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Purpose: This systematic review summarizes the evidence for differences in the amount of 25 

language input between children with and without hearing loss (HL). Of interest to this review 26 

is evaluating the associations between language input and language outcomes (receptive, and 27 

expressive) in children with HL in order to enhance insight regarding what oral language input 28 

is associated with good communication outcomes.  29 

Method: A systematic review was conducted using keywords in three electronic databases: 30 

Scopus, PubMed, and Google Scholar. Keywords were related to language input, language 31 

outcomes, and HL. Titles and abstracts were screened independently, and full-text manuscript 32 

meeting inclusion criteria were extracted. An appraisal checklist was used to evaluate the 33 

methodological quality of studies as poor, good, or excellent. 34 

Results: After removing duplicates, 1545 study results were extracted, with 27 eligible for full-35 

text review. After the appraisal, eight studies were included in this systematic review. 36 

Differences in the amount of language input between children with and without HL were noted. 37 

Conversational exchanges, open-ended questions, expansions, recast, and parallel talk were 38 

positively associated with stronger receptive and expressive language scores. The quality of 39 

evidence was not assessed as excellent for any of the included studies.  40 

Conclusions: This systematic review reveals low-level evidence from eight studies that 41 

specific language inputs (amount, style) are optimal for oral language outcomes in children 42 

with HL. Limitations were identified as: sample selection bias, lack of information on control 43 

of confounders and assessment protocols, and limited duration of observation/recordings. 44 

Future research should address these limitations. 45 
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Introduction 50 

 Language input is important to stimulate the brain for functional activation of language 51 

comprehension and expression (Feyten, 1991; Hoff, 2006) and plays a crucial role in social 52 

(Bloom, 1998; Hoff, 2006; Ratner, 1994) and academic achievements (Gilkerson & Richards, 53 

2009; Hart & Risley, 1995). Hearing loss is a major cause of delay in oral language 54 

development (Gravel & O'Gara, 2003; Nelson, Nygren, Walker, & Panscha, 2006). Early 55 

identification of hearing impairment via newborn hearing screening, diagnostic evaluations to 56 

confirm the type and degree of hearing loss, the fitting of appropriate hearing devices (e.g., 57 

hearing aids and cochlear implants), and enrolling children with hearing loss (CwHL) in early 58 

intervention programs during infancy (Bachmann & Arvedson, 1998; Duchesne, Sutton, & 59 

Bergeron, 2009; Moeller, 2000) may reduce the risk of poor communication outcomes in 60 

CwHL. However, there is considerable variability in oral language development in young 61 

CwHL even if they have undergone newborn hearing screening and been fitted early with 62 

hearing devices (Wake at al., 2005; Stika et al., 2015; Tomblin et al., 2014) and parental input 63 

is a factor that importantly determines oral language development. Aural rehabilitation 64 

programs for CwHL provide advice and training to encourage families and caregivers to 65 

engage their children in oral interaction through language input  (Dalzell et al., 2000; Fairgray, 66 

Purdy, & Smart, 2010; Harrison, Roush, & Wallace, 2003; Spivak, Sokol, Auerback, & 67 

Gershkovich, 2009). 68 

Adult-child oral communication is crucial for language development in young children 69 

(Hoff, 2006) because receptive and expressive language skills are developed in day-to-day oral 70 

interactions with primary caregivers and parents (Quittner et al., 2010; Sandall, 2005). Parental 71 

interaction provides a basis for building language abilities in young children with typical 72 

development (Bell, 1979), and the same is expected for CwHL. However, sometimes, parents 73 
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of CwHL use fewer communication exchanges with the belief that their children may not have 74 

the language skills to participate in oral communicational activities (DesJardin et al., 2014). 75 

Parents vary in their quantity of talk based on counts of the number of words and oral 76 

communication exchanges during parent-child oral interactions; these have significant 77 

associations with receptive and expressive language outcomes in typically hearing children 78 

(Gilkerson & Richards, 2009; Hart & Risley, 1995). The children of more talkative parents 79 

showed stronger lexical abilities in comparison to less talkative parents (Hoff & Naigles, 2002; 80 

Hurtado, Marchman, & Fernald, 2008; Huttenlocher & et al., 1991).  81 

Parents also work as communication partners during oral interactions with their 82 

children (Masur, 1982; Masur, Flynn, & Eichorst, 2005; McNally et al., 1991; Olson & Masur, 83 

2011, 2013; Vohr, Topol, Watson, St Pierre, & Tucker, 2014) adjusting their language 84 

behaviors for the child—for example, by portraying excitement in verbal responsiveness, and 85 

being involved in oral interactional activities to drag the child’s attention towards active 86 

participation in the oral communication (DesJardin, 2005). Thus, language exposure does not 87 

only depend on the quantity of adult word exposure but also on the degree to which turn-taking 88 

takes place. 89 

Children’s natural language exposure varies greatly from parent to parent not only in 90 

terms of quantity (Gilkerson & Richards, 2008) but also styles of oral interaction (Suter, 2006) 91 

that are positively linked with stronger oral language development in typically developing 92 

children (Karras & Braungart-Rieker, 2005). While certain styles of oral interaction seem to 93 

be prevalent in parent-child interaction (e.g., labeling, pointing, directive, & close-ended 94 

question), these styles of oral interaction are observed more frequently in CwHL. DesJardin et 95 

al. (2014) reported that mothers of CwHL used lower-level strategies like pointing and labeling 96 

more frequently without trying to use high-level (parallel talk, “Wh” question, expansion, and 97 
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recast), in contrast with the mothers of CwNH. Notably, hearing mothers of CwHL naturally 98 

adjust their language input, compensating for their children’s HL by using more lower-level 99 

strategies like close-ended questions (Lederberg & Everhart, 2000).  100 

While good language is the desired outcome, the measures used to define this outcome 101 

must be commensurate with the child’s development. In this review, where children aged 0-8 102 

years are the target population, language outcomes have been quantified in several ways, 103 

including auditory comprehension and verbal expression (e.g., Zimmerman, 2002), total 104 

language scores (e.g., Gilkerson & Richards, 2009), and the number of child vocalizations (e.g., 105 

McDaniel & Purdy, 2011), measured using age-appropriate tools. 106 

Amount of Language Input 107 

Research conducted in general pediatric populations has demonstrated the 108 

contributions of language input to communication outcomes in children with normal hearing 109 

(CwNH) (Greenwood, Thiemann-Bourque, Walker, Buzhardt, & Gilkerson, 2011; Weisman 110 

& Snow, 2001), For example, Hart and Risley’s highly cited 1995 study showed that the 111 

amount of parental language input in terms of the number of words is associated with child 112 

vocabulary size. Forty-two families and their young children, with ages ranging from 7 to 36 113 

months, were audiotaped for three years. Oral interactions were coded to quantify the amount 114 

of language input and output. The data were derived from three different social classes 115 

(referred to by the authors as welfare class, working class, and professional class). At the age 116 

of 7-9 months, children were exposed to welfare class, 616 words/hour; working class, 1251 117 

words/ hour; professional class, 2152 words/hour and showed vocabulary growth rates at 3 118 

years of age of: welfare class, 550 words; working class, 750 words; and professional class, 119 

1100 words. Thus, there were differences in parental language input and child vocabulary 120 

growth in this study across families differing in socioeconomic status and parental education 121 

– more input was associated with stronger vocabulary growth. This has been replicated in later 122 
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studies such as Huttenlocher et al. (1991), who focused on the frequency of maternal words 123 

and the relationship to vocabulary development in children with typical language 124 

development. There was a linear relationship between the frequency of maternal words and 125 

vocabulary development at several points in time, from 14 to 26 months (r = 0.65, p < 0.01). 126 

Similarly, Hoff and Naigles (2002) found that the number of language input utterances was 127 

significantly correlated with the number of different words types in children’s speech. 128 

Using the LENA® (Language ENvironment Analysis) technology, Zimmerman et al. 129 

(2009) determined the number of adult words (AWs) and conversational turns (CTs), and their 130 

association with PLS-4 score outcomes (Preschool Language Scale, receptive and expressive 131 

language). Cross-sectional regression analysis showed that an increase of 1,000 AWs per day 132 

was associated with a 0.44 increase in PLS-4 total scores, while an increase of 100 CTs per 133 

day was associated with a 1.92 increase in PLS-4 total scores. In a longitudinal analysis that 134 

Zimmerman et al. (2009) conducted with 71 children aged 2 to 48 months, followed over 18 135 

months, CTs were also found to be significantly associated with stronger receptive and 136 

expressive language skills in CwNH.  137 

 It is vital to understand whether hearing parents communicate with their children 138 

differently because of their child’s hearing loss. As mentioned above, there is evidence that 139 

parents adjust their communication styles with the belief that their modified interactional styles 140 

may increase their children’s potential responses during the interaction. The literature on 141 

CwNH suggests that language input greatly influences language outcomes; this information 142 

may help clinicians working with CwHL and their parents/families in early intervention. 143 

However, the consideration of several demographic factors (e.g., number of siblings, 144 

child’s birth order, and parental involvement) is also essential during the analysis of language 145 

input. For example, Bridges and Hoff (2014) have suggested that siblings interacted with each 146 

other more frequently in daily routine than the other family members. It is possible that there 147 
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is an increased amount of language input in those households that have more siblings and other 148 

family members in addition to parents. Child’s birth order is another crucial factor in terms of 149 

the variation in the amount of parental language input; Phillips (1973) found increased maternal 150 

mean length of utterance (MLU) with older children (28-month-olds) compared to younger 151 

CwNH (18-month-olds). Another important factor that may enhance language input is parental 152 

involvement in developing oral language skills in CwHL. According to DesJardin (2005), 153 

highly involved parents were more concerned about the development of oral languasge skills 154 

in their CwHL, and more parental involvement may enhance language input during adult-child 155 

oral interactions. These concerns regarding the potential influence of demographic factors on 156 

language input indicate that it is essential to account for these confounders when examining 157 

the results of research in this area. 158 

Quality of Language Input 159 

The quality of language input refers to a wide range of linguistic characteristics, 160 

including the use of different word types, utterance complexity, and the use of different styles 161 

and techniques to engage children in oral conversation (Hurtado, Marchman, & Fernald, 2008). 162 

These oral language strategies are crucial for enhancing children’s participation in oral 163 

interaction (Girolametto, Weitzman, Wiigs, & Pearce, 1999). A longitudinal study by Rowe 164 

(2012) conducted with 50 typically developing children aged 18, 30, and 42 months to examine 165 

the influence of quality of parental language input on children’s vocabulary development used 166 

videotapes of parent verbal input during parent-child interaction at 18, 30, and 42 months to 167 

analyze the type of interaction. Word types (i.e., different word roots), rare word types (i.e., 168 

list of less common dictionary words/rare vocabulary), explanations, and narrations were 169 

examined to determine associations with children’s vocabulary outcomes. Vocabulary 170 

outcomes were assessed one year later at 30, 42, and 54 months of age using the Peabody 171 

Picture Vocabulary Test (PPVT). There were significant associations between parental use of 172 
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different types of words (30 months of age) and vocabulary outcomes measured 12 months 173 

later (r = .43, p < .01), and the use of rare word types at 30 months of age and vocabulary 174 

scores obtained 12 months later (r = .35, p < .05). Further, parental use of explanations at age 175 

42 months was significantly correlated with vocabulary scores 12 months later (r = .29, p < 176 

.05) and parental use of narrations at age 42 months was also significantly correlated with 177 

vocabulary scores assessed 12 months later (r = .34, p < .05) (Rowe, 2012). Thus, it seems that 178 

the type of words, expansions, and narrations used by parents importantly related to vocabulary 179 

development. Overall, the available evidence suggests that quantity and quality of language 180 

input are positively associated with expressive language outcomes in young children.  181 

Methods to Measure Language during Adult-Child Oral Interactions 182 

Many studies have collected data from short semi-structured observations of mother-183 

child interaction via video or audio recordings to calculate the amount of maternal language 184 

input manually (DesJardin & Eisenberg, 2007; Hoff, 2003; Huttenlocher & et al., 1991). 185 

However, the instructions and settings in these studies (e.g., videotaped book reading) can 186 

create an artificial environment for children and adults. Highly structured situations do not 187 

reflect how parents interact with children on a daily basis (Gardner, 2000). Due to time and 188 

resource limitations, analyses are often restricted to short recordings that may not be the most 189 

representative of natural language input.  190 

Alternatively, a standardized objective measure of language amount such as the 191 

LENA® technology could be used to ensure less disturbance of the natural language context 192 

and requires less time commitment for data analysis when automated coding is used. The 193 

LENA® digital language processor records verbal interactions for up to a 16-hour period, and 194 

the software can estimate the number of AWs, CTs, and the child’s vocalizations for 5-minute, 195 

1-hour, and day-long durations. Traditionally the number of AWs has been used to quantify 196 

language input, but the LENA® also measures CTs, which is a dyadic variable reflecting the 197 
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participation of both the adult and the child. Although CTs include both adult input and child 198 

output, this variable is referred to as a language input variable in the current review, consistent 199 

with earlier LENA® studies. The inter-rater reliability and consistency of the LENA® tool have 200 

been reported for English (Xu & Gray, 2009; Zimmerman et al., 2009), Spanish (Weisleder & 201 

Fernald, 2013), and French (Canault et al., 2016) speaking children. These studies achieved 202 

82% inter-rater reliability for coding of adult speech (AWs) and 73-76% for child speech (CVs) 203 

when manual coding by a human transcriber and LENA® coding were compared. 204 

LENA® reliability has been questioned, however, by Busch, Sangen, Vanpoucke, and 205 

Wieringen (2018) who conducted a study of six Dutch-speaking 2-5-years old normal hearing 206 

children in which they obtained eight full-day LENA® audio recordings to determine the 207 

reliability of the LENA® automatic calculations. These researchers found mean differences 208 

between manual counts and LENA® automatic estimates of number of AWs (LENA® counts, 209 

M = 228.5, SD = 231.7; manual counts, M = 284.4, SD = 253.7), CTs (LENA® counts, M = 8.4, 210 

SD = 7; manual counts, M = 22.9, SD = 21.9). In general, LENA® calculations were fewer than 211 

manual counts, with the greatest under-estimation for CTs. 212 

LENA® is more efficient than collecting interactions in the traditional way which used 213 

short recordings in non-naturalistic settings to evaluate language input in the naturalistic 214 

environment (e.g., at home), but accuracy is best for AWs and poorest for CTs. Also, LENA® 215 

can only record and analyze oral linguistic input and does not capture gestures and body 216 

language that play an integral role in everyday communication activities. Unlike human raters, 217 

LENA® software cannot undertake intensive analyses regarding the quality and style of 218 

interaction during conversational exchanges. 219 

The Current Study 220 

A previous systematic review has examined parent-infant interactions and children’s 221 

language development from birth to 3 years without focusing on CwHL (Topping et al., 2013). 222 
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Sixty studies with good methodological quality evidence were included in this review from 223 

different disciplines based on a search of nine databases. Results from seven strong and three 224 

moderate methodological quality studies suggested that parental interaction during playing, 225 

picture description, and other educational activities enhance language skills during childhood. 226 

None of the previous studies in Topping et al.’s review summarized the evidence related to the 227 

group differences in the amount of naturalistic language input, and the association between the 228 

styles of oral interaction and language outcomes in CwHL. The current systematic review has 229 

three foci, examining evidence in regards to (1) group differences between CwHL and CwNH 230 

based on specific variables used in the literature to quantify language input (number of adult 231 

words and conversational turns), including studies using both manual and LENA® calculations; 232 

(2) statistically significant association between the amount of language input (e.g., number of 233 

adult words, number of conversational turns, and the different styles of oral interaction), and 234 

language outcomes (e.g., number of child’s vocalisations, receptive and expressive language 235 

scores) in CwHL; and (3) statistically significant association between the child’s oral language 236 

environment and language outcomes in CwHL. The current review not only summarizes 237 

findings from previous literature but also assesses the methodological quality (e.g., study 238 

design, data collection process, measurement tools),  to determine whether the evidence is 239 

trustworthy and also to help researchers to consider how future research could be done to 240 

improve the level of evidence.  241 

 This review considered all studies conducted over a ten-year period examining the 242 

automatic calculation of a number of adult words, conversational turns, and child vocalizations 243 

for CwHL. Studies for the amount and style of oral interaction and their association with 244 

language outcomes relative to aged-matched CwNH published during the past ten years (2006 245 

to July 2016) were reviewed. The implementation of universal hearing screening in many 246 

developed countries and hearing device technological advancements have dramatically 247 
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changed the language outcomes of CwHL and thus research findings from the past ten years 248 

provide more relevant information compared to older studies. 249 

The review addresses three research questions: (1) Are there significant differences in 250 

the amount of language input (AWs, CTs) between CwHL and CwNH groups? (2) Is there a 251 

statistically significant association between the amount of adult oral language input and 252 

language outcomes in CwHL? (3) Is there a statistically significant association between the 253 

styles of adult oral interaction and language outcomes in CwHL?  254 

Method 255 

The current systematic review considered peer-reviewed journal articles published in 256 

English from 2006 to July 2016. The search procedure followed the five phases of the PRISMA 257 

(Preferred Reporting Items for Systematic Reviews and Meta-Analyses) guidelines: 258 

identification, screening, eligibility, inclusion, and analysis (Moher, Liberati, Tetzlaff, & 259 

Altman, 2009). The current systematic review was performed by three researchers (authors of 260 

the review). Inclusion criteria were established with the 100% mutual consensus of three 261 

reviewers. The title and abstract were reviewed by two reviewers (authors 1 and 2) 262 

independently during phase 1 and 2. Before and during the eligibility review period (phase 3), 263 

face-to-face meetings were held to reach consensus about study selection criteria and to 264 

determine which studies should be included and excluded. Author 1 and author 3 analyzed 265 

studies independently for phase 4 (inclusion) and 5 (analysis). The decision regarding the 266 

inclusion of a full-text article was made after discussion during an organized face-to-face 267 

meeting between authors 1 and 3. To reduce the chances of subjective biases affecting 268 

judgments, both authors (1 & 3) independently reviewed the included studies. The final 269 

selected studies were discussed between three reviewers and discrepancies were resolved by 270 

100% mutual consensus.  271 

Phase 1: Identification 272 
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Three online databases (e.g., Scopus. PubMed, and Google Scholar) were used to 273 

retrieve relevant articles for this systematic review. The following keywords were used to 274 

search for relevant studies for the review: [(language input) OR (linguistic input) OR (Adult-275 

child interaction) OR (Adult-child conversation) OR (Caregiver-child interaction) OR 276 

(Quantity of language input) OR (Quantity of natural language input) OR (amount of language 277 

input) OR (amount of natural language input) OR (Quality of language input) OR (Quality of 278 

natural language input) OR (Facilitative language techniques) OR (Language strategies) OR 279 

(Linguistic style)] AND [(Language development) OR (Language skills) OR (Language 280 

acquisition)] AND [(Hearing impairment) OR (Children with hearing loss) OR (Hard of 281 

hearing) OR (Children with hard of hearing) OR (Deaf children)]. The Boolean operators “OR” 282 

and “AND” were used along with keywords when searching databases. The terms 283 

amount/quantity and style/quality are not necessarily equivalent, however, they were included 284 

in the search in order to capture a range of studies examining language input. 285 

Phase 2: Screening 286 

Three sequential steps were followed for the screening phase: a) duplication removal, 287 

b) title screening and c) abstract screening. Title and abstract screening were based on three 288 

factors: language input, language outcomes, and CwHL. To be considered for inclusion, studies 289 

were required to have at least two of these factors in the title or the abstract.  290 

Phase 3: Eligibility 291 

              To complete the eligibility phase, papers were required to measure language input and 292 

language outcomes in CwHL. The eligibility assessment procedure was similar to the screening 293 

procedure but more in-depth. All studies that included children with additional disabilities and 294 

did not distinguish those CwHL also were excluded. Studies examining language input with 295 

older children (above 8 years of age) were excluded. Studies that measured language input only 296 

by fathers, therapists, teachers, and peers were excluded. Studies published in languages other 297 
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than English were also excluded at this phase. These inclusion and exclusion criteria were used 298 

to narrow the search for studies to minimize participant and study design variability that would 299 

reduce the reliability of findings. The focus on children up to 8 years of age recognizes the 300 

importance of parental input in early language development at preschool and early school age. 301 

Phase 4: Inclusion 302 

In phase 4, the final inclusion criteria specified only those studies that focused on 303 

language input variables in terms of the number of AWs, the number of CTs, and the style of 304 

oral interactions specified as: questions, expansions, recasts, imitations, directives, labels, 305 

linguistic mapping, and/or parallel talk, etc. Additionally, included papers were also required 306 

to report the associations between language input and language outcomes. Finally, the 307 

references included in identified articles were hand searched and did not identify additional 308 

relevant articles. Commentaries, opinion-based articles, non-peer-reviewed articles, articles 309 

published in peer-reviewed magazines, poster presentations, unpublished dissertations, and 310 

short letters were excluded.  311 

Phase 5: Analysis 312 

For the final phase of analysis, eight full-length published articles were selected and 313 

sub-categorized into two groups. Category (1) focused on the amount of oral language input, 314 

while category (2) studied the style of oral interaction.   315 

Appraisal of Methodological Quality 316 

The eight included studies were evaluated for their methodological quality and the level 317 

of evidence based on the research design. The critical appraisal tool for cross-sectional studies 318 

(CAT-CSS) prepared by Mohamed, Ahmed, and Soliman (2017) was used to evaluate the 319 

methodological quality of the reviewed studies. Mohamed et al. (2017) reported the content 320 

validity of the scale as 93.3% and internal consistency as 0.76-0.97. Only section 2 (study 321 

validity) of this checklist was used for detailed critical analysis. Section 2 contains eight sub-322 
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sections, with a total of 50 items used to determine whether the study met the criteria. A rubric 323 

evaluation included in Mohamed et al.’s (2017) study (see Table, Supplemental Digital Content 324 

1) was used to assess the overall quality of each study. For each criterion met, a score of “1” 325 

was assigned when the information was clearly stated in the reviewed studies, according to the 326 

questions mentioned in each item of the checklist. The total score for each sub-section was 327 

calculated to determine its quality as “poor,” “good,” or “excellent,” using the pre-set scoring 328 

criteria, which was based on the total percentage of evaluated items meeting the criteria. Biases 329 

in the rating of the quality of reviewed studies during the appraisal process are possible. To 330 

minimize the potential effect of biases, the CAT-CSS was used by two independent appraisers 331 

to rate the quality of each study. The few discrepancies were noted in quality ratings of 332 

introduction and discussion sections; these were resolved with 100% agreement between two 333 

appraisers.  334 

After the three quality parameters were assigned to the individual studies, levels of 335 

evidence were determined (American Speech-Language-Hearing Association, 2004). The 336 

American Speech-Language-Hearing Association (ASHA) evidence levels have been used in 337 

earlier systematic reviews to examine the efficacy of using auditory-verbal therapy to facilitate 338 

the language development of CwHL (Kaipa & Danser, 2016) and treatment intensity for speech 339 

disorders (Kaipa & Peterson, 2016). According to ASHA (2004), a well-designed meta-340 

analysis of >1 randomized-controlled trial (RCT) is rated at an evidence level of 1a; a well-341 

designed RCT is assigned evidence level 1b; level 2a refers to well-established, controlled 342 

studies without randomization; well-designed quasi-experimental studies are referred to as 343 

level 2b; well-formed, non-experimental studies, including correlation and case studies, are 344 

considered to have an evidence level of 3; and finally level 4 is assigned to expert committee 345 

reports, consensus conferences, and clinical experiences of respected authorities (Kaipa & 346 

Danser, 2016; Kaipa & Peterson, 2016). 347 
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Results 348 

Figure 1 displays a hierarchical representation of the articles selected according to the 349 

inclusion and exclusion criteria based on the PRISMA guidelines (Moher et al., 2009). The 350 

database search yielded a total of 1,665 articles, from Scopus (n = 468), PubMed (n = 664), 351 

and Google Scholar (n = 533) (phase 1, identification). From the initial screening, 122 papers 352 

were eliminated due to replication across databases. After the review of titles and abstracts, 353 

other 1,455 articles were excluded as non-relevant. The remaining 88 papers were retrieved for 354 

further evaluation (phase 2, screening). Sixty-one articles were excluded because they did not 355 

meet the eligibility criteria. Eventually, 27 studies were selected for evaluation in phase 3 356 

(eligibility). Based on the inclusion criteria of the three research questions, ten more studies 357 

were excluded. A final nine studies were then excluded because they did not meet the peer 358 

review requirements (phase 4, inclusion).  359 

In total, eight full-text articles were included in this systematic review and categorized 360 

into the two subcategories. Five articles were grouped under category (1), “amount of oral 361 

language input” (Ambrose, VanDam, & Moeller, 2014; Aragon & Yoshinaga-Itano, 2012; 362 

McDaniel & Purdy, 2011; VanDam, Ambrose, Moeller, 2012; Vohr et al., 2014) two articles 363 

were grouped under category (2), “style of oral interaction” (DesJardin & Eisenberg, 2007; 364 

Cruz, Quittner, Marker, & DesJardin, 2013), and one article was categorized as both (1) and 365 

(2) “amount and style of oral interaction” (Ambrose, Walker, Unflat-Berry, Oleson, & Moeller, 366 

2015). The analysis yielded five cross-sectional, two longitudinal, and one cross-sectional and 367 

longitudinal mix study designs (phase 5, analysis). The search procedure is illustrated in Figure 368 

1. 369 

Classification of Methodological Quality and Level of Evidence 370 

The quality of studies was assessed using a CAT-CSS rubric (Mohamed et al., 2017). 371 

Based on total methodological quality scores, five studies (Ambrose et al., 2015,2014; Cruz et 372 
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al., 2013; DesJardin & Eisenberg, 2007; VanDam et al., 2012) were classified as good quality, 373 

achieving scores of 50% or higher. All included studies were found to be at evidence level 3 374 

(ASHA, 2004) (see Table, Supplement Digital Content 1).  375 

Critique of Method and Procedure of the Studies 376 

The search yielded eight articles examining the amount and styles of oral interaction 377 

(see Table 2). Synthesis of these studies’ findings will be used to explore factors associated 378 

with the development of age-appropriate language in CwHL. The body of included evidence 379 

had limitations in the following specific areas: sample size, sample selection, duration of 380 

observations, measurement tools, effect sizes, effects of confounding variables, and lack of 381 

analysis regarding the influence of audiological variables.  382 

Sample Size  383 

One study involved only eight CwHL (McDaniel & Purdy 2011), and one study 384 

involved 24 English CwHL and 10 Spanish CwHL (Aragon & Yoshinaga-Itano 2012), 385 

comparing results to the LENA® normative sample. Two studies involved 28-32 CwHL 386 

(Ambrose et al. 2014; DesJardin & Eisenberg 2007), and one study (Cruz et al., 2013) had a 387 

larger sample size 93 CwHL without a comparison group of CwNH. Two studies involved 22-388 

23 CwHL with a comparison group of 8-41 CwNH (VanDam et al., 2012; Vohr et al. 2014). 389 

One longitudinal study had 71-85 CwHL, and 18-41 CwNH tested at two different time points 390 

(18 months and 3 years) (Ambrose et al., 2015). No study included a justification of sample 391 

size or comments about the representativeness of the sample. Due to the small sample sizes of 392 

CwHL, it is difficult to determine whether the results can be generalized to the target population 393 

of CwHL. Consequently, there may not be sufficient statistical power, and the results may not 394 

be reliable for accurate interpretation and application in clinical situations. 395 

Sample Selection 396 
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None of the included studies described the sampling technique for the recruitment of 397 

potential participants. It is unclear whether the researchers were directly involved or blinded 398 

during participant recruitment or data collection. There was no indication of how the researcher 399 

or participant bias was prevented during the study. Three studies (Aragon & Yoshinaga-Itano 400 

2012; Ambrose et al. 2014; VanDam et al. 2012) did not provide enough information about 401 

their population. Only one study (Vohr et al., 2014) described the method of sample selection 402 

clearly, with inclusion and exclusion criteria for the matched groups. Many studies did not 403 

report the child’s birth order.  404 

Duration of Observation  405 

Amongst studies analyzing qualitative language input, two studies (Ambrose et al., 406 

2015; Cruz et al., 2013) used audio and video recordings for direct observation of mother-child 407 

interactions for periods of 5-10 minutes during structured activities, on only one or two 408 

occasions. Analyses of data based on recordings over short time periods may not be 409 

representative and could be an unreliable measure of everyday interactions due to the adult 410 

participant’s awareness of the recording, which can influence oral interactions. Only one study 411 

used the videotape approach over multiple videotaped interactions (DesJardin & Eisenberg, 412 

2007); the use of multiple recording samples should improve result validity but be rarely done.  413 

Five studies used LENA® recordings in natural settings, allowing automatic analysis of 414 

language input based on all adults interacting with the child throughout the day (Ambrose et 415 

al., 2014; Aragon & Yoshinaga-Itano, 2012; McDaniel & Purdy, 2011; VanDam et al., 2012; 416 

Vohr et al., 2014).  417 

There are variations in the number of days for recordings across LENA® studies. Three 418 

studies (Aragon & Yoshinaga-Itano, 2012; VanDam et al., 2012; Vohr et al., 2014) considered 419 

only one full day of LENA® recordings in natural situations. The other two LENA® studies 420 

included three to six days of recordings (Ambrose et al., 2014; McDaniel & Purdy, 2011). Only 421 
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one study (McDaniel & Purdy, 2011) justified the selection of recording over several days as 422 

ensuring that the data reflected the variety of language input that children were exposed to 423 

naturally. Consideration of information regarding the observed time is important to guide 424 

future empirical research in this domain. This will assist in determining the stability of 425 

measures such as language input in everyday interaction.  426 

Language Assessment Tools and Reliability  427 

 Significant associations between adult input and language outcomes were examined in 428 

six studies (Ambrose et al., 2014; Cruz et al. 2013; DesJardin & Eisenberg 2007; McDaniel & 429 

Purdy 2011; VanDam et al. 2012; Vohr et al. 2014). Three studies (Cruz et al., 2013; DesJardin 430 

& Eisenberg, 2007; Vohr et al., 2014) used the Reynell Developmental Language Scales, 3rd 431 

Edition (RDLS-3), which has reported test-retest reliability (comprehension 0.96; expressive 432 

language 0.97) but content validity is not reported (Edwards et al. 1990). This test should be 433 

administered by a trained speech and language therapist (SLT). Out of three studies, only one 434 

(Cruz et al., 2013) reported that assessments were done by a qualified SLT, as per the test 435 

administration protocol of RDLS-3. One study (McDaniel & Purdy, 2011) used the Pre-School 436 

Language Scale, 4th edition (PLS-4), administered by an SLT, which also has good reported 437 

test-retest reliability (0.90-0.97) and content validity (0.82) (Zimmerman et al., 2002). The 438 

PLS-4 can be used by SLTs, special educators, and researchers. Two studies (Ambrose et al., 439 

2014; VanDam et al., 2012) used the Mullen Scales of Early Learning, which has strong test-440 

retest reliability (0.85-0.96) and low-moderate content validity (no statistics) (Mullen, 1995). 441 

Ambrose et al. (2014) also used the Comprehensive Assessment of Spoken Language, with a 442 

reported moderate-good test-retest reliability (0.65-0.90), but content validity is not reported 443 

(Carrol-Woolfolk, 1999). The Mullen Scales of Early Learning combines clinician-elicited and 444 

parent-reported items (Mullen, 1995); the Comprehensive Assessment of Spoken Language 445 

should only be administered and interpreted by qualified SLTs. Ambrose et al. (2014) and 446 
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VanDam et al. (2012) did not provide any information regarding the test administrator/s. The 447 

use of different outcome measures across studies makes comparison less straightforward. 448 

Effect Sizes 449 

Information regarding effect sizes is widely acknowledged to broaden insight into the 450 

clinical implications of results. However, only one study (Ambrose et al., 2015) reported effect 451 

sizes. This study found significant differences in caregiver’s input between CwHL and CwNH, 452 

with mostly medium effect sizes. Caregivers of CwHL spoke less to their children at age 18 453 

months (i.e., fewer total words) when compared to CwNH of the same chronological age.  454 

The calculation of effect sizes for the difference in the amount of language input (AWs, 455 

and CTs) between CwHL and CwNH using an online calculator for Cohen’s d was possible 456 

for only two included studies (VanDam et al., 2012; Vohr et al., 2014) due to incomplete 457 

information on descriptive statistics in other two studies (Aragon & Yoshinaga, 2012; 458 

McDaniel & Purdy, 2011). One study (VanDam et al., 2012) showed a medium effect size (d 459 

= 0.41, p = .52) for the differences in AWs/hr between CwHL and CwNH, and a small effect 460 

size (d = 0.29, p = .51) for CTs/hr. One study by Vohr et al. (2014) showed small effect size (d 461 

= 0.10, p = .526) for the differences in AWs/hr, and small effect size (d = 0.29, p = .511) for 462 

CTs/hr between CwHL and CwNH.  463 

Control of Confounding Variables 464 

Participant recruitment was not blinded in any of the reviewed studies. Blinding is 465 

possible by having the institution’s or clinic’s head or another independent person approach 466 

potential participant and obtain consents without direct interaction with researchers at this 467 

stage. The lack of blinding could lead to a strong self-selection influence, as more engaged 468 

families and children with better outcomes may be more likely to be enrolled. Effects of 469 

confounding variables such as family and child characteristics were generally not controlled 470 

for. Several demographic and family environment confounders associated with language 471 
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outcomes have been identified in other research, such as a number of siblings, birth order, and 472 

parental involvement (Berglund et al., 2005; DesJardin, 2005; Gilkerson & Richards, 2009; 473 

Hoff, 1998). Four studies (Ambrose et al., 2015; Aragon & Yoshinaga-Itano, 2012; VanDam 474 

et al., 2012; Vohr et al., 2014) compared language input between CwHL and CwNH without a 475 

description of these factors. However, one included study did not provide information on the 476 

severity of hearing loss (Aragon & Yoshinaga-Itano, 2012). Two studies did not mention the 477 

mode of communication used with the children during interaction (Ambrose et al., 2015; 478 

Aragon & Yoshinaga-Itano, 2012). Four studies did not indicate the age of identification of 479 

hearing loss (Ambrose et al., 2015, 2014; Aragon & Yoshinaga-Itano, 2012; Vohr et al., 2014). 480 

One study did not consider the type of hearing device (Aragon & Yoshinaga-Itano, 2012). Only 481 

two studies provided information regarding the type and intensity of therapeutic interventions 482 

(DesJardin & Eisenberg, 2007; McDaniel & Purdy 2011). Due to incomplete demographic 483 

information, it was difficult to infer how these studies control the possible effect of these 484 

variables on obtained results. 485 

Consideration of Audiological Factors  486 

 Audiological factors (i.e., severity of children’s hearing loss, age of hearing loss 487 

identification), preferred communication mode (oral or/and sign), use of hearing devices, type 488 

of hearing devices used (cochlear implant or/and hearing aid), the age at fitting of devices, 489 

length of device use importantly  influence the amount of language input and thus language 490 

outcomes (Moeller & Tomblin, 2015). Only a few included studies provided additional 491 

information on the analysis of possible audiological factors that affect language input and 492 

outcomes in CwHL.  McDenial & Purdy (2011) failed to find a significant relationship between 493 

CTs/hr as language input, and a number of weeks engaged in auditory verbal therapy. However, 494 

they reported a higher number of CTs for those children who spent more time in auditory verbal 495 

therapy. Vohr et al. (2014) also supported McDaniel’s report indicating a trend for CTs/hr to 496 
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be higher for those CwHL who was involved in early intervention for more than three months 497 

than those who were involved less. VanDam et al. (2012) concluded that audibility (speech 498 

intelligibility index) might influence the amount of language input (AWs, CTs) and in turn, 499 

more exposure to language input that enhanced language output was likely to be associated 500 

with better speech intelligibility in CwHL.  501 

Differences in the Amount of Language Input between CwHL and CwNH 502 

Table 3 compares the amount of language input (i.e., AWs, CTs) between CwHL and 503 

CwNH. No significant difference in the number of AWs as a form of language input was found 504 

between CwHL and CwNH. However, studies comparing CTs between CwHL and CwNH 505 

show variable results.   506 

Adult Words 507 

Five studies (Ambrose et al., 2015; Aragon & Yoshinaga-Itano, 2012; McDaniel & 508 

Purdy, 2011; VanDam et al., 2012; Vohr et al., 2014) compared total number of adult words 509 

(AWs) during the observation period between CwHL and CwNH (age-matched control group 510 

or LENA® normative data). Only one of these studies used audio-recordings of structured 511 

interactions with a caregiver rather than the LENA® technology to examine AWs (Ambrose et 512 

al., 2015). There is considerable variation in the calculated number of AWs within and across 513 

studies. Two studies (McDaniel & Purdy, 2011; Vohr et al., 2014) described an increased 514 

number of AWs in CwHL relative to CwNH. All eight participants in McDaniel and Purdy’s 515 

(2011) study had daily average AW rates above the LENA® norm. Vohr et al. (2014) included 516 

an age-matched control group, finding that AWs tended to be higher (range 659-2460, M 517 

=1416, SD = 486, n = 23) in the CwHL than in the controls (range 396-3114, M = 1358, SD = 518 

625, n = 41) but this difference was not significant (p = .071). Similarly, another study (Aragon 519 

& Yoshinaga-Itano, 2012) compared CwHL to the LENA® norms for 2-36-month olds, finding 520 

increased AWs (range 5,292-42,536; Mdn = 12,297; M = 17,605) in native English-speaking 521 
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CwHL when compared with the normative range of 6,003-29,428 AWs (Mdn = 12,297). This 522 

study also reported the number of AWs for Spanish-speaking CwHL (range 4,081-23,382; M 523 

= 13,914; Mdn = 14,062) and compared these results to a control group of typically developing 524 

Spanish-speaking children (range 4,812-14,790; M = 8,796; Mdn = 7,422). Aragon and 525 

Yoshinaga-Itano (2012) did not compare groups statistically but did express concern over the 526 

narrow range of AWs for typically developing children from Spanish-speaking homes, 527 

highlighting the need for future studies to account for families’ linguistic and cultural 528 

backgrounds. 529 

One study (Ambrose et al., 2015) compared the total number of caregivers’ (79% 530 

mothers, 13% fathers, 1% grandmothers) words across CwHL and CwNH (age-matched 531 

control group) at two time points, 18 months and 3 years. Results showed lower numbers of 532 

AWs for CwHL (M = 320.9) than CwNH (M = 364.9) at 18 months and also at 3 years (MCwHL 533 

= 383.1; MCwNH = 433.8). This difference was not significant at 18 months (p = .018) but was 534 

significant at 3 years (p = .010). VanDam et al. (2012) reported equal number of AWs (p = 535 

.526) for CwHL and an age-matched control group of CwNH, for children aged 24-36 months.  536 

Conversational Turns 537 

Four studies (Aragon & Yoshinaga-Itano, 2012; McDaniel & Purdy, 2011; VanDam et 538 

al., 2012; Vohr et al., 2014) compared the total number of adult-child CTs between CwHL and 539 

CwNH (age-matched control group or LENA® normative data). Overall, CTs appeared to be 540 

higher for CwHL compared with CwNH; however, there was also some individual variability. 541 

In McDaniel and Purdy’s (2011) study, all eight children had AWs above the LENA® norms, 542 

but CTs varied. For two out of three participants with receptive language scores below the 543 

norm, CTs were also below the norm. The other five participants with typical or above average 544 

receptive language scores all had CTs at or above the norm.  545 
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Aragon and Yoshinaga-Itano (2012) found higher CTs in CwHL (M = 644) compared 546 

to LENA® normative data (M = 462) for 2-36-month-old children. While LENA® software 547 

provides normative descriptive statistics (mean, standard deviation, and percentile rank) for 548 

age matched 2-48-month-old children’s AWs and CTs. Similar results were found by Vohr et 549 

al. (2014), comparing CTs (range 22-126, M = 55, SD = 24) for CwHL to CwNH (range 3-97, 550 

M = 48, SD = 23) for six- to eight-year-olds (seven years on average), but this difference was 551 

not significant (p = .26). In both studies, CT measures are based on one day of LENA® 552 

recording, for 12 (Vohr et al., 2014) or 12-16 hours (Aragon & Yoshinaga-Itano, 2012). 553 

Variability in the results could reflect age differences across participant groups. Also using 554 

one-day LENA® recordings, VanDam et al. (2012) reported fewer CTs in CwHL when 555 

compared to age-matched controls for children age with age range 24-36 months (MCwHL = 61, 556 

SDCwHL =17; Mcontrol group = 66, SDcontrol group = 17; p = .51).  557 

Association between Amount of Language Input and Language Outcomes 558 

Table 4 illustrates the association between language input (i.e., AWs and CTs) and 559 

outcomes in terms of a number of child’s vocalisations, and receptive and expressive language 560 

scores. In total, four studies (Ambrose et al., 2014, 2015; McDaniel & Purdy, 2011; VanDam 561 

et al., 2012) were identified as examining associations between the quantity of input (number 562 

of AWs) and language outcomes (receptive language, expressive language). None of the 563 

included studies examined the association between a number of adult words and child 564 

vocalisations. Ambrose et al. (2014) reported non-significant associations between a high rate 565 

of AWs and total receptive language scores using the Mullen Scales of Early Learning (r = 566 

0.339, p > .05), and total expressive language scores (r = 0.138, p > .05). Ambrose et al. (2015) 567 

examined the association between quantity of language input (i.e., number of total words, 568 

number of total utterances) at 18 months and language outcomes at three years of age. The 569 

regression model for quantity of caregiver talk was not significant (R2 = 0.09, p = .24). VanDam 570 
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et al. (2012) found no association between AWs and total receptive language scores using the 571 

Mullen Scales of Early Learning (p > .05). Similar results were obtained by McDaniel and 572 

Purdy (2011), who were also unable to detect associations between higher rates of AWs and 573 

stronger PLS-4 receptive (Rs = 0.71, p > .05) or expressive (Rs = 0.27, p > .05) total scores.  574 

Four studies included in the review (Ambrose et al., 2014; McDaniel & Purdy, 2011; 575 

VanDam et al., 2012; Vohr et al., 2014) analysed the number of CTs and other language 576 

outcomes (number of children’s vocalisations, receptive and expressive language scores). 577 

McDaniel and Purdy (2011) found a positive association between number of CTs and 578 

children’s vocalisation (Rs =1.0, p < .05), which is expected, but found no expected correlations 579 

between CTs and PLS-4 receptive (Rs = 0.35, p > .05) or expressive (Rs = 0.00, p > .05) scores. 580 

Three studies (Ambrose et al., 2014; Vohr et al., 2014; VanDam et al., 2012) found significant 581 

correlations between CTs and language abilities, measured using standardized tests. Ambrose 582 

et al. (2014) used the Mullen Scales of Early Learning to test two-year-olds and the 583 

Comprehensive Assessment of Spoken Language to test three-year-olds, finding significant 584 

correlations between CTs and language outcomes based on the receptive scores using the 585 

Mullen Scales of Early Learning (r = 0.61, p < .01), total expressive scores (r = 0.45, p < .05), 586 

and the Comprehensive Assessment of Spoken Language total scores (r = 0.45, p < .05). Vohr 587 

et al. (2014) found that higher rates of CTs were associated with stronger RDL-3 receptive (r 588 

= 0.35, p = .03), expressive (r = 0.89, p = .02), and total language scores. VanDam et al. (2012) 589 

also reported significant correlations between CTs and receptive language outcomes for two-590 

year-olds tested with the Mullen Scales of Early Learning (r = 0.62, p < .01). Generally, higher 591 

rates of CTs, indicating that children who are engaged by their parents in conversational 592 

exchange, have better language outcomes (see Table 4). Although an increased number of AWs 593 

and CTs may not capture well the construct of language input, they are nonetheless an 594 

important consideration for enhancing language outcomes. Equally, one could argue that CTs 595 



25 

are more important to consider for oral language development compared to AWs as previous 596 

research has shown that CTs are based on joint attention (Tamasello, 1999; Vanniarajan, 2000) 597 

and social interactions (Chapman, 2000), which play a crucial role in promoting oral language 598 

skills in typically hearing children. Hence, the first step towards increasing the amount of 599 

language input is to increase CTs, not just AWs as increased CTs showed stronger a correlation 600 

with oral language development in CwHL.  601 

Association between Style of Oral Interaction and Language Outcomes 602 

Table 5 illustrates the association between the style of oral interaction and language 603 

outcomes in CwHL.  604 

Three studies (DesJardin & Eisenberg, 2007; Cruz et al., 2013; Ambrose et al., 2015) 605 

measured associations between different linguistic styles and language outcomes. DesJardin 606 

and Eisenberg (2007) calculated proportional scores for “facilitative language techniques” 607 

based on transcriptions of structured videotaped interactions; they found negative associations 608 

between three different linguistic styles (linguistic mapping, labeling, directives) and RDLS-3 609 

receptive and expressive language scores. A higher proportion of linguistic mapping was 610 

associated with poorer receptive (r = -0.50, p < .01) and expressive (r = -0.42, p < .05) language 611 

scores. Labeling were also negatively associated with receptive (r = -0.44, p < .05) and 612 

expressive (r = -0.45, p < .05) language. The use of directives was likewise negatively 613 

associated with receptive (r = -0.58, p < .01) and expressive (r = -0.49, p < .05) language. 614 

Positive results were found for recasts and open-ended questions. The proportion of recasts 615 

was associated with stronger language comprehension (r = 0.47, p < .01), while proportion of 616 

open-ended questions was positively associated with expressive language (r = 0.51, p < .01).  617 

A longitudinal study by Cruz et al. (2013), which also examined videotaped 618 

interactions, divided verbal input style into “high-level” and “low-level” facilitative language 619 

techniques and used latent growth curve modeling to examine associations between facilitative 620 
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language techniques and language outcomes at three-time points while controlling for 621 

socioeconomic status. This study has the largest sample size (n = 93) and is the only study 622 

included in this review that controlled for socioeconomic status. At 12, 24, and 36 months, 623 

low-level facilitative language techniques (linguistic mapping, comments, imitation, labeling, 624 

directives, and close-ended question) were not associated with receptive or expressive language 625 

skills. The use of high-level facilitative language techniques (parallel talk, open-ended 626 

questions, expansion, and recast) was positively associated with both receptive and expressive 627 

language scores. Another study by Ambrose et al. (2015) with a relatively large data set (n = 628 

156 CwHL, n = 59 CwNH), reported a longitudinal analysis of caregivers’ language input 629 

(quality variables: numbers of different words, mean length of utterance in morphemes 630 

(MLUm), proportion of directing, and high-level eliciting). This study found a significant 631 

negative contribution of ‘directing’, with unique variance, to the Comprehensive Assessment 632 

of Spoken Language scores at age 3 years. A high proportion of directing (e.g., “Look right 633 

here,” “No, don’t touch that,” “Count the bugs,” and “Say elephant”) at 18 months was 634 

negatively associated with CwHL’s language scores using the Comprehensive Assessment of 635 

Spoken Language at age 3 years (r= -0.41, p = .03). Thus, CwHL exposed to more directing 636 

utterances at 18 months had weaker language skills at three years of age than those who were 637 

exposed to a lower proportion of directing at 18 months of age. The other three examined 638 

variables did not show a significant contribution (i.e., number of different words: β = −0.20, p 639 

= .32; MLUm: β = 0.39, p = .06; High-Level: β = −0.24, p = .18). Overall, CwHL were 640 

significantly delayed in their auditory comprehension and use of verbal language compared to 641 

CwNH.  642 

Discussion 643 

The current study was designed to review the evidence of findings concerning three 644 

research questions, in addition to the assessment of the methodological quality of the included 645 
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studies. The three research questions were as follows: (1) Are there significant differences in 646 

the amount of language input between CwHL and CwNH groups? (2) Is there a statistically 647 

significant association between the amount of adult oral language input and language outcomes 648 

in CwHL? (3) Is there a statistically significant association between the styles of adult oral 649 

interaction and language outcomes in CwHL?  650 

General Methodological Considerations   651 

All eight studies included in this systematic review were found to have low-level 652 

evidence (level 3). The methodological quality of five studies was determined to be good, 653 

according to preset quality analysis scoring criteria in CAT-CSS (i.e., 50% or higher scores 654 

marked to have good quality), whereas the other three studies were of poor quality (less than 655 

50% scores were marked to have poor quality) due to methodological limitations. For example, 656 

none of these studies justified their sample sizes, sample selection criteria, and data collection 657 

method (i.e., the number of days and which day). However, according to Sihoe (2015), 658 

sampling procedures and size should be justified to ensure reliable results. Another important 659 

consideration was related to the lack of information on the type of included days (i.e., weekend 660 

and weekdays) for data collection. Variations in activities across different days of the week, 661 

for instance, weekdays with more structured school activities versus weekend days with varied 662 

family activities, may cause differences in the quantity and quality of adult-child interactions 663 

(Booth et al., 2002). In most of the included studies, it was not evident whether those who 664 

administered language outcome evaluations were certified to administer these tools, thereby 665 

resulting in possible variations in language assessment results. A number of important 666 

considerations including audiological variables, such as the age of identification of hearing loss 667 

and severity of hearing loss (Moeller & Tomblin, 2015), type of hearing device used and age 668 

of fitting of device (Moeller, Tomblin, Yoshinaga-Itano, Connor, & Jerger, 2007), preferred 669 

mode of communication (Fairgray et al., 2010), intensity of therapeutic interventions 670 
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(Chapman, 2000), birth order (Zambrana et al., 2012), and parental involvement (Calderon, 671 

2000), which have a significant influence on language input and language outcomes, were not 672 

mentioned. Future research should include a comprehensive examination of these factors to 673 

yield a high-level of evidence for the association between language input and outcomes, with 674 

these potential confounders controlled for across studies.  675 

The difference in the Amount of Language Input between CwHL and CwNH 676 

For the current review, the amount of language input was defined as the total number 677 

of AWs and CTs for the first research question. AWs are defined as the number of single words 678 

produced during the recording by adults in the child’s environment (father, mother, caregivers, 679 

etc.), regardless of the child’s communication during the interaction.  680 

Overall, the included studies showed inconsistency across studies in the amount of 681 

language input between CwHL and CwNH. Generally, it is believed that CwHL requires a 682 

higher amount of linguistic input than CwNH to achieve the same level of verbal language 683 

abilities (Lederberg et al., 2000; Lederberg & Spencer, 2009; Pittman et al., 2005; 684 

Stelmachowicz et al., 2004). Thus, it is expected that being exposed to more AWs will be 685 

required to facilitate language development in CwHL. However, the current review found great 686 

variations in CT rates across studies and between CwHL and CwNH. This variation in CT rates 687 

is not unusual due to the involvement of many environmental and familial factors. For example, 688 

primary caregivers’ socioeconomic status, level of education, age, mental health, and cultural 689 

differences play a crucial role in increasing or decreasing the number of AWs and CTs during 690 

oral interactions (Ganek et al., 2018; Hoff, 2003; Pan et al., 2005; Rowe, 2005, 2012), in 691 

addition to the day to day variations in natural environment. Most of these factors were not 692 

considered in the included studies. While it would be difficult to control the stability of the 693 

recordings across samples, researchers should provide clear instructions to caregivers in the 694 

selection of the periods to be recorded and frame their research findings within the context of 695 
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these communication settings. These investigations can be conducted using generalizability 696 

and decision studies based on generalizability theory, according to which one needs to consider 697 

different characteristics of exposure, effect modifiers, confounders, and outcome (Webb & 698 

Shavelson, 2005). Sandbank and Yoder (2014) measured two variables: 1) rate of intentional 699 

communication acts, and 2) rate of different words, across three assessment contexts at four 700 

communication sampling periods. Results verified that measurement stability increased with 701 

time and development for both variables, regardless of the type of assessment procedure used. 702 

This type of study design with multiple measures, contexts, and time points could address some 703 

of the limitations of the studies examined in this systematic review. 704 

Association between the Amount of Language Input and Language Outcomes 705 

The present systematic review studied the association between the amount of language 706 

input and language outcomes to address the second research question. Verbal language 707 

outcomes were defined as the total receptive and expressive language scores and number of 708 

CVs. Rates of CVs were obtained through LENA® calculations, while receptive and expressive 709 

language skills were measured using standardized tests. Out of the six included studies, only 710 

McDaniel and Purdy (2011) considered the number of CVs to be a language outcome and found 711 

a positive association between higher rates of CVs and CTs as an indication that children were 712 

engaged in oral communication exchanges.  713 

Overall, findings from the review are consistent in terms of the association between the 714 

number of AWs, CTs, and language outcomes. Three studies (Ambrose et al., 2014; Vohr et 715 

al., 2014; VanDam et al., 2012) found a statistically significant positive association between 716 

higher rates of CTs and stronger receptive and expressive language scores in CwHL. Therefore, 717 

it can be concluded that the highest rates of CTs in adult-child oral interactions promote 718 

children’s oral language skills (Most et al., 2010). High CTs indicate joint attention and shared 719 

focus during targeted conversations (Scofield & Behrend, 2011), and active participation in 720 
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oral conversation (Weisleder & Fernald, 2013) and highlight the importance of the child’s 721 

engagement. 722 

However, three studies (Ambrose et al., 2014; McDaniel & Purdy, 2011; VanDam et 723 

al., 2012) found no association between the number of AWs and the total receptive and 724 

expressive language scores. One possible explanation regarding this lack of association 725 

between the number of AWs and language outcomes is that the LENA® technology estimates 726 

AWs based on automatic adult speech calculations in the language environment. The software 727 

may underestimate the number of AWs (Busch et al., 2018) and does not indicate specific types 728 

of adult words (Gilkerson & Richards, 2008), which may be more important for language 729 

outcomes (Ambrose et al., 2015).  730 

Association between Style of Oral Interaction and Language Outcomes 731 

The third research question of the current systematic review relates to the statistically 732 

significant associations between the style of verbal input and language outcomes in CwHL. 733 

Generally, the findings of all the included studies showed a statistically significant positive 734 

association between greater use of open-ended questions, recasts, expansions, and stronger 735 

receptive and expressive language outcomes in CwHL. Studies on typically developing 736 

children support these results. For example, Salomo et al. (2013) and Girolametto et al. (2002) 737 

reported that specific styles (i.e., asking different types of questions, formulating children’s 738 

words and sentences into question forms, repetition, and expansions of children’s oral 739 

responses into correct grammatical structures) of parental interactions with children play a 740 

crucial role in acquiring adequate oral language skills. Information on how specific styles of 741 

oral interactions between an adult/primary caregiver and a child influence the language 742 

outcomes may help readers focus on an optimal style of interaction for oral language 743 

development.  744 

Limitations of the Current Review and Future Implications 745 
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To our knowledge, this is the first systematic review to evaluate the body of literature 746 

and summarize the findings regarding the associations between the amount and style of 747 

linguistic inputs and language outcomes in CwHL. The limitations are mentioned in two levels.  748 

1. Limitations at the primary study level 749 

  The evidence is mostly low-level, focusing on observational cross-sectional analysis. 750 

The methodological quality was rated as 64% for only one study (Ambrose et al., 2015) on the 751 

rating scale (CAT-CSS) due to considerable limitations such as small samples, incomplete 752 

demographic and audiological information, and incomplete descriptive and statistical analyses 753 

including effect sizes, as discussed above in the critical appraisal section.  754 

2.  Limitations at the systematic review level 755 

 The current systematic review has some limitations. First, the review focused on studies 756 

examining the amount and style of communication interaction in children who reportedly did 757 

not have additional disabilities. It is expected that children with additional disabilities may 758 

show inconsistencies in their language outcomes due to variation in capabilities. Second, the 759 

review examined studies involving participants aged 0 to 8 years and did not measure the long-760 

term effects of language input on outcomes. Third, language outcomes were limited to the 761 

number of CVs and overall receptive and expressive language scores. These broad measures 762 

do not consider the specific structure of language such as semantics, syntax, and pragmatics. 763 

Fourth, only articles written in English were considered, and it is possible that other studies 764 

may contribute greatly in term of the structure of studies and finding on language input. Fifth, 765 

the review examined studies involving primary caregivers, solely mothers, and studies that 766 

measured language input from teachers, peers, or therapists were excluded. Input from teachers 767 

and peers may also contribute in an important way to enhancing conversational exchanges with 768 

the child. 769 
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Finally, although efforts were made to reduce bias, the current systematic review cannot 770 

be truly bias-free because the subjective judgment was used in the analysis to classify the 771 

methodological quality of the studies. A meta-analysis would be preferred for validation of 772 

findings but was not possible due to the wide range in the severity of hearing loss (mild to 773 

profound), inclusion of  unilateral or/and bilateral, conductive or sensorineural hearing loss, 774 

variations in the age of hearing loss identification, differences in types of hearing device, 775 

influence of different modes of communication (inclusion of oral and sign), the wide range of 776 

age of fitting of hearing devices either one ear or both , influence of confounders, and diversity 777 

in the age of children in published studies. We acknowledge the effects of bias in the available 778 

evidence due to the small sample sizes and lack of control of confounding factors in most 779 

studies included in this analysis. Variations in chronological age, exposure to the intervention, 780 

socioeconomic status, and maternal involvement across studies lead to difficulties in 781 

concluding how much and what type of input is needed for optimizing language development. 782 

It is important to note the limitations of the available evidence when designing future studies. 783 

Conclusions 784 

This systematic review analyzed the best available evidence. The results show that early 785 

oral language development relates to the specific amount and optimal styles of oral interaction 786 

(i.e., “high-level”) engaging children in oral communication exchanges. More structured and 787 

detailed analysis of language input is needed to see its impact on stronger oral language 788 

development in CwHL. The problem in comparing findings from included studies regarding 789 

amount and styles of interaction is due to incomplete information on demographics, control of 790 

confounding variables, and methodology (e.g., assessment protocols). The recording standards 791 

and testing parameters should be reported in detail in the methodology section, e.g., 792 

instructions given to parents for the recordings, number of recordings done, and criteria for 793 
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selecting parts of recordings for analysis that perhaps people can follow when they report 794 

studies. 795 
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Fig.1 Hierarchical representation of selected articles according to inclusion and exclusion 

criteria, based on the PRISMA Checklist (Moher et al., 2009) 
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TABLE 1. Quality of studies based on the critical appraisal tool for cross-sectional studies (CAT-CSS) and level of evidence for all 

studies those were reviewed for the amount and style of oral interaction in relation to language outcomes in CwHL 

Section 2, Study Validity 
 

For each criterion, document the appropriate response, according to how you think it is addressed: 

Studies   

 DesJardin & 

Eisenberg 

(2007) 

McDaniel & 

Purdy 

(2011) 

Aragon & 

Yoshinaga-

Itano (2012) 

VanDam et 

al. (2012) 
Cruz et al. 

(2013) 

Ambrose et 

al. (2014) 
Vohr et al. 

(2014) 
Ambrose et 

al. (2015) 

ABSTRACT AND INTRODUCTION OF THE STUDY 
1. Abstract is presented in an informative and balanced 
summary of what was done and what was found. 

  ×  ×    

2. Sufficient scientific background information on the 
topic. 

× × × × ×  ×  

3. Introduction is focused, relevant, in logical fashion 

and justifiable to the research question. 
× × × × × × ×  

4. Burden of disease/condition is quantified to magnify 

the magnitude of the problem in a particular population 
× × × × × × × × 

5. Introduction is zoomed into regional or national 

perspective if applicable. 
× × × × × × × × 

6. Introduction is ended with the aim of the study.   ×      

Number of covered criteria out of 6 2 2 0 2 1 3 2 4 

Grading judgment (index score=6)         

Poor 

< 3 criteria 
        

Good 

3-4 criteria 
        

Excellent 

> 4 criteria 
        

AIM AND QUESTION/S OF THE STUDY 

1. Aim is descriptive and clearly stated.   ×      

2. Aim is SMART: Specific, Measurable, Achievable, 

resourced (within the project budget) and Time Bound. 
  ×      

3. Question/s of study is adequately described.    × × × ×  



4. Type of research question/s is corresponded to the 
study design. 

   × × × ×  

Number of covered criteria out of 4 4 4 2 2 2 2 2 4 

Grading judgment (index score=4)         

Poor 

<2 criteria 
        

Good 

2-3 criteria 
        

Excellent 

> 3 criteria 
        

METHODS 

STUDY DESIGN/SETTING AND TIMEFRAME 

1. Study design is clearly presented. × × ×   ×   

2. Study design is justified. × × ×   ×   

3. Study setting, or a location is described.   × ×  ×   

4. Study timeframe is clearly illustrated.   ×    ×  

5. Study timeframe seems appropriate. × × × ×   ×  

Number of covered criteria out of 5 2 2 0 3 5 2 3 5 

Grading judgment (index score=5)         

Poor 

< 3 criteria 
        

Good 

3-4 criteria 
        

Excellent 

> 4 criteria 
        

SAMPLING 

1. Sample is selected and representative of reference 

population. 
× × × × × × × × 

2. The methods of sample selection are clearly 

described. 
× × × × × × × × 

3. Appropriate sample technique is used with ensured 

randomization. 
× × × × × × × × 



4. Specific description of inclusion criteria.   ×      

5. Specific description of exclusion criteria. × × × × × ×  × 

6. Sample size estimates have been performed. × × × × × × × × 

7. Sample size seems feasible (considering resources/ 

prevalence of disease/ study population, etc.). 
× × × × × × × × 

8. The chosen level of precision, confidence limit, and 

variability) estimated proportion of an attribute that is 
present in the population) are adequate for the study 

question 

× × × × × × × × 

9. A high participation level.  × × × × × × × × 

10. The subjects covered in the study could be sufficiently 

similar from your population to cause concern. 
 ×       

Number of covered criteria out of 10 2 1 1 2 2 2 3 2 

Grading judgment (index score=10)         

Poor 

<5 criteria 
        

Good 

5-6 criteria 
        

Excellent 

> 6 criteria 
        

DATA COLLECTION AND ETHICAL ISSUES 

1. The methods for data collection are described for each 
of the variables collected (where, by who and when)  

 × × ×  × ×  

2. Content and face validity of the all tools are well 
described 

× × ×  ×  × × 

3. Data collection tools are tested for its reliability.   ×      

4. The study specifies who are the data collectors and 

their background. 
 × × ×  × × × 

5. Exposure factor/s is/are identified             

6. Outcome/s is/are ascertained:                    

7. Exposure and outcomes are measured at one specific 

point in time. 
        

8. Potential confounding factors are measured 
accurately. 

  ×      



9. Measures were made to contact non-responders × × × × × × × × 

10. Ethical issues are mentioned clearly (if appropriate). ×  × × ×   × 

Number of covered criteria out of 10 7 6 3 6 7 7 6 6 

Grading judgment (index score=10)         

Poor 

< 5 criteria 
        

Good 

5-6 criteria 
        

Excellent 

> 6 criteria 

        

RESULTS 

1. The results are adequately, objectively, and explicitly 

described 
  ×      

2. Characteristics of study participants (e.g. 
demographic, clinical, and social) are presented. 

×  ×   ×   

3. Exposure variables are associated with outcome 

variables. 
  ×      

4. Tables and figures are adequate, clear, and 

appropriately titled. 
        

5. Is appropriate statistical analyses be used?  × ×      

6. The study mentions if negative results or results of no 

effect/difference are considered for publication. 
× × × × × × × × 

Number of covered criteria out of 6 4 4 1 5 5 4 5 5 

Grading judgment (index score=6) 
 

        

Poor 

< 3 criteria 
        

Good 

3-4 criteria 
        

Excellent 

> 4 criteria 

        

DISCUSSION/CONCLUSION AND RECOMMENDATIONS 

1. The results are summarized and discussed in relation 
to the original research questions 

    × × ×  

2. The researcher has discussed the credibility of their 

results. 
× × × × × × × × 



3. There is adequate discussion of the evidence for the 
researchers’ arguments 

 × ×   × ×  

4. Limitations of the study are discussed, taking into 

account sources of potential bias or imprecision. 
×  ×      

5. Discussion shows the contribution of the study to the 

body of knowledge and existing evidence base. 
  ×    ×  

6. The results suggest a more rigorous study is needed. ×  ×  ×  ×  

7. The authors mention how the study results will be used, 

i.e. potential implications for actions. 
 ×      × 

Number of covered criteria out of 7 4 4 2 6 4 4 2 5 

Grading judgment (index score=7) 

 

        

Poor 

< 4 criteria 

        

Good 

4-5 criteria 
        

Excellent 

> 5 criteria 
        

REFERENCES 

1.References are adequate and relevant to the study topic   ×      

2. References are up-to-date. × × ×    × × 

Number of covered criteria out of 2 1 1 0 2 2 2 1 1 

Grading judgment (index score=2) 
 

        

Poor 

< 1 criteria 

        

Good 

1 criteria 
        

Excellent 

2 criteria 
        

Overall Quality Scoring of the 

Study 

 

Number of covered criteria out of 50 

 

        



% of covered criteria: (obtaining 

score/ total score× 100= covered %) 

26/50×100=52% 24/50×100=48% 9/50×100=18% 28/50×100=56% 28/50×100=56% 26/50×100=52% 24/50×100=48% 32/50×100=64% 

Poor: if less than 50%         

Good: if 50% to 65%          

Excellent: if more than 65%  
 

        

  
 

Level of evidence according to 

ASHA guidelines 

Level 3 Level 3 Level 3 Level 3 Level 3 Level 3 Level 3 Level 3 

*Studies are arranged in ascending ordered from left to right according to the year of publication 

 

 



 
 

TABLE 2. Summary of critique of method and procedure of included studies 
        

Study Sample Age Range; Sample Study   Measurement Observation Effect Size        Confounders/Gaps 
 Size Mean Age Selection Design   Tools Duration  

  (M); Standard Procedure     

  Deviation      

  (SD)  
DesJardin & CwHL = 32 30-86 mos.; PR Cross- sectional Video recordings 10 video tape NA • Not considered natural 

language environments 
• Short time observations/ 

recordings were considered 
•  No comparison with control 

group 
• Information of number of 

siblings and birth order was 
not reported 

Eisenberg (2007)  M = 57.3; 
SD = 15.68 
 

 study SPISE 
RDLS-3 

sessions for 5-7 mis 

McDaniel & 

Purdy (2011) 

CwHL = 8 2;6-4;2 yrs.; M = 

3;1; SD = 0.65 

PR Cross- sectional study LENA®   recordings 

PLS-4 

3 full day LENA® 

recordings for 8- 

Effect sizes 

could not be 

estimated due 

to lack of 

information 

on mean and 

SD 

• Small sample size 

• No comparison with control 

group 
• Information of number of 

siblings and birth order was 
not reported 

      12 hrs/day 
       
       

       

       

Aragon & English 2-36 mos.; NR; PR Cross- sectional study LENA® recordings 1 full day LENA® Effect sizes 

could not be 

estimated due 

to lack of 

information 

on SD 

• No comparison with control 

group with English CwHL 

• Information of severity of 

hearing loss, age of hearing 

loss identification, use of type 

of hearing devices, age at 

fitting of hearing devices and, 

number of siblings and birth 

order were not reported 

Yoshinaga-Itano 
(2012) 

CwHL = 24 
LENA® 

NR    recording for 10-16 
hrs 

 normative      
 Data = 329      

 Spanish      

 CwHL = 10      

 Spanish      

 CwNH = 10      

VanDam et al. 

(2012) 

CwHL = 22 

CwNH = 8 

24-36 mos.; MHL = 

29.4; SDHL = 2.9, 

PR Cross- sectional study LENA® recordings 
MSEL 

1full-day LENA®,  

no time description 

Effect sizes 

calculated  
based on 
reported data 
for AWs/hr in 
CwHL vs 
CwNH 
(Cohen’s d) = 
0.41, CTs in 
CwHL vs 
CwNH 
(Cohen’s d) = 
0.29 

• Information of type and 

duration of therapeutic 

intervention, and number of 

siblings and birth order was 

not reported 

  MNH = 30.1; SDNH = 
3.8 

 

  SII 
PTA 

 



 
 

Cruz et al. 
(2013) 

CwHL = 93 12-36 mos.; M = 
14.67; SD =5.76 

PR Longitudinal study Video recordings 
RDLS-3 

2 video recordings, 
no time description 

       NA • Not considered natural 
language environments 

• Information of number 
of siblings was not 
reported 

     Questionnaire   

Ambrose et al. CwHL = 28 20-30 mos.; PR Cross-sectional LENA® recordings 6 full day LENA®         NA • No comparison with 

control group 
• Information of age of 

hearing loss 
identification, type and 
duration of therapeutic 
intervention, and number 
of siblings and birth 
order was not reported 

(2014)  M = 25.8; SD = 3.1  study MSEL 
CASL 

recordings, 8- 16 
hrs/day 

Vohr et al. CwHL = 23 6-8 yrs.; PR Longitudinal study LENA® recordings 1 full day LENA® Effect sizes calculated • Information of age of 

hearing loss 

identification, and 

number of siblings and 

birth order was not 

reported 
 

(2014) CwNH = 41 MHL = 82.7 mos.; 

SDHL = 6, MNH = 
81.9 mos.; SDNH = 

7 

  RDLS-3 recording for 12 hrs based on reported data 

for AWs in CwHL vs 

CwNH (Cohen’s d) = 

0.10, CTs in CwHL vs 

CwNH (Cohen’s d) = 

0.30 

Ambrose et al. 

 (2015) 

CwHL = 156 

CwNH = 59 

At 18 mos. visit: 

CwHL: 16-21; 

 CR Cross-sectional & 

Longitudinal study 

Video recordings 

CASL 

1 video recording 

for 5 mis 

Reported effect sizes 

for CwHL vs CwNH  
• Not considered natural 

language environments 

• Information of type and 

duration of therapeutic 

intervention, and number 

of siblings was not 

reported 

  M = 18.6; SD = 1.2,     group differences of 
  CwNH: 17-21;     NTW (Cohen’s d) = 
  M = 19.1; SD=1.2,     0.37 at18-mos. &  
  At 3 yrs. visit:     NTW (Cohen’s d) 
  CwHL: 34-44;     = 0.50   at 3 yrs. visit 
  M = 37.7; SD=2.8,      

  CwNH: 33-44;       

  M = 37.5; SD = 2.8       

         

*Studies are arranged in ascending ordered according to the year of publication 

CASL = Comprehensive Assessment of Spoken Language; CR = Completely Reported; CTs = Conversational Turns; CwHL = Children with Hearing Loss;  CwNH = Children with Normal Hearing;   

Hrs. = Hours; LENA = Language ENvironment Analysis; Mis = Minutes; Mos. = Months; MSEL = Mullen Scales of Early Learning; NTW = Number of Total Words (adult); NA = Not applicable; 

NR = Not reported; PLS-4  = Pre-School Language Scale 4th edition; PR = Partially Reported; PTA = Pure Tone Audiometry; RDLS-3 = The Reynell Developmental Language Scales  3rd edition; 

SII = Speech Intelligibility Index; Yrs. = Years 
 

 

 

 



TABLE 3. Summary of studies for the difference in the amount of language input between CwHL and CwNH 

Study Comparison Groups Input: Mean; Standard Deviation Significant Difference 

between Groups (CwHL vs 

CwNH) 

General Conclusion 

CwHL      CwNH AWs                     CTs AWs CTs 

McDaniel & Purdy 

(2011) 
8 Missing 

number 

(LENA® 

normative 

data) 

MHL= 0.52, 

MLENA
® = NR; 

SDHL= 0.31, 

SDLENA
® = 

NR 

 

MHL= 0.31, 

MLENA
® = NR; 

SDHL = 0.59, 

SDLENA
® = NR 

NR 

 

NR The number of AWs and CTs were higher in CwHL 

than the data published by LENA® 

 

Aragon & 

Yoshinaga-Itano 

(2012) 

 

24 

 

 

329 (LENA® 

normative 

data) 

 

MHL=17,605, 

MLENA
® = NR; 

SDHL= NR, 

SDLENA
® = 

NR 

 

MHL= 644, 

MLENA
® = 462; 

SDHL= NR, 

SDLENA
® = NR 

NR NR The comparison between the number of AWs in CwHL 

and CwNH is not clear due insufficient information on 

mean and SD of CwNH 

VanDam et al. 

(2012) 

 

22 8 MHL = 1249, 

MNH = 1397; 

SDHL= 326, 

SDNH = 386 

MHL = 61, 

MNH = 66; 

SDHL= 17, 

SDNH = 17 

P = .526  P = .511 The number of AWs and CTs were equal between 

CwHL and CwNH 

 

Vohr et al. (2014) 23 

 

 

41 

 

MHL= 1415.9, 

MNH = 

1358.2; 

SDHL= 486,  

SDNH = 625 

MHL = 55.1, 

MNH = 48.1;  

SDHL = 24,  

SDNH = 23 

 

P = .070 P = .260 The number of AWs and CTs were higher in CwHL 

than CwNH 

   

 

 

Ambrose et al. 

(2015) 

 

71 

 

18 

 

At 18 mos.; 

MHL = 320.9, 

MNH = 364.9; 

SDHL = 125.4, 

SDNH = 115.2 

NA 

 

P = .18 

 

NA The number of AWs were lower in CwHL than 

CwNH at 18 mos 

 

 85 41 At 3 yrs.;  

MHL = 383.1, 

MNH = 433.8; 

SDHL = 91.3, 

SDNH = 109.5 

 

NA P = .01 NA The number of AWs were higher in CwHL than 

CwNH at 3 yrs 

*Studies are arranged in ascending ordered according to the year of publication 

AWs = Adult Words; CTs = Conversational Turns; CwHL = Children with Hearing Loss; CwNH = Children with Normal Hearing; Mos. = Months; NA = Not Applicable; NR = Not Reported; 

Yrs. = Year 



TABLE 4. Summary of studies for the association between the amount of language input and language outcomes in CwHL 

Study Input Association between input and outcomes General Conclusion 

 CVs                        Receptive                       Expressive 

McDaniel & Purdy 

(2011) 

AWs 

 

NR 

 

 

PLS-4: Rs = 0.71, p > .05 

 

PLS-4: Rs = 0.27, p > .05 

 

 

The number of AWs were negatively associated with receptive 

and expressive language scores 

 CTs 

 

Rs = 1.0, p < .05 PLS-4: Rs = 0.35, p > .05 PLS-4: Rs = 0.00, p > .05 The number of CTs were positively associated with number of 

CVs but not receptive and expressive language scores 

 

VanDam et al. (2012) 

 

AWs NA MSEL: p > .05 NA The number of AWs were not significantly associated with 

receptive language scores 

 CTs NA MSEL: r = .62, p < .01 

 

NA The number of CTs were positively associated with receptive 

language scores 

Ambrose et al. (2014) 

 

AWs NA 

 

Age = 2 yrs, MSEL: r = 

0.339, p > .05 

MSEL: r = 0.138; p > .05 The number of AWs were not significantly associated with 

receptive and expressive language outcomes 

 
Age = 3yrs, CASL (composite) receptive and expressive 

language score: r = 0.02; p > .05 

 CTs NA Age = 2 yrs MSEL: r = 

0.61, p < .01 

MSEL: r = 0.45; p < .05 The number of CTs were significantly associated with 

receptive and expressive language outcomes 

Age = 3 yrs, CASL (composite) receptive and expressive 

language score: r = 0.45, p < .05 

Vohr et al. (2014) 

 

NA NA NA NA  

 CTs NA RDLS-3: r = 0.35, p = .03 RDLS-3: r = 0.89, p = .02 The number of CTs were significantly associated with 

receptive and expressive language scores 

 

Ambrose et al. (2015) Age = 18 mos, 

Quality 

variables 

(NTW, NTU) 

N/A Age = 3yrs, CASL score: R2 = 0.09, p = .24 The quantity variables (NTW, NTU) was not significantly 

associated with language outcomes  

*Studies are arranged in ascending ordered according to the year of publication 

AWs = Adult Words; CTs = Conversational Turns; MSEL = Mullen Scales of Early Learning; Mos. = months; NA = Not Applicable; NTW= Number of total words; NTU = Number of total 

utterances; NR = Not Reported; PLS-4 = Pre-School Language Scale - 4th edition; RDLS-3 = The Reynell Developmental Language Scales 3rd edition; Yrs. = Years 

 

 



TABLE 5. Summary of studies for the association between the style of language input and language outcomes in CwHL 

Study Input (style) Association between input (style) and language outcomes             General Conclusion 

   Receptive                              Expressive 
DesJardin & Eisenberg 

(2007) 

 

Parallel Talk 

 

RDLS-3; r = 0.27, p > .05 RDLS; r = 0.13, p > .05 

 

Concurrent correlation showed the frequency of 

recast was significantly associated with receptive 

language scores, use of open-ended questions 

were significantly associated with expressive 

language scores 

 

 Expansion RDLS-3; r = 0.33, p > .05 RDLS; r = 0.21, p > .05 

 

 Recast RDLS-3; r = 0.47, p < .01 RDLS; r = 0.27, p > .05 

 

 Open-ended question RDLS-3; r = 0.34, p > .05 RDLS; r = 0.51, p < .01 

 

 Linguistic mapping RDLS-3; r = -0.50, p < .01 RDLS-3; r = -0.42, p < .05 

 Close-ended question RDLS-3; r = 0.17, p > .05 RDLS-3; r = 0.11, p > .05 

 Imitation RDLS-3; r = -0.27, p > .05 RDLS-3; r = -0.23, p > .05 

 Label RDLS-3; r = -0.44, p < .05 RDLS-3; r = -0.45, p < .05 

 Directive RDLS-3; r = -0.58, p < .01 RDLS-3; r = -0.49, p < .05 

 Comment RDLS-3; r = 0.15, p > .05 RDLS-3; r = 0.07, p > .05 

Cruz et al. (2013) Lower-lever FLTs 

(linguistic mapping, 

comments, imitation, 

labeling, directive, and 

close-ended question) 

RDLS-3 (12 mos.); t = 1.03, p < 

.05 

RDLS-3 (24 mos.); t = 1.03, p < 

.05 

RDLS-3 (36 mos.); t = 1.04, p < 

.05 

RDLS-3 (12 mos.); t = 1.88, p > .05 

RDLS-3 (24 mos.); t = 1.88, p > .05 

RDLS-3 (36 mos.); t = 1.98, p > .05 

Repeated measures indicated lower level FLTs did 

not predict change in expressive language or 

receptive language scores over 3 yrs 

 

 High-level FLTs  

(parallel talk, open-

ended question, 

expansion, recast) 

 

RDLS-3 (12 mos.); t = 1.74, p < 

.08 

RDLS-3 (24 mos.); t =1.82, p < .08 

RDLS-3 (36 mos.); t = 1.85, p < 

.08 

RDLS-3 (12 mos.); t = 3.00, p < .01 

RDLS-3 (24 mos.); t = 2.86, p < .01 

RDLS-3 (36 mos.); t = 2.79, p < .01 

Repeated measures indicated high level FLTs were 

a strong predictor for the development of receptive 

and expressive language skills over 3 yrs 

Ambrose et al. (2015) 

 

Directives 

 

High-level 

“conversational 

eliciting” 

 

CASL (cumulative receptive and expressive language score); r = -0.14, p 

= .03 

CASL (cumulative receptive and expressive language score); β = -0.24, p 

= .18 

 

Longitudinal relationship of proportion of use of 

direct utterances by parents at 18 mos was 

negatively correlated with language scores at 3 

yrs. High-level at 18 mos did not contribute a 

significant variance for language outcome at 3 yrs  

*Studies are arranged in ascending ordered according to the year of publication 

FLTs = Facilitative Language Techniques; CASL = Comprehensive Assessment of Spoken Language; Mos. = Months; NR = Not Reported; RDLS-3 = The Reynell Developmental Language 

Scales 3rd edition; Yrs. = Years 


