
 

 

Lexical-Semantic Organization as Measured by Repeated Word Association in Children 

with Hearing Loss 

 

 

 

by 
 
 
 
 
 
 

Olivia Rush 
Bachelor of Science, 2020 
The University of Alabama 

Tuscaloosa, Alabama 
 
 
 
 
 
 
 
 

 
Submitted to the Graduate Faculty of 

Harris College of Nursing and Health Sciences 
Texas Christian University 

in partial fulfillment of the requirements 
for the degree of 

 
 

Master of Science 
May 2022 

 
 

2020-2022 





 
 



 ii 

ACKNOWLEDGEMENTS 
 
 Thank you to Dr. Emily Lund and Dr. Krystal Werfel for providing me the data for this 

study from their longitudinal research endeavor (Werfel & Lund, 2015). Thank you for allowing 

me to a play a very minor role in the significant research that you are completing to propel the 

current literature regarding children with hearing loss forward.  

This study would not have been completed without the constant support and 

encouragement from those around me. Specifically, I would like to thank my thesis mentor, Dr. 

Emily Lund, for her willingness to offer her time, resources, energy, and knowledge to assist in 

my growth into a better clinician, researcher, and writer. She modeled critical thinking, 

compassionate service, and empathetic listening, while challenging me to practice person/family-

centered care first, even if that means not exactly following the outlined therapy plan for the 

session. Thank you for fostering a greater love for research, the field of speech-language 

pathology, and clinical service within me. It has been an honor work alongside you and learn 

from your pieces of wisdom, perspectives that I will carry with me throughout my career. 

 I would also like to thank my committee members, Dr. Danielle Brimo, Mrs. Burger, and 

Dr. Krystal Werfel, for their providing feedback, time, and support throughout this process. Each 

of their extensive clinical and research backgrounds facilitated the success of this study and to 

frame the work in a way that promoted clinical relevance from the results. 

 Thank you to my graduate cohort who constantly offered listening ears. You all pushed 

me to be a better clinician, colleague, and friend.  

 Thank you to Danielle Marshall, Claire Wood, and Dezirae Rodriquez for their assistance 

in the coding process.  

 Lastly, thank you to my family for their continuous support throughout all seasons of life. 

I am thankful to have each of you in my corner to always cheer me on. 



 iii 

TABLE OF CONTENTS 

 

Acknowledgements……………………………………………………………………………ii 

List of Tables………………………………………………………………………...…….....iv 

List of Charts………………………………………………………………………………..…v 

Chapters 

 Introduction…………………………………………………………………………....6 

 Method…………………………………………………………………………….....13 

 Results……………………………………………………………………………..…23 

 Discussion…………………………………………………………………..………..25 

References…………………………………………………………………………..………..32 

Appendix………………………………………………………………………………..……42 

Abstract………………………………………………………………………………..……..47 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 iv 

 
LIST OF TABLES 

Table                    Page 

Table 1. …………………………………………………………………………………….36 

Table 2.……………………………………………………………………………………..37 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



 v 

LIST OF CHARTS 

Chart                    Page 

Chart 1.……………………………………………………………………………………...38 

Chart 2.……………………………………………………………………………………...39 

Chart 3..……………………………………………………………………………………..40 

Chart 4………………………………………………………………………………………41 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

 
 

6 

Introduction 

Receptive vocabulary scores in preschool-aged children are strong predictors of future 

academic and social success (Dollinger et al., 2008; Gertner et al., 1994; Rohde & 

Thompson, 2007; Ukrainetz, 2014). Learning words is not a simple task, however. 

Vocabulary must be adequately stored and organized to facilitate both effective retrieval of 

existing words and addition of novel words into the structured system (Lund, 2020). Thus, 

for children who struggle with receptive and expressive vocabulary, it is important to think 

not only about their vocabulary acquisition, but also storage and organization abilities or 

skills.  

Vocabulary Outcomes for Normal Hearing Children 

Typically developing children with normal hearing learn vocabulary through 

incidental learning, processing contextual linguistic input to infer and retain novel word 

meanings (Lund, 2020). Without explicitly learning strategies or receiving direct instruction, 

these children still grow proficient in learning new words quickly, only requiring as few as 

three exposures to learn new word-referent associations by the age of 18 months (Houston-

Price et al., 2005). Initial word learning is likely only surface level. Learning the full 

meaning of a word must, at a minimum, consider the phonological components, orthographic 

display, multiple meanings, part of speech, and contextual evidence of the word. Therefore, 

learning the depth of words requires multiple exposures in context to store the word’s 

multiple characteristics including semantic, syntactic, lexical, and phonological 

representations (Caramazza, 1997).  

 Lund (2020) outlined the pattern in which children with normal hearing acquire 

vocabulary through three distinct, but occasionally overlapping processes: triggering, 
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configuration, and engagement. Proper functioning of all three processes allows individuals 

to increase the storage and depth of their lexical knowledge, including the development of 

novel semantic relationships, and to organize that information in a manner that allows for 

adequate retrieval. Triggering refers to the process of recognizing that a word is new and 

must be learned while simultaneously mapping the new word to its orthographic form 

(Hoover et al., 2010). The process of configuration involves recognizing the individual 

sounds in the word, the entire word form, and semantic representations from previously 

gained knowledge (Leach & Samuel, 2007). Engagement refers to the necessary interaction 

that must occur between the new word and the child’s existing lexicon, facilitated by the 

organization of the lexicon. Engagement with the lexical organizational system must occur 

for a child to recognize semantic and taxonomic relations, phonological relations, and 

syntactic relations between words stored in the mental lexical and the novel word (Luce & 

Pisoni, 1998; Sheng & McGregor, 2010; Waxman & Gelman, 1986). Children must pass 

through all three processes to fully-learn a word’s meaning.  

Lexical-Semantic Organization in Children with Normal Hearing 

A child’s ability to recognize semantic and taxonomic relations, phonological 

relations, and syntactic relations, through the process of engagement, is an index of the 

maturity level of the lexical-semantic organization a child has in place. As a typically 

developing child’s lexical-semantic organization develops, their systematic organizational 

patterns shift from relating words based on phonological properties to semantic properties 

(Cronin, 2002). Two types of semantic relations are present in lexical-semantic organization: 

thematic and taxonomic. Thematic relations describe words that coexist in the same schema 

(e.g., dog-bone) and taxonomic relations describe words that are hierarchically related (e.g., 
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dog-animal). The shift in organizing semantic lexicon by thematic relations to taxonomic 

relations (the more mature organizational schema) occurs in middle childhood in typically 

developing children, resulting in an explosion of the child’s vocabulary (Sheng et al., 2006). 

Even though this shift does not occur until middle childhood, typically developing children 

understand taxonomic organization at as early as three years of age (Waxman & Hatch, 

1992).  

In using taxonomic organization, a word association may be classified as 

superordinate, basic, or subordinate. For example, (Waxman & Hatch, 1992) used name 

possible taxonomic associations for the word dog as animal (superordinate), cat (basic), and 

golden retriever (subordinate). Typically developing children master superordinate relations, 

the broad category that a given target word is related to, around seven years of age (Di 

Giacomo et al., 2012; Lucariello et al., 1992).  

Preschool-aged children with normal hearing also tend to demonstrate pure 

phonological relations between words through clang responses, alliterations (e.g., candy-can) 

or rhymes (e.g., dig-fig) to the stimuli word without semantic relations (Sheng & McGregor, 

2010). As children with normal hearing continue schooling after kindergarten and their 

meaning-based organizational system continues to develop, the number of clang and 

unrelated responses to word stimuli decrease as the number of semantic responses increase 

(Cronin, 2002; Sheng, 2007).  

A parallel shift from syntagmatic sequencing, responding to a stimulus word 

following a pattern of word from most frequently used with the stimulus word (e.g., cold-

outside), to paradigmatic sequencing, responding to stimulus word following the same 

grammatical form class of stimulus word (e.g., cold-hot), occurs in middle childhood 
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(Nelson, 1977; Sheng & McGregor, 2010; Sheng et al., 2006). In contrast to the thematic-

taxonomic relations which are mainly used to organize nouns, the syntagmatic-paradigmatic 

sequences are used to organize all parts of speech and are most observed in adjectives (Sheng 

et al., 2006). Similar to the thematic-taxonomic shift, as children with normal hearing 

continue schooling after kindergarten, the number of syntagmatic responses to word stimuli 

decreases as the number of paradigmatic responses increases (Lippman, 1971). In summary, 

typically developing children with normal hearing go through the complex process of 

learning a new word with relative ease.  

Vocabulary Outcomes for Children with Hearing Loss 

 Distinct differences are present between vocabulary outcomes in children with and 

without hearing loss. Current literature reports a gap in the vocabulary knowledge of children 

with hearing loss and their peers with normal hearing (Lund, 2016; Lund & Dinsmoor, 2016; 

Peterson et al., 2010; von Ilberg et al., 2011). Due to United States Food & Drug 

Administration (FDA) regulations, the minimum age a child may receive cochlear implants, 

in the United States, is 9 months of age for children with bilateral profound sensorineural 

hearing loss. The minimum age was lowered from 12 months to 9 months in 2020. However, 

the minimum age for implantation when the participants for the present study were born was 

12 months. Therefore, current participants with hearing loss falls at a minimum of one year 

behind in acquiring vocabulary knowledge in comparison to chronologically-age-matched 

peers. A child with hearing loss must learn vocabulary at a faster rate than normal hearing, 

age matched peers in order to “catch up” (Lund, 2016). Various studies have compared the 

vocabulary outcomes in children with hearing loss to chronologically-age-matched peers. 

The results proved children with hearing loss to be less proficient in word learning and to 
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have smaller lexicons, as seen in both receptive and expressive naming abilities (Houston et 

al., 2005; Houston et al., 2012; Lund & Schuele, 2017). 

 Lund (2020) proposed that children with hearing loss may experience interruptions in 

one or all three of the subprocesses that normal hearing children predictably use to acquire 

vocabulary: triggering, configuration, engagement. Demonstrating difficulties in the process 

of triggering, children with cochlear implants failed to match the rate of normal hearing peers 

in pairing novel words to nameless pictures in a disambiguation task (Lederberg et al., 2000). 

Based on currently published literature, it is unclear if children with hearing loss demonstrate 

deficits in the configuration subprocess (Lund, 2020). It is important to consider the typical 

environments for word learning. Classrooms are the most common setting for implicit and 

explicit vocabulary learning for preschool children. Listening fatigue and listening effort, 

proven difficulties that are exhibited in individuals with hearing loss, tend to increase in 

severity in noisy environments (Hornsby et al., 2016). Because these difficulties increase in 

noisy settings, such as classrooms, they may contribute to potential difficulty in the 

configuration stage of word learning. 

Lexical-Semantic Organization in Children with Hearing Loss 

 The process of engagement cannot optimally occur without the proper lexical-

semantic organization of one’s existing lexicon. To assess the possible difficulties that may 

occur at the engagement level of word learning in children with hearing loss, one must 

consider the known information on lexical organization in this population. A small number of 

studies have considered lexical organization of children with hearing loss in different ways. 

Children with hearing loss have demonstrated a reduced organization at the superordinate 

association level of taxonomic organization that is similar to vocabulary-matched peers, but 
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lower than age-matched peers (Lund & Dinsmoor, 2016). These findings represent delayed 

development of complete taxonomic organization, the more mature organizational relation in 

comparison to thematic organization. Additional studies have found evidence of differences 

in lexical-semantic organization as children with hearing loss are consistently less likely to 

produce phonologically related responses to the prompted word in rhyming and verbal 

fluency tasks (Ground et al., 2014; Wechsler-Kashi et al., 2014). The literature referenced 

above indicates lexical-semantic organization in children with hearing loss that is similar to 

that of a younger, typically developing child as opposed to an age-matched peer. This delay 

in lexical-semantic organization is a determinant of deficits in the engagement process of 

word learning.  

 Current literature suggests there may be concurrent differences in lexical-semantic 

organization along with the delayed development of the organizational maturity of lexicon in 

children with hearing loss. Based on performances on analogy tasks, single word association 

tasks, and verbal fluency tasks in children and adults with cochlear implants, previous 

researchers have proposed that individuals with hearing loss use different lexical-semantic 

organization strategies than their hearing peers use (Kenett et al., 2013; Marschark et al., 

2004). The organizational differences in children with hearing loss, as seen in their reduced 

ability to access semantic and phonological categories in relation to normal hearing peers, 

may be attributed to delays in categorical lexical development or a strong phonological 

relationship to semantic information (Wechsler-Kashi, 2010). Further research is needed to 

assess the specific taxonomic organizational differences in children with hearing loss for 

future guidance in appropriate and effective vocabulary intervention for this population. 
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Additionally, changes in lexical-semantic organization for children with hearing loss must be 

measured with a task that captures change in lexical organization strategies.  

Repeated Word Association Task 

 To study the lexical-semantic organizational differences between children with and 

without hearing loss, the current status of organizational development must be measured in 

each population. A repeated word association task has been used to evaluate the differences 

in the storage and accessibility of semantic relationships between bilingual children and 

monolingual children and between typically developing children and children with specific 

language impairment (SLI; (Sheng & McGregor, 2010; Sheng et al., 2006)). In this task, each 

individual prompt was repeated multiple times and the individual produced a different single 

response each time. The repeated nature of the task not only assesses the storage of the 

lexicon, but also the accessibility of the semantically related words. In the Sheng and 

McGregor (2010) study, the lexical-semantic organization was assessed in each individual by 

recording the number of semantic, clang, and error responses. In the Sheng et al. (2006) 

study, organization was assessed by looking at the order of occurrence, frequency, and 

accessibility of paradigmatic responses which included synonyms, antonyms, coordinates, 

superordinates, or a direct negation of the prompt. In both studies, the typically developing 

children demonstrated an increase in semantically related responses and a decrease in 

phonologically related responses as age increased (Sheng & McGregor, 2010; Sheng et al., 

2006). As demonstrated in these studies, and proposed in previous research, it is possible for 

the storage of semantic relationships to be comparable between groups while accessibility 

differs. This technique has not yet been applied to the understanding of lexical-semantic 

organization in children with hearing loss. 
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Purpose and Research Question  

 The current study aims to examine lexical-semantic organization in children with 

hearing loss in comparison to age-matched peers with normal hearing. Because semantic 

relations signal mature meaning-based organization, a majority of paradigmatic semantic 

responses on the repeated word association task will demonstrate the highest maturity of 

lexical-semantic organization. A majority of clang associations will demonstrate developing 

but delayed lexical-semantic organizational maturity. A majority of errored responses, 

including no responses, repetitions of the prompts, or responses bearing no relation to the 

stimuli, will demonstrate delayed lexical-semantic organizational maturity. If the children 

with hearing loss demonstrate more clang and error responses in relation to their normal 

hearing peers, it could be posited that children with hearing loss have differences in the 

development of lexical-semantic organization in comparison to age-matched peers with 

normal hearing. However, if the children with hearing loss demonstrate insignificant 

differences in the ratio of semantic to clang to error responses as their peers, it could be 

posited that the development of lexical-semantic organization is similar in children with and 

without hearing loss.  

The purpose of the study is to compare the lexical-semantic organization between 

children with and without hearing loss. The following research questions were posed: 

1. Do children with hearing loss (hearing aids or cochlear implants) show less evidence 

of a thematic-taxonomic shift during a repeated word association task than children 

with normal hearing? 
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2. Do children with hearing loss (hearing aids or cochlear implants) provide similar 

paradigmatic (rather than syntagmatic) responses as children with normal hearing in a 

repeated word association task? 

3. Between age five and first grade, does the gap in the lexical semantic organizational 

maturity increase between children with hearing loss and children with normal 

hearing? 

Method 

 All procedures in this study were approved by the University of South Carolina 

Institutional Review Board, with Texas Christian University in agreement. 

Participants 
 
 A total of 109 children participated in the tasks analyzed for this study. All 

participants were part of the ongoing Early Language and Literacy Acquisition in Children 

with Hearing Loss (ELLA) Study (Werfel & Lund, 2015), which is a longitudinal study of 

children with hearing loss. Children who are part of the present study and analysis fell into 

two distinguishable groups, based on age. Group 1 consisted of participants who had not yet 

started Kindergarten and Group 2 consisted of participants who completed the 1st Grade. The 

families of children with hearing aids or cochlear implants reported their children were 

developing listening and spoken language skills, as opposed to the use of manual 

communication as the primary mode of communication.  

Group One 

Seventy-three participants were assigned to Group 1 based on age: 30 children with normal 

hearing (CNH), 22 children with hearing aids (HA), and 21 children with cochlear implants 

(CI). Participants were recruited through preschools and social media posts across the 
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country. All children were enrolled in the ongoing ELLA study around 4 years of age and 

completed the measures for the current study around their 5th birthday, prior to beginning 

Kindergarten (CNH group M= 60.23 months, SD= 1.02 months; HA group = 60.45 months, 

SD= 1.23 months; CI group M= 60.43 months, SD= 1.00 months). Each participant came 

from English-speaking families, with the exception of one participant in the HA group 

(parent-rated primary language, Spanish; second language, English) and one participant in 

the CI group (parent-rated primary language, Arabic; second language, English). All 

participants were assessed with descriptive measures of overall language development, 

expressive language, and receptive language. Descriptive assessments for Group 1 included: 

1. Test of Early Language Development-3rd Edition (TELD-3; (Hresko et al., 1999)) to 

measure each individual’s expressive and receptive language abilities. 

2. Expressive One Word Picture Vocabulary Test- 4th Edition (EOWPVT-4; (Brownell, 

2011)) to evaluate expressive vocabulary skills. 

3. Peabody Picture Vocabulary Test- 4th Edition (PPVT-4; (Dunn & Dunn, 2007)) to 

measure receptive vocabulary skills.  

4. Early Speech Perception Test (ESP; (Geers & Moog, 2012)) to measure the effects of 

the amplification devices (hearing aids or cochlear implants) on each participant’s 

speech perception ability.  

For descriptive assessment measures for all Group 1 participants, see Table 1.  

Group 1: Children with Normal Hearing 

 The children in the normal hearing group (n= 30) passed a screening for bilateral 

normal hearing status (e.g., pure tone thresholds of 20 dB HL or less in both ears at 1, 2, and 

4 kHz). In a parent survey upon entry to the ELLA study, parents reported participant gender 
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(16 Female, 14 Male), ethnicity (26 Not Hispanic or Latino, 2 Hispanic or Latino, 2 Preferred 

Not to Respond), and race (24 White/Caucasian, 2 Black/African American, 4 Preferred Not 

to Respond or Identified as “Other”). Mother education was reported to be an average of 

18.00 years (SD= 2.18). None of the participants were diagnosed with any disorder that may 

have affected speech or language skills at the time of testing. 

Group 1: Hearing Aid Users 

Participants in the hearing aid group (n= 22) met the following criteria: (a) a 

diagnosis of a bilateral hearing loss, (b) the use bilateral hearing aid amplification, and (c) 

and the family promoting the use of listening and spoken language. In a parent survey upon 

entry to the ELLA study, parents reported participant gender (6 Female, 16 Male), ethnicity 

(20 Not Hispanic or Latino, 2 Hispanic or Latino), and race (17 White/Caucasian, 3 Asian, 1 

Black/African American, 1 Native Hawaiian or Other Pacific Islander). Mother education 

was reported to be an average of 16.98 years (SD= 1.80). 

 Twenty of the hearing aid group participants received a newborn hearing screening, 

of which seventeen of them failed. Nine of the participants had a mild to moderate hearing 

loss diagnosis, four had a moderate hearing loss diagnosis, seven had a moderately-severe 

hearing loss diagnosis, and two had a severe hearing loss diagnosis. The age of hearing loss 

diagnosis ranged from 0 months to 43 months of age (M= 10.85 months, SD= 15.91). The 

age of initial hearing aid amplification ranged from 2 months to 45 months of age (M= 13.84, 

SD= 14.13). Parents of the participants within the HA group reported the following potential 

causes of hearing loss: Stickler Syndrome, Genetic Causes, Connexin 26, BOR Syndrome, 

Binder’s Syndrome, Usher’s Syndrome, Lasix Prescription Drug, STRC Gene Mutation, and 

Chiari Malformation. The following additional diagnoses were present in the HA group: 
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Stickler Syndrome, Branchiootorenal (BOR) Syndrome, Non-Integrated Primitive Reflexes, 

and Spina Bifida. The participants wore a variety of hearing aids from manufacturers 

including Phontak (Phontak, Warrenville, IL), Oticon (Oticon, Somerset, NJ), and ReSound 

(ReSound GN, Bloomington, MN) brand hearing aids.  

Group 1: Cochlear Implant Users 

Participants in the cochlear implant group (n= 21) met the following criteria: (a) a 

diagnosis of a bilateral hearing loss, (b) the use of at least one cochlear implant device, (c) 

and the family prompting the use of listening and spoken language. In a parent survey upon 

entry to the ELLA study, parents reported participant Gender (11 Female, 10 Male), 

Ethnicity (all identified as not Hispanic or Latino), and Race (19 White/Caucasian, 1 Asian, 1 

Black/African American). Mother education was reported to be an average of 17.48 years 

(SD= 2.14). 

 Twenty of the CI group participants received a newborn hearing screening, of which 

eighteen of them failed. Nine participants had a profound hearing loss diagnosis, eight 

participants had a severe to profound hearing loss diagnosis, three had a Severe hearing loss 

diagnosis, and one had a moderately-severe hearing loss diagnosis. The age of hearing loss 

diagnosis in the cochlear implant group ranged from 0 months to 36 months of age (M= 4.77 

months, SD= 9.58). All of the participants received bilateral hearing aid amplification prior 

to cochlear implantation. The age of first ear amplification ranged from 6 months to 56 

months of age (M= 27.64 months, SD=15.93) and the age of second ear amplification ranged 

from 16 month to 60 months (M= 29.68 months, SD= 18.19). Parents of the participants 

within the cochlear implant group reported the following potential causes of hearing loss: 

Auditory Nerve Neuropathology, Cytomegalovirus (CMV), Connexin 26, Pendred 
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Syndrome, Waardensburg Syndrome, Bacterial Meningitis, Mondini Dysplasia, Enlarged 

Vestibular Aqueduct Syndrome. The additional diagnosis of Agenesis of the Corpus 

Callosum was present in one participant in the CI group. The participants were implanted 

with a variety of cochlear implant brands including Cochlear (Cochlear Limited, Lone Tree, 

CO), Med-El (MED-EL, Durham, NC), and Advanced Bionics (Advanced Bionics 

Corporation, Los Angeles, CA).  

Group Two 

Thirty-six participants were assigned to Group 2 based on age: 16 children with 

normal hearing, 9 children with children with hearing aids, and 11 children with cochlear 

implants. All children were enrolled in the ongoing ELLA study around 4 years of age and 

completed the measures for the current study following the completion of 1st Grade (CNH 

group M= 85.19 months, SD= 4.76 months; HA group = 93.89 months, SD= 6.11 months; CI 

group M= 88.45 months, SD= 2.54months). Children with normal hearing were recruited 

from local community organizations in the southeastern United States. Children with hearing 

loss were specifically recruited from OPTION Schools, an international non-profit 

organization that provides listening and spoken language programs for children who are deaf 

and hard of hearing. All participants came from English-speaking families, with the 

exception of one participant in the HA group (primary language, Spanish; secondary 

language, English) and one participant in the CI group (primary language, Albanion; 

secondary language, English). All participants were assessed with descriptive measures of 

overall language development, expressive language, and receptive language. Descriptive 

assessments for Group 2 included:  
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1. Clinical Evaluation of Language Fundamentals- 5th Edition (CELF-5; (Wiig et al., 

2013)) to measure each individual’s expressive and receptive language abilities. 

2. Expressive One Word Picture Vocabulary Test- 4th Edition (EOWPVT-4; (Brownell, 

2011)) to evaluate expressive vocabulary skills. 

3. Peabody Picture Vocabulary Test- 4th Edition (PPVT-4; (Dunn & Dunn, 2007)) to 

measure receptive vocabulary skills.  

4. Early Speech Perception Test (ESP; (Geers & Moog, 2012)) to measure the effects of 

the amplification devices (hearing aids or cochlear implants) on each participant’s 

speech perception ability.  

For descriptive assessment measures for all Group 1 participants, see Table 1.  

Group 2: Children with Normal Hearing 

The participants in the normal hearing group (n= 16) passed a screening for bilateral 

normal hearing status (e.g., pure tone thresholds of 20 dB HL or less in both ears at 1, 2, and 

4 kHz). In a parent survey upon entry to the ELLA study, parents reported participant gender 

(11 Female, 5 Male), ethnicity (15 Not Hispanic or Latino, 1 Hispanic or Latino), and race 

(14 White/Caucasian, 1 Asian, 1 Preferred Not to Respond). Mother education was reported 

to be an average of 17.25 years (SD= 2.65). None of the participants were diagnosed with 

any disorder that may have affected speech or language skills at the time of testing.  

Group 2: Hearing Aid Users 

 Participants in the hearing aid group (n=9) met the following criteria: (a) a diagnosis 

of a bilateral hearing loss, (b) the use bilateral hearing aid amplification, and (c) and the 

family promoting the use of listening and spoken language. In a parent survey upon entry to 

the ELLA study, parents reported participant gender (6 Female, 3 Male), ethnicity (6 Not 
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Hispanic or Latino, 3 Hispanic or Latino), and race (7 White/Caucasian, 2 Black/African 

American). Mother education was reported to be an average of 17.22 years (SD= 3.11). 

 All hearing aid group participants received a newborn hearing screening, of which 

eight of them failed. Five had a mild to moderate hearing loss and four had moderate to 

severe hearing loss. he additional diagnosis of cerebral palsy was present in one participant in 

the HA group. The age of hearing loss diagnosis ranged from 0 months to 54 months of age 

(M= 17.33 months, SD= 20.17). The age of initial hearing aid amplificantion ranged from 4 

months to 60 months (M= 22.33 months, SD= 18.90). T 

Group 2: Cochlear Implant Users 

Participants in the cochlear implant group (n=11) met the following criteria: (a) a 

diagnosis of a bilateral hearing loss, (b) the use of at least one cochlear implant device, (c) 

and the family prompting the use of listening and spoken language. In a parent survey upon 

entry to the ELLA study, parents reported participant gender (7 Female, 4 Male), ethnicity (2 

Not Hispanic or Latino, 9 Hispanic or Latino), and race (10 White/Caucasian, 1 Preferred 

Not to Respond). Mother education was reported to be an average of 15.27 years (SD= 2.05). 

All cochlear implant group participants received a newborn hearing screening, of 

which ten of them failed. Two participants had a severe to profound hearing loss and nine 

had a profound hearing loss. The age of hearing loss diagnosis in the cochlear implant group 

ranged from 0 months to 24 months of age (M= 4.57, SD=7.48). Three of the eleven children 

received at least one hearing aid prior to cochlear implantation. The age of first ear 

amplification ranged from 9 months to 36 months of age (M= 15.18, SD= 8.22) and the age 

of second ear amplification ranged from 10 months to 48 months of age (M= 25.09, SD= 

21.81). Connexin 26 was reported to be the cause of hearing loss for three of the participants. 
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Parents of participants in this group did not report any additional diagnoses. Participants were 

implanted with Advanced Bionics (Advanced Bionics Corporation, Los Angeles, CA).  

Data Collection: 

 All assessments were completed in the Speech and Hearing Centers at Texas 

Christian University (TCU), at the University of South Carolina (USC), in a participant’s 

home, or in a local public library. These settings provided small rooms for the clinicians to 

carry out all necessary assessments in a quiet, one-on-one setting with limited distractions. 

PhD students and SLPs travelled around the country to administer all descriptive assessments 

(5-year-old groups: PTONI, ARIZONA-3, TELD-3, ESP; 7-year-old groups: TONI, 

ARIZONA-3, CELF-5, ESP) and the repeated word association task. These clinicians were 

trained beforehand, by the ELLA study primary investigators, on how to appropriately 

administer the task. Each repeated word association task administration was recorded with 

audio and video. 

Test Stimuli: 

 The current study aimed to evaluate the status of lexical-semantic organization in 

children with hearing loss. The primary investigators adapted the repeated word association 

task from Sheng and McGregor (2010). The task included 24 stimuli words, 12 nouns (Foot, 

Hat, Goat, Cow, Frog, Zipper, Broom, Pillow, Spoon, Desk, Kite, Turtle) and 12 verbs 

(Yawn, Kick, Cry, Hide, Eat, Count, Run, Sing, Read, Swim, Push, Squeeze) that were 

presented to the children three different times within the same administration time. The 

examiner began the task with instructions to verbally produce a single word in response to 

the stimuli word. The instructions were read as follows: 
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“We are going to play a word game. I’m going to say a word and I want you to tell 

me the first word that comes to mind after you hear my word. Let’s practice. If I said 

the word ‘mom’ a word you can tell me is ‘dad’, ‘family’, ‘brother’, or ‘sister’. If I 

say the word ‘birthday’, a word you can tell me is ‘cake’, ‘candles’, ‘presents’, or 

‘ice cream’. Now you try some. I am going to say the same word three times, so you 

will try to tell me a new word each time.” 

To introduce the task, the examiner provided the participant with an example of a 

stimulus word (e.g., moon) and potential responses bearing thematic (e.g., sky) and 

taxonomic (e.g., Space) semantic relations to the stimulus word. The examiner administered 

a practice set with the words, “moon”, “grass”, and “cut”, repeating each word three times to 

simulate the repeated nature of the task. If at any point a participant repeated a previous 

response, the examiner reminded the child to generate a new word or say, “I don’t know”. 

The examiner gave the participants 20 seconds per stimulus before counting silence as “No 

Response”. The task took around 30 minutes for each child to complete. The clinicians 

administered one of the four forms (Form A, Form B, Form C, or Form D) to each 

participant. All forms contained the same twenty-four words in different orders of 

presentation. 

Data Analysis: 

Following each participant’s completion of the repeated word association task, in 

tandem with the procedures from the Sheng and McGregor (2010) study, the participants’ 

responses were coded into three categories: thematic relationship, taxonomic relationship, or 

not semantically related. The thematic relationship category encompassed responses that fell 

into the same schema as the stimuli, including function relations (e.g., hat-wear), descriptive 
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relations (e.g., car-fast), causal relations (e.g., eat-full), part-whole relations (e.g., hand-

finger), syntactic relations (e.g., stand-up), and location relations (e.g., kite-sky). The 

taxonomic relationship category encompassed hierarchically related responses, including 

superordinate relations (e.g., dog-animal), coordinate relations (e.g., dog-cat), and 

subordinate relations (e.g., dog-poodle). The not semantically related category included clang 

responses, such as alliteration or rhyme responses with no semantic relation to the stimuli, 

error responses, such as repetition of the stimulus, inflections, and real word responses with 

no semantic or phonotactic relations, and no response, such as unintelligible responses, 

nonsense words, and silent responses. Each participant response was then coded as either a 

syntagmatic sequence, a response that follows a different form class from the prompt, or a 

paradigmatic sequence, a response that follows the same form class of the prompt.  

Coding Fidelity 

 To ensure reliability for the coding of the participant responses, the participant 

responses were coded by two individuals, per a code book created by the researcher. The 

coders had to achieve an inter-rater agreement of at least 80% for all coding categories prior 

to the commencement of the coding process. The individuals maintained reliability ratings of 

at least 80% throughout the coding process, with specific reliability ratings as follows: 

86.40% for general thematic-taxonomic codes, 89.88% for specific thematic-taxonomic 

codes, and 90.80% for syntagmatic-paradigmatic codes. This percentage was calculated 

based on a point-by-point agreement formula (House et al., 1981). When coding 

discrepancies arose in the final analysis, the raters collectively reached an agreement.  

 

Results 
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Effects of Amplification Type on Responses 

Prior to answering the overall research questions, a t-test was completed to determine 

whether the performance of children with hearing aids significantly differed from children 

with cochlear implants. Tests compared performance of the two groups of amplification users 

across Group 1 and Group 2 for the following variables: Semantic Relations, Non-Semantic 

Relations, Errored Response, No Response, Clang Response, Thematic Response, 

Taxonomic Response, Syntagmatic Responses, Paradigmatic Response. The analysis yielded 

no significant differences between groups (p-value range= 0.57-0.958). Because the analysis 

yielded no significant difference in responses based on amplification devices, all proceeding 

data was analyzed comparing only two hearing statuses, children with normal hearing and 

children with hearing loss. For the descriptive performance of children across all variables, 

see Table 2.  

Effects of Hearing Status on Responses 

To analyze the similarities and differences of participant responses based on group 

(representative of age at testing) and on hearing status, repeated measures of analysis of 

variance were completed for each descriptive category of responses (Semantically Related 

vs. Non-Semantically Related Responses, Thematic vs. Taxonomic Responses, Syntagmatic 

vs. Paradigmatic Responses). Table 2 presents the numerical outcomes for each category.  

Semantically Related vs. Non-Semantically Related Responses 

Figure 1 shows the findings for group differences based on hearing status when 

evaluating semantic comparison. The analysis yielded an interaction effect of time and 

semantic comparison (F (1, 105) = 15.283), p = .000), but no significant interaction for the 

effect of time or hearing status. There were no three-way interaction effects of time, semantic 
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comparison, and hearing status. In summary, all participants increased their number of 

semantically related responses to prompts between age 5 and the end of first grade and 

decreased their number of non-semantically related responses regardless of hearing status.  

Types of Non-Semantically Related Responses 

Recall that non-semantically related responses could be classified as an error, as no 

response to the prompt, or as a clang response. To evaluate the potential differences in the 

types of non-semantically related responses between groups, a univariate analysis of variance 

was completed with each type of response (errored, no response, clang) as the dependent 

variable. When evaluating the “errored” response type, the main effect of hearing status (F 

(1, 108) = 6.959, p = .010) was significant, as was the interaction effect of hearing status and 

time (F (1, 108) = 709.96, p= .030). The main effect of time was not significant. When 

analyzing the “no response” type, the analysis yielded a main effect of time (F (1, 108) = 

8.849, p = .004). When evaluating the “clang” response type, no main effects were observed. 

These findings are demonstrated in Figure 2 

Thematic vs. Taxonomic Responses 

Figure 3 shows the findings for group differences based on hearing status when 

evaluating thematic and taxonomic responses. The analysis yielded a main effect of time (F 

(1, 105) = 274.26, p = .000) and an interaction effect of time and response type (F (1, 105) = 

19.944, p = .000). Hearing status and the interaction effect of time and hearing status were 

not significant. In summary, all participants in Group 2 (post first-grade) responded with an 

increased number of both thematic responses and taxonomic responses; however, taxonomic 

responses did not grow as quickly as thematic responses. By first grade, there is not a 

difference in responses by hearing status.  
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Syntagmatic vs. Paradigmatic Responses 

Figure 4 shows the findings for group differences based on hearing status when 

evaluating the sequence of responses (syntagmatic vs. paradigmatic). The analysis yielded a 

main effect of time (F (1, 105) = 31.12, p= .000) and the interaction effect of time and 

response type (F (1, 105) = 11.900, p = .001). Hearing status was not a significant main 

effect. In summary, all participants in Group 2 responded with an increased number of both 

syntagmatic and paradigmatic sequence responses regardless of hearing status.  

Discussion 

The overall purpose of this study was to evaluate and to compare the development of 

lexical storage and organization in children with normal hearing and in children with hearing 

loss. The findings suggest that although all children are growing in their vocabulary 

knowledge, retrieval, and organization, the proposed organizational shifts are not fully 

captured at the first-grade level by the Sheng and McGregor (2010) repeated word 

association task. The present data show trends that may indicate shifts in lexical-semantic 

organization for children with normal hearing and for children with hearing loss between age 

five and after first grade level and provides a starting point for additional in-depth study. 

Shift from Phonological to Semantic Relations 

 This study provides evidence to support the existing developmental psychology 

literature’s findings of systematic organizational shifts that occur as a child’s lexicon 

increases. Cronin (2002) stated that typically developing children shift from relating words 

based on phonological properties to relating words based on semantic properties. Although 

time alone did not account for a change in the frequency of semantically related responses, 

time in combination with the type of response (semantically related or non-semantically 
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related) resulted in an overall increase in semantically related responses and a decrease in 

non-semantically related responses in Group 2 (children post-first grade), regardless of 

hearing status. The present study adds data about children with hearing loss that was lacking 

in the extant research base: children with hearing loss who use spoken language also increase 

their semantically related responses and decreases non-semantically related responses as they 

get older.  

A triple interaction effect between time, response type, and hearing status was not 

significant; however, a visual analysis of the data indicate that further study of these groups 

is merited. As shown in Figure 1, the children with hearing loss did not appear to reduce the 

frequency of non-semantically related responses as quickly as the children with normal 

hearing. Although this difference was not significant, it is important to note that the present 

study was cross-sectional; it is possible that individual differences in children across groups 

contributed to non-significant findings in this case. Further study is necessary to evaluate 

potential differences based on hearing status at a higher grade level which would further 

support the work of Wechsler-Kashi (2010) who found children with hearing loss to have a 

reduced ability to access semantic categories. Additionally, study of the same children over 

time would allow researchers to draw stronger conclusions about growth trends.  

 To further investigate the shift from phonological to semantic relations, the types of 

non-related responses (errored, no response, clang) were considered. Older (Group 2) 

participants with hearing loss had significantly fewer errored responses, which included 

responses that were a repetition of the stimulus, an inflection of the stimulus, or a real word 

with no relation to the stimulus word, in comparison to younger (Group 1) counterparts with 

hearing loss. At age 5, children with hearing loss had significantly more errored responses 
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than children with normal hearing, but by the end of first grade, both groups had similarly 

low levels of errored responses. The older group 2 participants, regardless of hearing status, 

significantly reduced their occurrence of responses coded as “no response,” which were 

responses including repetition of a previous response, nonsense words, or silence for more 

than 20 seconds. Although no significant main effects emerged when assessing clang 

responses in Group 2 participants, the children with normal hearing almost entirely 

eliminated clang response, whereas the children with hearing loss continued to produce a 

considerable number of clang responses (an average of nine clang responses as compared to 

an average of three for children with normal hearing), which included initial alliteration and 

rhyming responses. Again, it appears that children with hearing loss may be slower to 

eliminate errored responses and perhaps for some children, clang responses. Further 

longitudinal study is merited to draw conclusions about maturation of responses for children 

with hearing loss over time.  

Shift from Thematic to Taxonomic Relations 

 Sheng et al. (2006) found that typically developing children shift from organizing 

semantic lexicon by thematic relations (words that co-exist in the same schema) to taxonomic 

relations (words that are hierarchically related) in middle childhood. Group 2 participants, 

regardless of hearing status, significantly increased the frequency of their thematic responses, 

which corresponds with the concurrent increase in semantically related responses. 

Thematically related responses had a higher incidence as compared to taxonomic responses 

for all participants in Group 2, but taxonomically related responses were also higher in Group 

2 participants with normal hearing than they were at age 5. The higher incidence in 

taxonomic responses may suggest that the children with normal hearing are preparing to 
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make the organizational shift by the first-grade level. Although the current study’s findings 

cannot state a significant trend towards taxonomic relations as compared to thematic 

responses at age five or in first grade, the results lay the framework for continued 

examination of the study’s proceedings at an older age level.  

Shift from Syntagmatic to Paradigmatic Sequencing 

 In addition to the proposed thematic-taxonomic relational shift in middle childhood, 

previous research proved a parallel syntagmatic-paradigmatic sequencing shift (Lippman, 

1971; Nelson, 1977; Sheng & McGregor, 2010; Sheng et al., 2006). Group 2 participants, 

regardless of hearing status, numerically responded with more syntagmatic and paradigmatic 

sequences, which also reflects the overall higher frequency of semantically related responses 

in Group 2. Although all children seem to grow in syntagmatic sequencing response, the 

children with normal hearing seem to be growing faster in their syntagmatic sequencing 

abilities while all participants are slowly growing in paradigmatic sequencing abilities. This 

may be a reflection of the words used in the Sheng and McGregor (2010) task: the task 

includes no adjectives. A future study that also includes adjectives may better capture clearer 

trends towards a syntagmatic-paradigmatic shift.  

 Clinical Implications 

 The current study’s findings contribute to the current body of literature suggesting a 

potential delayed emergence of lexical-semantic organization in children with hearing loss in 

comparison to peers with normal hearing. This difference is not clear in a repeated word 

association task between age five and after first grade in a cross-sectional sample. However, 

even given the limitations of the present study design, results suggest that children with 

hearing loss may be less efficient in producing semantically related responses and taxonomic 
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responses than children with normal hearing. The largest evidence of a potential delay lies in 

the evaluation of the types of non-semantically related responses. When Group 2 participants 

with normal hearing responded with a non-semantically related word, the word was more 

likely to be classified as an “errored” response or “no response.” These types of responses 

suggest a participant’s disengagement with the task or insufficient lexical depth of the 

stimulus word to produce three distinct responses. On the contrary, when Group 2 

participants with hearing loss responded with a non-semantically related word, the word may 

have been an “errored” response, “no response”, or a “clang” response. The continued 

inclusion of clang responses, and even overall numerical increase in clang responses in 

Group 2 participants with hearing loss in comparison to Group 1 participants with hearing 

loss, suggests the potential of an organizational system that relies on phonological relations. 

Based on the outline from Cronin (2002) that the typical lexical-semantic organizational shift 

moves from phonological relations to semantic relations, the large remnant of clang 

responses in first grade children with hearing loss suggests delayed organizational 

development of the lexical system.  

These findings further support the evidence from the hearing loss literature indicating 

school-age children with hearing loss have less mature lexical-semantic organizational 

systems than children with normal hearing (Kenett et al., 2013; Lund, 2020; Lund & 

Dinsmoor, 2016; Marschark et al., 2004; Wechsler-Kashi, 2010). Because vocabulary 

outcomes impact academic and societal success, as stated by Dollinger et al. (2008), these 

findings open avenues for future questions regarding language intervention for children with 

hearing loss. If literature suggests that children with hearing loss are delayed in their lexical-

semantic organizational development and that several organizational shifts occur in middle 
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childhood including phonological to semantic relations, thematic to taxonomic relations, and 

syntagmatic to paradigmatic sequences, then how should clinicians best facilitate 

organizational maturity? In addition, how large is the developmental “gap” between children 

with normal hearing and children with hearing loss in their lexical semantic organizational 

development? 

Limitations & Future Directions 

 Limitations of the present study provide potential future research directions. First, the 

participants were recruited differently based on group resulting in demographics differences. 

Group 1 participants with hearing loss were recruited through social media outlets whereas 

Group 2 participants with hearing loss were recruited through OPTION Schools. The Group 

1 participants encompassed a broader range of racial and ethnic demographics, as well as a 

larger number of diagnosable causes of hearing loss including syndromic and genetic 

conditions. Therefore, the Group 1 participants were likely a more representative sample of 

the hearing loss population across the United States. Children who successfully participate in 

OPTION schools tend to be well-resourced children without percentages of additional 

disabilities seen in the population with hearing loss at-large. They also tend to live near areas 

with aggressive and routine audiological services available for children with hearing loss 

(thus, the presence of an OPTION school). A more representative sample of children with 

hearing loss is likely to include children who cannot easily access high-quality services 

(Lund et al., 2021) . Second, the cross-sectional study design proved to be a limitation in 

directly assessing the developmental process across groups. Third, the age of the participants 

may not be representative of “middle childhood”, as this terminology is a vague reference 

towards when organizational shifts should be expected. A future study should employ a 
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longitudinal design, optimally including a diverse population sample as represented by the 

Group 1 participants and include task results in the third grade to explore the true 

developmental trajectory of lexical-semantic organization in children with hearing loss in 

comparison to peers with normal hearing.  

Conclusions  

 Findings indicated that all children, regardless of hearing status, grow in their ability 

to produce semantically related responses between age five and at the end of first grade. This 

growth in turn facilitates an increase in thematic, taxonomic, syntagmatic, and paradigmatic 

responses. At first grade, the children with normal hearing provided responses to suggest that 

a shift from organizing words based on phonological relations to semantic relations had been 

accomplished (due to increase in semantically related responses, decrease in non-

semantically related responses, and decrease in clang responses). Responses also suggested 

that these children are preparing to shift from organizing words based on thematic relations 

to taxonomic relations and from sequencing words based on syntagmatic to paradigmatic 

forms. Although the children with hearing loss had also grown in their abilities to produce all 

responses types, the remnants of phonologically related (clang) responses suggest that a 

complete organizational shift from phonological to semantic relations has not yet occurred at 

first grade. Thus, it is possible that the children with hearing loss experience delays in the 

development of lexical-semantic organization. A future study should employ a longitudinal 

study design with a representative sample of the extensive hearing loss population in the 

United States. In addition, a future study should evaluate the organizational gains of children 

in the third grade.  
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Table 1 
 

Table 1: Descriptive Assessment Measures by Hearing Status & Group 
  Group 1 Group 2 

Assessment Hearing Status  M (SD) M (SD) 

TELD-3 Spoken Language 
Quotient Standard Score 

CNH 117.13 (9.30) 
N/A HA 104.55 (20.66) 

CI 94.33 (18.68) 
EOWPVT-4 Standard Score CNH 120.67 (11.42) 121.40 (12.43) * 
 HA 110.50 (19.94) * 99.29 (17.66) * 
 CI 103.11 (15.20) * 104.09 (11.95) 
PPVT-4 Standard Score CNH 112.40 (13.77) 109.80 (11.53) * 
 HA 96.65 (17.11) * 95.57 (16.33) * 
 CI 89.44 (13.35) * 95.91 (9.90) 
ESP Category CNH 4 (0.00) 4 (0.00) 
 HA 3.91 (0.42) 4 (0.00) * 
 CI 3.95 (0.21) 4 (0.00) * 
CELF-5 Core Language 
Standard Score 

CNH 
N/A 

112.00 (13.46) * 
HA 93.71 (11.15) * 
CI 95.00 (18.87) * 

Note: M= Mean; SD= Standard Deviation; CNH= Children with Normal Hearing; HA= 
Hearing Aid User; CI= Cochlear Implant User* missing scores (Group 1- HA: 2 participants 
for EOWPVT-4, 3 participants for PPVT-4; CI group: 2 participants for EOWPVT-4, 3 
participants for PPVT-4 --- Group 2- CNH: 1 participant for EOWPVT-4, PPVT-4, CELF-5; 
HA: 2 participants for EOWPVT-4, PPVT-4, CELF-5 and 1 participant for ESP; CI: 1 
participant for ESP)  
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Table 2: Descriptive Means of All Response Types by Hearing Status 

Note: All values are reported as Mean (Standard Deviation); N= number of participants 
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Figure 1 

 

Figure 1: Semantically vs. Non-Semantically Related Responses 
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Figure 2 
 

 
Figure 2: Non-Semantically Related Response 
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Figure 3 
 

Figure 3: Thematic vs. Taxonomic Responses 
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Figure 4 
 
Figure 4: Syntagmatic vs. Paradigmatic Responses  
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APPENDIX 
 

Coding Manual 
 

Assessing Lexical-Semantic Organization in a Repeated 
Word Association Task 

 
Texas Christian University 

 

 
 
 This manual will provide guidelines for coding responses in a repeated word 
association task. The purpose of coding these responses is to categorize the semantic 
relationships between the stimuli words and the responses, providing a description for the 
participants’ current developmental status of lexical-semantic organization.  
 

This work was informed by coding procedures described in (Sheng & McGregor, 
2010; Sheng et al., 2006). 
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Coding Considerations 
 

Level of Subjectivity: When coding each participant’s responses, it is important to allow a 
level of your own subjectivity to play a role in determining the appropriate codes.  

• Keep in mind the age level (5 years of age) of the participants when judging if the 
response is semantically related to the stimulus. 

• Monitor the previous responses to facilitate your selection of the appropriate codes. 
For example, if the child has been producing all rhyming responses and the 
relationship you are evaluating is turtle-fertile, this would be considered a clang (X) 
response due to the child’s pattern of rhyming responses.  

 
Direction of Semantic Relations 

• Most Thematic specific codes can be used regardless of the direction of the 
relationship, whether it is stimulus-response or response-stimulus. 

o For example, Yawn-Tired and Tired-Yawn would both be classified as a 
Causal relationship (CS). 

• Syntactic relations may only be used in the stimulus-response format. 
o For example, Push-Swing would be classified as SYN, but Swing-Push would 

be classified as Function (F). 

• All taxonomic relations must be classified based upon the stimulus-response relation.  
o For example, Cow-Calf would be classified as a Subordinate Relation (SUB) 

but Calf-Cow would be classified as a Superordinate Relation (SPR). 
 
Choose the most appropriate code: There may be more than one code that could describe 
the type of semantic relationship between the two words but choose the one that most 
appropriately describes the relationship. Use your discretion when doing so.  
 
Repetition of Response: If a child repeats the same response for the same stimulus (ex. 
“grass” in response to “goat” all three times), code the first response and code the following 
as Not Semantically Related (NSR) and No Response (NR). 
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Coding Procedures 
 
Step 1: Establish if the participant’s response bears any relation to the stimulus. 
 
SEMANTIC RELATION: A response that bears relation to the stimulus is a word that has 
some level of a semantic relationship. 
 
For responses that bear relation to the stimulus word, continue to Step 2. 
 
NO SEMANTIC RELATION [NSR]: A response that does not bear relation to the stimulus 
can be classified into one of three categories.  
 

1. Clang Response [X]: phonological relation to the word, typically by means of 
alliteration or rhyme, with no semantic relation to the prompt 

a. Alliteration Example: Bat-Bus 
b. Rhyme Example: Brain-Crane 

i. Nonword Rhyme Example: Goat-Loat 
2. Error Response [ER]: presence of a verbal, real word response with no semantic or 

phonological relation to the prompt 
a. Error Response Examples  

i. Response= repetition of stimulus (ex. foot-foot) 
ii. Response= inflection (ex. foot-feet) 

1. Inflections may be… 
a. Plural forms of the stimulus 
b. Comparatives (ex. big-biggest)  
c. Tense changes of stimulus (ex. play-played) 

iii. Response= Real word with no relation (ex. foot-watch) 
3. No Response [NR] 

a. No Response Examples 
i. Repetition of Response 

ii. Silence for more than 20 seconds following presentation of stimulus 
iii. Unintelligible Responses 
iv. Nonsense Words 

1. Excluding nonsense words that rhyme with the prompt—code 
these as a Clang response 

v. Nonsense Sounds 
 
*Code all non-related responses with their specific classification code (X, ER, NR) and the 
NSR code. 
 
 
Step 2: Determine if the participant’s response bears a thematic or taxonomic relationship. 
 
THEMATIC [TH]: A response that is thematically related to the stimulus is one that falls 
into the same schema. Thematic responses can be classified into one of the five categories. 
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1. Function Relations [F]: response describes the function of the object with a verb 
(describing the action of the object or an action commonly related to the object) or 
with a noun (describing the common correlates with the object) 

a. Examples: Hat-Wear, Dog-Bark, Student-Study, Spoon-Soup, Broom-Dirt, 
Read-Book, Eat-Broccoli, Read-Author 

2. Descriptive Relations [D]: response describes characteristics of the stimulus 
a. Examples: Dog-Furry, Baby-Little, Car-Fast, Hat-Snow 

3. Causal Relations [CS]: response completes a cause-and-effect relationship with the 
stimulus 

a. Examples: Lick-Wet, Eat-Full, Play-Sleepy, Yawn-Tired, Hide-Scared 
4. Part-Whole Relations [PW]: response represents a portion of the stimulus, 

representing the complete object 
a. Examples: Dog-Tail, Hand-Finger, Book-Chapter, Turtle-Shell, Zipper-Jacket 
b. *Part whole relations, where the parts or members create the whole differ 

from the hierarchical, taxonomic relations where the sub concepts are simply 
examples of the broad concept. 

c. To classify as a part-whole relationship, as opposed to a taxonomic relation, 
the “part” must be something that must be present to compose the “whole”.  

5. Syntactic Relations [SYN]: response mirrors common word sequences that follow the 
stimuli 

a. Examples: Give-Back, Bounce-Ball, Stand-Up, Count-Seven 
b. MUST follow the direction of stimulus-response when classifying 

6. Location [L]: response states the location where the object is typically found, or the 
action typically takes place 

a. Examples: Frog-Lilypad, Kite-Sky, Swim-Water, Hat-Head 
 
TAXONOMIC [TAX]: A response that is taxonomically related are responses that are 
hierarchical. These relations should only occur when the response is an example of (SUB), 
broad category for the stimulus (SPR), or fall under the same broad category. Avoid trying to 
make the responses fall into the taxonomic category and only use TAX codes when the 
hierarchal relationship is obvious. Taxonomic responses can be classified into one of the 
three categories.  
 

1. Superordinate Relations [SPR]: response describes the broader category that the 
stimulus fits into 

a. Example: Dog-Animal, Ice Cream-Dessert, Rain-Weather 
2. Coordinate Relations [CORE]: response is a counterpart example that fits into the 

same category within the same broader category 
a. Example: Dog-Cat, Ice Cream-Cake, Rain-Snow 
b. Synonyms: House-Home, Jump-Hop, Small-Little 
c. Antonyms: Brother-Sister, Run-Walk, Happy-Sad  

3. Subordinate Relations [SUB]: response provides an example of the broader category 
that the stimulus encompasses 

a. Example: Shoe- Boot, Dog- Poodle, Car-Jeep 
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*Code all responses with their specific classification code AND thematic [TH] or taxonomic 
[TAX] code. 
 
For all responses that Step 2 were completed for, continue to Step 3. 
 
 
Step 3: Establish the sequence, if any, that the response exhibits. 
 
SYNTAGMATIC SEQUENCE [SS]: A response that follows a different form class from 
the prompt. For example, if the stimulus is a noun, a syntagmatic sequence would be any 
semantically related verb, adjective, or adverb. 
 
PARADIGMATIC SEQUENCE [PS]: A response that follows the same form class of the 
prompt. For example, if the stimulus is a noun, a paradigmatic sequence would be any 
semantically related noun.  
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 ABSTRACT 
 

LEXICAL-SEMANTIC ORGANIZATION AS MEASURED BY REPEATED WORD 
ASSOCIATION IN CHILDREN WITH HEARING LOSS 

 
 

By Olivia Rush 
Davies School of Communication Disorders 

Texas Christian University 
Thesis Advisor: Dr. Emily Lund, Ph.D. 

 

Vocabulary knowledge drives academic and social success. Current literature suggests that 

children with hearing loss have poorer vocabulary organization in comparison to their peers 

with normal hearing. The current study aimed to evaluate and compare the development of 

lexical storage and organization. 

Children fell into two groups based on age: children at age five and children in first 

grade. Participants were also divided based on hearing status (normal hearing, hearing aid 

users, or cochlear implant users).  

Participants were asked to complete a repeated word association task, as outlined by Sheng 

and McGregor (2010). 

The findings suggest that the proposed organizational shifts are not fully captured at 

the first-grade level by the repeated word association task. The present data show trends that 

may indicate shifts in children with normal hearing and in children with hearing loss between 

age five and after first grade level and provides a starting point for additional study. 

 


