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Abstract 

This study examines the fast mapping and word learning abilities of three- to five-

year old children with and without hearing loss, in quiet and noise conditions. Nineteen 

children with hearing loss (HL) and 17 normal hearing peers (NH) participated in this 

study. Children were introduced to eight novel words in each condition. Children’s ability 

to ‘fast map’ (i.e., comprehend or produce new words after minimal experience) was 

measured in the first session (Time 1). ‘Word learning’ (the comprehension or production 

of previously unfamiliar words following additional exposures) was measured following 

three individual training sessions (i.e., Time 2).  

Results indicated that children in the HL group performed similarly to NH peers 

on fast mapping and word learning measures in quiet. In noise, the HL group performed 

significantly poorer at the fast mapping time point than the NH group. However, at Time 

2 there were no significant between-group differences in the noise condition. A series of 

correlation and regression analyses was used to investigate variables associated with fast 

mapping and novel word learning in quiet and noise conditions. Age was significantly 

correlated to fast mapping and word learning performance in quiet and noise in the NH 

group, but not in the HL group.  Age fit with hearing aids was the only traditional hearing 

loss factor that was correlated with fast mapping performance in noise for the HL group. 

Results showed that age was a significant predictor of fast mapping performance in noise 

for the NH group, but not the HL group. Word learning in quiet was a significant 

predictor for word learning in noise for the NH group, fast mapping in noise was a 

significant predictor for the HL group. In addition, performance in quiet significantly 
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predicted fast mapping and word learning scores in noise for the NH group; however, 

there was no significant correlation between performance in quiet and noise for the HL 

group. 
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Background 

Children with hearing loss 

  Hearing loss is one of the most common congenital childhood conditions. It is 

estimated that 3 of every 1000 babies born will have permanent hearing loss (Centers for 

Disease Control; CDC, 2007). Both historical and recent research indicates children with 

hearing loss do not develop academic and literacy skills on par with their age-matched 

hearing peers (Pittman, 2008; Kyle & Harris, 2006; Traxler, 2000; Fagan, Pisoni, Horn, 

& Dillon, 2007). Yet, significant changes in the reduction in age of identification through 

newborn hearing screening legislation and improved hearing technologies may lead to a 

shift in language outcomes for children with hearing loss.  

 In 1993, two states had mandated newborn hearing screening (National Center for 

Hearing Assessment and Management; NCHAM, 2009). In 1998, several studies were 

published demonstrating the positive impact of early identification and intervention on 

language outcomes for children with hearing loss (Yoshinaga-Itano, Sedey, Coulter, & 

Mehl, 1998; Finitzo, Albright, & O’Neal, 1998; Mason & Herrmann, 1998; Mehl & 

Thomson, 1998; Vohr, Carty, & Moore, 1998). Results from these studies suggested 

children identified with hearing loss and enrolled in intervention programs prior to six 

months of age performed better than children who were identified after six months of age 

(Yoshinaga-Itano, Sedey, Coulter, & Mehl, 1998). This research influenced legislative 

change for newborn hearing screening across the country. 

 As of 2009, 42 states have mandated newborn hearing screening laws (NCHAM, 

2009). In 2007, The Joint Commission on Infant Hearing (2007) and U.S. Public Health 
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Service’s Healthy People 2010 (U.S. Department of Health and Human Services, 2000) 

recommended that each child be screened for hearing loss by one month of age. These 

position statements also recommend that children who fail the hearing screenings receive 

comprehensive diagnostics to confirm hearing loss by three months of age, and that 

children with confirmed hearing loss be enrolled in intervention programs by six months 

of age. These guidelines are instrumental in the identification and enrollment of young 

children with hearing loss into early intervention programs across the United States. The 

implications of these newborn hearing screening mandates are that young children with 

hearing loss are not only identified earlier, but receive intervention at younger ages. This 

intervention often includes access to hearing technology through amplification or 

cochlear implantation. 

Hearing technology  

In addition to the earlier age of identification, the technology available for 

children with hearing loss has changed considerably in the last decade. Improvements in 

hearing aid technology have provided children with hearing loss more access to high 

frequency information. High frequency information (i.e., information that is present at 

4000 Hz and above) is needed to perceive many consonants as well as many of the 

grammatical morphemes in English. For example, the /s/ phoneme, which contains 

important information between 5000-6000 Hz, is one of the most frequently occurring 

consonants in the English language and is also a grammatical marker for plurality (e.g., 

cat, cats), and possession (e.g., Mark’s) (Stelmachowicz, Pittman, Hoover, Lewis, & 

Moeller, 2004). 
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In addition to advancements in hearing aid technology, more children are 

receiving cochlear implants. The cochlear implant is an electronic device consisting of 

internal and external components that provide a sense of sound to a person with profound 

hearing loss (NIDCD, 2009). Cochlear implants were first approved for adults in 1985. 

The first cochlear implants were single channel devices that provided listeners with 

information only about gross temporal patterns of speech (Loizou, 1998). At that time the 

outcomes of individuals receiving cochlear implants were extremely variable and this 

technology was seen as experimental. As cochlear implant devices and processing 

strategies became more sophisticated, language and speech outcomes improved in adult 

users and cochlear implant candidacy was extended to pediatric populations. 

The Food and Drug Administration (FDA) approved cochlear implants for 

children in 1990. Early cochlear implant research focused on examining speech and 

language differences of children with cochlear implants and age-matched peers with 

similar hearing loss using hearing aids. Many of the early studies included students who 

received cochlear implants at later ages and used sign language (e.g., total 

communication or ASL) as part of their communication repertoire. For example, 

Tomblin, Spencer, Flock, Tyler and Gantz (1999) examined sentence comprehension and 

production by 29 children who received cochlear implants between 2 and 13 years of age 

as compared to children with hearing loss not utilizing cochlear implants. Sentence 

comprehension was measured using the Rhode Island Test of Language Structure 

(RITLS; Engen & Engen, 1983). The sentence comprehension task included presenting a 

sentence through Signed English and spoken English and having the participant identify a 



 

  4 

picture that corresponded to the sentence. Results indicated that the cochlear implant 

group demonstrated similar comprehension skills to the RITLS norming group (deaf 

students without cochlear implants at the residential school). Sentence production was 

measured using the Index of Productive Syntax (IPSyn; Scarborough, 1990). Participants 

were recorded retelling a story and this recording was transcribed using the IPSyn. 

Participants from both groups (cochlear implant and hearing aid) used sign and voice 

simultaneously for the majority of the words produced (cochlear implant M = 71.8%, 

hearing aid M = 71.2%). Children in the cochlear implant group produced more words in 

the voice-only mode than children from the hearing aid group (cochlear implant M = 

22.7%, hearing aid M = 4.7%). Results indicated that children from the cochlear implant 

group produced more nouns, verbs, and had more complex sentence structure than 

children from the hearing aid group. Results also indicated that chronological age was 

strongly correlated with sentence production for children in the hearing aid group (r = 

.80, p < .0001), but for the cochlear implant group amount of experience with cochlear 

implant was more highly correlated (r = .64, p < .0001) with sentence production scores 

than chronological age (r = .42, p < .05). Results of this study in conjunction with other 

work (Geers & Moog, 1994; Miyamoto, Svirsky, & Robbins 1997) suggested that 

cochlear implants were no longer experimental technology but had the potential to 

improve the speech and spoken language outcomes in young children with profound 

hearing loss.  

As newborn hearing screening became more prevalent and more children were 

identified with hearing loss at younger ages, researchers shifted their focus to examining 
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the impact of age of implantation on language outcomes (Hammes, Novak, Rotz, & 

Edmondson, 2002; Connor, Craig, Raudenbush, Heavner, & Zwolan, 2005; Spencer, 

2004). For example, Hammes et al. (2002) examined the role of age at implantation of 47 

children who received cochlear implants between nine and 48 months of age. Scores on 

standardized assessments were compared in three groups of participants: participants 

implanted between 9-18 months, participants implanted between 19-30 months, and 

participants implanted between 31-48 months. The results indicated that children who 

received cochlear implants between 9-18 months outperformed their later-implanted 

peers on the Sensory Impaired Hearing Intervention (SKI*HI; Tonelson & Watkins, 

1979), the Preschool Language Scales-3 (PLS-3; Zimmerman, Steiner, & Pond, 1992), 

and the Clinical Evaluation of Language Fundamentals-Preschool (CELF-P; Wiig, 

Secord, & Semel, 1992) or the Clinical Evaluation of Language Fundamentals-3 (CELF-

3; Semel, Wiig, & Secord, 1995), and on a speech perception task, the Phonetically 

Balanced Kindergarten Test (PBK; Haskins, 1949). After two years of cochlear implant 

use, the children who received cochlear implants early (i.e., before 30 months of age) 

were more likely to have language skills within 12 months of their chronological age. In 

addition, children who received cochlear implants prior to 30 months of age were more 

likely to use spoken language (i.e., oral communication) as their primary mode of 

communication than children who received cochlear implants after 30 months of age.  

Connor et al. (2006) also examined the role of age of cochlear implantation on 

consonant production and receptive vocabulary growth in a retrospective study of 100 

children who received cochlear implants between 1 and 10 years of age. Four groups 
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were determined based on the age at which they received cochlear implants: implanted 

between the ages of 12-30 months, 31-42 months, 43-84 months, and 85-120 months of 

age.  Researchers used hierarchical linear modeling to examine and compare the rate of 

growth of the four groups. Results indicated that children implanted earlier had a greater 

rate of growth in receptive vocabulary as measured by the Peabody Picture Vocabulary 

Test (PPVT; Dunn & Dunn, 1981) as well as on speech production as measured by 

percent of consonants correct on the Arizona Articulation Proficiency Scale (Fudala, 

1974) and the Goldman-Fristoe Test of Articulation (GFTA; Goldman & Fristoe, 1969). 

Findings from this study indicate that children implanted at earlier ages had faster rates of 

growth and, for speech production, a longer lasting rate of growth than peers who were 

implanted at later ages.  

Spencer (2004) also investigated the performance on standardized language 

measures of 13 children ranging in age from 3; 11 to 7; 11(years; months) (M = 70.5, sd 

= 18.8) who received cochlear implants between the ages of 13 and 38 months. 

Participants used total communication and oral communication. Children’s language and 

cognitive skills were evaluated using a battery of tests including the PPVT (Dunn & 

Dunn, 1981), a measure of receptive vocabulary; the CELF-P (Wiig, Secord, & Semel, 

1992), a receptive and expressive syntactic language measure; and the Language 

Proficiency Profile (LPP; Bebko & McKinnon, 1993, 1998) a measure of pragmatic 

skills. In addition, auditory perception skills were assessed using open set speech 

recognition tasks: the Bench-Kowal-Bamford (BKB) words and sentences tests (Bench & 

Bamford, 1979; Bench, Doyle, & Greenwood, 1987) and Consonant- Nucleus- 
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Consonant word tests (CNC; Peterson & Lehiste, 1962). Results from this study indicated 

that, overall, children with cochlear implants demonstrated strengths in the areas of 

syntax (i.e., word order) and in basic concepts on the CELF-P (Wiig et al., 1992). Areas 

of weakness relative to hearing peers included grammatical morphemes to mark 

possession and verb tense. Age of implant was significantly correlated to CELF-P scores 

(r = -.788, p < .01) and speech perception scores were significantly correlated with syntax 

(r = .766, p < .05) as measured by the CELF-P. Taken together, these studies indicate that 

early implantation provided benefits on measures of vocabulary (Connor et al., 2006) and 

syntax (Spencer, 2004) as well as the use of oral communication (Hammes et al., 2005; 

Connor et al., 2006).  

As of 2009, over 25,000 children in the United States have received cochlear 

implants, with many children receiving them prior to their first birthday (NIDCD, 2009; 

Holt & Svirsky, 2008). The primary reason parents elect for cochlear implantation is the 

potential that their child will develop the oral language skills necessary to become more 

successful within social and educational systems that rely on spoken language. Essential 

to that success is the development of language skills commensurate to hearing peers. An 

increasing number of investigations focus on the language skills of children who receive 

cochlear implants at young ages compared to age-matched peers without hearing loss.  

Nicholas and Geers (2008) investigated the language scores of 76 children (38 

boys and 38 girls) at 42 and 54 months of age who received cochlear implants between 

12 and 38 months of age. The primary goals of this investigation were 1) to determine if 

parent-completed inventories correlate with standardized assessment measures and 2) to 
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provide “benchmarks” of language scores based on age of implantation. Language scores 

were measured using the MacArthur-Bates Communication Development Inventory: 

Words and Sentences (CDI; Fenson et al., 1993), a standardized parent report instrument; 

the PLS-3 (Zimmerman, Steiner, & Pond, 1992) and the PPVT-III (Dunn & Dunn, 1997), 

two standardized examiner-administered language tests. Results showed moderate to high 

degrees of intercorrelation among the three assessments suggesting that estimates of 

language level obtained from the parent report instrument (Fenson et al., 1993) were 

consistent with results obtained using the examiner administered measures. Age at 

implantation and residual hearing prior to implantation accounted for significant variance 

(ranging on 18 - 48%) in the included language outcomes suggesting that early 

experience with auditory information (whether through residual hearing with hearing aids 

or cochlear implantation at young ages) is critical for the development of age-appropriate 

language skills. 

Hayes, Geers, Treiman, and Moog (2009) investigated receptive vocabulary 

growth over time as measured by the PPVT (Dunn & Dunn, 1981) and the PPVT-III 

(Dunn & Dunn, 1997) in 65 children with cochlear implants enrolled in an intensive 

auditory-oral educational program. The PPVT (Dunn & Dunn, 1981, 1997) was 

administered as a part of the annual assessments of the children enrolled in this program 

as a way to measure growth over time. A growth curve analysis was used to investigate 

the rate of vocabulary change of children with cochlear implants compared to the 

normative sample for the PPVT (Dunn & Dunn, 1981, 1997) over a three year period. 

Results showed that, at the initial assessment, children with cochlear implants performed 
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significantly lower than normal hearing peers, but demonstrated growth of more than 

seven standard score points per year. After three years of implant use children who 

received cochlear implants at one of year were within normal limits compared to age 

matched hearing peers. Children who received cochlear implants at two years approached 

normal limits after three years of implant use; children who were implanted after two 

years of age were still below normal limits three years post-implant. Children who 

received cochlear implants at younger ages demonstrated higher overall vocabulary skills 

and faster rates of vocabulary acquisition than children who received cochlear implants at 

somewhat older ages.  

 Taken together, the current body of literature suggests that children who receive 

cochlear implants at young ages may have greater success in developing listening and 

spoken language skills than children without access to this technology. In addition, these 

investigations suggest early auditory access, whether through aided residual hearing or 

cochlear implantation, provides benefit to spoken language skills (Connor et al., 2006; 

Nicholas & Geers, 2008; Hayes et al., 2009). These investigations have provided an 

increased understanding of the impact of age and technology on the changing population 

of children with hearing loss; however, there are still limitations in this relatively new 

literature. There continues to be a significant amount of variability within the young 

group of children with hearing loss. While some of the children are demonstrating growth 

on standardized language measures, it is unknown how they will learn new information in 

educational settings. Measures of performance using static, standardized language tests 
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provide information about achievement but it is unknown how previous experience with 

test stimuli relates to this performance.   

While early identification and advanced hearing technology have provided benefit 

to children with hearing loss using listening and spoken language, there are few 

investigations informing parents and professionals on how children with hearing loss will 

perform in learning tasks in a classroom alongside normal hearing peers. Children with 

hearing loss may have difficulty performing in mainstream settings due to the presence of 

noise in these environments. Therefore, it is important to understand how well children 

with hearing loss perform on standardized measures in quiet, controlled settings as well 

as in noisy environments in which real-life language learning takes place.   

Noise 

 Schools are a primary learning environment for young children. The presence of 

noise in educational settings is well documented in the literature (Nelson & Soli, 2000). 

Noise is defined as any auditory disturbance that interferes with what a listener wants to 

hear (American Speech-Language Hearing Association; ASHA, 2005). Noise has been 

found to impact individuals with hearing loss more than the hearing population 

(Smaldino & Crandell, 1999; Bess, 1999; Finitzo-Heiber & Tillman, 1978; Dorman, 

Loizou, & Fitzke, 1998; Litovsky, Johnstone & Godar, 2006; Stickney, Zeng, Litovsky, 

& Assmann, 2004). In addition, noise has been shown to have a greater negative impact 

on younger learners than on older learners. (Elliot, 1979; Fallon, Trehub, & Schneider, 

2000). 
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For example, through a three-part study Elliot (1979) examined the impact of age, 

experience and existing language skills in normal-hearing children and adults on their 

performance on the speech understanding in noise (SPIN) test. Participants in 11- and 13-

year-old groups performed more poorly on the SPIN test than the subjects in the 15- and 

17-year-old groups. These same differences did not exist when the groups were assessed 

in quiet conditions. To examine the role of experience in noise in a follow-up study, a 

group of 11-year-old children from a magnet school were matched to the group of 11-

year-olds from the original study. This group of 11-year-olds was housed in an older 

school with more noise in the environment. The children from the older school performed 

better than the original 11-year-old group in their performance on the SPIN test. These 

results could have been from differences in the testing environment (face-to-face testing 

instead of in a sound booth and/or shorter sessions) or a result of increased experience 

with noise conditions. Finally, in a third investigation, Elliot utilized the same protocol 

with a group of 9-year-old students with language delays. For this group, children with 

delayed vocabulary skills as measured by the PPVT (Dunn & Dunn, 1981) performed 

significantly poorer in noise than children with normal language (p < .025).   

Fallon, Trehub, and Schneider (2000) investigated the impact of age on speech 

identification in noise. In this study, three groups, each with 24 participants differing in 

age: 5; 0 -5:6 (M = 5.25 years); 9; 0 -9:6 (M = 9.25 years); 11; 0-11; 6 (M = 11.25 years), 

and 19-28 (M = 22.7 years) years of age were asked to identify pictures in the presence of 

multi-talker babble. An identification task was used to reduce the cognitive load of the 

task to ensure that younger participants would not be at a disadvantage. In this 
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experiment, adjustments were made for each age group so that the signal-to-noise ratio 

(SNR) was greater for the youngest participants and less for the adults meaning that the 

children had less background noise than the adults. Results indicated that younger 

children required a greater SNR to obtain the same performance as adults and older 

children. The authors suggest that learning in noise may reflect more on children’s 

immature perceptual development rather than a cognitive or attention limitations (Fallon 

et al., 2000). Presentation order also was found to impact learning for all of the 

participants suggesting that increased experience with the task (regardless of quiet or 

noise) improved performance.  

While the collective research demonstrates young children with normal hearing 

perform more poorly in noise, it is unknown what factors account for these 

developmental differences although  potential factors include age (Elliot, 1979; Fallon, et 

al., 2000; ) existing vocabulary skills (Elliot, 1979), and experience (Elliot, 1979; Fallon, 

et al., 2000). Studies of speech recognition in noise have focused primarily on normal 

hearing children; it is unknown how children with hearing loss perform in noise 

conditions. In fact, Talarico et al. (2007) called for a need for studies investigating speech 

recognition skills in children with hearing loss using cochlear implants and hearing aids. 

Recent research by Greico-Calub, Saffran, and Litovsky (2009), suggests that toddlers 

with cochlear implants perform more poorly than their age-matched hearing peers in 

speech recognition tasks.  

In summary, recent investigations suggest children with hearing loss, identified at 

early ages and with advanced hearing technology, are demonstrating greater performance 
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on standardized measures of language. Yet, little is known about how this performance 

will translate into performance in real learning environments. Investigations of speech 

recognition in noise suggest that a child with hearing loss may have significant 

challenges learning novel information in noisy environments. More children with hearing 

loss are being placed in mainstream classrooms with typical noise levels yet there is little 

empirical evidence informing educators on how noise will impact their ability to learn 

novel information in these environments. Currently, age and performance on standardized 

measures often serve as criteria for determining services in mainstream settings (e.g., 

Anderson, Garrison, Hinnerichs, & Sweeney, 2009) yet there is little empirical support 

suggesting these criteria will accurately predict the success of child with hearing loss in 

these environments. 

Word learning in children 

Word learning 

Learning is a dynamic process that occurs over time. Bates and Elman (2000) 

define learning as “a systematic change in behavior as a result of experience (p. 89).”  

The learning of new words in spoken language is a process that entails mapping a 

consistent phonetic form to a conceptual referent; change is demonstrated by the child’s 

understanding and production of this phonetic form following repeated exposure. Often 

experience with the new form-concept mappings occurs incidentally as the child engages 

in other activities. When a child has a hearing loss, by definition, the availability of a 

consistent phonetic forms or spoken words is reduced. This difficulty of learning new 
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words in children with hearing loss has been well documented (McNally, Rose, & 

Quigley, 1994; Mayne, 1998; Yoshinaga-Itano, 1994).  

The ability to learn and use words is a particularly important skill for the age 

group of interest for the proposed study as preschool is a time period of significant 

vocabulary growth in children. Children typically produce their first word around one 

year of age. At two years of age typically developing children have a vocabulary of 

several hundred words; by the time children are five, this vocabulary has grown to 

several thousand words (see reviews in Bloom 2000; Kohnert & Kan, 2007). Parent-

completed inventories such as the MacArthur-Bates CDI (Fenson et al., 1993) or diaries 

such as the Diary of Early Language (Di-EL; Nott et al., 2003) are often used to measure 

vocabulary growth over time during the early years. These parent- completed inventories 

have been shown to be valid and reliable measures for children with normal hearing as 

well as children with hearing loss prior to age 3;0 (Thal, DesJardin, & Eisenberg, 2007; 

Nicholas & Geers, 2008; Nott, Cowan, Brown & Wigglesworth, 2009).  

It is expected that children will learn and retain new vocabulary they are exposed 

to in educational settings. Typically developing children learn approximately 300 new 

words each year they attend school (Clark, 1995; Kohnert & Kan, 2007); some have 

estimated that a child will know more than 60,000 words by the time they graduate from 

high school (Pittman, 2008). As a child’s vocabulary expands, a common way to measure 

vocabulary is through receptive and expressive standardized assessments such as the 

PPVT (Dunn & Dunn, 1981) and the Expressive One-Word Picture Vocabulary Test 

(EOWPVT; Gardner, 1990), respectively.  
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Word learning studies offer another way to investigate children’s word learning 

abilities. Word learning studies are unique in that, instead of a static glance of the words 

in a child’s repertoire at a particular time, the dynamic process of learning can be studied 

as a child becomes more familiar, through systematic exposure, with a specific object, 

picture, or idea that was previously unknown. Word learning has been used as a way to 

gauge a child’s facility in learning new form-function mappings in normal hearing 

children and children with specific language impairment (SLI). By controlling for a 

participant’s previous knowledge of the stimuli as well as the experience with newly 

introduced forms, word-learning studies have the unique advantage of examining a 

child’s ability to learn new information over time and determining its relationship to 

other variables (e.g., existing vocabulary, non-verbal cognition, non-word repetition).  

Word learning is often described as occurring at different time points: fast 

mapping and word learning. For the purposes of this study, fast mapping is operationally 

defined as the ability to map the form to meaning given limited experience with the word. 

Fast mapping is important to understand within the population of children with hearing 

loss as it mimics real life encounters with novel information. By investigating fast 

mapping skills, researchers can better define the similarities and differences in how 

different populations of children learn novel information with little exposure. 

Word learning is distinguished from fast mapping in that it accounts for increased 

exposure, experience, and feedback with the word being learned. Supportive learning 

contexts are commonly used in examining how children learn novel words (Kiernan & 

Gray, 1998; Gray, 2003; Gray, 2004).  As described in Kiernan and Gray (1998) a 
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supported learning context provides a direct teaching method in which young children are 

given multiple, naturally occurring models of target vocabulary. In this context, children 

are given feedback regarding the accuracy of their responses. Word learning scores 

provide information about how well a child will do when the experience has been 

controlled and measured. These scores show how a child will respond to intervention or 

explicit vocabulary instruction. 

Word learning studies vary in the stimuli used. Some studies introduce 

participants to nonsense words, words that follow English phonotactic conventions, but 

do not exist in the English language. For example, a study by Weismer and Hesketh 

(1998) used consonant-vowel-consonant combinations (CVCs) to create nonsense words 

such as pem and zid. An advantage of using nonsense words is that the researchers can 

control the amount and type of experience the child will have with the stimulus items. 

Another advantage of using nonsense words is the researcher can control for the 

phonological characteristics of the stimuli. Other word learning studies use unfamiliar 

words, real words that are infrequently used, instead of nonsense words. Typically studies 

using real but unfamiliar words include a baseline to ensure participants’ unfamiliarity 

with the selected stimuli. The advantage of using real words is that, although the words 

are infrequently used, the time spent in the experiment is used to expand the child’s 

exposure to actual words rather than nonsense words, which may be important to 

consider in at-risk populations. 

Several studies have examined word-learning skills in children with hearing loss 

(Lederberg, Prezbindowski, & Spencer, 2000; Gilbertson & Kamhi, 1995; 
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Stelmachowicz, Pittman, Hoover, & Lewis, 2004; Houston, Carter, Pisoni, Kirk, & Ying, 

2005). Lederberg, Prezbindowski, and Spencer (2000) examined word learning in a 

longitudinal, two-part study with 19 children with hearing loss between the ages of 3;2 

and 6;10. The participants utilized both oral communication and sign language. The 

primary goal of the study was to determine how existing vocabulary and language skills 

relate to a child’s ability to learn novel words through different tasks. Two different tasks 

were presented. The first was the Novel Mapping Task which examined participants’ 

ability to identify new words given either an implicit task with one novel object and three 

familiar objects. The second task, the Rapid Word-Learning Task, was more explicit and 

provided participants with a label for each novel item. Results indicated that existing 

vocabulary skills, as measured by the CDI (Fenson et al., 1993), were strongly related to 

performance on the word learning task (r = .77, p < .001) and moderately related to 

language skills, as measured by the Grammatical Analysis of Elicited Language- Pre-

sentence Level (GAEL-P; Geers, Kozak & Moog, 1983) (r = .59, p < .01). One group of 

children did not demonstrate the ability to learn the novel words in either of the sessions 

(referred to as Non-Mappers). The second part of this study examined word-learning 

abilities in the seven children who fell in the Non-Mapper group. These children were 

assessed again at two time points following the initial study: Time 2 occurred six months 

following the original study and Time 3 occurred seven months following the original 

study. Results indicated that a child’s performance on a word-learning task was related to 

their existing language skills. Specifically, as children from the Non-Mapper group 

acquired greater vocabulary, they were better able to map new words.  
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Three studies have compared word learning in children with and without hearing 

loss (Gilbertson & Kamhi, 1995; Stelmachowicz et al., 2004; Houston et al., 2005).  

Gilbertson and Kamhi (1995) examined word-learning skills in 20 elementary-school 

aged children with mild-moderate hearing loss ranging in age from 7;9 to 10;7 (M = 9;0, 

sd = 10.22) and receptive vocabulary matches without hearing loss ranging in age from 

5;1 to 9;7 (M = 6;5, sd = 14.59). Children with hearing loss used oral communication. 

The novel words trained were four nonsense words differing in syllable length: tam, 

jaften, shabaffidy, and gadakik. Children with hearing loss performed significantly poorer 

on word learning tasks than their vocabulary-matched hearing peers. However, half of the 

children with hearing loss were performed similarly to their hearing peers. Similar to 

Lederberg et al. (2000), results suggested receptive vocabulary scores, as measured by 

the PPVT (Dunn & Dunn, 1981), were highly correlated (r = .73, p < .01) with novel 

word-learning ability and expressive vocabulary scores, as measured by the EOWPVT 

(Gardner, 1990) were moderately correlated with word learning performance (r = .45, p < 

.05) for the group of children with hearing loss. 

Stelmachowicz et al. (2004) studied the effect of number of exposures, level of 

exposure, vocabulary size and hearing status on the novel-word learning skills of 

elementary-school aged children with hearing loss as compared to 20 hearing peers 

ranging in age from 6;3 to 9;10 (M = 7.9, sd = 1.2). Eleven children with hearing loss 

participated in this study ranging in age from 6; 3 and 9; 10 (M = 7.7, sd = 1.3). Eight 

novel words (e.g., waser and nankle) were used as the stimuli in this study and presented 

to the children in videotape format.  Half of the children viewed a videotape that repeated 
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each novel word twice; the other half of the children viewed a videotape where each 

word was repeated three times. Exposures to the levels were manipulated by increasing 

the presentation level from 50 dB SPL to 60 dB SPL. Results indicated that, while normal 

hearing children performed better than children with hearing loss, children with hearing 

loss performed significantly better with increased exposures to novel words and when the 

acoustical signal was increased from 50 to 60 dB SPL. Normal hearing children’s scores 

also improved with this increase in presentation level (from 92% to 97% average words 

correct). A model including repetition, presentation level, receptive vocabulary as 

measured by the PPVT (Dunn & Dunn, 1981), and group (hearing loss vs. normal 

hearing) accounted for 17% of word learning scores. Colinearity statistics indicated that 

repetition was the strongest predictor of performance on the novel word-learning task. 

Houston et al. (2005) examined fast-mapping and novel word learning of 24 

preschool aged children with cochlear implants as compared to age-matched normal 

hearing peers. Children from the cochlear implant group in this study were between 2; 0 

and 5; 11, utilized auditory-only communication modality, and had at least one year of 

cochlear implant use. To determine effects of age at implantation, children were 

separated into two groups. Participants in the “younger implanted” group received 

cochlear implants between 10 and 34 (M = 20.6) months of age, participants in the “older 

implanted” group received cochlear implants between 25 and 55 months of age (M = 

37.3).  The mean age of the young children in the cochlear implant group at testing was 

37.7 months (range= 28-46 months) and the mean age of the old implant group was 59.5 

months (range= 49-68 months). Control groups of normal hearing peers were also 
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divided into two groups with a mean age of 38 months (range = 28-46) and 58.4 months 

(range= 49-64), for young and old groups respectively. Children were taught names of 

Beanie Babies in two training periods, and then asked for the names in two testing 

periods and in a retention period (with two hours delay). Researchers used a mixed model 

to look at between-group factors (normal hearing vs. cochlear implant) and age (young 

vs. old); and within-group factors of test (receptive vs. expressive) and delay (immediate 

vs. delay). As expected, all children performed better on receptive versus expressive 

measures. The normal hearing groups performed better than the cochlear implant groups 

on receptive and expressive tasks. In addition, there was a greater range in performance 

in the group of children with cochlear implants than in the normal hearing group. There 

was a moderate negative correlation (r = - .42, p < .05) between age and vocabulary, 

indicating that  children who received cochlear implants at younger ages demonstrated 

better receptive language scores than children implanted at later ages. A regression 

analysis showed that age of implant accounted for 18% of the variance in word learning 

performance. Results of this study support the findings that children from the cochlear 

implant group had more difficulty with fast mapping and word learning tasks than 

children from the normal hearing group and existing vocabulary skills are a significant 

predictor of performance on word learning tasks. The authors indicate that matching 

children with cochlear implants to hearing peers by language skills, instead of solely on 

age, may have produced different outcomes.  

A pilot study by Blaiser and Kan (2007) investigated the word learning abilities of 

12 children with hearing loss between the ages of 31 and 58 months of age (mean= 46.9 
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months, SD 10.0 months) over four time periods. The majority of children from this 

group of children with hearing loss had scores on the PLS-4 (Zimmerman, Steiner & 

Pond, 2002) within or above one standard deviation of the mean on standardized tests (M 

= 98.3, sd =12.62). Children were introduced to eight unfamiliar words presented as 

color pictures through a supported learning context over four time points. Unfamiliar 

words were chosen from a nature center vocabulary related to specific themes such as 

trees (i.e., snag and sap) and snakes (i.e., fangs and scales). Children’s ability to identify 

and label newly introduced words was measured at each session. Results of the study 

indicated that, while children had significant variability in fast mapping scores, (i.e., the 

scores at the first time point), the rates of change (i.e., slopes) in new word learning was 

not significantly different between children. Over a four-week period, there were 

significant gains in children’s ability to learn the targeted novel words (i.e., Time 4) 

performance was significantly better than performance at Time 1). Retention was also 

significant following a one-month interval in that Time 5 was significantly different from 

Time 4. The similarity in word learning rates between the young children included in this 

pilot study may provide an opportunity to further investigate what factors would increase 

the potential differences between these learners. However, participants’ previous 

knowledge of the trained words prior to the initiation of the study was not investigated; 

therefore, several participants reached ceiling on receptive tasks in a short amount of time 

indicating a potential weakness of this study. 

In summary, previous studies showed that children with hearing loss perform 

more poorly on word learning tasks than their hearing peers. This is important to consider 
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in light of the research suggesting that children with hearing loss approach normal limits 

on some standardized measures.  It is possible that word learning investigations provide 

information regarding learning processes that standardized assessments are not able to 

measure. These studies also suggest the importance of existing vocabulary skills in 

learning new words. Houston and colleagues (2005) offer the only published study 

examining word learning in preschool-age children with hearing loss using auditory-oral 

communication. As discussed previously, word learning occurs over multiple exposures 

to new words, however these exposures occur in a variety of learning environments; 

many of these environments, including classrooms, are not quiet, pristine environments. 

It is likely that most word-learning opportunities occur in noisy conditions. All of the 

research to date has studied word learning in quiet conditions. Because of the presence of 

noise in educational settings and its implications on performance for children with 

hearing loss, the current study examines the effects of noise on word learning in young 

children 

Significance of the Problem 

The current study is aimed at further advancing the understanding of spoken 

language learning in young children with hearing loss. Over the past ten years, 

investigations have shifted from comparing children with cochlear implants to their age 

matches with hearing aids to comparing children with hearing loss to their age matches 

with normal hearing. Many of these studies examine performance on standardized 

assessments; few examine word-learning skills in children with hearing loss and no 

published studies examine word learning by children with hearing loss in noise. While 
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more studies suggest that children with hearing loss can perform comparably to normal 

hearing peers on standardized measures (Connor et al., 2006; Nicholas & Geers, 2008; 

Hayes et al., 2009), there is still a noted paucity in the literature on how well children 

with hearing loss will be able to perform on learning tasks in environments with noise. 

Educators and parents are faced with the question of when to mainstream children with 

hearing loss and how they will learn novel information in noisier, less controlled 

environments. In addition, there are increased expectations that young children with 

hearing loss will be able to learn at the same pace as hearing peers in mainstream 

educational settings (Young & Tattersall, 2007) 

There is a need to better understand how children with hearing loss will perform 

on word learning tasks in different noise conditions as well as to better understand what 

factors will best predict their success in various learning environments. To address this 

question, this study investigates novel word learning by preschool children with hearing 

loss as compared to normal hearing peers in quiet and noise conditions. Factors that 

contribute to successful word learning such as age, vocabulary, language as well as 

factors that related to hearing loss (i.e., age of identification, age fit with hearing aids, age 

enrolled in early intervention and device used) are also examined.  

Specific Aims 

The purpose of this study is to examine word learning by preschool children with 

and without hearing loss.  

Study questions are as follows:  
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1. Does the identification and production of novel words improve with 

experience, from Time 1 to Time 2, for both the NH and HL groups in quiet 

and in noise conditions? 

2. Are there significant between-group differences (NH vs. HL) in the number of 

words produced after the first (Time 1) session in which novel words are 

introduced (i.e., fast mapping)? 

3. Are there between-group differences (NH vs. HL) in the number of words 

produced following three exposures to novel words in quiet and in noise at 

Time 2 (i.e., word learning assessment)? 

4. What is the relationship between age, standardized assessments, fast mapping, 

and word learning in quiet and noise for NH children and children with HL? 

How do traditional hearing loss variables (e.g., age of identification, age fit 

with hearing aids, age enrolled in early intervention, and device) relate to fast 

mapping and word learning performance in quiet and in noise conditions?  

 It was predicted that both groups of children would learn new words from Time 1 

to Time 2. Previous studies show that additional experience improves a child’s ability to 

label and identify novel words in normal hearing children (Kan, 2009; Gershkoff-Stowe 

& Hahn, 2007) and children with hearing loss (Lederberg et al., 2000; Stelmachowicz, et 

al., 2004).   

Given that there are no previous studies on word learning in noise by 

preschoolers, it was not clear if the normal hearing group would perform as well in quiet 

and noise conditions. However, consistent with the broader literature it was predicted that 
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word learning skills in noise would be significantly poorer than in quiet for all 

participants (Smaldino & Crandell, 1999; Finitzo-Heiber & Tillman, 1978).  It was 

expected that performance in quiet would be positively correlated to performance in noise 

for both groups of children. It was also expected that age and existing vocabulary skills 

would be associated with fast mapping and word-learning scores for children with 

hearing loss and their normal hearing peers (Houston et al., 2005; Lederberg, et al., 2000; 

Gilbertson & Kamhi, 1995; Stelmachowicz, et al., 2004). It was also hypothesized that 

age of identification and age enrolled in early intervention (Yoshinaga-Itano et al., 1998) 

may influence scores for children with hearing loss.  

Method 

Participants 

 A total of 37 children were recruited. Participants included 20 children with 

sensorineural hearing loss. One student was not able to participate in all of the time points 

in the noise condition, leaving 19 participants, 10 boys and 9 girls, in the hearing loss 

(HL) group. Children in the HL group ranged in age from 37-68 months (M = 50.79 

months, sd = 10.58). Each of the participants had unaided pure tone averages (PTA) 

greater than 50 dB HL bilaterally. For more information on age, gender, age of 

identification, age first fit with hearing aids, age of enrollment in early intervention and 

type of device used for participants in the HL group with cochlear implants (CI; N =11) 

in Table 1 and participants with hearing aids (HA; N = 8) in Table 2. The average age of 

identification of HL was 14.16 months (sd = 16.72, range = 1- 48 months). Average age 

first fit with HAs was 17 months (sd =16.91, range = 2 - 50). Of the participants with CIs, 
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the average age of first implant stimulation was 12.16 months (sd = 14.55, range = 7 - 47 

months). All participants in the HL group were enrolled in an intensive private program 

using listening and spoken language (i.e., oral communication) as their primary mode of 

communication. Children were first enrolled in this auditory-oral program at an average 

age of 25.11 months (sd = 15.94, range 2 - 60). Three participants in this study were 

identified between 1-3 years of age; four were identified after 3 years of age. One child 

had progressive hearing loss and received a cochlear implant at 47 months but prior to 

implantation used HAs. Children with primary educational diagnoses other than hearing 

loss were not included in the study.  

 As a comparison group, 17 normal hearing (NH) peers were included in the study. 

Children in the NH group ranged in age from 28-72 months (M = 44 months, sd = 13.21) 

and included 9 boys and 8 girls. There was no significant difference between ages of the 

NH group and the HL group (p > .05). Normal hearing peers met the following criteria to 

be in included in the study: 

1. Passed a hearing screening in both the left and right ear (20 – 25 dB HL) 

at 1000, 2000, and 4000 Hz (ANSI, 1989). 

2. No developmental, social-emotional or educational concerns according to 

parent or school report. 

Measurement of current language skills 

Language skills were assessed for each participant using the PPVT-III (Dunn & 

Dunn, 1997) to assess receptive vocabulary, the EOWPVT-R (Gardner, 2000) to assess 

expressive vocabulary, and the PLS-4 (Zimmerman, Steiner, & Pond, 2002) to assess 
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global receptive and expressive language skills. Tests were administered according to the 

publisher’s procedures within one month of each child’s participation with the 

experimental word-learning task. Results for both groups are shown in Table 3. On the 

PPVT-III, children in the HL group received raw scores between 12 – 80 (M = 45.53, sd 

= 20.58) and standard scores between 71-117 (M = 92.74, sd = 12.70). On the EOWPVT, 

children in the HL group received raw scores between 12 – 77 (M = 40.37, sd = 17.20) 

and standard scores between 65-121 (M = 94.63, sd = 16.70). On the PLS-4, children in 

the HL group received raw scores between 37-68 (M = 82.63, sd = 21.34) and standard 

scores between 51-114 (M = 85.21, sd = 19.31).  

For the NH group received raw scores on the PPVT-III between 12 – 99 (M = 

54.94, sd = 23.16) and standard scores between 90-119 (M =105.20, sd = 9.43). On the 

EOWPVT, children in the NH group received raw scores between 12 – 79 (M = 43, sd = 

20.08) and standard scores between 83-121 (M =104.47, sd = 12.27). On the PLS-4, 

children in the NH group received raw scores between 53-127 (M= 102.50, sd = 21.69) 

and standard scores between 81-141 (M =109.56, sd = 14.46).  

 There were no significant differences found between the two groups on mean raw 

scores for PPVT-III (Dunn & Dunn, 1997) (p >.05) or EOWPVT-R (Gardner, 2000) (p 

>.05). However, the NH group did demonstrate significantly higher raw scores (p < .05, d 

= .92) on the PLS-4 (Zimmerman, Steiner & Pond, 2002). The NH group also 

demonstrated higher standard scores on all of the language measures than the HL group. 

Refer to Table 3 for raw scores and standard scores for the NH and the HL group.  

Experimental design 
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 This study built on the methods of the Kan and Kohnert (2008) by utilizing a 

similar word-learning task with the addition of a noise condition. The study was designed 

to provide information at two time points, Time 1 and Time 2. These time points 

represent two previously described components of a child’s word learning: fast mapping: 

data collected at Time 1; and word learning, data collected at Time 2, representing ability 

to identify and produce the novel word labels given multiple exposures to the novel 

words. Thus, the dependent variables are identification and production scores at Time 1 

and at Time 2 consistent with previous fast mapping and novel word learning studies. 

There were 8 points possible in each of modalities (receptive and expressive), at each 

time point (Time 1 and Time 2), and in each condition (quiet and noise).  

Stimuli 

 Real words that were unfamiliar to the children were selected as stimuli. Previous 

studies by Houston and colleagues (2005) used real words in word-learning studies with 

children with hearing loss. Similarly, studies with hearing children have also used low 

frequency words in word learning tasks (see McGregor, Sheng & Ball, 2007; Heilbeck & 

Markman, 1987). Real words were selected for this group of children to offer children 

increased exposure to unfamiliar vocabulary words instead of words that did not exist to 

capitalize on word learning opportunities.  

 Five of the children from the HL group with the highest receptive vocabulary 

scores were presented with a set of 40 potential stimuli in groups of four. Items that were 

correctly labeled or identified by any child were removed from the stimuli set until there 

was a set of 16 unfamiliar items. With the remaining stimuli, two word lists were created; 
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each list consisted of four tools (List A: finkey, leash, cabletie and snorkel; List B: buoy, 

wax, scuba tank and surfsling) and four animals (List A: eel, scallop, manatee, and 

piranha; List B: terrapin, oarfish, halibut, and shrimp). Items in each word list were 

matched for syllable length. For example, if the word “eel” (a one-syllable word) was in 

List A, List B contained the word “shrimp”. Scripts were prepared for each of the items 

to ensure consistency of exposure to each item across time points and participants. To 

ensure that the stimuli were presented in a similar fashion for each student, a training 

video was utilized for each research assistant. Each assistant reviewed the video and had 

an opportunity to ask the primary investigator questions. Research assistants had an 

opportunity to play-act the scenarios prior to working with participants. In addition, each 

research assistant received a script to follow for each participant. Scripts can be found in 

Appendices A and B. 

Conditions 

 Items were introduced to every participant in two conditions: quiet and noise. 

While noise was reduced and controlled for in quiet settings, tasks were not administered 

in a soundproof setting and occasional sound from heating and cooling systems occurred. 

In the noise condition, an Auditec multi-talker babble CD was played one meter behind 

the student. This was measured for each participant to ensure equal distances from the 

sound source. Next to the child, the sound was measured to be at 65 dB SPL. A 

measurement of presentation level was taken directly in front of each participant prior to 

each exposure. The SNR (signal-to-noise ratio) was approximately +7 dB. To control for 

the Lombard effect, another sound level meter was placed adjacent to the researcher or 
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research assistant to maintain consistent vocal intensity levels during the stimuli 

presentation in quiet and in noise conditions. Conditions were counterbalanced across 

participants within each group such that half of children in the HL group and half of the 

children in the NH group participated first in the quiet condition, then noise and the other 

half of the children participated in noise first, followed by quiet. The purpose of 

counterbalancing was to ensure that experience with the word-learning task or the noise 

condition did not affect the learning of new words (Gershkoff-Stowe & Hahn, 2007; 

Fallon et al., 2000). All children were introduced to List A words first and List B words 

second. See Table 4 for a graphic representation of the study protocol. Children from the 

NH group were exposed in the same order as their age- or language-match peer with HL. 

Procedures 

 Time 1, Assessment of fast mapping skills. Children were introduced to a color 

picture of a tool or animal and asked to repeat the label. The primary investigator 

recorded this initial repetition. Next, the investigator read the script for each item. 

Information presented included category label, color, shape and function of the tool or the 

movement of the animal. For example, “This is a manatee; a manatee is an animal. A 

manatee is gray and bumpy. A manatee swims in the water.” The child was asked at the 

end of each description, “What is this called again?” After a group of pictures (set of 

four) was introduced, the child was asked to name each of the words. Points were given 

for correct labels of the item, with a total of eight points possible. This data collection 

point was referred to as “fast mapping.” Comprehension was assessed in the first session 

by having the child identify the picture from a group of four. Production was measured 
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online by the primary researcher. If the child produced the word without error, the word 

was scored as “correct”. If the child produced the word with an error, the word was 

transcribed and reviewed following the session. If there was more than one error, the 

word was scored as “incorrect.” Comprehension tasks included four of the color pictures 

and a child was given one presentation of the novel word and asked to point to the picture 

of the item. Identification was scored as “correct” if the child correctly identified the 

picture of the item. 

Training. Following Time 1, each child was exposed to the novel words in three 

individual sessions presented by a research assistant. Each child was given the name of 

the object and then asked to repeat the word, “This is a surfsling. Tell me, what is this?”  

Next, the child was given the description of each of the eight stimuli in sets of four. The 

children were asked to find the object by label, “Can you find the surfsling?” In this 

exposure phase, children were given acknowledgement for a correct response (“Yes, that 

is the surfsling”) and were given the correct answer for a wrong response (“That’s a 

finkey, this is the surfsling.”). Each child had at least three exposures to each of the 

words, definitions and descriptions in each of the three training sessions. 

 Time 2, Assessment of words learned. After three training sessions over a one 

week period, children were asked for a spontaneous production for each of the words. 

Children were shown a picture and asked, “What is this?” Scoring procedures were the 

same as at Time 1. Next, the child was given a novel word label and asked to identify the 

correct item from a group of four novel words. As in Time 1, children were given credit 

for correct identification of the picture. 
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Scoring. Children were given a score as correct or incorrect online with the 

criteria that two or more errors would be judged as incorrect. If there was a question in 

the accuracy of the scoring the response was transcribed and reviewed on videotape 

again.  

 Reliability. Reliability was assessed by randomly selecting 18 percent of the 

responses at Time 1 and Time 2 in quiet and in noise conditions. A research assistant was 

trained with the criteria for correct and incorrect responses. Point to point reliability for 

scoring child responses was .98 for quiet and .96 for noise. 

 Procedural Fidelity. Procedural fidelity was assessed by randomly selecting 10 

percent of the Time 1 and Time 2 videos. These videos were reviewed to ensure the 

correct procedure was administered at each time point. Results indicated that the average 

procedural fidelity was .98. 

Statistical Analysis 

 Statistical analysis was completed using Predictive Analytic Software (PASW) 

for Mac 18, Grad Pack (SPSS, Inc., 2009) and effect size was calculated using G*Power 

(Faul, Erdfelder, Buchner, & Lang, 2009). A paired means t-test was used to determine 

within group differences between scores at Time 1 and Time 2 for each group. Next 

repeated- measures 2 x 2 mixed-factorial ANOVA were used to analyze the dependent 

variables of word identification and word production (i.e., labeling), by comparing the 

between-group differences (Group; NH vs. HL) and the within group status (Condition; 

quiet vs. noise) first for fast mapping (represented by scores at Time 1) in Question 2 and 

then for word learning (represented by scores at Time 2) in Question 3.  
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Correlation analyses were completed to investigate potential relationships 

between PPVT-III (Dunn & Dunn, 1997), EOWPVT (Gardner, 2000), PLS-4 

(Zimmerman, Steiner, & Pond, 2002) and fast mapping and word learning scores. 

Correlation analyses were done separately for each group (NH and HL). For the HL 

group, fast mapping and word learning scores were also correlated with variables 

traditionally examined in literature related to hearing loss. These were age of 

identification, age first fit with hearing aids, age enrolled in early intervention and type of 

device used (hearing aids or cochlear implants). Correlation analyses were also done to 

determine the relationship between fast mapping and word learning scores for each group 

as well as the relationship between quiet and noise scores. Linear regression analyses 

were performed for results with significant correlations (p < .05) to determine the 

potential predictive relationship between highly correlated independent variables and the 

dependent variables.  
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Results 

Question 1: Does the identification and production of novel words improve with 

experience, from Time 1 to Time 2, for both the NH and HL groups in quiet and in 

noise conditions? 

Production: Quiet.  As shown in Table 5, in the quiet condition, children in the 

NH group were able to label an average of 1.29 (sd = 1.359, range = 0 - 4) words at Time 

1 and 4.12 words (sd = 2.446, range = 0 - 8) at Time 2. A paired samples t-test indicated 

that scores at Time 2 were significantly different from fast mapping scores at Time 1 at 

the p < .001 level. G*Power (Faul, Erdfelder, Buchner, & Lang, 2009) was used to 

calculate an effect size of dz = 1.20 indicating a very large effect size.  In quiet, children 

in the HL group also demonstrated an ability to label more words over time with an 

average of 1.00 words (sd = 1.155, range = 0 - 4) at Time 1 and 3.95 (sd = 2.223, range = 

0 - 8) words at Time 2, a significant difference at the p <.001 level, dz = 1.22. See Figure 

1 for Time 1 and Time 2 scores in quiet. 

Production: Noise. The NH group was able to label an average of 1.82 words (sd 

= 1.667, range = 0 - 6) at Time 1 and 4.29 words (sd = 2.339, range = 0 - 8) at Time 2. 

Results indicated significant differences in scores from Time 1 to Time 2 at the p < .01 

level (p = .000, d = 1.26). In noise, children in the HL group were able to label an 

average of .74 words (sd = .872, range = 0 - 3) at Time 1 and 3.95 words (sd = 2.172, 

range = 0 - 8) at Time 2. This difference over time was also significant (p < .001, dz = 

1.74). In summary, both groups of children learned to produce novel words over time in 
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quiet and noise conditions. See Figure 2 for Time 1 and Time 2 production scores in 

noise. 

Identification: Quiet. As shown in Table 6, in the quiet condition, children in the 

NH group were able to identify an average of 5.71 (sd = 2.024, range = 2-8) words at 

Time 1 and 7.65 words (sd = .702, range = 6 - 8) at Time 2. There was a significant 

difference over time at the p < .005 level, dz = .87.  Five children from the NH group 

reached ceiling in identification tasks at Time 1 (in quiet). In quiet, children in the HL 

group identified an average of 4.16 words (sd = 2.267, range = 0 - 8) and 7.58 (sd = 

1.017, range = 4 - 8) words, demonstrating a significant difference between Time 1 and 

Time 2 scores (p < .001, dz =1.83). One child from the HL group reached ceiling in 

identification tasks at Time 1 in quiet. See Figure 3 for identification scores at Time 1 

and Time 2 in quiet. 

Identification: Noise. In noise children from the NH group identified an average 

of 5.24 words (sd = 2.195, range = 2 – 8) at Time 1 and 7.29 words (sd = 1.359, range = 3 

– 8) at Time 2. Children from the HL group were able to identify an average of 4.05 (sd = 

2.321, range = 0 - 8) words at Time 1 and 7.00 (sd = 2.082, range = 0 - 8) words at Time 

2. Both groups, NH and HL, were able to identify significantly more words at Time 2 

than Time 1 (p < .005, dz = .92) and (p < .001, dz =1.12), respectively. See Figure 4 for 

identification scores at Time 1 and Time 2 in noise.  

Figures 5 through 8 show histograms of children’s fast mapping and word 

learning responses in quiet and noise. Figure 6 demonstrates that children in the HL 

group have a smaller range of correct answers and a greater number of 0 responses than 
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the NH group in fast mapping production scores in noise. None of the children from the 

HL group were able to label more than three items in fast mapping in noise. Figures 7 and 

8 demonstrate that both groups of children learned novel words through multiple 

exposures. In these figures, NH and HL groups have similar distributions at Time 2 in 

quiet and in noise.  

Figure 9 represents each participant’s score at Time 1 and Time 2 in quiet; Figure 

10 shows each participant’s score in noise. At Time 1 in quiet there is less variability 

between participants’ fast mapping performance than at Time 1 in noise. Also 34 of 36 

participants demonstrated upward trends in from Time 1 to Time 2 in quiet, and 35 of 36 

demonstrated upward trends in noise. The children who did not demonstrate upward 

trends were all from the NH group. In these graphs, AM refers to a participant from the 

NH group who was age-matched to a child from the HL group and LM refers to a NH 

participant that was matched to a participant from the HL group on raw score on the 

PPVT-III (Dunn & Dunn, 1997).  

Question 2: Are there significant between-group differences (NH vs. HL) in the 

number of words produced after the first (Time 1) session which novel words are 

introduced (i.e., fast mapping)? 

Production. A repeated- measures 2 x 2 mixed-factorial ANOVA was done with 

group  (NH, HL) as the between-subject factor and condition (quiet vs. noise) the within-

subjects factor. There were no main effects of group (F(1, 34) = 3.070, p = .089) or 

condition  (F(1,34) = .638, p =.438). However, there was a significant Group x Condition 

interaction (F(1,34) = 5.69, p = 023), p < .05 level. Follow-up pairwise comparisons were 
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done to investigate the source of the interaction (refer back to Figure 2).   Results 

indicated that there was a significant between-group difference (F(1,34) = 6.194, p = 

.018) in the noise condition. Upon further analysis, there was a large effect size (d= .80) 

showing a clear advantage for the NH group in the fast mapping noise condition. There 

was no significant difference for the main effect of condition (t(35), p = .535). In 

summary, as shown in Figure 11, the HL group was significantly poorer at fast mapping 

in noise than children from the NH group but the scores of the two groups were not 

significantly different in quiet. 

Identification. A 2 (group: HL, NH) x 2 (condition; quiet, noise) repeated- 

measures mixed-factorial ANOVA was done for the dependent variable fast mapping 

identification scores. There was a main effect of group (F(1,34)= 5.067, p < .05) with 

medium effect sizes (d = .72) for quiet and (d = .53) for noise. There was no main effect 

of condition (F(1,34) = .468, p =.498) and no Group x Condition interaction (F(1,34) = 

.188, p = .667). 

Question 3: Are there between-group differences (NH vs. HL) in the number of 

words produced following three exposures to novel words in quiet and in noise at 

Time 2 (i.e., word learning assessment)? 

Production. In the quiet condition at Time 2, the NH group was able to label an 

average of 4.12 words (sd = 2.446, range = 0 – 8) and children with HL were able to label 

3.95 (sd =2.223, range = 0 - 8) words. In noise, these groups were able to label a mean of 

4.29 (sd = 2.339, range = 0 - 8) and 3.95 (sd = 2.0172, range = 0 - 8) words, respectively. 

A repeated- measures 2 x 2 mixed-factorial ANOVA was done with the between-group 
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factors being group (NH vs. HL) and the within-group factors being condition (quiet vs. 

noise).  As shown in Figure 12, there were no main effects for group (F(1,34)= .098, p = 

.143) or condition (F(1,34) = .067, p = .798). There was also no significant Group x 

Condition interaction (F(1,34) = .067, p = .798) for production scores at Time 2.  

Identification. In the quiet condition at Time 2, the NH group was able to identify 

an average of 7.65 words (sd = .702, range = 6 – 8) and children with HL were able to 

identify 7.58 (sd =1.02, range = 4 - 8) words. In noise at Time 2, the NH group was able 

to identify an average of 7.29 words (sd = 1.359, range = 2 - 8) and the HL group was 

able to identify an average of 7.00 words (sd = 2.082, range = 0 - 8). Results from the 2 x 

2 mixed-factors ANOVA yielded no main effects for group (F(1,34)= .287, p = .596) or 

condition (F(1,34) = 2.061, p = .160). There was also no significant Group x Condition 

interaction (F(1, 34) = .121, p = .730) for identification scores at Time 2. 

Question 4: What is the relationship between age, standardized assessments, 

fast mapping and word learning in quiet and noise for NH children and children 

with HL? How do traditional hearing loss variables (e.g., age of identification, age 

fit with hearing aids, age enrolled in early intervention, and device) relate to fast 

mapping and word learning performance in quiet and in noise conditions?  

Correlation analyses were run for the NH group as seen in Table 8 and for the HL 

group as seen in Table 9.  

Age: NH group. For the NH group, age was significantly correlated to many of 

the dependent variables: fast mapping in quiet production (r = .614, p < .01), fast 

mapping in quiet identification (r = .717, p < .01), fast mapping in noise production (r = 
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.830, p < .01), fast mapping in noise identification (r = .652, p < .01), word learning in 

quiet production (r = .616, p < .01), and word learning in noise production (r = .772, p < 

.01).   

Age: HL group. For the HL group, age was only significantly correlated with fast 

mapping production in quiet (r = .623, p < .01) and fast mapping identification in noise (r 

= .551, p < .05).  

Standardized Assessments: NH group. Receptive vocabulary and language scores 

were not significantly correlated to any of the dependent variables. Expressive 

vocabulary was significantly correlated to fast mapping production in quiet (r = .595, p < 

.05), fast mapping identification in quiet (r = .549, p < .05), fast mapping production in 

noise (r = .539, p < .05), and word learning production in noise (r = .498, p < .05).  

Standardized Assessments: HL group. Receptive vocabulary was significantly 

correlated to fast mapping identification in quiet (r = .524, p < .05) and in noise (r = .519, 

p < .05). Expressive vocabulary was significantly correlated to word learning production 

in noise (r = .623, p < .01). Language scores were not significantly correlated to any of 

the dependent variables.  

Fast mapping-word learning: NH group. A correlation analysis was done to 

investigate the relationship between fast mapping performance and word learning 

performance. Fast mapping production was not significantly correlated with word 

learning production for the NH group (r = .346, p = .173). In noise, there was a moderate 

relationship between fast mapping production and word learning production (r = .623, p 

= .008) at the p < .01 level. Fast mapping identification in quiet was significantly 
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correlated with word learning production in quiet (r = .577, p < .05) and word learning 

production in noise (r = .570, p < .05). Fast mapping identification in noise was 

significantly correlated with word learning production in quiet (r = .588, p < .05), and 

word learning production in noise (r = .732, p < .01). 

Fast mapping-word learning: HL group. Fast mapping production was not 

correlated with word learning production for the HL group (r = .087, p = .725) in the 

quiet condition. Fast mapping production in noise was moderately correlated with word 

learning production in noise (r = .550, p = .015). Fast mapping identification in quiet was 

correlated with word learning production in quiet (r = .498, p < .05) and word learning 

identification in quiet (r = .584, p < .01).  

Quiet-noise: NH group. A correlation analysis was done for both groups to 

examine the relationship between performance in quiet and noise conditions. For NH 

children, there was a strong, positive relationship between fast mapping production in 

quiet and in noise (r = .852, p = .000) and word learning production in quiet and in noise 

(r = .856, p = .000). See Figure 13 for scatterplot of quiet and noise correlation for fast 

mapping and Figure 14 for quiet -noise correlation for word learning. 

Quiet-noise: HL group. For children with HL, there were no significant 

correlations between in quiet and noise for fast mapping or word learning production. 

Traditional HL factors. Age of identification, age fit with hearing aids, age 

enrolled in early intervention and device (i.e., cochlear implants or hearing aids) were 

entered into a correlation analysis to determine their relationship to the dependent 

variables. Age fit with hearing aids was significantly correlated with fast mapping 
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production in noise (r = .479, p < .05). See results from this correlation analysis on Table 

9.  

To further investigate possible differences between the two devices used by the 

HL group (hearing aids (HA) and cochlear implants (CI), fast mapping and word learning 

scores of were compared. In quiet the mean fast mapping production score of children 

with cochlear implants (CI) (n=11) in noise was .82 words (sd = .874) for the children 

with hearing aids (HA)(n=8) was 1.25 words (sd = 1.488).  There was no significant 

difference between the two group in fast mapping production scores in quiet (t(17), p = 

.437). The average word learning production score in quiet for the CI group was 4.09 (sd 

= 2.30) and for the HA group was 3.75 (sd = 2.252). There was no significant difference 

between the two groups in word learning productions scores in quiet (t(17), p = .752), see 

Figure 15 for results from fast mapping (Time 1) and word learning (Time 2) production 

scores in quiet. 

In noise the mean fast mapping production score of the CI group was .64 words 

(sd = .674) and .88 words (sd = 1.126) for the HA group.  There was no significant 

difference in mean fast mapping production scores between the group of children using 

cochlear implants (CI) and hearing aids in fast mapping production scores in noise t(17), 

p =.571. On word learning production scores in noise, the CI group labeled an average of 

3.73 (sd  = 2.195) words and the HA group labeled an average of 4.25 (sd = 2.252) 

words. There was also no significant difference in word learning production scores 

between the two groups t(17), p =.619, see Figure 16 for results from fast mapping (Time 

1) and word learning (Time 2) production scores in noise. 
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One of the primary objectives of this study was to better understand what factors 

predict fast mapping and word learning production scores in noise for the two groups of 

participants. A linear regression analysis was completed for fast mapping production 

scores in noise for the NH group. Variables that were significantly correlated were 

entered into the model: word learning production in quiet, age, fast mapping 

identification in quiet, word learning production in noise, fast mapping identification in 

noise, and expressive vocabulary. A significant model (F(6, 16)= 17.32, p < .01) emerged 

with an adjusted R-square of .86 suggesting that 86% of the variance in fast mapping 

production scores in noise was accounted for by this model with fast mapping in quiet ( p 

< .01) and age (p < .05) as significant predictors. The results of this model can be seen in 

Table 10. 

 For the HL group, age fit with hearing aids and word learning production scores 

in noise were significantly correlated with fast mapping production scores in noise. 

Linear regression indicated that this was a significant model (p < .05) with an adjusted R-

square of .36. In this model, word-learning production in noise was the significant 

predictor (p < .05) of fast mapping in noise production scores, as seen in Table 11. 

Word learning production scores in noise were also analyzed for each group. For 

the NH group, age, expressive vocabulary, fast mapping identification in quiet, fast 

mapping production in noise, fast mapping identification in noise, word learning 

production in quiet and word learning identification in noise were entered into the model. 

As shown in Table 12, this model was significant (p < .01) with an adjusted R-square of 
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.73. In this model, word learning production in quiet was the only significant predictor (p 

< .05) of word learning production in noise for the NH group.  

For the HL group, expressive vocabulary, fast mapping production in noise, fast 

mapping identification in noise, and word learning identification noise were entered into 

the linear regression model. The model was significant (p < .01) with an adjusted R-

square of .68. In the model, fast mapping identification in noise was the only significant 

predictor of word learning production in noise (p < .05), see Table 13. 

 

Discussion 

This study examined the fast mapping and word learning abilities of preschool 

children in quiet and in noise conditions. More specifically, the study sought to find 

similarities and differences between children with hearing loss and their age-matched 

hearing peers with similar language skills. This study examined scores at Time 1 

representing fast mapping skills, provided three exposures to novel words through a 

supported learning context, and then examined scores at Time 2 representing word 

learning scores. By using a specific, explicit word-learning task, each child was given 

multiple exposures to new words through a supported learning context in a one-on-one 

setting.  

The first aim of this study was to determine if the two groups of children (NH and 

HL) would learn new words in both conditions (quiet and noise). The results indicate 

that, given this type of ongoing support with novel words, both groups of children learned 

new words in quiet and in noise conditions. The results of this study support previously 
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documented findings indicating that repeated exposure to novel words is not only 

successful for NH children, but also for children with HL (Kan, 2009; Gershkoff-Stowe 

& Hahn, 2007; Stelmachowicz, et al., 2004; Lederberg et al., 2000).   

The second aim for the study was to examine fast mapping skills in quiet and in 

noise conditions for the two groups. This was done through investigation of scores at 

Time 1. In quiet conditions children in the HL group demonstrated similar fast mapping 

abilities as their NH peers. However, in the noise condition, there were significant 

differences in fast mapping scores between the two groups; children with HL did not 

demonstrate the ability to fast map new words in noise as well as their NH peers. This 

finding is consistent with the research hypothesis and previous studies (Smaldino & 

Crandell, 1999; Bess, 1999; Finitzo-Heiber & Tillman, 1978) that noise impacts children 

with HL more than children without hearing loss. This finding suggests that, when given 

only a brief introduction to new words, children with HL do not demonstrate the same 

skills as their NH peers in noisy environments. Clinically, this difference in fast mapping 

abilities is important to understand as fast mapping skills may be more indicative of 

incidental learning (i.e., less explicit word learning) conditions.  

The next aim of the study was to examine word-learning skills in quiet and in 

noise conditions for the two groups. Results demonstrated there were no significant 

differences between the two groups (NH and HL) in Time 2 scores in either condition. 

This finding does not support the hypothesis that children in the HL group would perform 

more poorly in noise for word learning over time with explicit instruction. This finding 

could be in part because the study utilized a very specific word-learning paradigm 
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utilizing a very short duration of noise. It is unknown how the results would vary if the 

exposures to the words occurred in a less explicit, supportive context (i.e., in a classroom) 

instead of a 1:1 interaction with noise present. However, these data suggest that children 

with HL have to potential to learn on par with their NH peers, even in noise conditions, 

given this continued, individual support. Given the fact that significant differences 

occurred at Time 1 in the noise condition, repeated experience with novel words plays a 

significant role in the performance at Time 2, particularly for the HL group. 

Next, the relationships between age, fast mapping, word learning and 

performance on standardized language assessments was examined. In the quiet condition, 

age was significantly correlated with fast mapping in quiet scores for both groups of 

children. Expressive vocabulary was also correlated with fast mapping skills in quiet for 

the NH group. In the noise condition, age and expressive vocabulary skills were 

significantly correlated to fast mapping scores for the NH group. In contrast, for the HL 

group, age and scores on standardized language assessments were not significantly 

correlated to fast mapping scores in the noise condition. This is important to understand, 

as while the children in this study performed roughly within limits on standardized 

measures, these assessments were not significantly related to their ability to learn novel 

information in noise conditions given minimal exposure. There is considerable literature 

suggesting that standardized assessments are appropriate to use with children with HL 

(Fagan, Pisoni, Horn & Dillon, 2007; Knutson, 2006; Spencer, 2004) and it is common 

for educational providers to use standardized assessments as criteria for determining 

individualized services when a child enters mainstream settings. However, based on these 
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findings, standardized assessment scores and age were insufficient in determining how 

well a child with HL would learn new information in noise.  

Traditional hearing loss variables were examined to determine if age of 

identification, age fit with HAs, age of enrollment, or device (i.e., HAs or CIs) were 

correlated with success in fast mapping in noise. Results indicated that age fit with 

hearing aids predicted 23% of the variance in performance of the HL group’s fast 

mapping in noise performance. In fact, it was also noted that there were no significant 

differences in the device used (HA or CI) at any time point (fast mapping or word 

learning) or in any condition (quiet or noise). The implication of this finding is that it is 

more critical to ensure that young children utilizing spoken language have access to 

sound through the appropriate technology for their specific hearing loss rather than 

focusing on a technology advantage of cochlear implants over hearing aids,. 

Elliot (1979) suggested that age is a primary factor in ability to perform in noise 

conditions, she also suggested existing language skills also impact performance in noise. 

Because this was the first study examining word learning in quiet and noise for preschool 

children with and without hearing loss, it was unknown if age or language would be the 

primary predictor of success in these conditions. It was also unknown if the variables 

predicting success would be the same or different for these two groups. Results from this 

study indicate that, for the NH group, age and performance in quiet were strongly related 

to success in fast mapping and word learning in noise. In contrast, these variables were 

not correlated to success in noise for children from the HL group.   
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An important qualification for the findings of the current study is that all 

participants with HL were enrolled in an auditory-oral program where this type of word-

learning paradigm is part of the curriculum. Work by Gershkoff-Stowe and Hahn (2007) 

suggests that experience in explicit word learning situations may increases a child’s 

ability to learn new words. This may explain, in part, why the participants demonstrated 

success in this novel word-learning task. While the homogeneity of the sample of 

participants may limit the generalization of the results to the general population of 

children with HL, it may also be a strength in future studies to compare the performance 

of children with HL enrolled in alternate types of intervention programs. Type of 

intervention has not been explicitly discussed in previous research examining word-

learning skills in children with HL and this study did not provide a control group of 

children enrolled in an alternative type of program. However, there is a need for further 

investigation in the role of intervention and its impact on word learning skills in children 

with HL. 

In the current study, fast mapping scores were moderately correlated to word 

learning scores in the noise condition for both groups but not the quiet condition. One of 

the interesting findings was that fast mapping identification scores of children in NH 

group correlated with word learning scores (production and identification) in quiet and in 

noise. In contrast, identification scores for the HL group were only significantly 

correlated within condition (e.g., noise scores predicted noise scores and quiet scores 

predicted quiet scores).  
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Overall performance of children with HL was not clearly related to one variable, 

making performance in noise difficult to predict for this population. This finding has 

important clinical implications for professionals serving children with HL in educational 

settings. While it is becoming more common to use standardized assessments as 

measures of language development for children with HL, it is important to note that, in 

isolation, these measures do not successfully predict a child’s performance as they did 

with the NH group. This finding challenges the use of age and standardized assessment 

measures as the criteria for determining the services a child with HL receives in a 

mainstream setting. Based on the findings of this study, it is suggested that preschool 

children with HL do not perform in noise settings with the same success as their NH 

peers based solely on incidental learning opportunities in the classroom. However, when 

given multiple exposures to novel words in one-on-one sessions, the between-group 

difference that occurred at Time 1 in the noise condition was not present at Time 2. This 

finding suggests that providing a child with HL with more experience with novel 

information can potentially reduce the performance differences in noise between the two 

groups.  

The relationship between performance in noise and in quiet conditions was also 

examined for both groups. Performance in quiet conditions, both in fast mapping and 

word learning, was found to significantly predict performance in noise conditions for the 

group of children with NH. In contrast, performance in quiet did not predict performance 

in noise for children with HL. Clinically, this difference between the two groups is 

important to understand as children with HL move into mainstream settings may perform 
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well in quiet situations, but this does not necessarily automatically translate into success 

in noise conditions for children with HL. 

Conclusion 

 In conclusion, the results of this study indicate that children with HL have the 

potential to learn new words on par with their hearing peers under highly constrained 

training conditions. While children with HL performed similarly to their NH peers in 

quiet environments, noise conditions impacted the children with HL more than the NH 

peers, especially in brief, fast mapping type of encounters with novel stimulus as 

demonstrated at Time 1. Results from this study also suggest that standardized 

assessments in isolation do not give a full picture in determining how well a child with 

HL will perform in different learning conditions. Likewise, performance in quiet, while 

being highly predictive of performance in noise for NH children, does not predict 

performance in quiet for children with HL.  

Future directions 

Future investigations should include participants who are not enrolled in an 

intensive auditory-oral programming to better understand the role of intervention services 

on the outcomes of new word learning. Additionally, it will be important to understand 

how much the individual training of each child impacts word learning outcomes. 

Therefore a study using a more implicit word learning task, such as book reading or 

introduction of a new word through a large group activity, would help to compare how 

the setting and the duration of the noise condition impacts word learning outcomes.  
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Appendix A 

Table 1. Characteristics of Participants from the HL Group with Cochlear Implants (CI) 
 

 
Note: Gender M= Male, F= Female; ID = Age identified with hearing loss in months; Fit = Age first fit with hearing aids in months; Implant = 
Age received first implant in months; Enrolled = Age first enrolled in early intervention program in months;  
Device = Cochlear implant manufacturer; Bilateral/Unilateral/Bimodal: Bilateral = Uses cochlear implant in both ears,  
Unilateral = Uses implant for one side, nothing on the other, Bimodal= Cochlear implant on one side, hearing aid on the other. 

Subject 
Age 

 (in months) Gender ID Fit Implant Enrolled Device 
Bilateral/Unilateral/Bimod

al 

HL01 68 M 8 36 44 36 Advanced Bionics Bilateral 

HL02 44 F 4 6 12 12 Advanced Bionics Bilateral 

HL03 39 F 1 2 12 10 Advanced Bionics Bimodal 

HL04 44 M 1 2 12 36 Cochlear Bilateral 

HL06 39 M 6 9 21 21 Cochlear Unilateral 

HL07 46 F 1 3 7 2 Advanced Bionics Bilateral 

HL08 41 M 13 14 26 28 Advanced Bionics Bilateral 

HL13 61 F 18 19 22 19 Advanced Bionics Bilateral 

HL14 63 M 1 3 15 18 Advanced Bionics Bimodal 

HL19 50 M 1 6 47 20 Cochlear Bimodal 

HL21 39 F 8 9 13 18 Cochlear Bilateral 
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Appendix A 

Table 2. Characteristics of Participants from HL Group with Hearing Aids (HA) 

 

Subject 
Age 

(in months) Gender ID Fit Enrolled Device 

HL09 68 M 48 50 60 Oticon Epoq 

HL10 67 F 37 38 38 Phonak-Naida 

HL11 54 F 1 2 8 Phonak-Naida 

HL12 56 M 1 2 2 Phonak-Naida 

HL15 55 M 46 48 50 Widex- Inteo 

HL16 46 F 43 41 44 Phonak-Naida 

HL17 37 M 20 21 25 Phonak-Naida 

HL20 48 F 11 12 30 Unitron Unison 6 
 
Note: Gender M= Male, F= Female; ID = Age identified with hearing loss in months; Fit = Age first fit with hearing aids in months; Enrolled = 
Age first enrolled in early intervention program in months; Device= Hearing aid manufacturer;  
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Appendix A 

Table 3. Standardized Assessment Scores for the NH and HL Groups 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Note: PPVT= Peabody Picture Vocabulary Test-III, EOWPVT= Expressive One Word Vocabulary Test-Revised, PLS-4=Preschool 
Language Scale-4th Edition 
 

 

NH Group 
 

N=17 
 

 HL Group 
 

N=19 
 

Age 
Mean = 46.12  

(13.21) 
Range =  
26 -72  

Mean = 50.79 
(10.58) 

Range = 
37-68 

 
 

      

 
PPVT EOWPVT PLS-4 

 
PPVT EOWPVT PLS-4 

  
 

Raw Mean 
(SD) 

54.94 
(23.16) 

43 
(20.08) 

102.50 
(21.69)  

45.53 
(20.58) 

40.37 
(17.20) 

82.63 
(21.34) 

 
Range 12-99 12-79 53-127  12-80 12-77 37-68 

SS Mean 
(SD) 

105.20 
(9.43) 

104.47 
(12.27) 

109.56 
(14.46)  

92.74 
(12.70) 

94.63 
(16.70) 

 
85.21 

(19.31) 

Range 90-119 83-121 81-141  71-117 65-121 
 

51-114 
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Appendix A 

Table 4. Graphic Display of Study Design 
 
 List A List B 

TIME 1 2 3 4 5 6 7 8 9 10 

 
Time 

1 
E1 E2 E3 

Time 
2 

Time 
1 

E1 E2 E3 
Time 

2 
Group 1 

 
Q Q Q Q Q N N N N N 

Group 2 N N N N N Q Q Q Q Q 

 
Note: Q = Quiet; N = Noise; E1, E2, E3 = First through third exposures to novel words through a supportive learning context.  
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     Appendix A 

    Table 5. Fast Mapping and Word Learning Production Scores for NH Group and HL Group 
  
 

 

 

 

 

 

 

 

 

 

 

 

 

 
Quiet 

 
NH Group 

 
N=17 

  

HL Group 
 

N=19 
 

 
 
FM WL  

 
FM WL 

Mean 1.29 4.12  1.0 
 
3.95 

SD 1.359 2.446  1.155 
 
2.223 

Range 0-4 0-8  0-4 
 
0-8 

 
Noise 

 

 FM 
 
WL  FM WL 

Mean 1.82 4.29  .74 
 
3.95 

SD 1.667 2.339  .872 
 
2.172 

Range 0-6 0-8  0-3 
 
0-8 

 

NOTE: FM= Fast mapping scores (Time 1); WL = Word learning scores (Time 2) 
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 Appendix A 

Table 6.  Fast Mapping and Word Learning Identification Scores for NH Group and HL Group 

 

 

 

 

 

 

 

 

 

 

 

 

 
Quiet 

 
NH Group 

 
N=17 

  

HL Group 
 

N=19 
 

 
 
FM WL  

 
FM WL 

Mean 5.71 7.65  4.16 
 
7.58 

SD 2.024 .702  2.267 
 
1.017 

Range 2-8 6-8  0-8 
 
4-8 

 
Noise 

 

 FM 
 
WL  FM WL 

Mean 5.24 7.29  4.05 
 
7.00 

SD 2.195 1.359  2.321 
 
2.082 

Range 2-8 3-8  0-8 
 
0-8 
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Appendix A 

Table 7. Correlation Matrix of Age, Standardized Assessments, Fast Mapping and Word Learning in Quiet and Noise for NH Group 

 1 2 3 4 5 6 7 8 9 10 11 12 

1. Age  --            

2. PPVT  .026 --           

3. EOWPVT  .658**  .360 --          

4. PLS-4  .172 .133 .524* --         

5. QFMP  .614**  .216 .595* -.045 --        

6. QFMI  .717**  -.060 .549* .275 .602* --       

7. NFMP  .830**  .123 .539* -.021 .852**  .669**  --      

8. NFMI  .652**  .285 .455 .181 .395 .425 .610**  --     

9. QWLP  .616**  -.033 .350 .158 .346 .588* .480 .577* --    

10. QWLI  .369 .395 .398 .265 .116 -.122 .211 .666**  .317 --   

11. NWLP  .772**  -.159 .498* .121 .443 .732**  .623**  .570* .856**  .258 --  

12. NWLI  .364 .411 .362 .369 -.016 .374 .107 .290 .572* .116 .482* -- 

**. Correlation is significant at the 0.01 level (2-tailed). 

*. Correlation is significant at the 0.05 level (2-tailed). 
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Appendix A 

Table 8. Correlation Matrix of Age, Standardized Assessments, Fast Mapping and Word Learning in Quiet and Noise for HL Group 
 

 1 2 3 4 5 6 7 8 9 10 11 12 

1. Age  --            

2. PPVT  .294 --           

3. EOWPVT  .235 .549* --          

4. PLS-4  .031 .649**  .821**  --         

5. QFMP  .623**  -.072 .300 .020 --        

6. QFMI  .432 .524* .239 .104 .233 --       

7. NFMP  .349 .154 .218 .033 .441 .163 --      

8. NFMI  .551* .519* .402 .403 .290 .294 .419 --     

9. QWLP  .103 .151 .339 -.036 .087 .498* -.036 -.150 --    

10. QWLI  -.050 .163 .118 .002 .095 .584**  .056 -.108 .579**  --   

11. NWLP  .408 .424 .629**  .425 .288 .408 .550* .684**  .333 .065 --  

12. NWLI  .273 .286 .415 .246 -.023 .141 .306 .287 .420 .026 .590**  -- 

**. Correlation is significant at the 0.01 level (2-tailed). 

*. Correlation is significant at the 0.05 level (2-tailed). 
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Appendix A 

Table 9. Correlation Matrix HL Group and Traditional Hearing Loss Variables 
 1 2 3 4 5 6 7 8 9 10 11 12 

1. ID  --            

2. Fit  .931**  --           

3. Enrolled  .826**  .864**  --          

4. Device  -.526* -.499* -.316 --         

5. QFMP  .112 .259 .015 -.189 --        

6. QFMI  -.049 .000 .084 .209 .233 --       

7. NFMP  .384 .479* .346 -.309 .441 .163 --      

8. NFMI  .295 .296 .363 -.255 .290 .294 .419 --     

9. QWLP  -.263 -.188 -.149 .103 .087 .498* -.036 -.150 --    

10. QWLI  -.388 -.349 -.329 .197 .095 .584**  .056 -.108 .579**  --   

11. NWLP  .204 .238 .254 -.179 .288 .408 .550* .684**  .333 .065 --  

12. NWLI  .182 .189 .219 -.401 -.023 .141 .306 .287 .420 .026 .590**  -- 

**. Correlation is significant at the 0.01 level (2-tailed). 

*. Correlation is significant at the 0.05 level (2-tailed). 
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     Appendix A 

     Table 10. Linear Regression Table of Fast Mapping Production in Noise for NH Group  
 

Model 

Unstandardized 
Coefficients 

Standardized 
Coefficients 

t Sig. B Std. Error Beta 

1 (Constant) .514 1.592  .323 .753 

QFMP .759 .162 .618 4.670 .001 

Age .066 .024 .524 2.719 .022 

EOWPVT -.031 .018 -.227 -1.725 .115 

QFMI .005 .131 .006 .039 .970 

NWLP -.019 .120 -.026 -.155 .880 

NFMI .106 .096 .140 1.106 .295 

 

Note: This model accounted for 86% of the variance in fast mapping production scores in noise for the NH group. Fast mapping 

production in quiet (p < .01) and age (p < .05) are the significant predictors for fast mapping production in noise. 
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Appendix A 

 
Table 11. Linear Regression Table of Fast Mapping Production in Noise for HL Group  
 

Model 

Unstandardized 
Coefficients 

Standardized 
Coefficients 

t Sig. B Std. Error Beta 

1 (Constant) -.319 .353  -.903 .380 

NWLP .185 .078 .462 2.378 .030 

Fit .019 .010 .369 1.900 .076 

 

Note: This model accounted for 36% of the variance in fast mapping production scores in noise for the HL group. Word learning 

production in noise is the only significant predictor for word learning production in noise (p < .05). 
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Appendix A 

Table 12. Linear Regression Table of Word Learning Production in Noise for NH Group  
 

Model 

Unstandardized 
Coefficients 

Standardized 
Coefficients 

t Sig. B Std. Error Beta 

1 (Constant) -1.137 4.907  -.232 .822 

Age .061 .057 .342 1.056 .318 

EOWPVT .007 .040 .037 .176 .864 

NFMP -.116 .369 -.083 -.315 .760 

QFMI .212 .337 .183 .629 .545 

QWLP .581 .218 .608 2.663 .026 

QWLI -.098 .728 -.029 -.135 .896 

NWLI -.102 .317 -.059 -.322 .755 

 

Note: This model accounted for 73% of the variance in word learning production in noise for the NH group. Word learning production 

in quiet is the only significant predictor for word learning production in noise (p < .05). 
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 Appendix A 

Table 13. Linear Regression Table of Word Learning Production in Noise for HL Group  
 

Model 

Unstandardized 
Coefficients 

Standardized 
Coefficients 

t Sig. B Std. Error Beta 

1 (Constant) -3.573 1.755  -2.036 .061 

EOWPVT .029 .022 .223 1.335 .203 

NFMI .528 .153 .564 3.457 .004 

QWLP .239 .163 .245 1.472 .163 

NWLI .242 .171 .232 1.416 .179 

 

Note: This model accounted for 67% of the variance in word learning production in noise for the HL group. Fast mapping production 

in noise is the only significant predictor for word learning production in noise (p < .05) . 
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Appendix B 
 
Figure 1. Mean Production Scores of NH and HL Group at Time 1 and Time 2 in Quiet Condition  
 

 
 
Note: Both groups performed significantly better at Time 2 than Time 1. Results indicated no significant differences  
between the two groups at Time 1 or Time 2 in quiet. Standard errors are reflected by the bars in the figure attached  
to each column. 
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Appendix B 
 
Figure 2. Mean Production Scores of NH and HL Group at Time 1 and Time 2 in Noise Condition 

 
 
Note: Both groups performed significantly better at Time 2 than Time 1.  
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Appendix B 
 
Figure 3. Mean Identification Scores of NH and HL Group at Time 1 and Time 2 in Quiet Condition  
 
 

 
 
Note: Both groups performed significantly better at Time 2 than Time 1. Results indicated significant group differences (NH > HL) (p 
< .05) at Time 1 in quiet.   
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Appendix B 
 
 Figure 4. Mean Identification Scores of NH and HL Group at Time 1 and Time 2 in Noise Condition 
 

 
 
 
Note: Both groups performed significantly better at Time 2 than Time 1. Results indicated significantly group differences (NH > HL) 
(p < .05) at Time 1 in noise.   
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Appendix B 
 
 Figure 5. Fast Mapping Production Scores in Quiet for NH (represented by 0) and HL (represented by 1) Grou

  

Fast Mapping Production Scores in Quiet for NH (represented by 0) and HL (represented by 1) Grou
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Fast Mapping Production Scores in Quiet for NH (represented by 0) and HL (represented by 1) Group



 

Appendix B 
 
Figure 6. Fast Mapping Production Scores in Noise for NH (represented by 0) and HL (represented by 1) GroupFast Mapping Production Scores in Noise for NH (represented by 0) and HL (represented by 1) Group
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Fast Mapping Production Scores in Noise for NH (represented by 0) and HL (represented by 1) Group  
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Figure 7. Word Learning Production Scores in Quiet for NH (represented by 0) and HL (represented by 1) Group Word Learning Production Scores in Quiet for NH (represented by 0) and HL (represented by 1) Group 
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Word Learning Production Scores in Quiet for NH (represented by 0) and HL (represented by 1) Group  



 

Appendix B 
 
Figure 8. Word Learning Production Scores in Noise for NH (represented by 0) and HL (represented by 1) Group 

 

Word Learning Production Scores in Noise for NH (represented by 0) and HL (represented by 1) Group 
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Word Learning Production Scores in Noise for NH (represented by 0) and HL (represented by 1) Group  



 

Appendix B 
 
Figure 9. Time 1 and Time 2 Production Scores in Quiet for All Participants
 

Time 1 and Time 2 Production Scores in Quiet for All Participants 
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Appendix B 
 
Figure 10. Time 1 and Time 2 Production Scores in Noise for All Participants
 

 
 

Time 1 and Time 2 Production Scores in Noise for All Participants 
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Appendix B 
 
Figure 11. Fast Mapping (Time 1) for the NH and HL Groups in Quiet and Noise Conditions 

 
 
While there was no significant difference between the two groups in quiet, the NH group performed significantly better than the HL 
group in fast mapping in noise.  
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Appendix B 
 
Figure 12. Word Learning (Time 2) for the NH and HL Groups in Quiet and Noise Conditions. 
 

 
 
There was no significant between-group difference in word learning scores (Time 2)  
in the quiet or noise condition. 
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Figure 13. Correlation Between Fast Mapping Production Scores in Quiet and Fast 
 

Correlation Between Fast Mapping Production Scores in Quiet and Fast Mapping Production Scores in Noise
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Mapping Production Scores in Noise 
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Figure 14. Correlation Between Word Learning Scores in Quiet and in Noise
 

Correlation Between Word Learning Scores in Quiet and in Noise 
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Appendix B 
 
Figure 15. Mean Production Scores in Quiet at Fast Mapping and Word Learning Time points from Participants in the HL Group with 
Cochlear Implants (CI) and Hearing Aids (HA) 
 

 
 
No significant difference between the CI and HA groups in quiet at Time 1 or Time 2.
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Appendix B 
 
Figure 16. Mean Production Scores in Noise at Fast Mapping and Word Learning Time points from Participants 
in the HL Group with Cochlear Implants (CI) and Hearing Aids (HA) 
 

 
 
 
No significant difference between the CI and HA groups in noise at Time 1 or Time 2.
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Appendix C 
 
Table 1. Script for Word List A 

This is a Repetition Category 
Descriptor 

Function/Action 
Yes, it is a ___ 
This is a ____ Color  Shape 

Finkey 
What is this 

called? 
A finkey is a kind of 

tool. 
Red Tear 

We use a finkey to tighten the fin to the 
board 

What is this 
called again? 

Leash 
What is this 

called? 
A leash is a kind of 

tool. 
Black Long 

We use a leash to make sure that the board 
doesn’t get away 

What is this 
called again? 

Cabletie 
What is this 

called? 
A cabletie is a kind 

of tool. 
Black Round 

We use a cabletie to hold the cords 
together 

What is this 
called again? 

Snorkel 
What is this 

called? 
A snorkel is a kind 

of tool. 
Green Hook 

We use a snorkel to breathe when you are 
under the water 

What is this 
called again? 

Eel 
What is this 

called? 
An eel a kind of 

animal. 
Yellow Thin The eel hides in the rocks 

What is this 
called again? 

Scallop 
What is this 

called? 
A scallop is a kind 

of animal. 
Yellow Round The scallop lies on the ocean floor 

What is this 
called again? 

Manatee 
What is this 

called? 
A manatee is a kind 

of animal. 
Gray Bumpy The manatee swims in the water 

What is this 
called again? 

Piranha 
What is this 

called? 
A piranha is a kind 

of animal. 
Silver Round The piranha bites people 

What is this 
called again? 
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Appendix C 
 
Table 2. Script for Word List B 

 

This is a Repetition Category 
Descriptor 

Function/Action 
Yes, it is a ___ 
This is a ____ Color  Shape 

Buoy 
What is this 

called? 
A buoy is a kind of 

tool. 
Red Square 

We use a buoy to show us where the rocks 
are in the water. 

What is this 
called again? 

Wax 
What is this 

called? 
Wax is a kind of 

tool. 
Red Circle 

We use wax to rub on the top of the board to 
help us stand on it. 

What is this 
called again? 

Scubatank 
What is this 

called? 
A scuba tank is a 

kind of tool. 
Blue Tube 

We use a scuba tank to breathe underwater 
for a long time. 

What is this 
called again? 

Surfsling 
What is this 

called? 
A surfsling is a kind 

of tool. 
Blue Rectangle We use a surfsling to carry our board. 

What is this 
called again? 

Shrimp 
What is this 

called? 
Shrimp is a kind of 

animal. 
Orange Thin A shrimp moves through the water. 

What is this 
called again? 

Terrapin 
What is this 

called? 
A terrapin is a kind 

of animal. 
Green Round A terrapin climbs on the rocks. 

What is this 
called again? 

Halibut 
What is this 

called? 
Halibut is a kind of 

animal. 
White Big A halibut swims in the water 

What is this 
called again? 

Oarfish 
What is this 

called? 
An oarfish is a kind 

of animal. 
White Skinny An oarfish floats on the water. 

What is this 
called again? 


