
Portland State University Portland State University 

PDXScholar PDXScholar 

Dissertations and Theses Dissertations and Theses 

7-1997 

Receptive Language and Cognitive Skills in Receptive Language and Cognitive Skills in 

Preschool-Aged Children with Cerebral Palsy Preschool-Aged Children with Cerebral Palsy 

Susan Elizabeth Panton 
Portland State University 

Follow this and additional works at: https://pdxscholar.library.pdx.edu/open_access_etds 

 Part of the Speech Pathology and Audiology Commons 

Let us know how access to this document benefits you. 

Recommended Citation Recommended Citation 
Panton, Susan Elizabeth, "Receptive Language and Cognitive Skills in Preschool-Aged Children with 
Cerebral Palsy" (1997). Dissertations and Theses. Paper 5793. 
https://doi.org/10.15760/etd.7664 

This Thesis is brought to you for free and open access. It has been accepted for inclusion in Dissertations and 
Theses by an authorized administrator of PDXScholar. Please contact us if we can make this document more 
accessible: pdxscholar@pdx.edu. 

https://pdxscholar.library.pdx.edu/
https://pdxscholar.library.pdx.edu/open_access_etds
https://pdxscholar.library.pdx.edu/etds
https://pdxscholar.library.pdx.edu/open_access_etds?utm_source=pdxscholar.library.pdx.edu%2Fopen_access_etds%2F5793&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/1035?utm_source=pdxscholar.library.pdx.edu%2Fopen_access_etds%2F5793&utm_medium=PDF&utm_campaign=PDFCoverPages
http://library.pdx.edu/services/pdxscholar-services/pdxscholar-feedback/?ref=https://pdxscholar.library.pdx.edu/open_access_etds/5793
https://doi.org/10.15760/etd.7664
mailto:pdxscholar@pdx.edu


 

 

THESIS APPROVAL 

The abstract and thesis of Susan Elizabeth Panton for the Master of Science in 

Speech Communication: Speech and Hearing Sciences were presented on July 7, 

1997, and accepted by the thesis committee and the department. 

COMMITTEE APPROVALS: 
Rhea Paul, Chair 

Ellen Reuler 

Representative of the Office of 
Graduate Studies 

DEPARTMENT APPROVAL: 
Stephen A. Kosokorr, Chair 
Department of Speech Communication 

******************************************************************* 

R PORTLAND STATE UNIVERSITY BY THE LIBRARY 

by - on ~ 



ABSTRACT 

An abstract of the thesis of Susan Elizabeth Panton for the Master of Science in 

Speech Communication: Speech and Hearing Sciences presented July 7, 1997. 

Title: Receptive Language and Cognitive Skills in Preschool-Aged Children with 

Cerebral Palsy 

The purpose of this study was to examine the relationship between receptive 

language skills and nonverbal cognitive skills in preschool children with cerebral 

palsy and a mild to severe motor speech impairment. In addition, the relationship 

between the severity of motor impairment and receptive communication and 

nonverbal cognitive skills was also examined. Fifteen subjects, 10 males and 5 

females, were included in this study. The subjects are part of a larger longitudinal 

study being completed within Portland State University's Speech and Hearing 

Sciences Program. All of the subjects participated in two in-home assessment 

sessions, which were approximately 2 hours long. Two research assistants completed 

the assessments along with a physical therapy student from Oregon Health Sciences 

University, who assisted in determining optimal positioning for each subject. The 

Peabody Picture Vocabulary Test-Revised, Form L was used to assess the receptive 



2 

vocabulary of the subjects and the Miller and Paul Comprehension Assessment was 

used to assess the subjects' comprehension of spoken language. The Uzgiris and 

Hunt Scales of Infant Psychological Development and the Leiter International 

Peifonnance Scales were used to assess nonverbal cognition. 

Results of the study indicate that there is a moderately low correlation 

between receptive vocabulary at the word level and specific nonverbal cognitive 

skills (i.e., vocal and gestural imitation). This correlation suggests that a lack of 

motor experience adversely affects receptive language and nonverbal cognitive 

development in children with motor speech impairments. Clinical implications 

include a focus on strengthening symbolic representation abilities by providing 

opportunities to map language onto motor experiences. 
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CHAPTER I 

INTRODUCTION AND STATEMENT OF PURPOSE 

Introduction 

A variety of theories exist in the literature regarding the relationship between 

language and cognition. Much of the current research follows the local homologies 

theory, which suggests that specific relationships exist between language and 

cognition at certain periods in time during normal development (Thal, 1991). Little 

research has been done to determine the relationship between language skills and 

nonlinguistic cognitive skills in individuals with cerebral palsy. 

Current research (Letto, Bedrosian, & Skarakis-Doyle, 1994) reports 

improved communicative skills in children with cerebral palsy when scaffolded 

interactions were employed. Adults provide scaffolding as they adjust their speech in 

order to allow a child to participate communicatively at a level which the child could 

not participate at independently. This guided interaction in the child's Zone of 

Proximal Development (ZPD) assists the child in acquiring new communicative 

forms (Vygotsky, 1978). An understanding of a child's cognitive and comprehension 

abilities is critical in determining the ZPD. 
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Little research exists in the literature examining the relationship between 

receptive language skills and nonlinguistic cognitive skills in children with cerebral 

palsy. Assessing this relationship would provide additional information regarding the 

appropriate and optimal level of interaction for children with cerebral palsy. Given 

that specific relationships are understood to exist in normal development between 

nonlinguistic ability and receptive language skills, once abilities are assessed in 

either domain (e.g., cognitive or linguistic), the corresponding level in the other 

domain can be inferred. This would allow for scaffolding of linguistic input, which 

is particularly critical for children with cerebral palsy whose communicative 

interactions are restricted by motor and speech limitations. 

Johnson-Martin, Wolters, and Stowers (1987) discuss the difficulties 

associated with assessing nonvocal, physically handicapped children. The authors 

indicate that direct assessment of a child with cerebral palsy is often complicated by 

motor and speech impairments. Most of the tests designed to assess cognitive ability 

require an ability to manipulate objects and to speak. As a result, assessments 

completed on children with severe motor limitations are more likely to reflect the 

child's physical disability rather than his cognitive ability. Children with severe 

physical impairments may be unable to use pointing or eye gaze to accurately select 

stimulus items if they are placed too closely together. For these reasons, tests are 

often modified to accommodate the child's optimal mode of response and/ or range of 

motion. The authors suggest that examiners interpret results from modified 
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assessments with caution (e.g., as approximations of a child's ability), as these 

modifications may invalidate the results. 

While research in the literature addresses the nonlinguistic cognitive abilities 

and the language abilities of children with cerebral palsy, little research exists 

regarding the relationship between the two. Research on normal language 

development suggests a relationship between object permanence, tool use, gestural 

imitation and the development of specific language skills. This research indicates 

that certain comprehension skills reflect certain cognitive abilities at specific points 

in development. Further research is needed to examine the relationship between 

nonlinguistic cognitive skills and receptive language skills in children with cerebral 

palsy. 

Statement of Purpose 

The purpose of this study was to determine the relationship between 

nonlinguistic cognitive skills and receptive communication skills in preschool 

children with cerebral palsy. In addition, the relationship between the severity of 

impairment and the receptive language and nonverbal cognitive level was examined. 

The research questions addressed by the study. were: 

1. Is there a significant correlation between the Uzgiris and Hunt Scales 

of Infant Psychological Development (Dunst, 1980) scores and the Peabody Picture 

Vocabulary Test-Revised (PPVI'-R, Form L) (Dunn & Dunn, 1981) scores of 
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preschool age children with cerebral palsy and a mild to severe motor speech 

impairment? 

2. Is there a significant correlation between the Uzgiris and Hunt Scales 

of Infant Psychological Development scores and the Miller and Paul Comprehension 

Assessment (Miller & Paul, 1995) scores of preschool age children with cerebral 

palsy and a mild to severe motor speech impairment? 

3. Is there a significant correlation between the Leiter International 

Performance Scale (Leiter, 1969) scores and the PPVT-R, Form L scores of 

preschool age children with cerebral palsy and a mild to severe motor speech 

impairment? 

4. Is there a significant correlation between the Leiter International 

Performance Scale scores and the Miller and Paul Comprehension Assessment scores 

of preschool age children with cerebral palsy and a mild to severe motor speech 

impairment? 

5. Are there significant differences between the mean scores for 

receptive vocabulary (e.g., PPVT-R, Form L) for the motor severity groups (see 

Tables 1 and 2) of preschool age children with cerebral palsy? 

6. Are there significant differences between the mean scores for 

receptive comprehension of spoken language (e.g., Miller and Paul Comprehension 

Assessment) for the motor severity groups (see Tables 1 and 2) of preschool age 

children with cerebral palsy? 
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TABLE 1 

SUMMARY OF RUSK'S CRITERIA FOR SEVERITY OF MOTOR IMPAIRMENT 

Mild A person with self-help skills adequate for carrying out daily 
personal needs, who ambulates without appliances and has no speech 
problems. 

Moderate Self-help skills are inadequate and the person may need special 
equipment for ambulation. Speech may be impaired. 

Severe The prognosis for developing self-help skills, ambulation, and 
functional speech is poor, even with therapy and adaptive equipment 
(McDonald, 1987, p. 7). 

TABLE2 

SUMMARY OF ASSIGNMENT ACCORDING TO SEVERITY OF MOTOR IMPAIRMENT 

Subject# Age in Months Gender Severity 

3 68 Male Mild 
9 68 Female Mild 

6 37 Male Moderate 
4 62 Male Moderate 
12 62 Male Moderate 
7 52 Male Moderate 
11 47 Female Moderate 
2 56 Female Moderate 
13 41 Female Moderate 

8 72 Male Severe 
1 44 Male Severe 

10 50 Male Severe 
14 71 Male Severe 
15 43 Male Severe 
5 37 Female Severe 
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7. Are there significant differences between the mean scores of 

nonverbal cognition (e.g., Leiter International Performance Scales and Uzgiris and 

Hunt Scales of Infant Psychological Development) for the motor severity groups (see 

Tables 1 and 2) of preschool age children with cerebral palsy? 

The null hypothesis for question one is that there will be no correlation 

between the Uzgiris and Hunt Scales of Infant Psychological Development scores and 

the PPVI'-R, Form L scores for preschool age children with cerebral palsy and a 

mild to severe motor speech impairment. 

The null hypothesis for question two is that there will be no correlation 

between the Uzgiris and Hunt Scales of Infant Psychological Development scores and 

the Miller and Paul Comprehension Assessment scores of preschool age children 

with cerebral palsy and a mild to severe motor speech impairment. 

The null hypothesis for question three is that there will be no correlation 

between the Leiter International Performance Scale score and the PPVI'-R, Form L 

scores of preschool age children with cerebral palsy and a mild to severe motor 

speech impairment. 

The null hypothesis for questions four is that there will be no correlation 

between the Leiter International Performance Scale score and the Miller and Paul 

Comprehension Assessment scores of preschool age children with cerebral palsy and 

a mild to severe motor speech impairment. 
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The null hypothesis for question five is that there will be no significant 

difference between the mean scores for receptive vocabulary (e.g., PPVI'-R, Form 

L) for the motor severity groups (see Tables 1 and 2) of preschool age children with 

cerebral palsy. 

The null hypothesis for question six is that there will be no significant 

difference between the mean scores for receptive comprehension of spoken language 

(e.g., Miller and Paul Comprehension Assessment) for the motor severity groups 

(see Tables 1 and 2) of preschool age children with cerebral palsy. 

The null hypothesis for question seven is that there will be no significant 

difference between the mean scores of nonverbal cognition (e.g., Leiter International 

Performance Scales and Uzgiris and Hunt Scales of Infant Psychological 

Development) for the motor severity groups (see Tables 1 and 2) of preschool age 

children with cerebral palsy. 

Definition of Terms 

The following are descriptions of specific terms used in this study: 

Anoxia: lack of oxygen to the fetus (Shames, Wiig, & Secord, 1994). 

Anticipatory imagery tasks: Tasks that require a subject to anticipate and 

imagine physical states of a substance as it changes from one position to another 

(e.g., water as it tilts in a glass) (Johnston & Ramstad, 1983, p. 52). 
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Cerebral palsy: A multiply handicapping condition caused by brain 

abnormality resulting from maldevelopment or damage occurring before, during, or 

shortly after birth and characterized by motor dysfunction and a variety of associated 

problems (McDonald, 1987, p. 3). 

Causality: An individual's understanding of cause and effect (e.g., certain 

events cause other events) (Hulit & Howard, 1993, p. 92). 

Cognition: A general concept of embracing all of the various modes of 

knowing: perceiving, remembering, imagining, conceiving, judging, and reasoning 

(Nicolosi, Harryman, & Kresheck, 1989). 

Eye gaze: An individual gazes directly at an object, or symbol to 

communicate a choice selection or a message. 

Gestural imitation: An individual's ability to produce a gesture which has 

been modeled. 

Horizontallvenical axis tasks: Tasks requiring a subject to draw a line on a 

picture to predict the orientation of water in a tipped jar (Johnston & Ramstad, 

1983). 

Hypothesis testing abilities: An individual's ability to formulate and test 

predictive outcomes. 

Invisible gesture: A motor movement which an individual cannot see 

him/herself doing without a mirror (e.g., pulling ear lobe) (Dunst, 1980). 

Linguistic: Of or relating to language (Woolf, 1976, p. 669). 
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Means-end: An individuals knowledge of different ways to achieve a goal 

(James, 1990). 

Nonlinguistic cognitive skills: Skills which demonstrate an individual's 

symbolic representation abilities, but do not require oral language in order to 

demonstrate. 

Nonvocal: Used to describe an individual with no intelligible speech 

(Johnson-Martin, Wolters, & Stowers, 1987, p.24). 

Object permanence: Awareness that an object exists when it is not present in 

the immediate visual field. 

Phoneme discrimination: An ability to differentiate one sound from another. 

Phonology: Knowledge of how sounds can be sequenced into syllables and 

words (Hulit & Howard, 1993, p. 270). 

Pragmatics: Knowledge of how to use language to communicate. 

Probable event strategy: Using background knowledge to predict who is the 

agent of an action and who is the object of an action in order to decode the meaning 

of a sentence. 

Receptive language skills: An individual's ability to understand what they 

hear or read (Boone, 1987, p. 32). 

Scaffolding: Adjusting the complexity of language used during interactions 

with a child in order to allow the child to participate at a communicative level which 

s/he could not participate at independently. 



10 

Semantics: Word and sentence meaning (Hulit & Howard, 1993). 

Sensorimotor: A stage of cognitive development in which a child interacts 

with his/her environment in a physical, reflexive or unlearned manner (Hulit & 

Howard, 1993, p. 88). 

Syntax: Grammatical rules regarding word order. 

Tool use: An ability to use tools to complete a task which could not be 

completed otherwise. 

Toxemia: An abnormal condition associated with the presence of toxic 

substances in the blood (Woolf, 1976, p. 1236). 



CHAPTER II 

REVIEW OF THE LITERATURE 

Characteristics of Cerebral Palsy 

One of the earliest descriptions of the specific condition presently known as 

cerebral palsy was made by an English physician in 1843. Dr. W. J. Little used the 

term "spastic rigidity" to describe a condition in children who incurred brain damage 

before or during birth (McDonald, 1987; Shames, Wiig, & Secord, 1994). Sigmund 

Freud provided a broader definition of the term cerebral palsy in 1868 by 

characterizing cerebral palsy as a neuromotor disorder, which results from damage 

before or at birth (Shames, Wiig, & Secord, 1994). Current definitions of cerebral 

palsy vary, though the following three characteristics remain constant: (a) cerebral 

palsy is a nonprogressive disorder characterized by motor dysfunction; (b) it is 

secondary to damage to the central nervous system; and (c) it results from damage 

incurred before, during, or shortly after birth. 

Motor Characteristics 

Seven types of cerebral palsy are outlined by the American Academy of 

Cerebral Palsy (AACP): spastic, athetoid, rigid, ataxic, tremor, atonia, and mixed 

(McDonald, 1987). The most common form of cerebral palsy is spasticity, which is 
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characterized by an exaggerated stretch reflex (Boone, 1972; McDonald, 1987). 

Approximately 60 % to 63 % of individuals with cerebral palsy are diagnosed with 

spasticity (Healy, 1990; McDonald, 1987). Spasticity is marked by extremely strong 

contractions which persist beyond the normal stretch. The second most common type 

of cerebral palsy is athetosis. Approximately 12 % of individuals with cerebral palsy 

are diagnosed with athetosis (McDonald, 1987). Athetosis is characterized by 

irregular, involuntary muscle movement which accompanies voluntary muscle 

movement. The third type of cerebral palsy is rigidity. Approximately 7 % of 

individuals with cerebral palsy are diagnosed with rigidity (McDonald, 1987). This 

rigidity is the result of antagonist and agonist muscle groups contracting 

simultaneously. Ataxia is the fourth type of cerebral palsy and is characterized by 

difficulties with balance. Approximately 5 % of individuals with cerebral palsy are 

diagnosed with ataxia (McDonald, 1987). Involuntary contraction of the flexor and 

extensor muscles characterizes the fifth group, tremor. Atonia refers to a lack of 

muscle tone and may coexist with other neuromuscular characteristics present in 

cerebral palsy; any combination of coexisting neuromuscular characteristics is 

referred to as mixed. 

Typo~rapby 

The typographical distribution of cerebral palsy is evidence by six categories: 

hemiplegia, paraplegia, quadriplegia, diplegia, monoplegia, and triplegia. 

Hemiplegia indicates that one side of the body is involved, while with paraplegia 
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only the legs are involved. Approximately 25 % of individuals diagnosed with 

cerebral palsy are hemiplegic and 18% are paraplegic (Lewis, 1987). Quadriplegia 

refers the to involvement of all four limbs, while diplegia refers to the primary 

involvement of the legs. Approximately 33 % of individuals with cerebral palsy are 

quadriplegic, while 20% are diplegic (Lewis, 1987). Monoplegia indicates that one 

limb is involved, and triplegia indicates that three limbs are involved (McDonald, 

1987). Less than 2% are monoplegic or triplegic (Lewis, 1987). 

Severity 

Rusk (1977) provides a classification for severity which is based on an 

individual's ability to complete activities of daily living. His severity criteria are 

noted in Table 1. 

Incidence and Etiolo~ 

Recent studies estimate the incidence of cerebral palsy to be approximately 2 

per 1,000 births (Shapiro & Capute, 1994). The causes of cerebral palsy are divided 

into three groups, according to onset: prenatal, perinatal, and postnatal (i.e., before, 

during, and after birth). The prenatal causes of cerebral palsy include: maternal 

infection, anoxia, prematurity, and maternal toxemia. The perinatal causes include 

prolonged labor and anoxia. Anoxia, or asphyxia at time of birth, is the most 

common cause of cerebral palsy. Postnatal causes include traumatic head injury, 
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infections, toxins, cerebral vascular accidents, and cerebral anoxia (Keats, 1965, 

McDonald, 1987). 

Effects on Communication 

Speech 

The effects of cerebral palsy on communication include developmental 

dysarthria, respiratory, laryngeal, and velopharyngeal dysfunction, and apraxia. 

Developmental dysarthria is the most common speech disorder associated with 

cerebral palsy and severely affects the intelligibility of speech. Dysarthria is a motor 

speech disorder resulting from peripheral or central nervous system damage 

(McDonald, 1987; Shames, Wiig, & Secord, 1994). Among the types of cerebral 

palsy, dysarthria is most common in individuals with athetosis (Feldman, 1994). The 

primary deficit associated with respiratory dysfunction in individuals with cerebral 

palsy is difficulty with prolonged, controlled exhalation (McDonald, 1987). 

Laryngeal dysfunction in individuals with cerebral palsy includes hyperadduction of 

the vocal folds and inappropriate abduction of the vocal folds during exhalation 

(McDonald, 1987; Shames, Wiig, & Secord, 1994). Velopharyngeal dysfunction in 

individuals with cerebral palsy leads to hypernasality and taxes the respiratory 

system (Shames, Wiig, & Secord, 1994). While not as prevalent as developmental 

dysarthria, apraxia of speech may be noted in individuals with cerebral palsy. 

Apraxia is a speech disorder which is characterized by difficulties in motor 
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programming of the speech mechanism. Apraxia affects volitional movement or 

positioning of the articulators (McDonald, 1987). 

Coinition 

Mental retardation and language or learning disabilities are often present in 

individuals with cerebral palsy (McDonald, 1987; Shames, Wiig, & Secord, 1994). 

Mental retardation exists in 50 % to 60 % of individuals with cerebral palsy, though 

determining the exact extent of impairment is complicated by the motor difficulties 

associated with cerebral palsy (Kurtz, 1992; Shames, Wiig, & Secord, 1994). 

Generally, the more limbs involved motorically, the greater the degree of mental 

retardation. Accordingly, the least amount of intellectual impairment is associated 

with hemiplegia, and the greatest degree of intellectual impairment is associated with 

spastic quadriplegia (Robinson, 1973). While cerebral palsy does not cause mental 

retardation and learning or language difficulties, it may result from the same damage 

which caused the cerebral palsy (McDonald, 1987). 

Lan~aie 

Depending of the type and severity of cerebral palsy, a children's limited 

motor experience may preclude him or her from uncovering concepts relating to 

language development (Carlson, 1987). The child may also have limited opportunity 

to discover the function of language. Motor related impairments such as facial 

expression, visual tracking ability and visual fixation abilities may also affect social 
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communication. These impairments may affect a child's perception that he or she 

can affect others and his or her environment through the use of language. 

Communicative attempts may be misinterpreted or ignored, and as a result, children 

with cerebral palsy are more likely to respond rather than initiate communication 

(Yoder & Kraat, 1983). Light, Collier, and Parnes (1985) assessed communicative 

functions used by nonspeaking physically disabled children and their care givers 

during freeplay interactions. They found that the caregivers produced three times as 

many communicative functions during a social interchange. They also found that the 

range of communicative functions used by the children were fairly limited. 

Confirmations or denials constituted an average of 39% of the children's 

conversational turns, while providing information requested by the caregiver 

constituted 18%. Ten percent of the children's turns consisted of requests for objects 

and actions. 

Relationship Between Cognition and Language 

The relationship between cognition and language has been extensively 

debated in the literature. A variety of theoretical constructs exist attempting to 

explain this relationship. Thal (1991) stresses the importance of these underlying 

theoretical assumptions in understanding the way children learn to use language. As 

language interventionists, we need to know if linguistic skills are mapped onto 

underlying cognitive skills, if cognitive skills are mapped onto existing linguistic 
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skills, or if these skills develop in tandem. Five major theories are discussed in the 

literature regarding this relationship: the cognition hypothesis, weak cognition 

hypothesis, local homologies hypothesis, interactional hypothesis, and the whorfian 

hypothesis. 

The cognition hypothesis ( or strong cognition hypothesis) states that 

cognition precedes and accounts for language function. With respect to language 

development, specific milestones in the domains of phonology, pragmatics, syntax, 

and semantics are thought to vary in the speed with which they are acquired, but not 

in the order with which they are attained. Certain cognitive prerequisites are 

necessary but not sufficient in acquiring specific language skills (Chapman & Miller, 

1980). Piaget's notion that intelligence precedes language defines the underlying 

premise of the cognitive hypothesis (Wadsworth, 1979). According to this construct, 

cognitive development leads language development. Accordingly, a child's language 

skills would not be expected to be delayed or advanced in comparison to his/her 

mental age (Miller, 1981). 

In direct opposition to the cognitive hypothesis is the whorfian hypothesis, 

which states that language leads cognition. Another variation is the weak cognition 

hypothesis, which states that cognition accounts for some, but not for all language 

function. According to this theory, cognition is necessary but not sufficient for 

language acquisition. The interactional hypothesis suggests that language and 

cognition are mutually influenced by each other's development. 
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The local homologies hypothesis suggests that language and cognition emerge 

simultaneously, and that language may lead cognition at certain points, while 

cognition may lead language during other periods (Miller, 1981). Currently, the 

local homologies theory is the most widely accepted theoretical construct explaining 

the relationship between cognition and language. According to this theory, certain 

relationships exist between language and cognition at specific points in development. 

These relationships are not static; they exist during a certain developmental windows 

(Thal, 1991). 

The Relationship Between Reception Lan~a&e and Co&nition in Children with 
Specific Lan~a&e Impairment 

Miller, Chapman, Branston, & Reichle (1980) found that language 

comprehension correlates with sensorimotor performance, although sensorimotor 

measures do not predict language comprehension in normal language development. 

The researchers assessed the receptive language and cognitive skills of 48 children 

from the ages of 10 to 21 months. They examined the relationship between five 

sensorimotor subscales and comprehension of the following: one word representing 

people or objects present, one word representing actions, and one word representing 

people or objects absent. They also examined the same relationship for two words 

representing action-object or agent-action and three words for agent-action-object. 

The authors found a significant correlation between language comprehension and 

cognition when the sensorimotor tasks assessed required attainment of several skills 
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which are hypothesized as requirements for language comprehension. These skills 

include: representational thought, object permanence, background knowledge that 

people can act as agent of actions, and an ability to use new means to attain known 

ends. 

Thal (1991) reports that receptive language correlates with single and 

multiple gesture production using conventional schemes (e.g., putting a doll to bed). 

Children evidence correct sequencing of events within a familiar script (e.g., putting 

a doll to bed) by 28 to 33 months of age. Additional parallels between symbolic play 

and language acquisition are noted by several authors, though these correlations 

specifically relate to expressive language production (Corrigan, 1982; Gopnik & 

Meltzoff, 1986; Kelly & Dale, 1989; McCune-Nicolich, 1981; Rescorla & Goosens, 

1992). 

The Relationship Between Rece.ptive Lanilla~e and Co~nition in Children with 
Specific LaniUa~e Impairment 

Specific Language Impairment is defined as a language impairment which is 

not the result of sensory deficits, emotional or behavioral difficulties, or global 

cognitive impairment. Language acquisition in children with SLI follows a normal 

developmental sequence, though it is delayed and uneven across the domains of 

language. 

Kamhi (1981) reports a significant difference in the haptic recognition skills 

(e.g., subject feels geometric forms and then picks the shape that matches) of 
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language-impaired children and normally developing children. Although the 

language-impaired subjects demonstrated normal nonverbal intelligence, they 

evidenced symbolic deficits with respect to the haptic recognition tasks. The author 

suggests that this task may be indicative of nonlinguistic symbolic deficits in 

language-impaired children and that these symbolic deficits in tum impact language 

acquisition. 

Similarly, Johnston and Ramstad (1983) found that language-impaired 

children had difficulty with tasks requiring anticipatory imagery. They assessed 7 

subjects on several Piagetian tasks and found that although their IQ scores were 

within the normal range, the subjects performed poorly on "haptic recognition tasks 

and horizontal and vertical axis tasks" (p.52). The authors suggest that language­

impaired children may have cognitive deficits which result in pervasive symbolic 

dysfunction. 

Kamhi, Catts, Koenig, and Lewis (1984) assessed the hypothesis testing 

abilities and nonlinguistic symbol abilities of ten language-impaired children and 

found a significantly poorer performance in a haptic recognition task and a 

discrimination learning task (e.g., subjects had to discriminate which container had a 

ball inside according to color combinations of circles on top of the containers). A 

strong correlation was noted between the Peabody Picture Vocabulary Test and the 

haptic recognition task. The authors suggest that an underlying deficit in symbolic 
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representational skills may be more closely correlated to receptive language skills 

than expressive language skills. 

Conti-Ramsden, Donlan, and Grove (1992) examined 15 children with SLI 

and found that although they did evidence difficulty with symbolic representation (as 

measured by a counting efficiency task) in children with SLI, this difference was 

only found in the amount of time needed to complete the task. Children with SLI 

took a significantly longer amount of time to count dots than did the control group of 

children with normally developing language. 

Tallal (1988) reiterates this caution in interpreting data regarding symbolic 

representation deficits in children with SLI. She suggests that a deficit in timing may 

be the underlying reason for difficulties with these tasks. 

While research in the literature has not directly assessed the relationship 

between receptive language skills and cognitive skills in children with SLI, several 

researchers have assessed these skills independently. Viewed together these studies 

suggest that the receptive language skills of children with SLI follow the same 

developmental pattern as children with normally developing language although this 

development is delayed. A clear determination has not been made whether the 

deficits associated with SLI relate to an underlying problem in symbolic 

representation or delayed processing time. 
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The Relationship Between Copition and Rece.ptive Lan~a~e in Children with 
Cerebral Palsy 

Bishop, Brown and Robson (1990) compared phoneme discrimination, speech 

production, and receptive language skills in children with cerebral palsy and 

dysarthria and children with cerebral palsy (CP) without dysarthria. The subjects 

ranged in age from 10 to 18 years of age and had IQs in the low average to average 

range. The authors report poorer receptive vocabulary language skills in individuals 

with CP and dysarthria compared to individuals with CP without dysarthria. They 

found that understanding of grammatical structure was not impaired for either group. 

The authors conclude that speech impairment in individuals with cerebral palsy may 

retard vocabulary acquisition, though it does not prevent it. 

In a 3-subject study (i.e., 3 males aged 40, 16, and 9 years), Berninger and 

Gans ( 1986) found that individuals with cerebral palsy and normal intelligence had 

better receptive oral language at the discourse level than at any other level (i.e., 

phonemic analysis, vocabulary knowledge, sentence interpretation). Evaluation of 

discourse comprehension was assessed by oral reading comprehension. The subjects 

listened to a paragraph read aloud and answered questions regarding the paragraph. 

The phonemic analysis was assessed using auditory discrimination tasks; vocabulary 

knowledge was assessed using the Peabody Picture Vocabulary Test-Revised (Dunn 

& Dunn, 1981); and sentence interpretation was assessed using a subtest of the 

Clinical Evaluation of La.nguage Functions (Semel & Wiig, 1980). Each subject was 

also given the Wechsler Adult Intelligence Scale-Revised (WAIS-R) (Weschler, 1981) 
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to assess their verbal IQ. Two of the subjects scored in the low average range, and 

one scored in the average range. The authors argue that the results of their study 

indicate that the linguistic abilities of nonspeaking individuals with severe cerebral 

palsy may be relatively superior to their nonlinguistic cognitive skills. 

Eagle (1985) assessed object permanence skills in 34 children with cerebral 

palsy with ages ranging from 9 months to 12 years. Thirty-five percent (n = 12) of 

the subjects did not demonstrate a level of object permanence equivalent to a 

normally developed 12 month old infant (even though all but 3 subjects were 2 years 

old or older), although 47% (n = 16) demonstrated high levels of object 

permanence. Only 15 % of the variation in scores was related to the severity of 

impairment. Given that some subjects with motor impairment demonstrated the 

highest levels of object permanence, the author argues that early cognitive 

development occurs even when sensorimotor experiences are profoundly, 

motorically affected. 

Cioni, Paolicelli, Sordi, and Vinter (1993) assessed sensorimotor 

development in 89 infants aged 6 to 24 months with cerebral palsy using the Uzgiris­

Hunt Scales. The authors reported poorer performance in children with cerebral 

palsy with respect to object permanence, gestural imitation, and schemes for relating 

objects in comparison to a control group of normally developing children. The 

authors indicate that acquisition of sensorimotor skills follows a normal 

developmental pattern, though this development is delayed. They also suggest that 
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while sensorimotor experiences are beneficial to cognitive development, they are not 

essential requirements of early cognitive development. 

Dammann et al. (1996) assessed the cognitive development of 298 children 

who were born with a very low birth weight. Of these subjects, 33 had cerebral 

palsy. Four additional groupings were made according to neurological diagnosis. 

These included: children with no symptoms, children with minimal symptoms, 

children with ADHD, and children who were clumsy (e.g., daily activities were 

affected by motor coordination). An assessment of intelligence, visuomotor skills, 

word completion, grammar, object detection, digit recall, and symbol recall was 

completed on each subject. Results indicated that the children with cerebral palsy, 

ADHD, and clumsiness demonstrated deficits with respect to intelligence, 

visuomotor skills, and visual memory. Among these three groups, the children with 

cerebral palsy had the lowest scores in each of these areas. The authors point out 

that the deficits noted with respect to symbol recall maybe more indicative of a 

deficit in the visuomotor domain than an ability to recall digits. 

Summary 

While little research exists in the literature regarding the relationship between 

cognition and receptive language skills in children with cerebral palsy, several 

researchers have examined the receptive language skills and cognitive skills of 

individuals with cerebral palsy independently. Lower receptive vocabulary skills 
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were reported for individuals with cerebral palsy and severe speech impairments, 

though comprehension of grammatical structures was relatively unimpaired. Studies 

examining the nonlinguistic cognitive skills of children with cerebral palsy suggest 

that nonverbal intelligence in these children is developmentally delayed. Research on 

normally developing children suggests that certain cognitive skills correlate to 

certain language skills at specific points in time. Receptive language skills correlate 

with use of single and multiple gestures during conventional schemes (e.g., putting a 

doll to bed). Children evidence correct sequencing of events within a familiar script 

(e.g., putting a doll to bed) by 28 to 33 months of age (Thal, 1991). An 

understanding of this relationship in children with cerebral palsy at the same 

developmental level has useful academic, functional, and clinical applications. Once 

skills in either domain have been determined, a parallel level of competence in the 

other domain can be assumed. This information would assist educators, parents, and 

language clinicians in determining the appropriate level of interaction necessary to 

facilitate optimal communicative performance in children with cerebral palsy. 



CHAPTER ill 

METHODS AND PROCEDURES 

Subjects 

Fifteen subjects, 10 males and 5 females, were recruited from local hospitals 

and early intervention programs. The subjects are part of a larger study currently 

being conducted at Portland State University's Speech and Hearing Sciences 

Program (see Appendix A for Human Subjects Committee Approval and Appendix B 

for Consent Form). Subjects met the following criteria: 

1. Between 3 and 6 years of age. 

2. Diagnosis of cerebral palsy by medical professional. 

3. Mild to severe motor speech impairment (i.e., precluding use of 

speech as a primary mode of communication). 

4. Ability to use hand pointing or eye gaze as reliable mode of response. 

5. English is the primary language spoken in the home. 

6. Absence of uncorrected hearing or vision impairments. 

7. Absence of autism, Down syndrome, or genetic/metabolic disorder 

which could interfere with cognitive development. 

8. Presence of an adult in the home who could complete questionnaires. 
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The subjects were grouped according to severity of motor impairment (mild, 

moderate, and severe) using the criteria set forth in Rusk (1977) (see Table 1). Two 

of the subjects were mildly impaired (13.3%), 7 were moderately impaired (46.7%), 

and 6 were severely impaired ( 40 % ) . A summary of the severity grouping for the 

subjects included in the study is shown in Table 2. 

Instruments 

The Peabody Picture Vocabulary Test - Revised (PPVI'-R) (Dunn & Dunn, 

1981) was designed to assess receptive vocabulary for Standard American English 

(Appendix C). The PPVI'-R was standardized on 4,200 subjects from 2 to 18 years 

of age (Paul, 1995). The test provides a raw score, age equivalents, percentile 

rankings, standard scores, and stanines. A ceiling is reached when six errors are 

made out of eight consecutive responses. Within this study, the standard scores are 

reported. The concurrent validity of the PPVT-R was assessed against the Stanford­

Binet Vocabulary Subtest (Thorndike, Terman, & Merrill., 1973) in 1981 on 1,849 

subjects between 3 and 18 years of age. A positive correlation of .72 was noted 

between the two tests. 

The Uzgiris and Hunt Scales of Infant Psychological Development (Dunst, 

1980) was designed to be used in conjunction with the Ordinal Scales of 

Psychological Development (Uzgiris & Hunt, 1975) and is based on Piagetian 

concepts of cognitive development. Six scales are used to assess children from 2 
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weeks to 2 years of age (see Table 3). These scales measure a child's understanding 

of causality, spatial relations, symbolic representation, tool use, and vocal & 

gestural imitation (Appendix D). A ceiling is reached once a subject fails three 

successive items within a scale. The concurrent validity of the Uzgiris and Hunt 

(1975) Scales and the Griffiths Mental Development Scales (Griffiths, 1954) was 

assessed in a study of 36 handicapped subjects, with a mean age of 14.42 months. 

The scores correlated significantly within and across scales. The correlation between 

mental age (as determined by the Griffith Scales ) and estimated mental age (as 

determined by the Uzgiris and Hunt scales) was positive and high at .83 (e.g., at the 

.01 significance level) (Dunst, 1980). 

TABLE3 

SUMMARY OF UZGIRIS AND HUNT SCALES 

Scale Steps Experimental 
Scale (#) Items(#) Highest Critical Behavior 

Object Permanence 14 7 Secures object under 3 screens - object 
left under first screen, subject searches 
in reverse order 

Means-Ends 13 15 Uses stick to push out a toy inserted in 
an opaque tube 

Vocal Imitation 9 6 Imitates four novel words 

Gestural Imitation 9 6 Imitates three invisible gestures 

Causality 7 4 Searches for causal mechanism needed 
to activate toy without demonstration 

Objects in Space 11 10 Indicates absence of familiar persons 

Schemes for 10 6 Uses one object to stand for another 
Relating to Objects 
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The Leiter International Performance Scale (Leiter, 1969) was designed to 

assess the nonlinguistic cognitive abilities of children from 2 to 13 years of age. The 

instrument consists of four subtests for each year of age (Appendix E). One inch 

wooden blocks with pictures adhered to them are matched with corresponding 

pictures on a blotter sheet (e.g., a strip of paper). The test begins at 2 years of age 

and continues to 13 years of age. A ceiling is reached once the child fails all items at 

two successive year levels. The Leiter International Performance Scale was 

validated against the Stanford Binet Scale (Terman & Merrill, 1937) on a sample of 

280 white, middle class American children in 1948. A positive, high correlation was 

noted at . 89 (Leiter, 1969). 

The Miller and Paul Comprehension Assessment (Miller & Paul, 1995) is a 

norm referenced instrument which was designed to assess the comprehension of 

spoken language in children from 8 months to 12 years of age. This informal, 

nonstandardized test was specifically designed for assessment of children with 

physical impairments. The test consists of 29 stimulus plates with four line drawings 

per plate. It is used to assess comprehension of varying levels of syntactic 

complexity. Four trials are provided per syntactic level. Six syntactic levels of 

complexity are represented (Appendix F). The initial items assess simple subject­

verb sentence comprehension (e.g., Mommy's kissing), progressing to verb-object 

(e.g., pushing the girl), subject-prepositional phrase (e.g., doll on blanket), subject­

verb-object (e.g., Daddy's kissing Mommy), subject-verb-prepositional phrase (e.g., 
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the boy climbs on Daddy), and finally to verb-object-prepositional phrase (e.g., 

touching the water in the cup). The foils included in each stimulus plate include a 

reversal of word order (e.g., "Mommy's hugging Daddy" for "Daddy's hugging 

Mommy"), a semantic substitution (e.g., "Daddy's touching Mommy" for "Daddy's 

hugging Mommy"), or an unrelated choice (e.g., "the girl is hugging the boy" for 

"Daddy's hugging Mommy"). The test is administered in its entirety once pretest 

items have been identified correctly. 

Procedures 

Each of the subjects participated in two assessment sessions in their home, 

which were approximately 2 ½ hours in length. The purpose and nature of the study 

was explained to the parents verbally and in writing. Written consent to participate 

in the study was obtained for each subject from the subject's parent/s before 

assessments were initiated (Appendix B). Two research assistants and a physical 

therapy student from Oregon Health Sciences University (OHSU) assessed the 

subjects. One research assistant and the physical therapy student attended the initial 

session. During the initial session, the physical therapy student determined the 

optimal positioning for each subject in order to minimize the effects of abnormal 

tone and reflex movement during the assessment procedures. 

Four instant Polaroid photographs were taken of objects or people in the 

subject's home and were used to determine the latency, mode, and reliability of 
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response for each subject. The examiner instructed the subject to indicate which 

picture matched the stimulus word. The pictures were placed two by two in a 

row/column format. They were placed on a table, floor, or laptray, as appropriate 

for optimal positioning during the assessment. The photographs were rearranged 

before each succeeding trial was presented. Assessment of the PPVI'-R, Form L was 

initiated after this initial assessment had been completed. 

The PPVI'-R, Form L was enlarged in order to provide a larger target for 

pointing and eye gaze selections (see Appendix G). Subjects were asked to indicate 

which picture matched the stimulus word given by the examiner. For subjects who 

were physically unable to point, eye gaze was used in lieu of pointing. Eye gaze was 

used after it had been determined that it could be reliably and consistently obtained 

using the Polaroid pictures. Twenty percent (n = 3) of the subjects used eye gaze as 

a mode of response. An additional modification was made for subjects who were 

unable to use eye gaze reliably with four quadrants. The number of items was 

reduced from four to two per page. This modification was made for 13% (n = 2) of 

the subjects included in the study. A basal was obtained after eight consecutive 

correct responses were obtained, and a ceiling was attained after six out of eight 

consecutive errors were noted. The PPVI'-R, Form L was used during the initial 

session for all but one subject. 

The Uzgiris and Hunt Scales of Infant Psychological Development, the Leiter 

International Performance Scales, and the Miller and Paul Comprehension 
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Assessment were completed during the second assessment session for 14 of the 

subjects. The Uzgiris and Hunt Scales of Infant Psychological Development was 

administered by giving the subject a toy or object to manipulate. Verbal prompts and 

demonstrations were given by the examiner in order to elicit specific tasks for each 

subscale step. A basal was attained once three consecutive correct responses were 

noted and a ceiling was obtained after three consecutive errors were noted. 

Modifications were made to the following materials which are noted in the Dunst 

manual (Dunst, 1980) (see Table 4). 

TABLE4 

MODIFICATIONS TO UZGIRIS AND HUNT MATERIALS 

Object Description 

Blocks 1" wooden counting 
cubes 

T-stick 18 x 1/2" with a 6 x 
1/2" doweling 
attached as a T. 

Sticks Two dowel sticks -
18" x 1/2" and 10" x 
1/2" 

Clear Plastic Tube 5" long by 1" diameter 

Opaque Tube 5" long by 1" diameter 

Spoon Adult size 

String Toys Toys activated by 
pulling string 

Cup Small plastic cup 4" 
hif!h with handle 

Small container 4" hif!h by 1" diameter 

Raisins Small box of raisins 

Modification 

2" plastic blocks 

18 by 1" with a 6" x 
1" doweling attached 
as a T. 
Two dowel sticks 18" 
x 1" and 10 x 1" 

5" long by 2" diameter 

5" long by 2" diameter 

Wooden cooking 
spoon 

Replaced string with 
cloth rope 

Measuring cup 5" 

4" hif!h by 3" diameter 

Small bag of 
Whoppers 

Subscale 

Means-Ends; Gestural 
Imitation; Space; 
Schemes 

Means-Ends 

Means-Ends 

Means-Ends 

Means-Ends 

Space; Schemes 

Causality 

Space; Schemes 

Space; Schemes 

Space; Schemes 
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During the administration of the Leiter International Performance Scales 

subjects were presented with a set of one inch wooden blocks and a corresponding 

blotter strip for each subtest. The frame used to hold the blocks was not used due to 

the motor limitations of the subjects in this study. A blotter was presented in front of 

the subject on the floor, a table, or a laptray, as appropriate for optimal positioning. 

This modification was used for all of the subjects participating in the study. An 

additional modification was made for subjects with severe motor limitations. In these 

instances, the subject was asked to indicate yes or no as to whether a block belonged 

with each design on the blotter strip. Eye gaze was used to indicate the yes/no 

response, after the reliability of eye gaze had been established. This modification 

was used for 13% (n =2) of the subjects. A ceiling was obtained after failure was 

noted for all tests at two consecutive year levels. 

The Miller and Paul Comprehension Assessment was modified and 

administered according to the same procedures noted for the PPVI'-R, Form L 

(Appendix H). 

Data Analysis 

This investigator assessed each subject with the Uzgiris and Hunt Scales of 

Infant Psychological Development, the Leiter International Performance Scale and 

the Miller and Paul Comprehension Assessment during the second assessment 

session. Nine subjects (60%) were assessed using the Leiter International 
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Performance Scales and 10 subjects (67%) were assessed using the Miller and Paul 

Comprehension Assessment during the second session. Administration of these tests 

was discontinued for subjects who were not able to complete the initial subtest tasks 

for these two instruments. The assessment and scoring for the PPVI'-R, Form L was 

completed for all 15 subjects by another examiner during the initial assessment 

session. This order was reversed for one subject due to scheduling difficulties. 

Standard scores from the PPV/'-R, Form L , mental age scores from the 

Leiter International, stage scores for the subscales of the Uzgiris and Hunt Scales, 

and the percentage scores from the Miller and Paul Comprehension Assessment were 

used to determine if the correlations described in the purpose statement of this study 

exist (see Appendix I for Raw Data Table). 

Reliability 

Two of the subjects assessed were randomly selected and independently 

scored by a certified Speech-Language Pathologist with experience in administering 

each instrument used in the study. Inter-rater reliability was 100% for the Leiter 

International, 90% for the Uzgiris and Hunt Scales, and 100% for the Miller and 

Paul Comprehension Assessment. 

The severity level assigned to each subject was completed by another 

examiner who was familiar with the subjects and with the Rusk (1977) guidelines. 

The severity level of each subject was categorized as mild, moderate, or severe. The 
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inter-rater reliability score for these assignments was in agreement for 13 (87 % ) of 

the subjects. 

Statistical Analysis 

The data for this study were collected and organized with descriptive 

statistics. The mean and standard deviation for the dependent variables used in the 

study (e.g., receptive language scores and nonverbal cognitive scores) were 

computed. A Spearman correlation coefficient was used to determine if a correlation 

exists between the cognitive and receptive language scores. This coefficient is a test 

statistic which determines if two variables are independent of each other. The 

Spearman correlation coefficient was designed to analyze data sets which are not 

normally distributed. An alpha level for the study was set at .05 to determine the if 

any correlations found were statistically significant. 

Several one-way analyses of variance (ANOV A) (Mann, 1992) were 

performed to examine the differences between the mean scores of the severity groups 

(see Table 2) for the dependent variables (e.g., receptive language and nonverbal 

cognition). An ANOV A procedure is designed to determine if the mean of two or 

more populations are equal. A post-hoc test was performed for all differences found 

in order to determine where the differences exist. 



CHAPTER IV 

RESULTS AND DISCUSSION 

Results 

Results of this study were statistically analyzed using a Spearman correlation 

coefficient and several one-way analyses of variance (ANOVA). These results were 

analyzed to determine answers to the following research questions: 

1. Is there a significant correlation between the Uzgiris and Hunt Scales 

of Infant Psychological Development (Dunst, 1980) scores and the Peabody Picture 

Vocabulary Test-Revised (PPVI'-R, Form L) (Dunn & Dunn, 1981) scores of 

preschool age children with cerebral palsy and a mild to severe motor speech 

impairment? 

2. Is there a significant correlation between the Uzgiris and Hunt Scales 

of Infant Psychological Development scores and the Miller and Paul Comprehension 

Assessment (Miller & Paul, 1995) scores of preschool age children with cerebral 

palsy and a mild to severe motor speech impairment? 

3. Is there a significant correlation between the Leiter International 

Performance Scale (Leiter, 1969) scores and the PPVI'-R, Form L scores of 
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preschool age children with cerebral palsy and a mild to severe motor speech 

impairment? 

4. Is there a significant correlation between the Leiter International 

Perfo111Ulnce Scale scores and the Miller and Paul Comprehension Assessment scores 

of preschool age children with cerebral palsy and a mild to severe motor speech 

impairment? 

5. Are there significant differences between the mean scores for receptive 

vocabulary (e.g., PPVI'-R, Form L) for the motor severity groups (see Tables 1 and 

2) of preschool age children with cerebral palsy? 

6. Are there significant differences between the mean scores for 

receptive comprehension of spoken language (e.g., Miller and Paul Comprehension 

Assessment) for the motor severity groups (see Tables 1 and 2) of preschool age 

children with cerebral palsy? 

7. Are there significant differences between the mean scores of 

nonverbal cognition (e.g., Leiter International Perfo111Ulnce Scales and Uzgiris and 

Hunt Scales of Infant Psychological Development) for the motor severity groups (see 

Tables 1 and 2) of preschool age children with cerebral palsy? 

Descriptive Statistic Results 

The mean and standard deviation of the scores for the PPVI'-R, Form L the 

Uzgiris and Hunt Scales of Infant Psychological Development, the Leiter 

International Perf o111Ulnce Scale, and the Miller and Paul Comprehension 
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Assessment were computed for the group as a whole and for each severity group. 

These results are listed in Table 5. 

Table 5 

Descriptive Statistics 

All Subjects Mild Moderate Severe 
Deoendent Variables (N = 15) (n = 2) (n = 7) (n = 6) 

Age (months) 
Mean 54.00 68.00 51.00 52.83 
(SD) (12.46) (0) (9.83) (15.04) 

Peabody Picture Vocabulary Test - 69.93 83.00 74.43 60.33 
Revised, Form L (Dunn, 1981) - (21.03) (1.41) (24.30) (17.95) 
Standard Score N= 15 n=2 n=1 n=6 
Miller and Paul Comprehension 53.40 83.50 46.70 44.50 
Assessment (Miller & Paul, 1995) - (24.80) (23.33) (17.09) (27.83) 
Percentasze Correct Score n = 10 n=2 n=5 n=3 

Uzgiris and Hunt Scales of Infant 5.87 6.00 6.00 5.67 
Psychological Development (Dunst, (.35) (0) (0) (.52) 
1980): Causality- Stage Score N = 15 n=2 n=7 n=6 
Means/Ends - Stage Score 5.53 6.00 5.71 5.17 

(.83) (0) (.49) (1.17) 
N= 15 n=2 n=7 n=6 

Object Permanence - Stage Score 5.87 6.00 6.00 5.67 
(.52) (0) (0) (.82) 

N= 15 n=2 n=1 n=6 
Vocal Imitation - Stage Score 5.13 6.00 5.43 4.50 

(1.25) (0) (.98) (1.52) 
N= 15 n=2 n=1 n=6 

Gestural Imitation - Stage Score 5.13 6.00 5.57 4.33 
(.92) (0) (.53) (.82) 

N = 15 n=2 n=1 n=6 
Schemes for Relating to Objects - Stage 5.80 6.00 6.00 5.50 
Score (.56) (0) (0) (.84) 

N= 15 n=2 n=7 n=6 
Objects in Space - Stage Score 5.73 6.00 6.00 5.33 

(.59) (0) (0) (.82) 
N= 15 n=2 n=1 n=6 

Leiter International Performance Scale 32.67 43.50 34.20 18.00 
(Leiter, 1969) - Mental Age (Months) (10.55) (6.36) (6.57) (0) 

n=9 n=2 n=5 n=2 
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Spearman Correlation Results 

The strength of the relationship between the domains outlined in research 

questions one, two, three, and four (e.g., receptive language and cognition) was 

analyzed using a Spearman correlation coefficient. With respect to question one, the 

relationship between each Uzgiris and Hunt subscale stage scores was assessed 

against the PPVI'-R, Form L standard scores. The correlation results are listed in 

Table 6. 

TABLE6 

CORRELATIONS BETWEEN UZGIRIS AND HUNT SCALES, AND PPVT-R, FORM L 

Uzgiris and Hunt Scales of Peabody Picture Vocabulary Test-
Psychological Development (Dunst, Revised, Form L (Dunn, 1981) -

1980) - Stage Score Standard Score 

Correlation p-value 

Operational Causality -.02 .94 

Means/Ends .33 .23 

Objective Permanence .00 1.00 

Vocal Imitation .65 .01* 

Gestural Imitation .69 .01* 

Schemes for Relating to Objects .24 .39 

Objects in Space .36 .19 

*Significance level at p < . 05. 
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As noted in Table 6, two of the subscales reflected a moderately low 

correlation with receptive vocabulary. Both vocal and gestural imitation correlated 

with the PPVI-R, Form L below the .05 significance level. Accordingly, the null 

hypothesis was rejected for vocal and gestural imitation and was not rejected for the 

remaining Uzgiris and Hunt subscales for research question one. 

Statistical analysis for research question two required a comparison of each 

U zgiris and Hunt subscale score with each subsection score and the total score for 

the Miller and Paul Comprehension Assessment. Results of these analyses are listed 

in Table 7. None of these analyses reflected a significant correlation. Accordingly, 

the null hypothesis was not rejected for research question two. 

The standard scores of the PPVI'-R, Form L and the mental age derived from 

the Leiter International Performance Scale were compared to answer research 

question three. Results of these analyses are listed in Table 8. No significant 

correlations were noted between these measures, therefore, the null hypothesis was 

not rejected for research question three. 
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TABLE 7 

CORRELATIONS BETWEEN UZGIRIS AND HUNT SCALES, AND 

MILLER AND PAUL COMPREHENSION ASSESSMENT 

Verb- Subject-
Miller and Paul Subject- Subject- Object- Verb- Total 
Comprehension Subject- Verb- Prep. Verb- Prep. Prep. Percent 
Assessment Verb Object Phrase Object Phrase Phrase Correct 

Uzgiris and Hunt 
Scales Stage Scores 

Causality 
Correlation .04 .32 -.22 .09 .43 -.54 .26 
(p-value) (.90) (.41) (.65) (.84) (.34) (.21) (.47) 

n = IO n=9 n=1 n=8 n=1 n=1 n = 10 

Means/Ends .59 -.05 .08 .13 .66 -.08 .04 
(.07) (.88) (.86) (.76) (.11) (.86) (.91) 

n = IO n=9 n=1 n=8 n=1 n=1 n = 10 

Object Permanence - - - - - - -
Vocal Imitation -.18 - - - - - .52 

(.61) (.12) 
n = 10 n = 10 

Gestural Imitation .02 .16 .53 .46 .25 -.08 .50 
(.95) (.69) (.22) (.25) (.59) (.86) (.14) 

n = 10 n=9 n=1 n=8 n=1 n=1 n = 10 

Schemes for Relating - - - - - - -
to Objects 

Objects in Space -.18 -.18 .32 .51 -.11 .43 -.06 
(.61) (.61) (.48) (.19) (.82) (.33) (.87) 

n = 10 n = 10 n=1 n=8 n=1 n=1 n = 10 

- Correlation coefficient could not be computed. 
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TABLES 

CORRELATIONS BE1WEEN PPVT-R, FORM LAND 

LEITER INTERNATIONAL PERFORMANCE SCALES 

Leiter International Performance Scales (Leiter, 1969) -
Mental Age Score 

Correlation p-value N of Subjects 

Peabody Picture Vocabulary Test-
Revised, Form L (Dunn & Dunn, 
1980)- Standard Score 

.30 .43 9 

With respect to research question four, the Leiter International Performa,nce 

Scale scores were compared to the subsection scores and to the total score of the 

Miller and Paul Comprehension Assessment. Results of these analyses are listed in 

Table 9. No significant correlations were found between these measures, therefore, 

the null hypothesis was not rejected for research question four. 

TABLE9 

CORRELATIONS BE1WEEN MILLER AND PAUL COMPREHENSION ASSESSMENT, 

AND LEITER INTERNATIONAL PERFORMANCE SCALES 

Miller and Paul Comprehension Leiter International Performance Scales (Leiter, 
Assessment Subscores (Miller & Paul, 1969) - Mental Age Score 
1995) - Percent Correct Score 

Correlation p-value n of Subjects 

Subject-Verb .06 .89 8 

Verb-Object .45 .26 8 

Subject-Prepositional Phrase .18 .73 6 

Subject-Verb-Object .07 .87 7 

Subject-Verb-Prepositional Phrase -.12 .82 6 

Verb-Object-Prepositional Phrase .15 .77 6 

Total Percent Correct .03 .94 8 
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One-Way Analysis of Variance Results 

Several ANOV As were completed to determine if a statistically significant 

difference existed between the mean scores for each severity group (see Tables 1 and 

2) for receptive language and cognition. No statistically significant differences were 

noted between the mean scores for the three severity groups with respect to receptive 

vocabulary (e.g., PPVI-R, Form L) and receptive comprehension of spoken 

language (e.g., Miller and Paul Comprehension Assessment) (see Table 10). 

Accordingly, the null hypothesis was not rejected for research questions five and six. 

TABLE 10 

ANALYSIS OF VARIANCE BETWEEN MOTOR SEVERITY GROUPS FOR PPVT-R, FORM L, 
AND MILLER AND PAUL COMPREHENSION AsSESSMENT 

Instrument df f p-value 

Peabody Picture Vocabulary Test-Revised, Form 14 1.21 .33 
L (Dunn & Dunn, 1980) - Standard Score 

Miller and Paul Comprehension Assessment 9 2.44 .16 
(Miller & Paul, 1995) - Total Percentage Correct 

Subject-Verb 9 .24 .80 

Verb-Object 8 .03 .97 

Subject-Prepositional Phrase 6 1.81 .28 

Subject-Verb-Object 7 1.79 .26 

Subject-Verb-Prepositional Phrase 6 1.07 .43 

Verb-Object-Prepositional Phrase 6 1.10 .42 
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With respect to research question seven, a statistically significant difference 

was noted for two measures of nonverbal cognition. A difference was detected for 

the Leiter mental age scores and for the gestural imitation stage scores of the U zgiris 

and Hunt Scales, although no statistically significant differences were noted for the 

other Uzgiris and Hunt subscales. Accordingly, the null hypothesis was rejected for 

gestural imitation and the Leiter scores, while it was not rejected for the remaining 

the Uzgiris and Hunt subscales. The results of these analyses are listed in Table 11. 

TABLE 11 

ANALYSIS OF VARIANCE BETWEEN MOTOR SEVERITY GROUPS FOR LEITER 

INTERNATIONAL PERFORMANCE SCALES, AND UZGIRIS AND HUNT SCALES 

Instrument df f p-value 

Leiter International Performance Scale (Leiter, 8 9.52 .01* 
1969) - Mental Age (Months) 

Uzgiris and Hunt Scales of Psychological 14 1.80 .21 
Development (Dunst, 1980) - Stage Score -
Operational Causality 

Means/End 14 1.07 .37 

Object Permanence 14 .72 .51 

Vocal Imitation 14 1.58 .25 

Gestural Imitation 14 7.95 .01* 

Schemes for Relating to Objects 14 1.54 .25 

Objects in Space 14 2.88 .10 

*Significance level at p < . 05. 
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A post-hoc Bonferroni test was used to determine where these differences 

existed. With respect to gestural imitation, the difference was detected between the 

mild and moderate groups in comparison to the severe group. With respect to the 

Leiter scores, the difference was detected between the mild and severe groups. 

Discussion 

The results of this study indicate that a moderately low positive correlation 

exists between the specific nonverbal cognitive skills of vocal and gestural imitation 

and receptive vocabulary at the word level. This correlation suggests that motor 

experience, or lack of motor experience, significantly affects receptive language 

skills in children with motor speech impairments. McNaughton (1993) suggests that 

a lack of motor experiences contributes to a weaker language base and to reduced 

symbolic representational abilities. She outlines a system of symbolic representation 

which is interdependent with external experiences and cognitive, sensory, and motor 

processes. This interdependence allows language to be mapped onto experiences and 

perceptions. A child with severe motor impairment is limited in his/her motor 

experiences and therefore receives limited feedback on these experiences. 

McNaughton points out that although a child with a severe motor impairment may be 

exposed to feedback given to a nondisabled child, the level of this feedback may not 

be at a level the child with severe motor impairments can understand. In addition, 

normally developing children receive feedback regarding the speech and language 
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they use during motor experiences. Due to their difficulties in speech production, 

children with motor speech impairment are further impacted by their lack of 

opportunities to map language onto experiences within their environment. 

Significant differences were noted within this study with respect to severity 

of motor impairment for nonverbal cognitive skills. These differences were detected 

between the mild and moderate groups in comparison to the severe group for the 

gestural imitation scores of the Uzgiris and Hunt Subscales and between the mild and 

severe groups for the Leiter scores. Generally, these differences reflect higher mean 

scores for subjects with lower levels of motor impairment. Accordingly, these scores 

may reflect the difficulties children with severe motor impairment experience in 

manipulating objects or in executing purposeful movement rather than their true 

nonverbal cognitive ability. 

The uneven distribution of subjects within each motor severity group (see 

Table 2) may have affected the strength of the statistical analysis relating to severity 

of motor impairment. The subjects included in the mild severity group were the 

oldest subjects included in the study (both were 68 months old). This uneven 

distribution would not have impacted the diagnostic results obtained from the PPVI­

R, Form L which accounts for the age of a subject in assigning a standard score, 

although it may have impacted the stage score results obtained from the Uzgiris and 

Hunt scales and the percentage scores obtained from the Miller and Paul 

Comprehension Assessment. Given the uneven distribution noted with respect to the 
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mean age of the subjects included in each motor severity group and with respect to 

the number of subjects included within each motor severity group, the results of the 

analysis of variance among these severity groups should be interpreted with caution. 



CHAPTER V 

SUMMARY AND IMPLICATIONS 

Summary 

The purpose of this study was to examine the relationship between receptive 

language skills and nonverbal cognitive skills in preschool children with cerebral 

palsy and a mild to severe motor speech impairment. In addition, the relationship 

between the severity of motor impairment and receptive communication and 

nonverbal cognitive skills was also examined. Fifteen subjects, 10 males and 5 

females, were included in this study. The subjects are part of a larger longitudinal 

study being completed within Portland State University's Speech and Hearing 

Sciences Program. All of the subjects participated in two in-home assessment 

sessions, which were approximately 2 hours long. Two research assistants completed 

the assessments along with a physical therapy student from OHSU, who assisted in 

determining optimal positioning for each subject. The Peabody Picture Vocabulary 

Test-Revised, Form L (Dunn & Dunn, 1981) and the Uzgiris and Hunt Scales of 

Infant Psychological Development (Dunst, 1980) were administered to each subject 

who participated in the study. The Miller and Paul Comprehension Assessment 
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(Miller & Paul, 1995) was administered to ten subjects and the Leiter International 

Performance Scale (Leiter, 1969) was administered to 9 subjects. 

Results of the study indicate that there is a moderately low correlation 

between receptive vocabulary at the word level and specific nonverbal cognitive 

skills (i.e., vocal and gestural imitation). Significant differences were noted with 

respect to severity of motor impairment for nonverbal cognition. This relationship 

may reflect motor disability rather than cognitive ability. 

Clinical Implications 

A correlation between receptive vocabulary skills and specific nonverbal 

cognitive skills was found among one of the four comparisons made in this study. 

Both vocal and gestural imitation correlated with receptive vocabulary skills in 

preschool children with cerebral palsy and a mild to severe motor speech 

impairment. 

This correlation has useful clinical implications. Understanding the 

developmental level in either the cognitive or receptive language domain will assist 

clinicians, educators, and caregivers in providing an appropriate level of interaction 

for a child with cerebral palsy. Letto, Bedrosian, and Skarakis-Doyle (1994) 

reported that scaffolded interactions result in improved communication skills in 

children with cerebral palsy. Accordingly, we can assist in providing a richer 
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language environment for a child with cerebral palsy once their receptive language 

or specific nonverbal cognitive skill level has been determined. 

This correlation also suggests that a lack of motor experience adversely 

affects receptive language and nonverbal cognitive development in children with 

motor speech impairments. Accordingly, as language interventionists, we can focus 

on strengthening a child's symbolic representation abilities by providing 

opportunities to map language onto motor experiences. Games which accompany 

language with motor movement, such as patty-cake, can be adapted to suit a child's 

needs. Other activities might involve the use of a switch to substitute for direct 

manipulation of an object which a child is physically unable to manipulate 

independently. Modifications can also be made to toys and objects in the child's 

everyday environment in order to encourage and increase a child's repertoire of 

motor experiences. Once these modifications have been incorporated, caregivers, 

educators, and clinicians can use scaffolding techniques to map language onto motor 

experiences in an attempt to broaden a child's language and representational base. 

Differences were noted between the severity groups for both measures of 

nonverbal cognitive development used within this study. The greatest differences 

noted were among the measures which were the most difficult to modify clinically 

and the most difficult to manipulate motorically (i.e., gestural imitation and the 

Leiter). Correlations were not found among the remaining Uzgiris and Hunt Scales, 

which were more readily modified to fit the subjects' motoric needs. Accordingly, 



51 

these results should be interpreted with caution. Before accepting a causal 

relationship between severity level and language and/or cognitive skills, additional 

research is needed with a larger sample size. Increasing the sample size would allow 

for equal distribution of subjects within each severity group. Only 2 subjects were 

included in the mild severity group, while 7 were included in the moderate group 

and 6 were included in the severe group. 

The fact that significant differences were not noted among the remaining 

subscales of the Uzgiris and Hunt Scales suggests that these specific aspects of 

nonverbal cognition develop despite the presence of motor impairment. Future 

research with an increased sample size may validate and strengthen these findings. 

Research Implications 

Current research suggests that receptive vocabulary and cognitive 

development in children with cerebral palsy is developmentally delayed. Results of 

this study support the view that motor impairment may contribute to this delay. The 

correlation found between receptive vocabulary and nonverbal cognitive skills 

parallels current research regarding the relationship between cognition and language 

in normally developing children. According to the local homologies theory, certain 

cognitive skills correlate with certain language skills at specific points in time during 

normal development. Results of this study indicate that certain relationships exist 

between language and cognition in children with cerebral palsy as well. Future 
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research in this area may look at changes overtime in this relationship. Longitudinal 

research could provide additional information regarding changes in the receptive 

language and cognitive skills of individuals with cerebral palsy as they continue to 

develop physically and intellectually. 

The effects of severity of motor impairment on this development also has 

useful clinical and educational applications. Analysis of the relationship between 

levels of severity can be strengthened by including a larger subject pool, which 

would allow for subjects to be equally distributed between severity groups. This 

would provide us with an ability to detect distinct differences between the motor 

severity groups and to account for the affects of the age on variances noted among 

the groups. Further research regarding the relationship between language and 

cognitive skills in individuals with cerebral palsy will continue to broaden our 

understanding of appropriate assessment and intervention approaches for individuals 

with cerebral palsy. 
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I _______ ..,.. to allow 11111 clllld ________ to 

tan part In the rwsearcb canclucted by Dr. Illa Paul on tlle deuelapment 
of language In clllldren •1t11 ...,.. speech pradactlon Impairments. I 
understand that tlHI ltudg lnuolNs gluing standard test, and cllnlcal 
a .... sments, Including ,....t lntelVleaus. dellgnlld to eualuat• the 
heartng and IAld .. tandlng. uocal ablUU ... aoter aldlltl ... play, 
cognltlue. social and adapUue sldll1 of young clllldren with Nuerw 8'1Hcb 
Impairments and comparw them to thou of ..,...., deueloplng peen. I 
also understand that the •tuclU mag lnuolue utdeotaplng •• and mu dllld 
to look at llolU ftlOU... Interact with clllldrwn •Ith speecll Impairments 
and comparw thne lntm'actlons to those of motben with normally 
8'1Htlng chlldrwn. If •u Clllld II lnUolued In an Intervention program. the 
stadg may also lnuotue uldeotaptng mu cbUd IDlth the CUll(dan to look at 
the way that dlnlclana tallc to children with seuere 1t1••cb Impairments. 

I understand that the study w111 take nuenl boun of mu and mv c1111d·1 
unae. some of wlllcll ww take place In our home. and some mag take place 
In mu c1111d•1 dlnlcal setting or at PSU. Dr. Paul has told me Ulat the 
purpose of the •tudU II to lam more llboUt llow clllldren IUbo cannot talk 
leam to understand and communicate. and Ulat this lcnowledge can help 
deuelop better ways to tucb language slclUs to these clllldren. I 
understand that •u child may nat receiue any dlrwct benefit from 
participating In the study. howeuer. 

Dr. Paul has agreed ta answer any questions I haue about the study and 
wllat I am eHPected to da. I IAlderstand that all lnfarmatlan collected 
about m·v cblld In the 1tUdg 11101 nmain confldenUal to the eHtent 
permitted by law, and that.the names of an the people In the stUdy wUI 
be lcept confldenttaL I &maerstand that I do not haue ta take part In this 
stUdy, and my dedslon u,IU not affect any servl~es my child ncelues. If I 
choose ta aaartlclpate, I may withdraw at an111,Ume. 

I haue read and understand the abaue lnfarmatlan and agree ta allow my 
child ta tatce part In this study. 

Dat .... e_· _____ Signature: _______________ _ 

Please ieep oae copy of tbis perm,ss,oa form yourself aad return 
oae to Susaa. U you IJave coacems or quadoa• about tbe •tudy 
please coaracr Dr. Paul ar 71S-3141 or tbe Chair of tbe Humaa 
Subjects ReM:areb Review Committee, Office of Researcb aad 
Spoasored Proi«U. l OS Heuber6er llall, Pon.land State Uaiversity, 
SOJflZS-3417. 

1· ...... • ·•: ·, • !.: •·.: · • , • - . .- \ \ .. : 
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77 
Ceiling: failure of all tests at two consecutive year levels. 
Basal: II - first level or two years below chronological age (if all levels at that year are 
passed, it becomes the basal year). 

Test Summary: 

Years Months 
II 
III 
IV 
V 
VI 
VII 
VIII 
IX 
X 

Total: 
Mental Age: ___ years ___ months 

Year IT YearVIl 
1. Matching Colors 1. Reconstruction 
2. Block Design 2. Circle Series 
3. Matching Pictures 3. Circumference series 
4. Matching Circles and Squares 4. Recognition of age differences 

Year III Year VITI 
1. Four Forms 1. Matching shades of gray 
2. Block Design 2. Form discrimination 
3. Picture Completion 3. Judging Mass 
4. Number Discrimination 4. Series of radii 

Year IV Year IX 
1. Form and Color 1. Dot estimation 
2. Eight Forms 2. Analogous designs 
3. Counts Four 3. Block design 
4. Form, Color, and Number 4. Line completion 

YearV YearX 
1. Genus 1. Foot print recognition 
2. Two Color Circles 2. Block design 
3. Clothing 3. Concealed cubes 
4. Block Design 4. Block design 

Year VI Year XII 
1. Analogous Progression 1. Block design 
2. Pattern Completion Test 2. Similarities 
3. Matching on a Basis of Use 3. Recog - facial expressions 
4. Block Design 4. Classification - animals 
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FOR USE WITH STIMULUS ITEMS 
PROCEDURE: 

3.i Word Order 
Comprehension 

....... 
~- D.cidv 8. Cra~ 

Girl HUIPII 
Boo, KiHinlJ 

\.Unln\l Clirnblnll 

:. Pitcher 
Waler 

Doll 
Trude 

Tftll 

Sulliect•Vertt CS-Vl 5-iecl-'Hrtl Obied cs-v-o, 
t . \10mfflv, k1n1nc. I 3. OiJddy ·, ktHl"I MofflfflY. 

Dadd1(s k1n1n111. 14. MomfflY, k1H1ng o.ddv. 
o.cxiv·, hu•c•na 1 5. "'°"""", hug1111 o.ddv. 

-l \IOmfllv s IIU1J11n11. 16. OiJddy"s huq"'I Mommv. 

Vfllt.ObiKI CV-01 Sullilct•Ve....,1tpc .• , .. ...,_ CS-V.ffl 

Puthtffll lfW Itri 17. The bov cumbs on o.ddv. 
t, Pushtnt IM bov. 18. Dolddv chmbs on me bov. 

Touch1ffll the bov. 19. The II'" crawls on Mommv. 
8. Touch1nw the t11rl. 20. Mommv crawls on me lffl• 

Wliect_.repolitieMI PhnN ,s-m ~...,_(V-0-ffl 

9. Doll on bl.lnket. 21. Toudlifll me wa11r m me cup. 
10. 81.anaet on ooll. 22. Toudlmtl lfle cup ,n me w.-r. 
11. Cup 1n water. 2J. Huaant cne doll on the~ 
t 2. Water 1n cup. 24. Huging tne blankec on me doll. 

,..,..o.w ............. , ...................... .__. _____ Clt""P•M--u..-
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FOR L'SE \\'ITH SCORE SHEET 
PROCEDCRE: 

3.i ·. > Word Order 
Comprehension 

~ for eilCh srunutus ttem. record !he numoer oi the l)ICtln I l-.J1 to which the child potnts. Compiele the 
1)11!1111 oero,e oroceed1ng wuh the test nems. 

Child's Nme: _________ _ 

Child's cn~1cal aae 1ve.1rs.mon1n~1: 
Date: _______ _ -~ 

Pretftl 
A. Daddv ___ _ B. Craw'lfttJ ___ _ C. Powing ___ _ 

Girt ___ _ Hua,ng ___ _ Pushing __ _ 
Bew ___ _ Ki5slnl ___ _ Touching __ _ 

Mommv ___ _ Oitnbirll __ _ Orapping __ _ 

In ___ _ E. Pitcher ___ _ D. 
Bt.nilec ___ _ waw ___ _ 

Cup ___ _ Doll ___ _ 
On ___ _ Truck ___ _ 

Tm 

I. 9. 17. 
2. 10. 18. 
J. 11. 19. 
4. 12. 20. 
5. 13. 21. 
6. 14. 22. 
7. 15. 23. 
8. 16. 24. 

,,..°"""'-··-~ --•----·- ~·--"--'-----
S2 
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INTERPRETATION FORM FOR USE WITH 
PROCEDURE: 

3.i � WordOrder 
Corn prehension 

lnstrudions: Th,s iorm 1s intended 10 be used w11h the score sheet ior Procedure 3.i •seep. 521. For each plate emrv 
below. circle the child"s respon\e number. Total the columns as indicated. Upon compleuon. proceed wi1h dala 
.inalvs,s as descnbed in Procedure 3.7. 

Child's name: 

Child's chronoiolt•cal a11e tvears.monthsl: 

::>ate: ~ 
Plate Correct Reversed ~nre1ated Subs11tU1ed 

5-V wntenc:es I 4 

3 
4 ~ 
3 4 1 

Toial S-V 11-41 

V-0 wntences 4 
6 2 

4 
8 

Total V-0 1S-81 

S-PP sentences q 

10 

11 4 
12 4 2 

Total S-PP 19-121 
Toial IINO-elemffll sentences t 1-121 

i 
I I I 

S-V-0 sencences 13 4 1 
14 1 4 3 
IS 
16 

3 
2 

I 
I 

1 
3 

4 
1 

2 
4 

TOlal S-V-0 11 3-161 I 
S-V.PP 1en1ences 17 4 

18 
19 

4 

3 I 2 
4 

20 4 2 

TOia! S-V-PP 11 i-201 
V-0-PP wntences 21 4 

22 1 4 3 
23 4 3 2 
24 4 3 

TOlal V-0-PP 121-241 I ! 
Tola! dne element senwnc:es t 13-241 1 i 
Grand 10ca111-241 

,__, ____ ,_ Cllffll'IIIIH.----Co.-,,.~---- I 

~) 
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