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Abstract 

Introduction: 
Sensory deprivations such as hearing impairment that affect sensory input have a secondary impact on 

cognitive functions such as working memory (WM). WM capacity is an important cognitive 

component that processes language-related activities. Moreover, several studies have shown a deficit 

in WM in children with a cochlear implant (CI). We aimed to assess the performance of children with 

CIs in pre- and post-training sessions and compare their scores on a battery of WM tests to investigate 

the efficacy of a WM training program. 

 

Materials and Methods: 
Twenty-five children aged 7–10 years with a CI participated in this study. To train their WM, a 

computer game was used. In order to examine auditory WM, a test battery including standardized 

digit span (forward and backward variations), non-word and sentence repetition (subtest of the Test of 

Language Development–Primary) were assessed in pre- and post-training test sessions at Shiraz 

Implant Center. 

 

Results: 
There were statistically significant differences between pre- and post-training test scores on all 

subtests. Test score differences were statistically significant for forward digit span (P=0.003), 

backward digit span (P=0.001), non-word repetition (P=0.001), and sentence repetition tasks 

(P=0.003) before and after training sessions. 

 

Conclusion: 
Training may enhance WM capacity. With regards to the importance of WM in literacy and learning, it 

seems applying such intervention programs may be helpful in the rehabilitation of implanted children. 
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Introduction 
Working memory (WM) refers to the 

temporary storage and manipulation of 

information required to conduct a wide range of 

complex cognitive activities such as language, 

perception, learning, and reasoning (1-3). 

WM can impact language acquisition by 

limiting the amount of language and relevant 

information that can be processed, as well as by 

influencing the efficacy with which new 

information is encoded and stored (4). Hence, 

its capacity is an important cognitive 

component to process information in language-

related activities. 

Baddeley and colleagues proposed one of the 

most widely used models of WM, the 

multicomponent model, which includes 

phonological loop, visuospatial sketchpad, 

episodic buffer, and central executive 

subsystems. The phonological loop slave 

system is responsible for the storage of 

phonological (verbal) information and prevents 

it being lost through consistent rehearsal. The 

visuospatial sketchpad maintains visual and 

spatial information (non-verbal) by 

manipulating visual pictures and developing 

mental strategies. The episodic buffer has 

limited capacity; it integrates information that 

comes from different sources (1,4). The central 

executive is also a processing system, 

responsible for higher order processing and 

controlling the phonological loop and 

visuospatial sketchpad subsystems (5). 

Although advances in technology and 

intervention plans have led to improvements in 

the academic success of children with cochlear 

implants (CIs) and allow good progress in 

learning the spoken language, the mean 

performance of these children on speech and 

language assessments is generally below 

average in comparison with their peers with 

normal hearing. Further, as the complexity of a 

language skill increases, the difference 

between these two groups becomes more 

prominent (6). Similarly, the more a cognitive 

task relies on a phonological code, the more 

significant the discrepancy between implanted 

children and their peers becomes (6). One 

possible reason for this is that severe-to-

profound hearing loss at an early age can 

cause interference in the reorganization of the 

prefrontal cortex and reduced maturation at the 

fronto-parietal regions that restrict executive 

functions such as planning and WM (5). 

Numerous studies have confirmed that WM 

scores are lower in implanted children when 

compared with normative means (5,7). The 

digit span test is the most widely used measure 

for evaluating auditory WM capacity. This test 

includes two variations; forward and backward 

digit span tests which are used to assess 

phonological loop and executive control 

systems of Baddeley's WM model (1,7-9). 

Researchers have shown that this measure is 

associated with many post implant outcome 

measures in children with CIs, such as speech 

perception, production, language development, 

and reading skills (1,7). 

Non-word repetition (NWR), one of the most 

important tasks that can specifically identify 

phonological WM performance, requires the 

immediate and rapid phonological processing 

of a novel phonological pattern (10,11). NWR 

ability is highly related to language skills (i.e. 

vocabulary acquisition, reading and language 

comprehension) rather than auditory digit span 

tests (10,12,13). Studies have shown the 

significant role of the NWR task in the clinical 

evaluation of language acquisition in school 

children with CI (14,15). 

Although CI provides access to spoken 

language, due to the significant role of the 

spectral structure of acoustic signal input in 

the formation of phonological representation, 

spectral degradation through CI can be 

partially responsible for poor performance on 

the NWR task in this group of children (14). 

The sentence repetition task, such as the Test 

of Language Development–Primary (TOLD-

P3), is considered a core and widely used 

subtest of language tests (16). In Baddeley’s 

2000 revised WM model, repetition was 

presumed to assess the capacity of the episodic 

buffer, and to some degree the phonological 

loop (17). Studies have shown that sentence 

repetition is associated with WM, including 

phonological memory and some language skills 

such as grammar and vocabulary (18-21). 

Generally, studies have shown that children 

with CI have deficits in neurocognitive 

processing, which is a skill necessary for 

language learning (22-24). It is also noteworthy 

that the brain is neural plastic, and imaging 

studies have confirmed that training programs 

can result in changes in the neural network and 

performance improvement on the trained task 
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(25). Moreover, a recent study has indicated the 

necessity of implementing cognitive training in 

CI recipients (4,26). Hence, it is expected that 

interventions designed to improve WM 

capacity could lead to considerable gain and 

prevent academic complications and language 

delays in implanted children (14,15). 

Given the importance of WM, the purpose of 

the current study was to evaluate the effect of 

a WM training program to improve WM in a 

sample of Persian-speaking children aged           

7–10 years with CI. 

 

Materials and Methods 
Ethical aspects 

This study was carried out in different stages, 

all of which were explained to the children and 

their parents. The study was approved by the 

Ethical Committee of Shiraz University of 

Medical Sciences (IR.SUMS.REC.1394.194) 

and registered on the Iranian Registry of 

Clinical Trials (IRCT) website (IRCT201507 

2623348N1).All participants’ parents provided 

signed written informed consent prior to the 

study. 

 

Participants 

In total, 41 children aged 7–10 years met the 

inclusion criteria at Shiraz CI center. Only 34 

individuals (16 girls and 18 boys) and their 

parents were interested in participating in the 

study, of whom nine were excluded due to poor 

cooperation (did not attend the minimum 

number of sessions for WM training). 

Therefore, 25 children in total (11 girls and 14 

boys) entered the study through convenience 

sampling and completed the training program. 

All were attending mainstream schools and had 

used their CI for at least 1 year. The age of 

implantation ranged from 17 to 60 months 

(mean, 32.8 ± 13.2 months). The mean age of 

first hearing aid fitting and CI fitting was 12.24 

months (range, 7–24 months, standard 

deviation [SD], 4.40) and 24.40 months (range, 

24.40, SD, 5.33), respectively. All participants 

had congenital hearing loss (20 with hereditary 

hearing loss while the etiology of the remaining 

five was unknown). Inclusion criteria were 1) 

Aged 7–10 years; 2) Monolingual (Persian-

speaking); 3) No cerebral palsy (CP) or central 

auditory processing disorders (CAPD) based on 

their audiological report in their medical file or 

autism spectrum disorders (ASD) based on their 

medical record; 4) Normal IQ. Exclusion 

criteria consisted of low cooperation, defined as 

not attending a minimum 10 sessions of the 

training program (data for children who 

attended fewer than 10 training sessions in the 

clinic were not analyzed). 

 

Procedure 

This research was conducted in three stages 

at Shiraz University Implant Center, from 

January to March 2016. Participants who met 

the inclusion criteria attended the first stage 

(pre-test) where WM was evaluated. Then, 

before training, children took part in a pre-

training visit to gain familiarity with the WM 

software. In the second stage, those who 

completed the minimum 10 training sessions 

were entered in the third stage of the study 

(post-test). It is worth mentioning that children 

were rewarded for their participation and were 

assessed and trained individually. 

To examine whether WM training leads to 

improvement of auditory WM, a test battery 

including standardized digit span (forward and 

backward variations), NWR repetition and 

sentence repetition (subtest of TOLD) was 

applied in pre- and post-test sessions, and data 

were registered in a computer. Additionally, 

all test materials were read live by a female 

examiner (native Persian speaker) who was 

blind to the aims of the study. This examiner 

also covered her mouth with her hand to hide 

visual cues during examination. 

 

Training task 

After performing the pre-test tasks, the 

participants attended 16 individual WM training 

sessions at clinic twice a week (each training 

session lasted 45 minutes). The WM software 

comprised game-like computer-based exercises 

produced by Sina Cognitive Behavioral 

Sciences Research Institute (similar to the 

English version, presented by Cogmed 

Company), with different tasks related to WM. 

These tasks included auditory and visuo-spatial 

WM; however, based on the objective of this 

study, only auditory (digits and alphabet) 

exercises were taught during sessions. In this 

task, one number from 1 to 9 (auditory digit 

section) or one letter from the Persian alphabet 

(auditory alphabet section) is read aloud and the 

participant must select the digit or letter from 

among nine items presented on the screen. Digit 
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and alphabet rehearsals (presented in forward 

and backward mode) started with the easy level 

and became more difficult with the correct 

response of the trainee. The program 

automatically increases or decreases scores 

depending on the individual child’s function in 

any given task.  

After five correct responses, the software goes 

to the next level with increasing number of 

items. If the child failed on a task, the score 

decreased and the child was trained at that 

level. In order to enhance children’s motivation 

to continue, they were provided with feedback 

through software (auditory reward) or an 

instructor during the training session. After 

completing the final training session (10–16 

sessions), post-test tasks were performed. 

 

Pre- and post-test tasks 

Digit span: Forward Digit Span (FDS) and 

Backward Digit Span (BDS) procedures were 

derived from the standardized Persian version 

of the FDS and BDS subtests of the auditory 

digit span test in the Wechsler Intelligence 

Scale for children-Forth Edition (WISV-IV) 

manual. FDS is used to measure verbal 

rehearsal and phonological loop, while BDS is 

assumed to assess executive function of WM 

(8). Memory performance was assessed by an 

examiner reading aloud a series of digits. 

In FDS, children were asked to repeat a series 

of spoken digits in the correct order. Two trials 

were given at each list length, beginning with 

a span length of two digits. In BDS, 

participants were instructed to repeat the digits 

in a reverse order. Both FDS and BDS had 

seven-digit sequences, each including two trial 

sets (trial 1, trial 2).  

If the child remembered each trial correctly, 

he or she would score 1, otherwise the score 

was 0. Therefore, the range of scoring for this 

test was 0–14. Digit sequences began with a 

span length of two digits for each trial, 

extending to span length of nine for FDS and 

eight digits for BDS.  

If a child got two lists incorrect at any given 

length, then testing was stopped at that point. 

A correct response led to a score of one 1 and 

an incorrect or incomplete response resulted in 

a score of 0.  

All scores for all trials and orders were 

summed and were considered the child's digit 

span score. 

Non-word repetition (NWR) 

The Persian version of the NWR, which 

includes 40 nonsense syllables in Persian, was 

used. The nonsense words are phoneme 

strings, between 1–4 syllables in length. Each 

child was asked to listen to one non-word 

presented at a rate of approximately one non-

word every 3 seconds, and attempt to repeat 

them. If the children imitated the target non-

word correctly, they would score 1, otherwise 

they scored 0. At the end of this task, the total 

possible score was 40 (11). 

 

Sentence repetition 

The sentence repetition subtest of TOLD 

consisted of 30 sentences of increasing 

complexity, which required the participants to 

repeat sentences of varying length. In the Persian 

version of TOLD, the minimum length of the 

sentences was five words; for example, sentence 

number 2 was “Pirâhan e jadid e man âbi ast” 

(“My new shirt is blue”) and sentence number 20 

was “Agar shomâ khoob dars bekhânid, hatman 

dar emtehânât mofavvagh mishavid” (“If you 

study well, you certainly will pass the exams”). 

Children listened to sentences that were uttered 

live once and tried to repeat them precisely. 

Scoring of this test was based on the correct 

production of the main words in the sentences. 

Each sentence was scored on a 0–1 scale, with a 

score of 0 indicating that the child failed to 

repeat the sentence correctly and 1 indicating the 

correct repetition of the sentence. Testing was 

stopped when the child failed to accurately 

repeat five successive sentences (16). 

 

Data analysis 

All analyses were performed using SPSS 

(version 16). Due to the limited number of 

subjects in this study, the data did not meet 

normality assumptions, so nonparametric 

statistics (Wilcoxon test) were used to compare 

pre- and post-tests differences. The  level  of  

significance of 0.05 with confidence intervals of 

95% was chosen. 

 

Results 
From 34 children who initially entered this 

study, nine were excluded since they did not 

attend the minimum number of sessions for WM 

training. Table 1 shows the mean scores, SD,the 

minimum and maximum scores for FDS and 

BDS tests, as well as the NWR and sentence 
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repetition tests of 25 children with CIs before 

and after training sessions.The data demonstrate 

that mean scores of the test subjects improved in 

all of the measures(Table1). 
 

Table 1: Descriptive data and test results of pre- and post-training sessions for CI children 

Subtest 

 

Pre-training 

Mean (SD); min; max 

Post-training 

Mean (SD) min 

P-value (2-tailed/pre- & 

post-training) 

FDS 3.44 (0.82); 3; 6 4.00 (0.91); 3; 6 0.003 

BDS 2.36 (0.70); 2; 4 3.00 (0.91); 2; 5 0.001 

NWR 21.60 (5.40); 10; 30 25.64 (6.10); 11; 35 0.001 

Sentence repetition  7.68(6.46); 0; 22 9.60 (7.41); 0; 25 0.003 

FDS, Forward Digit Span; BDS, Backward Digit Span; NWR, Non-word Repetition 

 

Since the data were not normally distributed, a 

nonparametric Wilcoxon test was used to 

compare the scores before and after training 

sessions (Table.1). The results of the Wilcoxon 

test show statistically significant differences 

between pre- and post-training test scores on all 

of the subtests; in other words the test score 

differences were statistically significant for the 

FDS (P=0.003), the BDS (P=0.001), the NWR 

(P=0.001), and the sentence repetition tasks 

(P=0.003) before and after training sessions. 

 

Discussion 
The results of this study show a role for 

training in verbal WM improvement in Persian-

speaking children with CI. A comparison of 

average WM tests results in 7–10 year-old CI 

children (our study) against normal hearing 

peers (11) (3.4 versus 4.9 in FDS, 2.3 versus 

3.1 in BDS, 21.6 versus 35 in NWR) indicated 

WM difficulties in children with CI, which is in 

line with other studies (4,7-8,10,11,27,28). This 

showed the effect of auditory deprivation on 

cognitive components including WM which is 

considered the key ability in learning and 

language acquisition (1), producing sequential 

information and recalling (29). On the other 

hand, this supports the assumption that 

intervention (in the form of training) for 

memory and language processing skills may be 

effective for children with CI who have a delay 

in language development, speech perception 

and reading skills (1,7). Moreover, this finding 

supports the work of Bharadwaj and colleagues, 

who suggested that poor access to phonological 

structure may be responsible for such different 

levels of performance in children with CI (5). 

The findings of the study demonstrate a 

significant difference between the pre- and 

post-test scores of WM capacity in implanted 

children, which shows the beneficial impact of 

WM training on its capacity. WM tests results 

(digit span, NWR, and sentence repetition) for 

all participants immediately after training 

sessions were significantly higher than those 

before training (Table.1).These results suggest 

that training of auditory skills in children can 

cause improvement of phonological processing 

skills, which is compatible with a pilot study by 

Kronenberger et al. (4). Their study was carried 

out in nine CI children, aged 7–15 years, who 

completed the Cogmed program (English 

version) over the course of 5 weeks. They 

concluded that some language and memory 

skills (sentence repetition and WM) can improve 

through training. It may also show an increase in 

activation in task-related brain areas following 

WM training that reflects either a more extensive 

recruitment of cortical areas due to an increase in 

the size of cortical representations or a stronger 

neural response in existing regions involved in 

the WM process (30). 

Comparing digit span improvement 

[approximately 0.6 for FDS (3.4 to 4) and 0.7 

for BDS (2.3 to 3, reach into the average norm 

for BDS)] indicates that this difference is not 

only statistically significant, but also clinically 

meaningful. Pisoni and colleagues showed in a 

large group (112 deaf and CI children who did 

not receive targeted WM intervention) over 8–

10 years of CI use that FDS improved by only 

one digit and BDS had little enhancement (24). 

Therefore, it can be concluded that this 

improvement in our study over only 10–16 

sessions training period is valuable. 

Improvement in the sentence repetition scores 

(a quantitative measure of children’s language 

skills) showed that WM improvement can be 

shifted towards language skills in children with 

CI. This suggests that the impression of training 

is transferable from one neurocognitive area 

(WM capacity) to a language processing area 
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(sentence repetition) (4,31). Further, this 

finding supported studies such as one reported 

by Buschkuehl and colleagues which 

demonstrated ‘performance transfer’ of training 

on WM to the untrained task in children (30). 

To the best of our knowledge, this is the first 

study evaluating the efficacy of a computer-

based WM program in Persian-speaking 

children with CIs. In this study we evaluated 

the immediate effects of WM training on a test 

battery of some WM subcomponents and 

language skills. In terms of limitations of this 

study, we were unable to track most of the 

children. Also, a control group with no 

treatment would increase the power of the 

results, but the small number of children with 

CI in this age range at Shiraz Implant Center 

and a lack of consent to participate limited our 

study. It is recommended that future research 

with a larger sample size of individuals with CI, 

non-treatment control group, and more training 

sessions should be conducted in order to expand 

our findings. Moreover, higher order language 

skills including reading and writing skills, and 

academic performance should be evaluated. 

Studying cortical changes following training on 

WM tasks via imaging techniques is also 

recommended. 

 

Conclusion 
As a general note, in this study improvements 

in WM capacity, NWR and sentence-repetition 

scores were seen in children who trained with 

the computer-based program. With regard to 

the importance of WM capacity in literacy, 

word learning, language processing and reading 

comprehension (1, 31-35), and also considering 

brain plastic potential, it seems that introducing 

such intervention programs may be helpful in 

the rehabilitation process of implanted children. 

 

Acknowledgment 
This work was supported by a research grant 

[94-01-06-9672] from Shiraz University of 

Medical Sciences. 

The authors would like to show their gratitude 

and appreciation to Shiraz Implant Center, Miss 

H. Behrang Far who assisted us in contacting 

the families and organizing the sessions, as well 

as all the children and their families who 

participated in this study. The authors would 

also like to thank the Research Consultation 

Center (RCC) at Shiraz University of Medical 

Sciences for their invaluable assistance in 

editing this article. 

 
References 
1. Harden AL. A review of research on working 

memory and its importance in education of the deaf 

[thesis], Program in audiology and communication 

sciences, Washington University School of medicine 

2011. 

2. Baddeley. Working memory and language: an 

overview. J Commun Disorder. 2003;36:189–208. 

3. Klingberg T. Training and plasticity of working 

memory. Trends Cogn Sci. 2010;14:317–24. 

4. Kronenberger WG, Pisoni DB, Henning SC, 

Colson BG, Hazzard LM. Working memory training 

for children with cochlear implants: a pilot study. J 

Speech Lang Hear Res. 2011;54:1182–96. 

5. Bharadwaj SVG, L. Allman, T. Working memory, 

short term memory and reading proficiency in 

school-age children with cochlear implants. Int J 

Pediatr Otorhinolaryngol. 2015; 79: 1647–53. 

6. Nittrouer S, Caldwell-Tarr A, Lowenstein JH. 

Working memory in children with cochlear 

implants: problems are in storage, not processing. Int 

J Pediatr Otorhinolaryngol. 2013;77(11):1886–98. 

7. Pisoni DB, Cleary M. Measures of working 

memory span and verbal rehearsal speed in deaf 

children after cochlear implantation. Ear Hear. 2003; 

24(1 Suppl):106S–20S. 

8. Soleymani Z, Amidfar M, Dadgar H, Jalaie S. 

Working memory in Farsi-speaking children with 

normal development and cochlear implant. Int J 

Pediatr Otorhinolaryngol. 2014;78:674–8. 

9. Rosenthal EN, Riccio CA, Gsanger KM, Jarratt 

KP. Digit span components as predictors of attention 

problems and executive functioning in children. 

Arch Clin Neuropsychol. 2006;21 131–9. 

10. Dillon CM, Pisoni DB. Non word Repetition and 

Reading Skills in Children Who Are Deaf and Have 

Cochlear Implants. Volta Rev. 2006; 106: 121–45. 

11. Moossavi A, Khavarghazalani B, Lotfi Y, 

Mehrkian S, Bakhshi E, Bakhtiari BM. Validity and 

reliability of a non-sense syllable test for evaluating 

phonological working memory in Persian speaking 

children (In Persian). Audiol. 2014; 23:31–9. 

12. Gathercole SE, Willis CS, Baddeley AD, Emslie 

H. The children’s test of nonword repetition: a test 

of phonological working memory. Memory. 1994; 

2:103–27. 

13. Gray S. Diagnostic accuracy and test-retest 

reliability of nonword repetition and digit span tasks 

administered to preschool children with specific 

language impairment. J Commun Disord. 2003; 36: 

129–51. 

14. Nittrouer S, Caldwell-Tarr A, Sansom E, 

Twersky J, Lowenstein JH. Nonword repetition in 

children with cochlear implants: a potential clinical 



Enhancing Working Memory in Children with CI 

 18  Iranian Journal of Otorhinolaryngology, Vol.30(2), Serial No.97, Mar 2018   

marker of poor language acquisition. Am J Speech 

Lang Pathol. 2014;23:679–95. 

15. Dillon CM, Burkholder RA, Cleary M, Pisoni 

DB. Nonword repetition by children with cochlear 

implants: accuracy ratings from normal-hearing 

listeners. J Speech Lang Hear Res. 2004;47:     

1103–16. 

16. Hasanzadeh SM, Adaptation and Normalization 

of test of language development primary (TOLD-P3) 

in Persian language children in Tehran. [In Persian]. 

Research on Exceptional children. 2001; 1: 35–51. 

17. Klem M, Melby Lervåg M, Hagtvet B, Lyster 

SAH, Gustafsson JE, Hulme C. Sentence repetition 

is a measure of children's language skills rather than 

working memory limitations. Developmental 

Science. 2015;18:146–54. 

18. Rahimi M, Sadighi F, Razeghi S. A comparison 

of Linguistic Skills between Persian Cochlear 

Implant and Normal Hearing Children. Iranian 

Rehabilitation Journal. 2013;11:11–9. 

19. Seeff‐ Gabriel B, Chiat S, Dodd B. Sentence 

imitation as a tool in identifying expressive 

morphosyntactic difficulties in children with severe 

speech difficulties. Int J Lang Commun Disord. 

2010;45:691–702. 

20. Poll GH, Miller CA, Mainela‐ Arnold E, Adams 

KD, Misra M, Park JS. Effects of children's working 

memory capacity and processing speed on their 

sentence imitation performance. Int J Lang Commun 

Disord. 2013;48:329–42. 

21. Archibald LM, Joanisse MF. On the sensitivity 

and specificity of nonword repetition and sentence 

recall to language and memory impairments in 

children. J Speech Lang Hear Res. 2009;52: 899–914. 

22. Beer J, Pisoni DB, Kronenberger W. Executive 

function in children with cochlear implants: The role 

of organizational-integrative processes. Volta 

Voices. 2009;16:18–21. 

23. Figueras B, Edwards L, Langdon D. Executive 

function and language in deaf children. J Deaf Stud 

Deaf Educ. 2008;13:362–77. 

24. Pisoni D, Kronenberger W, Roman A, Geers A. 

Article 7: Measures of digit span and verbal 

rehearsal speed in deaf children following more than 

10 years of cochlear implantation. Ear Hearing. 

2011; 32:60s. 

25. Briner TL, Buchanan JB, Chavis SE, Chen S-y, 

Iannuzzi GL, Kashtelyan V. Cognitive training: the 

effects of working memory training [dissertation]. 

Maryland Univ.; 2011. 

26. Ingvalson EM, Wong PC. Training to improve 

language outcomes in cochlear implant recipients. 

Front Psychol. 2013;4:263. 

27. Casserly ED, Pisoni DB. Nonword repetition as 

a predictor of long-term speech and language skills 

in children with cochlear implants. Otol Neurotol. 

2013;34:460–70. 

28. Beer J, Kronenberger WG, Pisoni DB. Executive 

function in everyday life: Implications for young 

cochlear implant users. Cochlear Implants Int. 

2011;12(Suppl 1):S89–S91. 

29. Conway CM, Pisoni DB, Kronenberger WG. 

The importance of sound for cognitive sequencing 

abilities: The auditory scaffolding hypothesis. Curr 

Dir Psychol Sci. 2009;18:275–9. 

30. Buschkuehl M, Jaeggi SM, Jonides J. Neuronal 

effects following working memory training. Dev 

Cogn Neurosci. 2012;2:S167–S79. 

31. Geers AE. Predictors of reading skill 

development in children with early cochlear 

implantation. Ear Hearing. 2003;24:59S–68S. 

32. Pisoni DD, Geers AE. Working memory in deaf 

children with cochlear implants: Correlations 

between digit span and measures of spoken language 

processing. Ann Otol Rhinol Laryngol Suppl. 

2000;185:92–3. 

33. Garrison W, Long G, Dowaliby F. Working 

memory capacity and comprehension processes in 

deaf readers. J Deaf Stud Deaf Educ. 1997;2:78–94. 

34. Gathercole SE. Nonword repetition and word 

learning: The nature of the relationship. Appl 

Psycholinguist. 2006;27:513–43. 

35. Cain K, Oakhill JV, Barnes MA, Bryant PE. 

Comprehension skill, inference-making ability, and 

their relation to knowledge. Mem Cognit. 2001; 29: 

850–9. 

 

 

 

 

 

 

 

 

 


