*

Psychologist

Doctorate

20

12

Manager for Test
Accommodations,
National Board of
Osteopathic Medical
Examiners

Doctorate

11
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Table 4.11, continued
Respondent

Profession

Highest Degree

Years’ Experience

13

School Psychologist

Doctorate

16

14

School Psychologist

Master’s Degree

6

15

Certified School
Nurse

Master’s Degree

16

16

School Psychologist

Master’s Degree

7

17*

School Psychologist

Master’s Degree

7

*Did not participate in Round 2
Delphi Consensus: Operational Definitions and Narrow Abilities
Attention
Table 4.12, representing percent agreement (%A), percent in disagreement (%D),
and percent who did not know (%DNK), details the aggregate data of the consensus.
Generally, the panel attained consensus regarding the operational definition of attention.
However, the group provided some qualitative information to refine the definition. For
instance, some recommendations suggested elimination of the word “control,” and other
panelists recommended that the description include aspects of focus and information
processing, both while ignoring extraneous stimuli. Indeed, Round 2 results (Table 4.13)
suggested that the best operational definition of attention is “the process used to
command other processes to focus on specific stimuli and process information while
ignoring extraneous stimuli,” represented by the percent of responses (%R). The panel
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achieved consensus that attention, indeed, is affected immediately following a
concussion.
Regarding narrow abilities, the panel agreed that impulse control, processing
speed, selective and sustained attention, and shifting attention are all processes under the
attention and executive functioning domain. The panel also agreed on the operational
definitions of all the attention narrow abilities, although they recommended some
additional considerations, particularly regarding the definitions of impulse control and
processing speed. The panel failed to achieve consensus on operational definitions for
these narrow abilities. Of note, the definition of impulse control seemed to divide the
panel evenly. However, it did appear that the best operational definition for impulse
control includes the ability to inhibit responding to distracting stimuli while maintaining a
focus on a target stimuli; the discrepancy in consensus appeared to be related to whether
this process is automatic or purposeful.
In Round 2, the panel also failed to achieve consensus on an operational definition
of processing speed. However, the prevailing trend appeared to be that processing speed
includes the ability to perform actions that are automatic and relatively simple and
repetitive in a short amount of time.
Additionally, in Round 1, the panel suggested that working memory is also a
narrow ability under the attention and executive functioning domain. The group
confirmed this opinion in Round 2 when they achieved consensus that, indeed, working
memory is a narrow ability under the attention and executive functioning domain.
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Table 4.12
Attention Consensus – Round 1
Prompt

%A

%D

%DNK

Attention is the process used to command and control other
processes.

70.59

11.76

17.65

Attention is a domain that is affected immediately following a
concussion.

76.47

5.88

17.65

Impulse control is a narrow ability under the attention and
executive functioning domain.

94.12

5.88

0.00

Impulse control is the ability to inhibit responding to
distracting stimuli while maintaining a focus on target stimuli.

100.00

0.00

0.00

Processing speed is a narrow ability under the attention and
executive functioning umbrella.

76.47

11.76

11.76

Processing speed refers to the capacity to control attention to
perform automatic and relatively simple and repetitive
cognitive tasks.

82.35

11.76

5.88

Selective/sustained attention is a narrow ability under the
attention and executive functioning umbrella.

88.24

5.88

5.88

Selective/sustained attention is the ability to maintain vigilance 100.00
in the presence of background distractions for a prolonged
period.

0.00

0.00

Shifting attention in a narrow ability under the attention and
executive functioning domain.

94.12

0.00

5.88

Shifting attention refers to the capacity to reallocate attention
resources from one stimulus to another.

100.00

0.00

0.00
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Table 4.13
Attention Consensus – Round 2
Prompt

%R

Attention is the process used to command other processes to focus on specific
stimuli and process information while ignoring extraneous stimuli.

92.31

Attention is the process used to command and control other processes.

7.69

Impulse control is the ability to inhibit responding to distracting stimuli while
maintaining a focus on target stimuli.

38.46*

Impulse control is the unconscious ability to inhibit responding to distracting
stimuli while maintaining a focus on target stimuli.

30.77*

Impulse control is the ability to control one’s emotions and behaviors.

30.77*

Processing speed refers to the capacity to control attention to perform automatic
and relatively simple and repetitive cognitive tasks.

53.85*

Processing speed is the ability to perform actions in a specified amount of time.

30.77*

Processing speed is the ability to perform rote cognitive tasks quickly.

15.38*

Working memory is a narrow ability under the attention and executive
functioning domain.

84.62

Working memory constitutes its own domain, separate from the attention and
executive functioning domains.

15.32

*The Panel Failed to Achieve Consensus
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Language
Table 4.14 reflects the consensus regarding the operational definition of language.
The panel achieved consensus that, indeed, language is the comprehension and
expression of speech and the fund of procedural and declarative knowledge. However,
commentary suggested that the definition was limited to spoken word and that it failed to
account for symbol-based and structure-dependent language. Unanimously, though, in
Round 2 (Table 4.15), the panel agreed that language in the comprehension and
expression of speech, body gesture, signs, and writing, and the fund of procedural and
declarative knowledge.
Additionally, in Round 1, the panel was unable to achieve consensus on whether
language was affected immediately following a concussion. The panel, however, had the
opportunity to review the suggested narrow abilities. Likewise, they had a chance to
review sample testing items assessing language. In Round 2, the panel provided their
opinion again (Table 4.16). The panel achieved consensus, and the panel agreed that,
indeed, concussions could impact language functioning immediately following the injury
Nevertheless, generally, the panel decided that lexical knowledge, listening
ability, and verbal knowledge are narrow abilities under the language domain. However,
there were some semantic suggestions regarding operational definitions. For instance,
panelists suggested that lexical knowledge should include an understanding of word
relationships, and they recommended that listening ability should consist of the
individual’s ability not only to understand but also to process speech. Likewise,
suggestions included updating the definition of verbal knowledge to include “words that
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are essential and practical within a cultural context” because “information is the
compilation of what we understand based on the words we know.”
Round 2 results (Table 4.15) indicated that the panel achieved consensus
regarding the operational definition of lexical knowledge. The panel agreed that it
represents the ability to define words, develop vocabulary, and understand word
relationships. The panel also decided that lexical knowledge includes
phonetics/phonemics, syntax, and morphosyntax (Table 4.17). Additionally, the panel
achieved consensus that listening ability refers to the capacity to process and understand
speech, both in terms of single word utterances and longer, more complicated, and
complex discourse (Table 4.15). Of note, via qualitative commentary and consensus
opinion (Table 4.17), the panel expressed feeling more comfortable referring to “listening
ability” as “listening comprehension.”
The panel, however, failed to achieve consensus regarding the operational
definition of verbal knowledge. They appeared somewhat evenly divided on the best
description (Table 4.15), but, based on qualitative commentary and response rate, it
seems that the best working definition for verbal knowledge is “the knowledge of
information and words that are essential and practical within a cultural context.”
Although they achieved consensus regarding the operational definition, the panel
did not agree that communication was a narrow ability under the language domain.
Again, though, the panel had the opportunity to review all of language’s narrow skills and
their definitions. The group also had the opportunity to review test items purported to
assess communication. In Round 2 (Table 4.16), the panel agreed that communication,
indeed, is a narrow ability under the language domain, and the group agreed (Table 4.15)
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that communication refers to the specific skills related to effectively and efficiently
expressing one’s thoughts, ideas, and feelings.
Table 4.14
Language Consensus – Round 1
Prompt

%A

%D

%DNK

Language is the comprehension and expression of speech and
the fund of procedural and declarative knowledge.

94.12

5.88

0.00

Language is a domain that is affected immediately following a
concussion.

52.94* 35.29

11.76

Communication is a narrow ability under the language
umbrella.

58.82* 17.65

23.53

Communication refers to the specific skills related to
effectively and efficiently expressing one’s thoughts and ideas.

94.12

5.88

0.00

Lexical knowledge is a narrow ability under the language
umbrella.

70.59

0.00

29.41

Lexical knowledge is the ability to define words and develop
vocabulary.

76.47

0.00

23.53

Listening ability is a narrow ability under the language
umbrella.

82.35

5.88

11.76

Listening ability refers to the capacity to understand speech,
both in terms of single word utterance and longer, more
complicated, and complex discourse.

100.00

0.00

0.00

Verbal Knowledge in a narrow ability under the language
domains.

76.47

11.76

11.76
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Table 4.14, continued
Prompt

%A

Verbal knowledge is the knowledge of information that is
essential and practical within a cultural context.

%D

94.12 0.00

%DNK
5.88

*The panel failed to achieve consensus.
Table 4.15
Language Consensus – Round 2
Prompt

%R

Language is the comprehension and expression of speech, body gestures, signs,
and writing, and the fund of procedural and declarative knowledge.

100.00

Language is the comprehension and expression of speech and the fund of
procedural and declarative knowledge.

0.00

Communication refers to the specific skills related to effectively and efficiently
expressing one’s thoughts, ideas, and feelings.

92.31

Communication refers to the specific skills related to effectively and efficiently
expressing one’s thoughts and ideas.

7.69

Lexical knowledge is the ability to define words, develop vocabulary, and
understand word relationships.

91.67

Lexical knowledge is the ability to define words and develop vocabulary.

8.33

Listening ability refers to the capacity to process and understand speech, both in
terms of using word utterance and longer, more complicated, and complex
discourse.

92.31
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Table 4.15, continued
Prompt

%R

Listening ability refers to the capacity to understand speech – both in terms of
using word utterance and longer, more complicated, and complex discourse.

7.69

Verbal knowledge is the knowledge of words that are essential and practical
within a cultural context.

53.85*

Verbal knowledge is the knowledge of information that is essential and practical
within a cultural context.

46.15*

*The panel failed to achieve consensus

Table 4.16
Reconciling Round 1 Language Disagreements – Round 2
Prompt

%A

%D

%DNK

Language is a domain that is affected immediately following a
concussion.

84.62

0.00

15.38

100.00 0.00

0.00

Communication is a narrow ability under the language umbrella

Table 4.17
Consensus Opinion on Alterations of Operational Definition – Round 2
Prompt

%A

Lexical knowledge includes phonetics/phonemics, syntax, and
morphosyntax
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%D

84.62 7.69

%DNK

7.69

Table 4.17, continued
Prompt

%A

Listening ability should instead be referred to as listening
comprehension.

%D

%DNK

84.62 15.38

0.00

Memory
Consensus opinion regarding memory, detailed in Table 4.18, suggested that
mostly the panelists agreed that memory is the ability to learn, store, and consolidate
knowledge and that memory is affected immediately following a concussion. However,
qualitative data indicated that the definition might need to be updated to include the
processes of both retaining and retrieving information. Unanimously, though, the panel
agreed in Round 2 (Table 4.19) that memory is the ability to learn, store, consolidate,
retain, and retrieve information.
Further, in Round 1, the panel agreed that both associative and meaningful
memory are narrow memory processes. However, regarding the operational definitions of
these constructs, the panel suggested that associative memory should include learning,
remembering, and attaching meaning to previously unrelated stimuli. Nevertheless,
detailed in Table 4.19, the panel failed to achieve consensus on a working definition of
associative memory. Group responding was clear that associative memory is not solely
the encoding and retrieval of previously unrelated information. Instead, their responses
suggested that it is the ability to learn and remember relationships and to attach meaning
to previously unrelated items.
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Additionally, Round 1 results suggested that the panel failed to achieve consensus
regarding whether ideational fluency is a narrow ability under the memory domain.
Nevertheless, for the most part, Round 1, the panel agreed on the operational definition of
ideational fluency. They, however, did recommend that that definition needed refinement.
More specifically, some of the panelists suggested that ideational fluency is the ability to
produce ideas, words, and phrases associated with objects. With this adjustment, in
Round 2 (Table 4.20), the panel agreed that, indeed, ideational fluency is a narrow
memory ability.

Table 4.18
Memory Consensus – Round 1
Prompt

%A

%D

%DNK

5.88

5.88

82.35 11.76

5.88

Associative memory is a narrow ability under the memory
umbrella.

82.35

5.88

11.76

Associative memory refers to the encoding and retrieval of
previously unrelated information.

82.35

5.88

11.76

Meaningful memory is a narrow ability under the memory
umbrella.

76.47

5.88

17.65

Meaningful memory is the ability to construct coherent
representations and ideas from connected narratives.

94.12

0.00

5.88

Memory is the ability to learn, store, and consolidate knowledge 88.24
Memory is a domain that is affected immediately following a
concussion.
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Table 4.18, continued
Prompt

%A

Ideational fluency is a narrow ability under the memory
umbrella.
Ideational fluency refers to the ability to produce information
related to specific categories

%D

%DNK

64.71* 5.88

29.41

70.59

29.41

0.00

*The panel failed to achieve consensus.

Table 4.19
Memory Consensus – Round 2
Prompt

%R

Memory is the ability to learn, store, consolidate, retain, and retrieve knowledge. 100.00
Memory is the ability to learn, store, consolidate, and retrieve knowledge.

0.00

Memory is the ability to learn, store, and consolidate knowledge.

0.00

Memory is the ability to learn, store, consolidate, and retain knowledge.

0.00

Associative memory is the ability to learn and remember relationships between
unrelated items.

61.54*

Associative memory is the ability to attach meaning to something previously
unrelated.

23.08*
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Table 4.19, continued
Prompt

%R

Associative memory refers to the encoding and retrieval of previously unrelated
information.

15.38*

*The Panel Failed to achieve consensus

Table 4.20
Reconciling Round 1 Memory Disagreements – Round 2
Prompt

%A

If ideational fluency is defined as “the ability to retrieve ideas,
words, and phrases associated with an object,” can it be
understood as a narrow domain under the memory domain.

%D

%DNK

100.00 0.00

0.00

Sensory Motor Processing
The panel agreed that sensory-motor processing is the ability to performed skilled
physical and motor movements, as reflected in Table 4.21. However, generally, they
suggested that the operational definition was more akin to motor processing; the panel
confirmed this opinion in Round 2 (Table 4.22). Overall, the panel agreed that, indeed, a
concussion impacts sensory-motor processing immediately following injury.
In Round 1, the panel agreed that manual dexterity (i.e., the ability to make
precise and coordinate movements of the hand) and gross body equilibrium are narrow
abilities that comprise this domain. However, the panel recommended altering the
definition of gross body equilibrium to include the phrase “when in unstable positions.”
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In Round 2, though, the group failed to achieve consensus on the addition of this
condition (Table 4.21).

Table 4.21
Sensory-Motor Processing – Round 1
Prompt

%A

%D

%DNK

Sensory-motor processing is the ability to perform skilled
physical and motor movements.

82.35

11.76

5.88

Sensory-motor processing is a domain that is affected
immediately following a concussion.

82.35

5.88

11.76

Manual dexterity is a narrow ability under the sensory-motor
processing umbrella.

88.24

5.88

5.88

Manual dexterity refers to the ability to make precise and
coordinated movement of the hand.

100.00

0.00

0.00

Gross body equilibrium is a narrow ability under the sensorymotor processing umbrella.

82.35

5.88

11.76

Gross body equilibrium is the ability to maintain balance and
hold the body in specific positions.

100.00

0.00

0.00

Table 4.22
Sensory-Motor Processing – Round 2
Prompt

%R

Motor processing is the ability to perform skilled physical and motor movements. 69.23
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Table 4.22, continued
Prompt

%R

Sensory-motor processing is the ability to perform skilled physical and motor
movements.

30.77

Gross body equilibrium is the ability to maintain balance and hold the body in
specific positions.

61.54*

Gross body equilibrium is the ability to maintain balance and hold the body in
specific positions when in unstable positions.

38.46*

*The Panel failed to Achieve Consensus

Visual Processing
Table 4.23 is the aggregate data of panelists’ responses, and the panel achieved
consensus regarding the operational definition of visual processing. Likewise, the group
generally agreed that a concussion impacts immediately upon injury. The survey
questions in Round 1, however, included a typographical error that made it difficult to
determine if these processes are part of the visual processing or sensory-motor domains.
Round 2 included survey questions that corrected this error, and consensus opinion
indicated that, indeed, closure speed, flexibility of closure, visual memory, and
visualization are all narrow abilities under the visual processing umbrella (Table 4.24).
In Round 1 (Table 4.23), the panel decided that all the operational definitions of
proposed narrow abilities were suitable, although there were some recommendations for
semantic revisions. For instance, some panel members suggested that closure speed is the
ability to combine different pieces of information into meaningful patterns and that
flexibility of closure may refer to the ability to identify patterns within visually
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distracting information. The panel also recommended changing the definition of visual
memory from “the ability to form and remember visual stimuli” to “the ability to form
and retrieve visual stimuli.” The panel also suggested that visualization, instead of the
proposed definition, is the ability to imagine how something will look within one’s mind.
The panel achieved consensus regarding the operational definition of closure
speed in Round 2, as indicated in Table 4.25, suggesting that closure speed is the ability
to detect meaningful visual objects from incomplete or vague visual stimuli fields.
Likewise, the panelists agreed that visual memory is the ability to form and retrieve
visual stimuli.
However, the panel did have some difficulty agreeing on a working definition of
flexibility of closure. The panel’s responses indicate an almost even split. Nevertheless,
based on qualitative commentary provided as the pattern of responding, it appears that
flexibility of closure, essentially, is the ability to identify specific visual patterns within a
visual field that is either distracting or overly complex. Similarly, the panel struggled to
agree on a definition of visualization. However, via commentary and response patterns, it
appears that visualization, to some degree, refers to the ability to imagine how a visual
pattern will look in one’s mind and manipulate it to solve visual problems.
Table 4.23
Visual Processing Consensus – Round 1
Prompt

%A

Visual processing is the ability to use visual information to
analyze stimuli and transform mental imagery for problemsolving tasks.
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%D

100.00 0.00

%DNK

0.00

Table 4.23, continued
Prompt

%A

%D

%DNK

Visual processing is a domain that is affected immediately
following a concussion.

76.47

5.88

17.65

Closure speed is defined as the ability to detect meaningful
visual objects from incomplete or vague visual stimuli fields.

76.47

5.88

17.65

Flexibility of closure refers to the ability to identify very
specific visual figures or stimuli embedded in complex or
distracting stimuli.

76.47

0.00

23.53

Visual memory refers to the ability to form and remember
visual stimuli.

100.00 0.00

0.00

Visualization is the ability to perceive visual patterns and
manipulate them sufficiently to solve visual problems.

82.35

5.88

11.76

Prompt

%A

%D

%DNK

Closure speed is a narrow ability under the visual processing
umbrella.

92.31

7.69

0.00

100.00 0.00

0.00

76.92

15.38

Table 4.24
Visual Processing Consensus – Round 2

Flexibility of closure is a narrow ability under the visual
processing umbrella.
Visual memory is a narrow ability under the visual processing
umbrella
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7.69

Table 4.24., continued
Prompt

%A

Visualization is a narrow ability under the visual processing
umbrella

%D

92.31 0.00

%DNK

7.69

Table 4.25
Memory Consensus – Round 2
Prompt

%R

Flexibility of closure refers to the ability to identify very specific visual figures
or stimuli embedded in complex or distracting stimuli.

53.85*

Flexibility of closure is the ability to identify patterns within visually distracting
information.

46.16*

Visual memory refers to the ability to form and retrieve visual stimuli.

69.23

Visual memory refers to the ability to form and remember visual stimuli.

30.77

Visualization is the ability to imagine how something will look within one’s
mind.

61.54*

Visualization is the ability to perceive visual patterns and manipulate them
sufficiently to solve visual problems.

38.46*

*The Panel Failed to Achieve Consensus
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Delphi Consensus: Item Critique
Broad and Narrow Abilities
The panel examined the proposed testing items (Appendix B) and rendered their
opinion if the tasks measured the purported domain and narrow ability (outlined in Table
4.26). The panel achieved consensus on all items. That is, the group agreed that each item
adequately measured the intended skill, thus providing further evidence of validity based
on test content (Table 4.27).
Table 4.26
Hypothesized Broad and Narrow Abilities Assessed by Each Item
Item

Hypothesized Domaine

Hypothesized Narrow Ability

1

Language

Communication

2

Language

Communication

3

Language

Communication

4

Language

Communication

5

Language

Communication

6

Language

Communication
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Table 4.26, continued

Item

Hypothesized Domaine

Hypothesized Narrow Ability

7

Language

Lexical Knowledge

8

Language

Lexical Knowledge

9

Memory

Meaningful Memory

10

Attention and Executive Functioning

Shifting Attention

11

Sensory-Motor Functioning

Manual Dexterity

12

Sensory-Motor Functioning

Gross Body Equilibrium

13

Sensory-Motor Functioning

Gross Body Equilibrium

14

Sensory-Motor Functioning

Manual Dexterity

15

Sensory-Motor Functioning

Manual Dexterity

16

Sensory-Motor Functioning

Gross Body Equilibrium

17

Attention and Executive Functioning

Impulse Control
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Table 4.27
Consensus Opinion of Broad and Narrow Abilities Assessed by Each Item
Domain

Narrow Ability

Item
%A

%D

%DNK

%A

%D

%DNK

1

100.00

0.00

0.00

100.00

0.00

0.00

2

88.24

5.88

5.88

82.35

11.76

5.88

3

94.12

5.88

0.00

94.12

5.88

0.00

4

94.12

0.00

5.88

94.12

0.00

5.88

5

100.00

0.00

0.00

100.00

0.00

0.00

6

100.00

0.00

0.00

94.12

5.88

0.00

7

94.12

5.88

0.00

100.00

0.00

0.00

8

100.00

0.00

0.00

100.00

0.00

0.00

9

100.00

0.00

0.00

88.24

0.00

11.76

10

100.00

0.00

0.00

94.12

0.00

5.88

11

100.00

0.00

0.00

100.00

0.00

0.00

12

100.00

0.00

0.00

100.00

0.00

0.00

13

100.00

0.00

0.00

100.00

0.00

0.00
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Table 4.27, continued
Domain

Narrow Ability

Item
%A

%D

%DNK

%A

%D

%DNK

14

94.12

0.00

5.88

88.24

5.88

5.88

15

100.00

0.00

0.00

100.00

0.00

0.00

16

100.00

0.00

0.00

94.12

5.88

0.00

17

100.00

0.00

0.00

100.00

0.00

0.00

Developmental Appropriateness of Each Item
The panel also volunteered their opinion on the developmental appropriateness of
the task (i.e., determining if a typical 3-year-old can complete it). Table 4.28 outlines the
responses, but generally the panel agreed on the developmental appropriateness of each
task. However, there were some items (i.e., 5, 7, 16, and 17) on which the panel failed to
achieve consensus. For instance, the group suggested that rhyming, counting, and
demonstrating sufficient content knowledge for completing analogies might be too
difficult for the typical 3-year-old, particularly when considering socioeconomic and
cultural factors. Additionally, the panel was unsure if a typically developed 3-year-old
can demonstrate static leg standing or adequately inhibit their prepotent response of
attending to loud and unexpected noises.
Nevertheless, there was no need for further analyses as future research and
analyses will adequately address these concerns. It is recommended—and discussed in
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another section of this research—that, when piloting this assessment, item analysis and
discrimination statistics need to be collected to help identify items that depend too
heavily on culture, exposure, and socioeconomic status.
Table 4.28
Consensus Opinion on Developmental Appropriateness of Each Item
Item

%A

%D

%DNK

1

88.24

11.76

0.00

2

88.24

11.76

0.00

3

82.35

5.88

11.76

4

88.24

0.00

11.76

5

41.18*

23.53

35.29

6

88.24

0.00

11.76

7

58.82*

5.88

35.29

8

100.00

0.00

0.00

9

76.47

5.88

17.65

10

70.59

17.65

11.76

11

88.24

5.88

5.88

12

100.00

0.00

0.00
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Table 4.28, continued
Item

%A

%D

%DNK

13

94.12

0.00

5.88

14

100.00

0.00

0.00

15

94.12

0.00

5.88

16

64.71*

17.65

17.65

17

64.71*

0.00

35.29

*The Panel failed to achieve consensus
Functional Utility of Each Task
Finally, the intention of this test is such that it can be administered without
preparation and by an untrained person. To this end, the panel commented on whether
they felt a paraprofessional could complete the task without any pre-prepared
manipulatives. Table 4.29 highlights the responses and, overall, the group agreed that the
administration of these testing items could occur without the use of pre-prepared
manipulatives in the natural environment. Moreover, the panel decided that a
paraprofessional can execute these tasks effectively with only minimal training. To this
end, the proposed test appears to have the intended functional utility.

133

Table 4.29
Consensus Opinion of Functional Utility of Each Item
Assessed without the Use of
Manipulatives

Appropriate for a Paraprofessional to
Administered

Item
%A

%D

%DNK

%A

%D

%DNK

1

100.00

0.00

0.00

100.00

0.00

0.00

2

100.00

0.00

0.00

100.00

0.00

0.00

3

94.12

0.00

5.88

100.00

0.00

0.00

4

100.00

0.00

0.00

100.00

0.00

0.00

5

100.00

0.00

0.00

100.00

0.00

0.00

6

94.12

0.00

5.88

100.00

0.00

0.00

7

93.57

0.00

6.25

94.12

5.88

0.00

8

100.00

0.00

0.00

94.12

0.00

5.88

9

94.12

0.00

5.88

100.00

0.00

0.00

10

94.12

0.00

5.88

82.35

5.88

11.76

11

94.12

5.88

0.00

94.12

5.88

0.00

12

100.00

0.00

0.00

94.12

0.00

5.88

13

100.00

0.00

0.00

94.12

0.00

5.88
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Table 4.29, continued
Assessed without the Use of
Manipulatives

Appropriate for a Paraprofessional to
Administered

Item
%A

%D

%DNK

%A

%D

%DNK

14

100.00

0.00

0.00

100.00

0.00

0.00

15

94.12

5.88

0.00

100.00

0.00

0.00

16

100.00

0.00

0.00

94.12

0.00

5.88

17

100.00

0.00

0.00

94.12

5.88

0.00

Suggested Revision
While the panel agreed for the most part on the functional utility of each task, the
panel offered excellent suggestions to improve the clarity of instruction. Most of these
suggestions included subtle changes to the directions, prompts, and behavioral
expectations for completing the task and did not require any further consensus opinion.
However, as outlined in Table 4.30, the panel provided their advice on some items
prompts that did require consensus agreement. Appendix C represents all the revisions,
including those described below.
On Item 1, the original prompt read, “Hi! I want you to tell me your name.”
However, the panel suggested that this prompt required revision. More specifically, the
group seemed to think that “I want…” should be removed from the prompt. Based on
consensus opinion, the prompt was changed to “Hi! What is your name?” On Item 7, the
panel suggested changing the original prompt, “A giraffe is big, and a bumblebee is…”
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because there was some discussion that a giraffe is better described as “tall,” which could
distort the analogy. Unanimously, the panel agreed to change “giraffe” to “elephant.”
Likewise, in Item 7, some panelists suggested that “brown” would be an additional
appropriate response to the color of the grass. However, the panel failed to achieve
consensus on the appropriateness of this response. Future analyses should determine if
“brown” is also an appropriate response.
Table 4.30
Item Revisions – Round 2
Item

Prompt

%R

1

“Hi! What is your name?”

69.23

“Hi! Tell me your name!”

30.77

“An elephant is big, and a bumblebee is…”

100.00

“A giraffe is big, and a bumblebee is…”

0.00

In response to “The sky is blue, and the grass is…” brown is NOT an
appropriate response in addition to “green.”

53.85*

In response to “The sky is blue, and the grass is…” brown is an
appropriate response in addition to “green.”

46.15*

7

7

*The panel failed to achieve consensus.
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CHAPTER 5
DISCUSSION

Overview
Epidemiological research suggests that traumatic brain injury is the most common
injury in children and that it is the leading cause of disability. Moreover, because of rapid
neuronal, physical, and emotional development, early childhood is a period of
vulnerability, and research on the long-term consequences for TBI in this group is scant,
particularly regarding long-term sequelae. Conventional research in the pediatric
population suggested that recovery from concussion symptoms ranged between 14 and 28
days (Eisenberg, Andrea, Meehan, & Mannix, 2013; McClincy, Lovell, Pardini, Collins,
& Sporeb, 2006); however, Corwin and his colleagues (2014) suggest that the actual
recovery time is about 64 days. Their results conclude that children who sustain a
concussion experience a more prolonged recovery than expected, even without any
predisposing factors (e.g., anxiety, depression, and attention problems). During this time,
the child is at higher risk for sustaining additional head injuries and facing more dire
consequences as they mature.
Generally, the medical, neuropsychological, and psychological sciences suggest
that better health and behavior-related outcomes improve when appropriate diagnosis and
identification occurs so that early and intense intervention can occur. Current criticism of
the present assessment practices suggests that instruments are not sensitive enough to
adequately measure the nuances of the concussion and other mild traumatic brain injury
presentations. Further, early childhood is marked with substantial difference sin physical,
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cognitive, and emotional development when compared to adults. However, there
continues to be relatively weak identification of concussions in early childhood and
misdiagnoses that contribute to the proliferation of responses and recommendations that
are not research-based.
More specifically, research suggests that children younger than age 7 fare worse
in adjustment and assessment post-injury than older persons due to characteristics related
to vulnerability and recovery. However, current practices, more often than not, rely on
guidelines and recommendations for adults despite notable literature that suggests that
children require unique consideration due to brain development. There are no pediatricspecific concussion guidelines for return to activity. Moreover, children appear to be
more susceptible to subsequent concussions and require more time to recover, thus
putting them at greater risks for future abnormalities and difficulties.
It remains crucial that clinicians fully identify symptoms related to concussions in
early childhood. To this end, the present research seeks to create a conceptual
understanding to be used in a low-stakes assessment tool to determine the need for a
more comprehensive evaluation and treatment program for children experiencing
concussions in early childhood. This research focuses on item generation, and the results
do not assist in diagnostic decisions making. However, item generation is the first
objective for test design. It provides the conceptual framework for an assessment tool that
can help in the appropriate diagnosis of concussions in early childhood.
The present research also attempts to provide validation that a paraprofessional or
an individual that has daily and regular access to the child can indeed administer the
current assessment tool. The assessment tool is not intended to be administered in a
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clinical setting. This consideration is important because using a familiar assessor can help
assuage fear or withdrawal during testing (Bradley-Johnson & Johnson, 2007). It also
provides an opportunity for the assessor to have an intimate knowledge of whether the
testing performance was typical. It provides greater validity to any behavioral
observation, too, that will help inform future, more comprehensive evaluation techniques.
Domain, Narrow Abilities, and Operational Definitions for the Assessment of Concussion
in Preschool Children
Defining the Constructs
Both the panel and the review literature agreed that assessment items needed to
address immediate and short-term deficits of attention, language functioning, memory,
motor processing, and visual processing. Operational definitions, where the panel
achieved consensus, is detailed in Table 5.1.
Table 5.1
Operational Definitions of Assessment Domains and Narrow Abilities
Domain

Operational Definition

Attention The process used to command other processes
to focus on specific stimuli and processing
information while ignoring extraneous
stimuli.
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Narrow
Ability

Operational
Definition

Impulse
Control

—

Processing
Speed

—

Table 5.1, continued
Domain

Language

Operational
Definition

Comprehension and
expression of speech,
body gestures, signs,
and writing, and the
fund of procedural
and declarative
knowledge.

Narrow Ability

Operational Definition

Selective/Sustained
Attention

The ability to maintain
vigilance in the presence of
background distractions for a
prolonged period.

Shifting Attention

The capacity to reallocate
attention resources from one
stimulus to another.

Communication

The specific skills related to
effectively and efficiently
expressing one’s thoughts,
ideas, and feelings.

Lexical Knowledge

The ability to define words,
develop vocabulary, and
understand word relationships.

Listening
Comprehension

The capacity to process and
understand speech, both in
terms of single word utterances
and longer, more complicated,
and complex discourse, and
including
phonetics/phonemics, syntax,
and morphosyntax.

Verbal Knowledge

—
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Table 5.1, continued

Domain

Operational Definition

Narrow
Ability

Operational Definition

Memory

Memory is the ability to
learn, store, consolidate,
retain, and retrieve
knowledge.

Associative
Memory

—

Meaningful
Memory

The ability to construct
coherent representations
and ideas from connected
narratives.

Ideational
Fluency

The ability to retrieve ideas,
words, and phrases
associated with an object.

Manual
Dexterity

The ability to make precise
and coordinated movement
of the hand.

Gross Body
Equilibrium

—

Closure
Speed

The ability to detect
meaningful visual objects
from incomplete or vague
visual stimuli fields.

Flexibility of
Closure

—

Motor
Processing

Visual
Processing

The ability to perform
skilled physical and motor
movements.

The ability to use visual
information to analyze
stimuli and transform
mental imagery for
problem-solving tasks.
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Table 5.1, continued
Domain

Operational
Definition

Narrow
Ability

Operational Definition

Visual
Memory

The ability to form and retrieve visual
stimuli.

Visualization

—

Regarding attention, the literature review and panel agreement suggested that
specific narrow abilities included impulse control, processing speed, selective/sustained
attention, and shifting attention. However, the panel failed to achieve consensus related to
the impulse control and processing speed constructs. More specifically, the group had
difficulties determining if impulse control refers to the ability to inhibit responses to
distracting stimuli consciously or unconsciously. Still, some other panelists suggested
that it relates solely to the ability to control one’s emotions and behaviors.
Neuropsychological research, however, indicates that inhibitory control is the ability to
suppress responses to irrelevant stimuli (Hale et al., 2010; Hale et al., 2012). Moreover,
neuropsychological research suggests that deficits in impulse control are responding
without consideration of consequences, acting upon of stimuli irrelevant to the task at
hand, or responding before hearing complete instructions (Solanto et al., 2001). These
points suggest that, indeed, impulse control is the unconscious inhibiting of prepotent
responding.
Difficulty with determining an operational definition also likely appears to be
related to the multifaceted neurological presentation of impulse control. For instance,
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Nigg (2000) suggests that inhibition control can appear associated with cognitive and
behavioral inhibition and interference control; this type of impulse control is “top-down,”
mediated by cortical inhibition problems. The second type of inhibitory control is
“bottom-up” and reflects subcortical issues related to responding both to reinforcement
and punishment (Nigg, 2000). Hale and his colleagues (2010), though, provide evidence
to suggest that response inhibition deficits are more likely to related to bottom-up striatal
causes. Nevertheless, isolating impulse control as a construct is difficult, as it includes the
interaction of inhibitory mechanisms and processes related to attention arousal,
maintenance, and selection (Arnsten, 1997).
Regarding processing speed, the panel appeared split between defining processing
speed as the capacity to control attention to perform automatic and rote cognitive tasks or
merely the ability to perform actions in a specified amount of time. However, the
hierarchy of speeded information processing is rather complicated and includes several
different broad skills. Processing speed, as defined in the present study, refers simply to
broad cognitive speed, a combination of the rate at which an individual makes
comparisons of visual stimuli and the speed and fluency of their completion (Schneider &
McGrew, 2012).
However, the demonstration of information processing also requires
consideration of decision speed and psychomotor speed (Schneider & McGrew, 2012).
Decision speed, broadly, refers to the ability to make a simple decision or judgment. It
relies on the child’s simple reaction time (i.e., reaction time to the onset of a stimulus)
and choice reaction time (i.e., reaction time when choices are needed). Additionally,
semantic processing speed (i.e., reaction time when a decision requires condensing and
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manipulating stimulus content) and mental comparison speed (i.e., reaction time for the
comparison of stimuli for specific attributes) need consideration. Inspection time, the
speed at which the individual perceives differences, is also an important consideration.
Measures of reaction time and decision speed, however, are not typically used in clinical
settings.
Likewise, Schneider and McGrew (2012) note that psychomotor speed—the
speed and fluidity with which physical body movements are made—is also not typically
assessed in clinical settings. However, neuropsychologists tend to evaluate these skills to
indicate in which hemisphere a brain injury may have occurred. Schneider and McGrew
(2012), nonetheless, suggest that psychomotor speed is the combination of the speed of
arm and leg movement, the speech at which written words can be copied, and the time it
takes to physically move a body part to match required response (Dreary, 2003;
Nettlebeck, 2003; McGrew, 2005; Schneider & McGrew, 2012).
The discrepancy in describing processing speed likely reflects developments in
the understanding of the speed taxonomy (McGrew, 2005; McGrew & Evans, 2004).
Danthiir and her colleagues (2005) also provided support for this hypothesis and
suggested that mental speed tasks indeed create a complex hierarchy whereby traditional
psychometric tasks measure accuracy. However, there is a broader mental speed factor
that conventional assessment practices and procedures do not thoroughly assess.
Nevertheless, consistent with the literature mentioned above, aggregated individual
commentary suggests that processing speed, at its most basic level, is the ability to
perform simple, repetitive tasks quickly and fluently within a specified amount of time.
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Additionally, the panel suggested that working memory is also a narrow ability
under the attention and executive functioning domain, and evidence exists to support this
opinion. For instance, the most popular conceptualization of working memory includes
four components. They are the central executive, the phonological loop, the visual-spatial
sketchpad, and the episodic buffer (Baddley, 2000; Baddley & Hitch, 1974). The central
executive is responsible for controlling attention (e.g., focusing, dividing, and shifting
attention) and is accountable for inhibition, updating, and shifting. The phonological loop
and visual-spatial sketchpad are both under the control of the central executive. They are
responsible for articulatory control processes and the rehearsal of perceived movement
and spatial information, respectively. The episodic buffer updates stored long-term
memory directly (Baddley, 2000).
There has been discussion to change the “working memory” label to “attentional
control,” but there has been some resistance. For instance, Schneider and McGrew (2012)
suggested that multidimensional constructs like attention and executive functioning are
difficult to define with a single test. They note that, although clinical measures of
working memory include attention-related abilities, working memory, in totality, does not
adequately represent attention or executive functioning. To this end, there continues to be
disagreement among researchers as to whether working memory is a superordinate
category of the short-term memory domain or a narrow ability. (Schneider & McGrew,
2012). Further, the current trend of school neuropsychology appears to be moving away
from the information-processing model outlined above. Practitioners are starting to view
working memory as a subset of memory, alongside the rate of learning, immediate
memory, delayed recall and recognition, and semantic memory (Miller, 2007, 2010).
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Consistent with the literature reviewed, the panel also agreed that language
includes communication, lexical knowledge, listening comprehension, and verbal
knowledge. The group achieved consensus regarding most of the operational definitions
of the broad category and its narrow abilities. However, the panel was unable to reach a
consensus opinion related to verbal knowledge. The disagreement, however, appeared
related to semantics; that is, the group struggled with whether verbal knowledge is the
knowledge of words or information. The panel otherwise agreed that verbal knowledge
includes experience that is practical in cultural contexts, consistent with current
denotations of verbal knowledge. Schneider and McGrew (2012) define general verbal
information as “the breadth and depth of knowledge that one’s culture deems essential,
practical, or otherwise worthwhile for everyone to know” (p. 122). The semantic
disagreement seemed insignificant; in either case, the panel consistently agreed that
verbal knowledge is the cumulative effect of exposure to and retention of diverse forms
of culturally relevant and familiar information.
Additionally, the panel agreed on the operational definition of memory. The panel
also agreed that associative and meaningful memory and ideational fluency are narrow
abilities. They decided on the operational definitions of meaningful memory and
ideational fluency. However, the panel struggled to identify a singular definition of
associative memory. For instance, there was a split between whether associative memory
is the ability to learn and remember relationships between unrelated items or if it is the
ability to attach meaning to something previously unrelated. These definitions, however,
both appeared to encapsulate the gestalt of the construct. Horn and Blankson (2012) note
that associative memory is demonstrated by presenting one element of an associated pair

146

and asking the child to recall the other element. They suggest that this ability is an ability
of short-term apprehension and retrieval. Schneider and McGrew (2012) agree and
provide the following definition: associative memory is “the ability to remember
previously unrelated information as having been paired” (p. 117).
The literature and the panel agreed that manual dexterity and gross body
equilibrium are narrow abilities that comprise the motor functioning domain. The
panelists were able to define motor processing and manual dexterity adequately;
however, the panel struggled to agree to whether gross body equilibrium requires a
person to maintain balance in general or only when in unstable positions. Schneider and
McGrew (2012) define gross body equilibrium as a measure of psychomotor abilities, or
the ability to perform physical body movement with precision, coordination, and strength.
However, they caution that “psychologists are not usually interest in [psychomotor
abilities] for its own sake” (p. 134). Rather, they suggest that neuropsychologist use
measures of psychomotor abilities to assess lateralized brain injury. Schneider and
McGrew (2012) also note that industrial and organizational psychologists use tests of
psychomotor ability for job selection. They also report that occupational and physical
therapists use tests of motor functioning in their assessment. To this end, difficulty
operationally defining gross body equilibrium is not surprising. This panel consisted,
mostly, of psychologists. This study sought to include panelists who identify as
neuropsychologists and occupational and physical therapist; however, none participated
in the study. Nevertheless, based on research in various models of intelligence, it does
appear that the definition of gross body equilibrium does require keeping the body in an
upright position in space after balance has been disrupted (Schneider & McGrew, 2012).

147

Finally, regarding visual processing, the literature review and panel agreement
provided a working operational definition. Similarly, panel consensus was consistent with
the literature reviewed and suggested that visual processing includes closure speed and
visual memory, defined in Table 5.1. The panel also agreed that visual processing
includes flexibility of closure and visualization; however, the board failed to achieve
consensus on operational definitions of these narrow abilities. Nevertheless, based on the
qualitative information provided by the panel, flexibility of closure appeared to include
identifying specific visual patterns within a distracting or overly complicated visual field.
This definition is somewhat consistent with the historical interpretation of flexibility of
closure—the ability to identify a visual figure or pattern embedded in an intricate,
distracting, or disguised visual design or array when one knows in advance what the
pattern is (Horn, 1980; Schneider & McGrew, 2010).
As there remain unresolved issues in the literature, it follows that the panel failed
to achieve consensus regarding the operational definition of visualization (Schneider &
McGrew, 2012). For instance, in the initial analyses of visual processing, Carroll (1993),
via factor analysis, found that tasks of visualization loaded within both the visualization
and fluid reasoning factors. Subsequent studies, too, suggested that individuals use a
variety of strategies to complete visualization tasks, including mental imagery and
approaches that are more analytical (Hegarty, 2010; Kyllonen, Lohman, & Woltz, 1984).
Nevertheless, visualization is traditionally defined as the ability to perceive intricate
patterns and mentally simulate how they might look when transformed (Schneider &
McGrew, 2012). Based on commentary and survey response patterns, a similar definition
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was inferred; that is, visualization is the ability to imagine how visual patterns will look
in one’s mind to manipulate them to solve problems.
Assessing the Constructs
Regarding the current assessment, as written in Appendix C, the panel agreed that
Items 1 through 8 adequately and appropriately measure language functioning. More
specifically, the panel concurred that Items 1 through 6 effectively and efficiently
measure communication, and Items 7 and 8 appropriately assess lexical knowledge.
Evaluations of these constructs are consistent with assessment recommendations; more
specifically, research suggests that any assessment of language, comprehension, and
knowledge should include a measure of general information and a test of language
development and lexical knowledge (Schneider & McGrew, 2012).
Listening comprehension is another aspect of language assessment; however, a
direct measure of listening comprehension is not entirely necessary, as the evaluator
assumes security of this skill via qualitative information collected during the
administration of other items. For example, during any direct questioning, the child must
demonstrate adequate receptive language and listening comprehension skills to complete
the task. Further, although the fund of general knowledge (i.e., verbal knowledge) is not
directly assessed as part of the proposed evaluation when examining a conceptual map of
acquired knowledge, verbal knowledge has a direct impact on language development.
Language development includes an assessment of vocal production, communication
ability, listening ability, and lexical knowledge, which are all screened as part of the
proposed assessment.
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In terms of memory, the proposed assessment does not include measures of
learning efficiency, and there are no structured learning tasks. No associative memory
tasks were adapted because the tests currently available failed to demonstrate adequate
testing stability. This psychometric limitation suggests that associated memory is not
secure in children age 3 years, and any assessment thereof would require somewhat
idiosyncratic and skilled interpretation by a trained clinician. Likewise, tasks of
ideational fluency demonstrated insufficient psychometric properties for further review.
Nevertheless, when assessing learning and memory, Schneider and McGrew (2012) do
recommend a measure of meaningful memory, praising its diagnostic value. Indeed, the
panel agreed that Item 9 adequately assesses meaningful memory.
The panel also agreed that Items 10 and 17 are measures of attention and
executive functioning; more specifically, panelists agreed they were measures of shifting
attention and impulse control, respectively. Of note, there were no published measures of
selective and sustained attention for children age 3 years. Further, traditional
neuropsychological assessment of selective and sustained attention typically requires the
child to choose target stimuli quickly from an array or to participate in a continuous
performance task (Miller & Maricle, 2012). These tasks typically require substantial
manipulatives and careful interpretive considerations of performance.
Like tasks of sustained attention, processing speed tasks typically require a child
to quickly judge whether stimuli are the same or different or to find matching stimuli in
an array of heterogeneous figures (Miller & Maricle, 2012; Schneider & McGrew, 2012).
Only one task from the lot reviewed demonstrated adequate psychometric properties to
assess processing speed reliably. This task, though, required the use of manipulatives and
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tools that were not likely to be available immediately following an injury. Moreover,
tasks of processing speed require the evaluator to assess a child’s ability to recognize
simple visual patterns and scan arrays. At the same time, the child performs speeded
visual-perceptual tasks that encumber working memory. Further, demonstrating visual
pattern recognition imposes additional cognitive demands, thereby requiring skilled
interpretation (Schneider & McGrew, 2012). To this end, a task of processing speed was
not included in this screening assessment, although this task may need to be administered
to a child later as part of a more comprehensive test battery.
Finally, the proposed assessment battery also does not include a clear and distinct
measure of working memory, mainly because these tasks do not demonstrate the
technical adequacy to be a reliable measure in children age 3 years. However,
conceptually, in the assessment of working memory, Schneider & McGrew (2012)
recommend simple memory span tasks and attention-demanding short-term memory
tasks to determine the problem of executive attention control, processes that, indeed, are
measured by the present assessment. A more comprehensive evaluation following the
identification of the injury should include formal measures of memory span and working
memory capacity.
Regarding motor functioning, the panel agreed that Items 11, 14, and 15
adequately assesses manual dexterity. The panelist also agreed that Items 12, 13, and 16
measure and assess gross body equilibrium. The current assessment adequately captures
all aspects of motor functioning. However, regarding the sensory aspect of this domain
(e.g., visual processing and visual-motor integration), no tasks of visual processing are
included in the proposed assessment. Although the literature suggests that adequate
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assessment of visual processing needs to include visualization (Schneider & McGrew,
2012), these tasks generally use manipulatives in their administration. Further they
usually require careful interpretation by a trained clinician on the motor requirements of
the task and the balance of timed and untimed tasks. It is possible to assess visual
processing without physical manipulation of objects; however, these tasks generally
require a stimulus book to measure “in the mind’s eye” visualization.
Developmentally Appropriateness of Testing Items
For the most part, the panel agreed that most of the testing items are
developmentally appropriate. Of note, no items appear to be grossly inappropriate for a
child age three years. However, there was some dispute regarding whether a child could
adequately complete Items 5, 7, 16, and 17. More specifically, the panel questioned
whether rhyming skills are secure in the targeted age-group. Indeed, the development of
rhyming skills is somewhat varied. For instance, children age 3 years can demonstrate
phonological awareness, including rhyme awareness (Maclean, Bryant, & Bradley,
1987). However, more recently, Suortti and Lipponen (2016) suggested that rhyming is a
late-stage early literacy skill; that is, rhyming is harder than blending for children in early
childhood. Their results do need to be interpreted with caution as they write that
“children aged four years or younger … simply refused to do the Rhyme and Plan tasks,
by answering ‘I don’t want to – don’t know – I cannot’” (p. 1714). Their study also
expected children to produce rhymes, not demonstrate awareness of rhyme. They also
found a statistically significant difference between the performance on the rhyme task
between readers and non-readers. Maclean and colleagues (1987) documented a similar
finding insofar as a child’s knowledge of nursery rhymes dramatically increases rhyme
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detection. Thus, exposure to literature, indeed, can impact the development of rhyming
skills.
Second, the panel questioned whether counting skills are secure in children age 3
years. Dunbar and her colleagues (2017) found that most children (n =54, mean age of
3.3 years) indeed can count from one to 10 without any difficulty. Further, they
discovered that structure counting could improve a child’s engagement in a counting
sequence. The proposed test used numbers that are well within the domain of mastery; in
fact, the child only needs to be able to count to four to participate in the task. Further, the
task itself makes use of spatial arrangement and includes a counting structure.
Third, the panel also suggested that children age 3 years may not have the content
knowledge to participate in tasks of verbal analogies adequately. However, Richland,
Morrison, and Holyoak (2016) determined that children age 3 and 4 years were
exceptionally accurate in one-relation analogies without any distractions. They found that
children age 3 years could demonstrate domain knowledge via analogies when the
relational complexity was diminished, and distractions were removed. In the proposed
assessment, indeed, the relationship is one-way and is related to size, color, and body part
functionality, all domains with which the child should be familiar. Likewise, the
sentences are simple, and there is no distracting linguistic loading.
Nevertheless, collectively, the panel’s concerns appeared valid. However, at
present, they do not require further analysis. Instead, future research needs to address the
item difficulty and discrimination. Likewise, obtaining additional information regarding
the cultural and linguistic loading of items as well as addressing concerns related to
exposure and socioeconomic status via an appropriate norming sample can mitigate
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unfair or biased questions. More specific procedures are outlined below (“Future
Directions”).
The panel also suggested that the expectations for 9-second single-leg standing
may be too difficult for a child age 3 years to complete. There did not appear to be any
developmental research on a single leg stance with eyes closed for children age 3 years.
However, Condon and Cremin (2014) did provide some interquartile statistics regarding
single leg standing with eyes closed in children ages 4 and 5 years. Their results
suggested that about 9 seconds, in this age group, is the upper quartile. Said (2013)
described similar findings in a population of children age 5 years. More specifically, they
found that a typically developing child age 5 years can stand on one leg with their eyes
closed for about 5 seconds. As such, this task may need revision based on children’s
collective performance; future research should examine the range of single-leg stance
with eyes closed in the norming sample.
Functional Utility of Proposed Assessment
Montgomery and her colleagues (2010) indicated that traditionally,
psychotherapy, assessment, and evaluation were tasks reserved for trained persons with
graduate degrees and substantial clinical experiences. However, a movement to balance
adequate care and costs saw paraprofessionals, who are service providers without
postgraduate training in a designated mental health specialization program, begin to
provide services. The panel agreed that the proposed assessment could be administered
by a paraprofessional without the use of significant manipulatives.
Durlak (1979) initiated research on the effectiveness of paraprofessionals. He
concluded that paraprofessionals generally achieve outcomes equivalent to or better than
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professionals. However, in their criticism of Durlak, Nietzel and Fisher (1981) cited
methodological problems (e.g., inadequate internal validity, inconsistent definitions of
paraprofessional and professional status, low power, and insensitive study designs).
Nevertheless, Hattie, Sharpley, and Rodgers (1984) concluded that “paraprofessionals are
at least as effective, and in many instances, more effective than professional counselors”
(p. 540). This trend continued when Berman and Norton (1985) reexamined Hattie and
colleagues’ work, noting that paraprofessional and professional therapies were roughly
equivalent in efficacy. Further, Stein and Lambert (1984, 1995) indicated that
paraprofessionals, albeit with adequate training, maintained clients in treatment and
produced greater client satisfaction. Weisz and colleagues (1995) concluded that, with
some caveats, paraprofessionals generated larger treatment effect sizes than their
professional counterparts.
Research has also suggested that a well-trained paraprofessional can have a
positive impact on intervention programs (Giangreco et al., 2001b). Montgomery and her
colleagues (2010) sought to determine if paraprofessionals can be successful at specific
types of therapies. They concluded that overall, with careful screening, training, and
supervision, paraprofessionals can be successful at providing cognitive-behavioral
therapy to children and adolescents.
Presently, the panel agreed that the paraprofessional should be capable of
adequately administering all the proposed tasks. However, to ensure reliable and valid
administration, there does appear to be a minimal training requirement, specifically
tailored to help ensure mastery. Darch and his colleagues (2014) provide some insight
into a four-step training model for paraprofessionals. In the first stage, trainers provide
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clear expectations of the activity to complete to ensure that the paraprofessional is aware
of each action sequence necessary to demonstrate the expected behavior. Next, at stage
two, the paraprofessional is given a rationale as to why a specific technique is essential.
At step three, the paraprofessional receives frequent and positive feedback, noting that
“feedback is crucial to the process of shaping behavior” (p. 37). At the fourth stage, the
trainer provides a clear focus on the areas of need with criticism limited to one or two
behaviors of interest. The trainer needs to provide a specific action plan and develop a
plan to monitor progress.
Building on this work, Rispoli and her colleagues (2011) reviewed literature from
empirical studies investigating procedures used to train paraprofessionals. They found
that training procedures typically included instructional videos, written instructions,
verbal instruction, supervised practice, modeling, and role-playing. Further, Rispoli and
her colleagues (2011) stressed the importance of supervisor feedback in ensuring the
fluency of newly acquired skills. This finding is consistent with other studies that suggest
that performance feedback is an extremely effective means of training teachers and other
personnel (Alvero, Bukin, & Austin, 2001; O’Reilly & Renzaglia, 1994). Additionally,
McKenzie (2011) suggests that training modules can improve if there is an active
learning process, noting that, if paraprofessionals become excited about putting research
into practice, they may begin to demonstrate more self-confidence and professionalism.
To this end, she recommended including journal articles supporting topics discussed as
part of supervision or professional development, stressing depth over breadth.
Behavior skills training (BST) is a widely used method of training. It incorporates
direct instruction, modeling, practice, and performance feedback—facets of training
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programs that, as mentioned above, have proven effective (Darch et al., 2014; Matthews
& Hagopian, 2014). The BST program opposes the traditional direct instruction and oneday in-services workshops typically used for training (Carter et al., 2009; Lang & Fox,
2003; Matthews & Hagopian, 2014).
Linking the Present Results to Practice
Intensive observation and assessment are necessary to conceptualize functional
strengths and needs following a concussion entirely. The evaluation, too, will likely be
transdisciplinary and examine attention and executive functioning, visual perception and
visual-motor integration, language, and memory deficits. Social-emotional and
behavioral functioning also needs addressing. Presently, there is very little research on
assessment protocols for preschool-aged children. There is even less literature on
screening instruments to determine the presence of a concussion immediately following
an injury.
Conversely, there is much research on sideline concussion assessment for studentand professional athletes. This research is vital because the sideline concussion
assessment prevents players from sustaining more severe effects through rapid and
accurate detection of a concussion (Podell, Presely, and Derman, 2017). Podell and his
colleagues (2017) note that the acute assessment during competition or practice extends
beyond the diagnosis of a concussion. Instead, it protects the athletes from further injury
and trauma to the head, brain, neck, and spine. In a sideline assessment, there are
pathognomonic signs and symptoms, including loss of consciousness, amnesia,
imbalance, and wobbly gait. There are also cognitive markers for the presence of a
concussion.
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The Sport Concussion Assessment Tool, Third Edition (SCAT-3; McCroy, 2013)
is considered the premier sideline assessment tool. In addition to consciousness and
awareness, the SCAT-3 also assesses orientation, immediate memory, concentration, and
delayed recall. It includes a neck, balance, and coordination examination. There is also a
children’s version of the SCAT-3, the Standardized Assessment of Concussion, Child
Version (SAC-C) that is similar to its adult counterpart. It includes the Glasgow coma
scale (GCS) and scores from the Child-Maddocks that require the child to demonstrate
where they are, the time of day, the last class they had, and their teachers’ names. Both
the child and their parents report symptomology, and the cognitive and physical
examination includes orientation, immediate memory, and concentration. There are neck
and balance studies and the evaluation assesses coordination and delayed recall.
The presently proposed assessment is similar insofar as it seeks to orient the child
and asks them to demonstrate immediate memory and concentration via shifting attention
and impulse control. The current assessment, too, assesses motor and coordination. The
presently proposed assessment also includes screening items for language and
communication, including following a three-step command, demonstrating some
semblance of long-term memory through storytelling, demonstrating basic auditory
processing, and counting. It also assesses their awareness by asking them to participate in
verbal analogies and point to their body parts. Thus, the present research supports the
idea that the SCAT-3 and the SAC-C can be adapted to assess an even younger
population.
This population, however, does not have immediate access to a medical
professional to assess potential injuries in the acute phase that an athlete would. Further,
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pain intensity and injury status are rarely documented in early childhood (Quinn et al.,
2020). Quinn and her colleages (2020) add that there are many barriers to identify pain
in children who have a diminished capacity to describe their nature and intesnsity of their
injury, even when assessed by medical professions. Children age 3 years are
accompanied by early childhood educators, babysitters, parents, and other caregivers
untrained to conduct thorough evaluations.

Indeed, without the implementation fo tools

that elicit information on the severity of an injury is necessary to provde the appropriate
level of care. This study also provided evidence that, indeed, paraprofessionals can be
used directly in the implementation of activities that affect children. With appropriate
training and supervision, educational programs can rely on paraprofessionals to collect
data to guide intervention (Daly et al., 1997; Martens et al., 1999). This practice can help
make programming and educational decisions more responsive to student performance by
helping to identify patterns and making appropriate intervention alterations more rapidly
(Matthews & Hagopian, 2014).
Additionally, this study provided some foundational evidence to suggest that
paraprofessionals can be particularly helpful in data collection for decision making in
early childhood. Of note, IDEA (2004) requires participating state agencies to provide
early intervention services to infants, toddlers, and preschool-aged children with
disabilities and developmental delays in the natural environment. Professionals are
providing support across disciplines (e.g., speech and language, occupational, and
physical therapies; special education services), and Chopra and colleagues (2013) noted
that the number of infants and toddlers eligible for early intervention services has
increased. Thus, there appears to be a shortage of licensed service providers.
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Paraprofessionals are playing an increasingly more integral role in the provision of early
intervention services (Kelegrew, Pacifica-Banta, & Stewart, 2008). The idea of
paraprofessionals delivering services to individuals allows for “stepped care,” which is
the concept of providing lower-cost and less-intensive interventions, and reviewing the
client’s response to intervention before instituting more intensive and costly interventions
(Haaga, 2000).
Limitations
Strear, Forbes, and Henninger (2018) highlight the pitfalls of Delphi research in
counseling and counselor education research. For instance, they suggest that there is a
general lack of systematic guidance regarding expert panel selection criteria and survey
designs. They report that there is no formula for assisting research in defining expert
criteria. However, they assert that the definition and criteria for experts must be concrete
and descriptive. The present study included a heterogeneous mix of psychologists,
athletic trainers, physicians, school nurses, and speech and language pathologists who
had experience working in early childhood. All the panelists have advanced degrees and
are credentialed by their state or national accreditation board and have been practicing
between 3 and 45 years (mean = 14.8 years). These were sufficient inclusion criteria;
however, the extent to which the panel felt comfortable assessing children specifically for
concussion was not explicitly known. Inclusion was based solely on self-reported
confidence in this assessment area.
Strear and her colleagues (2018) also note that the recommended size for Delphi
studies varies significantly, although the median number of participants is about 12
panelists. This study included 17 panelists in Round 1 and 13 panelists in Round 2. The
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participation is consistent with Strear and her colleagues’ findings; however, a more
robust field of participants would have improved the accuracy of the results and provided
more opportunities to include commentary. The rate of attrition was rather low, and
written communication and reminders were provided. However, Strear and her colleagues
(2018) also recommended verbal reminders. No verbal reminders were provided to the
participants, although this may have decreased attrition further.
Additionally, while the present research provided validity and evidence based on
test content, it did not investigate any evidence based on the response process. As
reported by the AERA, APA, and NCME (2014), “some construct interpretation involves
more or less explicit assumptions about the cognitive processes engaged in by test takers”
(p. 15). The present study lacked an analysis of the response process of test-takers. It
failed to provide evidence for the fit between the proposed constructs and the nature of
the performance or processes used by the participants.
Additionally, the present research failed to provide convergent validity evidence.
As AERA, APA, and NCME (2014) suggested, “the intended interpretation for a given
use implies that the construct should be related to some other variables; as a result,
analyses of the relationship of test scores to variables external to the text” need to be
examined (p. 16). Further data to establish the relationship of these test scores to other
measures intended to assess the same or similar construct is necessary.
Further, without piloting the assessment, it was impossible to determine if the
testing items adequately sampled an examinee’s behavior or performance. Score
procedures are implemented to evaluate the behavior sample for clinically relevant
information (AERA et al., 2014), and reliability information was absent from the present
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student. As such, it was impossible to determine the generalizability, dependability, or
consistency for clarification. Traditionally, reliability has been defined as the correlation
between scores on two equivalent forms of the test. It has also been described as the
consistency of scores across replications of testing. However, a newer, revised definition
of reliability refers to precision or the more general notion of consistency of scores across
instances of testing procedures (AERA et al., 2014). No reliability data were collected at
present.
Future Directions
Addressing Validity Evidence Based on Response Processes
According to the AERA, APA, and NCME (2014), “evidence based on response
processes generally come from analyses of individual responses.” This evidence provides
insight into the interpretation of test scores in the future (i.e., determining if these
questions effectively discriminate between injured and non-injured persons) and further
assess whether the proposed domains can be adequately analyzed in a preschool
population. Future research can build upon the framework created by this research in a
variety of ways to address these limitations.
Assessment Pilot
Ramsay and Reynolds (2000) noted that piloting any assessment is necessary and
requires that a representative sample, one that has the same level of any relevant
characteristics as the population, is obtained. Further, to produce a well-designed test
form, Walsh and Betz (1995) suggested that the test be administered to a representative
sample of people, provided the sample is of sufficient size to eliminate chance error.
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Ramsay and Reynolds (2000) further concluded that small samples yield idiosyncratic
results that are not necessarily generalizable to the population at large.
As a next step in the validation process, it is recommended that the proposed test
items be piloted on children the same age as the target population (Rudner, 1996) to
ensure that statistical power, i.e., the relationship among variables involved in statistical
inference, is obtained (Cohen, 1992). Various research provides evidence to identify the
number of participants in a pilot trial with between 12 and 70 participates (Browne, 1995;
Julious, Kieser, & Wassmer, 1996); Sim & Lewis, 2012; and Teare et al., 2014).
However, as an initial pilot, likely only 12 to 24 children between ages 3 years, 0 months
and 3 years, 11 months need to participate (Julious & Owens, 2006; Julious, 2005). It will
also be essential to exclude children from participating if there are any known
abnormalities and atypicality regarding neurological, physical, and behavioral
development. That is, children with known developmental or cognitive delays should be
excluded to ensure that a sample of typical behavior is obtained. This could be
accomplished by asking the child’s parents to complete a brief survey of medical history
that seeks to explore histories of previous head injuries, pneumonia, chronic ear
infections, hearing problems, seizures, or high fevers.
Data Analyses
After raw scores from the sample are obtained, it will be necessary to review item
difficulty and discrimination. Ramsay and Reynolds (2000) and Kline (1986) suggested
that a test should have discriminating power (i.e., capability of conveying as much
information as possible about the difference between participants).
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Too difficult or developmentally inappropriate items will produce a high
probability of incorrect responses, and excessively straightforward items will fail to
discriminate between participants (Ramsay & Reynolds, 2000). As such, the item
difficulty index (ρi) should be calculated for each item (correct responses/total
responses). Allen and Yen (1979) suggested that item difficulties should range between
0.65 and 0.72. However, they also indicated that when a decision has been made to
accept everyone at or above a predetermined score (i.e., a “cut-off” score), which is the
goal of this assessment, item difficulties should hover around a 0.50.
However, in the literature on an assessment measure that theoretically closely
mirrors this assessment, the Standard Assessment of Concussion (SAC), Ragan and his
colleagues (2009) noted that a ρi of 0.33 to 0.92 is considered appropriate for criterionreference standards. They pointed out, though, that a broader range of 0.1 to 0.92 is
recommended for an individually administered test. In reviewing the SAC, Ragan and his
colleagues (2009) noted that a substantial number of items were too easy, and they
concluded that more difficult items needed to be developed to accurately measure the
healthy cognitive functioning so that clinically relevant comparisons can be made with
the individually administered test.
Considering these findings, during an initial pilot study, the current threshold for
item difficulty should be set at 0.10 ≥ ρi ≤ 0.92. Of note, traditional tests of abilities begin
and end with easy ideas (Allen & Yen, 1979); however, conceptually, this assessment is a
pass-fail screening assessment and inherently mitigates the concept of item gradients
(Bracken, 1988).
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Because it reflects the number of participants who obtained a high score and
answered an item correctly, the item-total correlation, which makes use of the test’s
standard deviation, should be examined as well (Ramsay & Reynolds, 2000). Streiner and
Normal (2008) noted that the item-total correlation is “the correlation of the individual
item with the scale total omitting that item” (p. 87). Kline (1986) suggested that an item
should correlate with the total score above 0.20; as such, items with lower correlations
should be discarded.
Addressing Evidence Based on Relations to Other Variables
Furr and Bacharach (2014) noted that the construction of a assesses a wide variety
of constructs. Furr and Bacharach (2014) also noted that researchers often compute the
correlation between their test of interest and measures of criterion variables. They cited a
study by Hill and his colleagues (2004) as successfully using correlations in establishing
convergent evidence whereby the criterion measured portions of their sample, calculating
the correlations.
Similar testing procedures can be employed to validate this testing further. For
instance, at the time of intake, in addition to informed consent and a brief medical and
developmental history, parents can be asked to complete different measures of critical
behaviors and attributes while calculating the correlation coefficient. This data will assist
in item retention decisions and provide convergent evidence. There are several behavior
rating scales that parents could complete, including the Bayley Scales of Infant Toddler
Development, Third Edition (Bayley-III), the Adaptive Behavior Assessment Scales,
Third Edition (ABAS-3), or the Behavior Rating of Executive Functioning, Preschool
Form (BRIEF-2).
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Addressing Reliability
Generally, precision is necessary for greater magnitude when the decision and
interpretation obtained from testing are of critical importance. Still, in terms of this
proposed testing measure, only modest reliability will be necessary, as the decisions from
testing will be corroborated by information from other sources (AERA et al., 2014).
In general, four broad categories of reliability coefficient are recognized in the
literature: (1) alternate form coefficients, (2) test-retest coefficients, (3) internalconsistency coefficients, and (4) IRR (AERA et al., 2014). Alternates form coefficients
refer to coefficients derived from the administration of alternate forms of independent
testing sessions. Test-retest coefficients refer to the coefficients obtained by the
administration of the same person on separate occasions. These two reliability
coefficients assist in interpretation guidelines. However, this research does not require
any interpretation, and at present, these psychometric properties are not necessary.
However, internal-consistency coefficients, coefficients based on the relationship
and interactions among scores derived from individual items and subsets of items within
the times are calculable. All data are accurate from a single administration, and future
research should seek to provide reliability via Cronbach’s alpha (α), developed in 1951 as
a measure of the internal consistency of a scale. This information will indicate the extent
to which all items in the test measure the same concept or construct. As the estimate of
reliability increases, the fraction of a test score that is attributable to the error will
decrease (Tavakol & Dennick, 2011). A similar study (e.g., Carlson, Tomkowiak, &
Stilp, 2009) used α = 0.70-0.90 as an acceptable measure of reliability; this metric
appears to be appropriate for future research using this test battery.
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Indices of scorer consistency can also be obtained to determine the reliability of
scores based on judgment (AERA et al., 2014). IRR is necessary for research designs
where data are collected through ratings provided by both trained and untrained coders
(Hallgreen, 2012). This provides a way of quantifying the degree of agreement between
two or more coders who make independent ratings about the features of a set of subjects.
Methods for conducting and analyzing IRR were previously detailed in this present study,
but having multiple coders score an assessment on the same child will allow for further
evidence of reliability.
Towards Standardization
When all the item analyses and initial establishment of psychometric properties
are completed, a more refined scale will be available. Presumably, it will have
appropriate difficulty with high discrimination ability because items with acceptable
psychometric properties will be retained, and items with weak statistical power will be
eliminated. Additionally, ideas for revision can be generated for items with marginal
statistics.
At this time, it will be possible for the examiner to administer an adjusted and
more statistically robust revision of the assessment to a second, much larger
representative sample, which will provide norming and standardization. With an
evaluation that has a substantial pilot study as well as the beginning stages of statistical
adequacy, it can be subjected to larger sample sizes and more stringent reliability and
validity indices can be obtained.
Additionally, as part of the preparation for a more considerable standardization
and sampling, ideas for a manual and directions can be provided to make the assessment
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procedures unambiguous and clear. Drawing from the experience of the pilot study,
conditions can be outlined for optimal standardization.
Using Paraprofessionals
Regarding the use of paraprofessionals, Giangreco and his colleagues (2010)
suggested that to be effective in their duties, paraprofessionals need support and practical
training models that include multiple response opportunities and immediate performance
feedback. Direct instruction can produce rule governance, but it does not always facilitate
generalizability to the natural setting (Matthews & Hagopian, 2014). Future research
should focus on how to train the paraprofessional to administer this assessment
effectively.
More specifically, via orientation and workshops, training models should provide
a variety of activities, such as the distribution of resources and materials, lectures, case
studies, video exemplars, demonstrations, role-playing, and knowledge checks. As part of
the training model, participants should receive verbal instructions on the administration
of the test and modeling of the test administration. The participants should make use of
guiding and independent practice with feedback provided as necessary. Observed testing
whereby the participants “assess each other” will help to determine mastery and fluency.
IRR procedures outlined as part of this study can be implemented to ensure that the
scoring of the assessment is accurate across raters.
As part of the training evaluation, though, a follow-up session should be held to
provide the participants an opportunity to reflect on their training experience. They
should be given an opportunity to talk about the training’s strengths and weaknesses as
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well as the social validity of the procedures and strategies implemented to help guide
future training programs.
Further, French (1999) noted the need to train paraprofessionals and the scarcity
of qualified trainers. As such, formats other than face-to-face instruction (e.g., online and
hybrid preparation programs) need exploring (Chopra et al., 2013; French & Cabell,
1993; Shkodriani, 2004). Hybrid education, also known as blended instruction, delivers
30 to 80 percent of content online (Allen & Seaman, 2008). Research suggests that this
model provides more viable training options, thus improving outcomes (U.S. Department
of Education, 2010; Zhao et al., 2005). Future research may want to consider alternative
training modules.
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APPENDIX B
PROPOSED TESTING PROTOCOL
When using this assessment tool, the examiner reads the BOLD text verbatim and
follows the italicized instructions. If the student can perform the task successfully, give a
score of “1;” if the student cannot complete the task, record a score of “0.” Before
beginning this assessment, the examiner should screen the child for any significant
injuries (e.g., broken bones and any lacerations or scrapes) that need immediate attention.
Additionally, the child should be soothed and should not be in any active distress (e.g.,
crying).

1. HI! I WANT YOU TO TELL ME YOUR NAME.
If the child does not say their full name, including first and last names, the
examiner may query

0 1

2. EXCELLENT! NOW I WANT YOU TO CLAP YOUR HANDS.
Examiner claps hands.
TOUCH YOUR NOSE.
Examiner touches nose.
AND CLOSE YOUR EYES.
Examiner closes their eyes.
GO AHEAD!
The child completes all three tests.

0 1

3. GREAT WORK! TELL ME, DID YOU DO ANYTHING FUN (appropriate
time of day; for instance, “this morning,” “this afternoon,” “last night”)?
The examiner may prompt the child is they only give one event (e.g., “Oh yeah?
And then what?).
The child tells any combination of two events.
4. LET ME TELL YOU WHAT I DID LAST NIGHT. I WENT TO THE
STORE AND ATE TWO COOKIES. WHERE DID I GO?
The examiner waits for a response.
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0 1

The child correctly responds with “store.”

0 1

WHAT DID I EAT?
Examiner waits for an answer.
The child correctly responds with “cookies.”

0 1

5. LISTEN TO ME. MAN… FAN… MAN AND FAN RHYME. DO HORSE
AND DOG RHYME?
The child responds, “no.”

0 1

DO BEE AND KNEE RHYME?
The child responds, “yes.”

0 1

6. HERE ARE FOUR FINGERS.
The examiner shows four fingers and counts them.
Examiner puts up one finger.
HOW MANY FINGERS NOW?
The examiner waits for a response, encouraging the child to respond if needed
The child correctly answers, “1.”

0 1

HERE ARE TWO FINGERS.
The examiner shows two fingers and counts them.
Examiner puts up three fingers,
HOW MANY FINGERS NOW?
The examiner waits for a response, encouraging them to respond if needed.
The child correctly answers, “3.”

0 1

7. LET’S TRY SOMETHING NEW. YOU WEAR A COAT ON YOUR
BODY…
Examiner “hugs” self.
AND YOU WEAR SHOES ON YOUR…
Examiner gestures toward feet.
FEET! YOUR TURN!
A GIRAFFE IS BIG, AND A BUMBLEBEE IS…
The child responds “small” or synonymous words

0 1

GOOD! THE SKY IS BLUE, AND THE GRASS IS…
The child responds, “green.”

0 1
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YOU TALK WITH YOUR MOUTH AND LISTEN WITH YOUR…
The child responds, “ears.”

0 1

8. NOW, I WANT YOU TO POINT OT THE BODY PARTS THAT I SAY.
WATCH…
POINT TO YOUR EYES.
Examiner points to their own eyes.
READY?
POINT TO YOUR EARS.
The child correctly points.

0 1

POINT TO YOUR FINGER.
The child correctly points.

0 1

POINT TO YOUR HAIR.
The child correctly points.

0 1

POINT TO YOUR MOUTH.
The child correctly points

0 1

POINT TO YOUR NOSE
The child correctly points

0 1

POINT TO YOUR TUMMY.
The child correctly points

0 1

9. ARE YOU READY TO HEAR ANOTHER STORY? I’M GOING TO TELL
YOU ONE AND I WANT YOU TO REPEAT IT BACK TO ME. THE BOY
THREW THE BALL, AND HIS FRIEND CAUGHT IT. WHAT
HAPPENED IN THE STORY?
The child references “boy.”
The child reference “threw.”
The child references “ball.”
The child references “caught.”

0
0
0
0

1
1
1
1

10. OK, NOW I AM GOING TO TELL YOU A NUMBER AND AN ANIMAL. I
WANT YOU TO REMEMBER. READY?
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CAT…
The examiner waits one second.
4.
The examiner waits one more second.
TELL ME THE ANIMAL
The child responds, “cat.”

0 1

3…
The examiner waits one second.
DOG
The examiner waits one more second.
TELL ME THE NUMBER
The child responds, “3.”

0 1

11. Examiner finds an object in the environment about the size of a tennis ball and
moves about three feet from the child.
HERE, I WANT YOU TO CATCH THIS.
Examiner gently tosses the object toward the child’s chest.
The child catches the ball.

0 1

12. NOW, I WANT TO SEE YOU WALK TO THE (Examiner names an
identifiable object about five feet away).
The child walks with a rotating trunk.
The child sways arms while walking.

0 1
0 1

13. EXCELLENT! NOW COME BACK TO ME. I WANT TO SEE YOU
PRETEND TO CLIMB STAIRS!
Examiner models walking up stairs.
The child demonstrates the action of climbing stairs.

0 1

14. GOOD JOB! NOW I WANT YOU TO GRAB MY HAND. SQUEEZE IT AS
HARD AS YOU CAN!
The child can demonstrate some semblance of grip strength.

0 1

15. Examiner finds a small, roughly circular object of about two inches in diameter
(e.g., a stone).
LET ME SEE YOUR HAND.
The examiner places object in the palm of the child’s nondominant hand (if
known).
PICK UP THE (names object) WITH YOUR OTHER HAND.
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The child can pick up the object with their other hand.

0 1

16. NOW, I WANT YOU TO STAND STILL. READY?
Examiner models a still body.
NOW, I WANT YOU TO STAND ON ONE LEG.
Examiner demonstrates standing on one leg.
NOW, CLOSE YOUR EYES.
The child is reminded to continue standing on one leg with eyes closed.
The child is told the task rules if necessary.
Examiner begins to count silently.
The child stands on one leg for at least 9 seconds.

0 1

17. I WANT YOU TO LOOK AT MY NOSE.
Examiner places fingers on their nose.
I WANT YOU TO KEEP LOOKING AT MY NOSE, EVEN IF YOU SEE
ME MOVE OR MAKE A NOISE. ARE YOU READY?
Examiner moves hands to lap and claps them together.
Examiner provides any behavioral correction if the child moves, looks toward the
noise, or makes a sound.
Examiner provides praise to the child.
OK, LET’S TRY AGAIN!
Examiner touches their noise.
REMEMBER TO LOOK AT MY NOSE EVEN IF YOU HEAR A SOUND.
Examiner begins to count slowly.
At 10 seconds, the examiner moves their hands to their lap and snaps their
fingers.
Examiner provides reminders if the child struggles to maintain the rule.
At 20 seconds, the examiner slaps their leg.
Examiner provides reminders if the child struggles to maintain the rule.
At 30 seconds, the examiner exclaims, “Yippee!” and raises their arms.
Praise is provided to the child regardless of their performance.
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0 1
0 1
0 1

APPENDIX C
REVISED TESTING PROTOCOL
When using this assessment tool, the examiner reads the BOLD text verbatim and
follows the italicized instructions. Edits to the protocol are based on commentary from
the panel and consensus agreement. All changes are documented using underlining. On
some items, consensus for clarifying directions was not achieved. Different prompting
options are included in (parentheses). A better understanding of which prompt is most
suitable will be attained through future research Scoring criteria that is removed from the
final protocol are indicated via strikethrough formatting.

1. HI! WHAT IS YOUR NAME?
If the child does not say their full name, including first and last names, the
examiner may query

0 1

2. EXCELLENT! NOW I WANT YOU TO DO SOME THINGS. LISTEN
AND WAIT UNTIL I SAY “GO.” CLAP YOUR HANDS.
Examiner claps hands.
TOUCH YOUR NOSE.
Examiner touches nose.
AND CLOSE YOUR EYES.
Examiner closes their eyes.
GO!
The child completes all three tests.

0 1

3. GREAT WORK! TELL ME, DID YOU DO ANYTHING FUN (appropriate
time of day; for instance, “this morning,” “this afternoon,” “last night”)?
The examiner may prompt the child if they only give one event (e.g., “Oh yeah?
And then what?). However, the examiner may not provide any specific reminders.
The child tells any combination of two events.
4. LET ME TELL YOU WHAT I DID LAST NIGHT. I WENT TO THE
STORE AND ATE TWO COOKIES.
The examiner pauses for two seconds.
WHERE DID I GO?
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0 1

The examiner waits for a response.
The child correctly responds with “store.”

0 1

WHAT DID I EAT?
Examiner waits for an answer.
The child correctly responds with “cookies.”

0 1

5. LISTEN TO ME. MAN… FAN…
The examiner pauses for two seconds.
MAN AND FAN RHYME. DO HORSE AND DOG RHYME?
The examiner waits for a response and does not provide feedback on the
response.
The child responds, “no.”

0 1

DO BEE AND KNEE RHYME?
The child responds, “yes.”

0 1

6. HERE ARE FOUR FINGERS.
The examiner shows four fingers and counts them.
Examiner puts up one finger.
HOW MANY FINGERS NOW?
The examiner waits 3 seconds for a response, encouraging the child to respond if
needed.
The child correctly answers, “1.”

0 1

HERE ARE TWO FINGERS.
The examiner shows two fingers and counts them.
Examiner puts up three fingers.
HOW MANY FINGERS NOW?
The examiner waits 3 seconds for a response, encouraging the child to respond if
needed.
The child correctly answers, “3.”

0 1

7. LET’S TRY SOMETHING NEW. YOU WEAR A COAT ON YOUR
BODY…
Examiner “hugs” self.
AND YOU WEAR SHOWS ON YOUR…
Examiner gestured toward feet.
FEET!
Examiner prompts the child to repeat “feet.”
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YOUR TURN!
AN ELEPHANT IS BIG, AND A BUMBLEBEE IS…
The examiner provides no additional visual cues.
The child responds “small” or synonymous words, such as “little” or
“tiny.”

0 1

GOOD! THE SKY IS BLUE, AND THE GRASS IS…
The child responds, “green” (or “brown”).

0 1

YOU TALK WITH YOUR MOUTH AND LISTEN WITH YOUR…
The child responds, “ears.”

0 1

8. NOW, I WANT YOU TO POINT OT THE BODY PARTS THAT I SAY.
WATCH…
POINT TO YOUR EYES.
Examiner points to their own eyes.
READY?
The examiner does not point to any other body parts.
POINT TO YOUR EARS.
The child correctly points.

0 1

POINT TO YOUR FINGER.
The child correctly points.

0 1

POINT TO YOUR HAIR.
The child correctly points.

0 1

POINT TO YOUR MOUTH.
The child correctly points.

0 1

POINT TO YOUR NOSE.
The child correctly points.

0 1

POINT TO YOUR TUMMY.
The child correctly points.

0 1
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9. ARE YOU READY TO HEAR ANOTHER STORY? I’M GOING TO TELL
YOU ONE AND I WANT YOU TO REPEAT IT BACK TO ME. THE BOY
THREW THE BALL, AND HIS FRIEND CAUGHT IT. WHAT
HAPPENED IN THE STORY?
Substitutions or variations of the words are not acceptable responses. However, if
the child uses regular past-test verbs (e.g., “throwed” or “catched”), these
responses are acceptable.
The child references “boy.”
The child reference “threw.”
The child references “ball.”
The child references “caught.”

0
0
0
0

1
1
1
1

10. LISTEN. MOUSE…
The examiner waits one second.
2.
MOUSE IS AN ANIMAL.
2 IS A NUMBER.
OK, NOW I AM GOING TO TELL YOU A NUMBER AND AN ANIMAL. I
WANT YOU TO REMEMBER. READY?
CAT…
The examiner waits one second.
4.
The examiner waits one more second.
TELL ME THE ANIMAL.
The child responds, “cat.”

0 1

GET READY FOR ANOTHER ONE!
3…
The examiner waits one second.
DOG.
The examiner waits one more second.
TELL ME THE NUMBER
The child responds, “3.”

0 1

11. Examiner finds an object in the environment about the size of a tennis ball and
moves about three feet from the child.
HERE, I WANT YOU TO CATCH THIS.
Examiner gently tosses the object toward the child’s chest.
The child catches the ball.

0 1

12. NOW, I WANT TO SEE YOU WALK TO THE (Examiner names an
identifiable object about five feet away in a path that is free of debris).
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The child walks with a rotating trunk.
The child swings arms while walking.

0 1
0 1

13. EXCELLENT! NOW COME BACK TO ME.
Examiner waits for the child to return before proceeding with the next direction.
I WANT TO SEE YOU PRETEND TO CLIMB STAIRS!
Examiner models walking up stairs.
The child demonstrates the action of alternating the lifting of their feet.

0 1

14. GOOD JOB! NOW I WANT YOU TO GRAB MY FINGER.
Examiner waits until child grabs finger.
SQUEEZE IT AS HARD AS YOU CAN!
The child demonstrates a marked change between “grabbing” finger and
“squeezing hand.”

0 1

15. Examiner finds a small, roughly circular object of about two inches in diameter
(e.g., a stone).
LET ME SEE YOUR HAND.
The examiner places object in the palm of the child’s nondominant hand (if
known; place object in left hand if unknown).
PICK UP THE (names object) WITH YOUR OTHER HAND.
The child can pick up the object with their other hand.

0 1

16. NOW, I WANT YOU TO STAND STILL. READY?
Examiner models a still body.
NOW, I WANT YOU TO STAND ON ONE LEG.
Examiner demonstrates standing on one leg and waits for child to do so.
NOW, CLOSE YOUR EYES.
KEEP STANDING ON ONE LEG.
The child is reminded to continue standing on one leg with eyes closed.
The child is told the task rules if necessary.
Examiner begins to count silently.
The child stands on one leg for at least 9 seconds.

0 1

17. I WANT YOU TO LOOK AT MY NOSE.
Examiner places fingers on their nose.
I WANT YOU TO KEEP LOOKING AT MY NOSE, EVEN IF YOU SEE
ME MOVE OR MAKE A NOISE. ARE YOU READY?
Examiner moves hands to lap and claps them together.
Examiner provides any behavioral correction if the child moves, looks toward the
noise, or makes a sound.
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Examiner provides praise to the child.
OK, LET’S TRY AGAIN!
Examiner touches their noise.
REMEMBER TO LOOK AT MY NOSE EVEN IF YOU HEAR A SOUND.
Examiner begins to count slowly.
At 10 seconds, the examiner moves their hands to their lap and snaps their
fingers.
Examiner provides reminders if the child struggles to maintain the rule.
At 20 seconds, the examiner slaps their leg.
Examiner provides reminders if the child struggles to maintain the rule.
At 30 seconds, the examiner exclaims, “Yippee!” and raises their arms.
Praise is provided to the child regardless of their performance.
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0 1
0 1
0 1

