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Introduction

"the goal of audiologic rehabilitation is 

to restore or optimize participation in activities 

considered limitative by persons who have hearing impairment 

or by other individuals who partake in activities that include 

persons with a hearing impairment" (Gagné & Jennings, 2008)
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Introduction – role of education

Education is a key determinant 

of the individual's well-being and prosperity.



School achievements of deaf students

• The level of educational achievements is below the hearing 

peers (Marschark M. et al 2015).

• The shortened period of education affects increased 

unemployment among people with hearing loss (WHO, 

2017).



40 years of pediatric implant programs around 

the world – impact on academic outcomes

• Outcomes with little or no research – educational outcomes

➢ Preferred research based on standardized tests.

➢ Reference of the results of CI group to the control 

group of hearing children.



Polish Cochlear Implant Programme since 1992



• Zgoda M. The assessment of academic achievements

of cochlear implant users, PhD 2016

• The work was supported by Polish National Science Centre, 

decision no. DEC-2013/09/N/NZ7/03586.



Aim

The aim of the study was to analyze school attainments 

of CI children at the end of primary education 

and to compare results with those obtained by hearing peers.



Method

Observational, cross-sectional 

retrospective design was selected.

Standardized Polish school 

competency test performed at the 

end of primary school results were

collected via mail survey.



Method – school competency test 

Standardized school competency test:

-carried out at the end of primary education (6th grade) 

- universal

- obligatory.

Maximum score was 40 points
(20 questions in the multiple choice format and 6 open)

- reading

- writing
- reasoning 
- use of information
- practical use of knowledge.



Method

• Questionnaire was send to 478 parents of children 

with cochlear implants who underwent surgery

in the Institute of Physiology and Pathology of Hearing

and were born in years 1997 – 2000.

• Return rate was 44%.

• Finally data of 160 children was collected.

• The study was approved by the bioethical commission 

at the Institute of Physiology and Pathology of Hearing

signature number IFPS:/KB/04/2013.



Method – school competency test 

Students with hearing loss:

parents decision of the version of test 

adjusted 

for hard-of-hearing 

and deaf students

N=127

standard

N=33



Material

• Standardized school competency

test results of 33 children 

with cochlear implants

who underwent surgery

in the Institute of Physiology 

and Pathology of Hearing.



Demographic data

• Sex: 15 girls, 18 boys

• Place of residence: 

➢ live in the city – 64%

➢ live in the countryside – 36%



Demographic data

• Age at operation according to critical periods for implantation

(Kral and Sharma 2012): 

➢ 1,5 to 2,4 years – 40%

➢ 2,5 to 4,4 years – 24%

➢ 4,5 to 6,9 years – 12%

➢ 7 to 13,4 years – 24%



Demographic data

• Type of primary school attendent: 

➢ regular – 73%

➢ regular with suport – 27%

➢ special – 0%
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Results

Test results of the CI children (21%)

were not significant different 

compared to the population of normal hearing children.



Discussion

Author Number 
 of children 

Results 

Spencer et all 2004  15 – results the same or better 

Motasaddi-Zarandy et all. 2009  27 – 48,1% results are the same or above the average 

Zgoda et all 2014 7 – results above the average 

Sarand et all 2014 44 – less frequently achieved results  
at the avearge level or above the average level 

 



Discussion



Conclusion

• School attainments of a CI child can be at the same level 

comparing to hearing peers.

• Wide variation in individual performance.



Factors influencing school achievement 

in children with cochlear implantation



There are various factors that may potentially influence 

academic performance:

• student factors

• family factors

• school factors

• peer factors

(Crosnoe, Johnson & Elder, 2004) 

Introduction



Aim

The aim of the study was to investigate the effect 

of the age at cochlear implantation on the school attainments 

of children with prelingual hearing loss 

evaluated at the end of primary school education.



Introduction



The accepted intervals correspond to the theory of critical periods for implantation by Kral and Sharma (2012)

Age at the time of surgery



Results

Total score

Reading

Writing

Reasoning

Use of 
information

Practical
use of 
knowledge



Group 1 – children who received an implant between the ages of 1.5 and 2.4 years;

group 2 – children who received an implant between the ages of 2.5 and 4.4 years;

group 3 – children who received an implant between the ages of 4.5 and 6.9 years;

group 4 – children who received an implant between the ages of 7 and 13.4 years.

Results - total score

Group

Age at the operation – total score (post hoc)

Analysis of the significance of median differences: total score of the test



Analysis of the significance of median differences in the category of the test: reading

Results – reading

Group

Age at the operation – reading (post hoc)

Group 1 – children who received an implant between the ages of 1.5 and 2.4 years;

group 2 – children who received an implant between the ages of 2.5 and 4.4 years;

group 3 – children who received an implant between the ages of 4.5 and 6.9 years;

group 4 – children who received an implant between the ages of 7 and 13.4 years.



Children who received a cochlear implant at the age

of 1.5 to 2.4 years had a better overall score and a better

reading result than children who underwent surgery between

the ages of 4.5 and 6.7 years.

No differences were observed between the other groups.

Results: summary



In group 4 there were 34% of children with partial deafness.

Children with partial deafness:

• in a critical period for the development of speech

and language they are not devoid of sound stimulation

• they are able to develop, to a certain extent, speech and they

are communicating verbally

The specificity of their functioning is often the cause of late

diagnosis of hearing loss and, as well as in consequence late

implantation.

Discussion



Conclusion

The age at the moment of cochlear implantation 

has a significant influence on the level of school 

achievements at the end of primary school education. 



Conclusion

• The positive effects on the school attainments of cochlear 

implantation up to the 2 years of age, constitutes the need of 

early medical intervention with cochlear implant in children 

with the prelingual profound hearing loss of total deafness. 

• The children with partial deafness implanted after 7 years of 

age can obtain good academic results in spite of the relatively 

late implantation.



Conclusion

▪ Poor reading comprehension in middle childhood 

increased the risk of emotional and behaviour difficulties 

at school in the teenage years (Stevenson et all 2018). 

▪ Early implantation can be effective language and literacy 

interventions for children with hearing loss and may also 

bring benefits to their mental health.
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The NH students with high level of SES perform better 

than the students with low level of SES.

(Garzon, 2006; Kahlenberg, 2006; Kirkup, 2008)

Family socioeconomic status (SES) 

– NH children



Parent educational attainment is important in predicting 

NH children’s school achievements.

(Klebanov, Brooks-Gunn, & Duncan, 1994; Haveman & Wolfe, 

1995; Smith, Brooks-Gunn, & Klebanov,1997)

Parent educational attainment

– NH children



Parent educational status: hearing outcomes are significantly

better among children of parents with higher levels

of occupational skills.

(Stacy et al. 2006, Nicolas and Geers 2006) 

Parent educational attainment

– children with CIs



Higher socioeconomic status is associated 

with greater improvement in comprehension 

and expression of spoken language.

(Niparko et al. 2010, Chang et al. 2010) 

Family socioeconomic status (SES) 

– children with CIs



The aim of the study was to assess the impact 

of parental education level (both mothers and fathers)

and SES on academic achievements 

of experienced CI children.

Aim



Parents’ educational attainments were categorized 

using ISCED 2011 levels of education into three groups:

1 – completed primary education including lower secondary

2 – higher secondary general and vocational

3 – higher education

4 – refusal to answer.

Method – parents’ educational attainments



Households monthly income was categorized using 

The European Health Interview Survey (EHIS) division.

For statistical analysis divided to categories :

1 – low income

2 – middle

3 – high

4 – refusal to answer.

Method – parents’ educational attainments



Mothers Fathers

Parents’ educational attainments



Variables Statistics Significance

Group N Mean Median SD Median Test Anova* Anova**

Total score

1 66 19,83 19,00 9,49

0,0499 0,0162 -
2 51 22,82 24,00 9,56

3 32 26,37 28,00 10,64

4 11 24,09 26,00 8,20

Reading

1 65 5,46 6,00 2,74

0,0229 0,0092 -
2 50 6,40 6,00 2,33

3 31 7,29 8,00 2,45

4 10 7,00 8,00 2,36

Writing

1 65 6,03 7,00 3,22

0,9196 0,5618 -
2 50 6,14 7,00 3,22

3 31 6,93 7,00 2,98

4 10 6,70 7,00 3,23

Reasoning

1 65 2,91 2,00 2,43

0,0200 0,0036 -
2 50 3,94 4,00 2,51

3 31 5,03 6,00 2,88

4 10 3,90 4,00 2,18

Use of information

1 65 2,26 2,00 1,11

0,0395 0,0335 -
2 50 2,70 2,50 1,29

3 31 3,06 3,00 1,44

4 10 2,60 3,00 0,97

Practical use

of knowledge

1 65 3,33 2,00 2,74

0,4342 0,6070 -
2 50 3,52 3,00 2,77

3 31 4,16 5,00 2,84

4 10 3,40 3,00 2,17

Results – father educational attainments



Post hoc analyzes reveal statistical differences between test 

scores of children of fathers with level of education 1 and 3 for:

- total score (p=0,0110)

- reading (p=0,0123) 

- reasoning (p=0,0031). 

Results – father educational attainments



Variables Statistics Significance

Group N Mean Median SD Median Test Anova* Anova**

Total score

1 46 17,22 16,00 8,90

- - 0,000253
2 60 23,78 25,00 9,66

3 48 25,08 26,00 9,86

4 6 26,50 28,50 5,54

Reading

1 46 5,19 6,00 2,32

0,0064 0,0084 -
2 58 6,65 7,00 2,54

3 47 6,55 7,00 2,73

4 5 7,60 8,00 2,70

Writing

1 46 4,59 4,00 3,21

0,0262 0,0003 -
2 58 6,90 8,00 3,13

3 47 7,00 7,00 2,60

4 5 8,20 9,00 2,17

Reasoning

1 46 2,59 2,00 2,32

0,0132 0,0017 -
2 58 3,86 3,50 2,70

3 47 4,66 5,00 2,61

4 5 3,80 4,00 1,31

Use of information

1 46 2,13 2,00 1,27

0,0063 0,0055 -
2 58 2,75 3,00 1,09

3 47 2,81 3,00 1,38

4 5 2,60 3,00 1,14

Practical use

of knowledge

1 46 2,72 2,00 2,57

0,2417 0,0698 -
2 58 3,79 3,50 2,71

3 47 4,08 4,00 2,89

4 5 3,80 3,00 1,64

Results – mother educational attainments



There are statistical differences between test scores of children

of mothers with level of education 1 and 2 for:

- total score (p= 0,0045)

- reading (p=0,0180); 

- writing (p=0,0009); 

- use of knowledge(p=0,0054).

Results – mother educational attainments



There are statistical differences between test scores of children

of mothers with level of education 1 and 3 for:

- total score (p=0,0004); 

- writing (p=0,0049); 

- reasoning (p=0,0009);

- use of knowledge (p=0,0299). 

Results – mother educational attainments



Variables Statistics Significance

Group N Mean Median SD Median Test Anova*

Total score

1 25 19,44 20,00 9,21

0,2293 0,3519
2 57 22,16 21,00 9,48

3 42 23,90 25,00 9,64

4 36 23,03 25,50 11,17

Reading

1 25 5,68 6,00 2,34

0,2179 0,4852
2 57 6,17 6,00 2,56

3 40 6,57 7,00 2,63

4 34 6,29 7,00 2,89

Reading

1 25 5,44 6,00 3,19

0,2511 0,4239
2 57 6,53 7,00 3,06

3 40 6,28 7,00 3,02

4 34 6,53 8,00 3,48

Reasoning

1 25 3,04 3,00 2,42

0,3831 0,1881
2 57 3,58 3,00 2,56

3 40 4,47 4,50 2,93

4 34 3,59 3,00 2,46

Use of information

1 25 2,24 2,00 0,97

0,1764 0,3056
2 57 2,54 2,00 1,35

3 40 2,62 3,00 1,08

4 34 2,85 3,00 1,46

Practical use

of knowledge

1 25 3,04 2,00 2,59

0,4812 0,5832
2 57 3,42 2,00 2,77

3 40 3,85 3,50 2,57

4 34 3,85 4,00 2,99

There was no statisticaly significant relation between school 

competency test results and parents income. 

Results – SES



• Higher education level entail the wish for higher level of 

academic achievement for children.

• All parents with higher education expect their children to 

complete university-level education.

• Parents with secondary school education wish that their 

children achieve a Master or Bachelor degree.

• Parents with vocational education wish for their children to 

complete a secondary school (Walkowska, 2004)

Discussion



Educational level influences parents’ awareness of:

• alternative options in approaches to rehabilitation

• access to complementary rehabilitation

• early referral.

It also affects their own independent ability to provide their 

hearing impaired child with support required.

(Yehudai et al. 2011)

Discussion



At primary education level, a higher level of educational 

attainment not only of mother, like it is often reported 

in the literature but also of father, have positive influence 

on school achievements

of a children who uses cochlear implants.

(Klebanov et al., 1994; Corwyn and Bradley, 2002)

Discussion



Contrary to other studies, such as Hanes 2008 data obtained 

in a group of implanted children in Poland does not support 

findings from NH group that higher SES levels lead 

to better performance of students.

Discussion



Education level of both mothers and fathers influences academic

achievements of experienced CI children as opposed 

to theirs socioeconomic status.

Discussion



There are various factors that influence academic performance:

• student factors

• family factors

• school factors

• peer factors

Closing remarks
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