


 



Contents: 
Acknowledgement………………………………….…………………………………….. 

       List of abbreviations……………………………………………………………………….. 

       List of Figures…………………………………………………………………………………. 

1) Introduction and rationale:……….……………..……….………..1 

2) Aims of the work…………….……………….…………….……………4 

3) Review of literature…………..………………………………….………….…… 
I. Assistive listening devices:………..…………………….………..…….5 

a. Hard wire technology……………………………….….….………………6 
b. Telecommunications…………………….…………………………………8 
c. Visual technology……………………………………...……………………9 
d. Signal carriers(Wireless systems):………….……………..……..10 
e. Contribution and criteria of ALDs………………………………….10 

II. FM System………………………………………………………….………………………. 

A. Concept:………………………………………………..…………………….12 

B. Historical view………………………………………………..…….……..12 

C. How is FM system work?................................................15 

D. Types of FM systems………………………………..………………….16 
o Personal  FM systems………………………………….……….16 
o Sound field FM systems…………………………………..…...17 

E. Some considerations about FM system…….………..……….20 

F. General goals for fitting FM system…………………………….20 

G. Unilateral vs. Bilateral FM……………………………………………21 

H. FM vs. Infrared……………………………………………………………22 

I. What Should we know about FM…………………………………22 

J. What parentsshould know about FM system………………25 
 
 
 



III. Applications of FM system:………………………............…....……………… 

A. FM with preschool&School children........…..…………27 
B. FM with unilateral, minimal or fluctuating HL..….....33 
C. FM with severe hearing loss………………………….………34 
D. FM with geriatric population…………………………………34 
E. FM with APD ………………………………………..…………35 

 Definition…………………………………………..………..35 
 Diagnosis, Nature, Impact on speech perception…...36 

 Role of FM system in management APD………………..40 

 Caution and consideration………………………………46 

F. Role of  FM in management  AN/DS…………………48 

 Identification of auditory neuropathy…..……..49 

 What is helpful in assessment ANSD……………49 

 Why might FM system use be helpful?...........52 
G. FM system with cochlear implant…….………..……53 

 Benefits of using FM system with CI……..……..…….54 

 Speech recognition in Cochlear implant FM……….54 

 Monaural vs. bimodal Cochlear FM…………………….58 

 Bilateral vs. Bimodal input……………………….…………60 

 Why FM might be helpful with cochlear implant..72 

 Should a child with a CI use Binaural input…….…..61 

 Should a child with a CI use an FM system...........63 

 Recommendations for optimizing the FM system-
Cochlear interface………………………………….………….64 

4) Summary………………………………………………………………………….……73 

5) Conclusion………………………………………………………………………….…..75 

6) Recommendations……………………………………………………………………76 

7) References………………………………………………………………….….…………77 

8) Arabic summary…………………………………………………………..……………86 
 

 

 

 

 



List of abbreviations 

AAA: American Academy of Audiology. 

ABR: Auditory brainstem responses 

AD: Auditory Dys-synchrony 

ADD: attention deficit disorder. 

AI: Audio-input. 

ALS: Assistive listening System. 

ALDs: Assistive Listening Devices.  

AM: Amplitude modulation 

AN: Auditory neuropathy. 

ASD     : autistic spectrum disorder. 

ANSD: auditory neuropathy spectrum disorder. 

APD: Auditory processing disorder 

ASHA: American Speech-Language-Hearing Association. 

BTE: Behind the ear. 

CAN: Computer-Assisted Note taking. 

CART:Communication Access Real Time Translation. 

CAPD: Central auditory processing disorder. 

CIs: Cochlear Implants. 

CM: Cochlear microphonics. 

DAI: Direct Audio-Input. 

DSL: Desired sensation level. 

DSS:developmental sequencescoring. 

EM: Environmental microphone. 



ESP: Early Speech Perception test 

FM: Frequency modulation 

FCC: Federal communication commission 

HAs: Hearing aids. 

IT-MAIS: Infant-Toddler: Meaningful Auditory Integration Scale. 

IR: Infra-red. 

MARRS: Mainstream Amplification Resource Room Study. 

MEMR: Middle –ear muscle reflexes. 

MSL: Mean sentence length 

OAE: Otoacoustic emissions. 

OCR:Olivo-cochlear reflexes. 

PB: Phonetically-balanced. 

PDD:pervasive developmental delay. 

RECD: Real –ear-coupler-difference. 

RTs:Reaction time to auditory stimuli. 

SNHL    : Sensorineural hearing loss 

SNR or S/N: Signal to noise ratio. 

SRT:Speech Reception Threshold test 

 

 

 

 

 

 



 

List of Figures: 

 

Page Title No. 

6 Light alerting device which receives alarm 

signals from the doorbell, telephone, smoke 

detector, etc 

1 

7 An example of a hardwired device. 2 

7 Shows a neckloop and a silhouette. 3 

8 Special telephone amplifiers. 4 

12 Wireless FM system showing transmitter and 

receiver 

5 

14 Word discrimination scores obtained by hard of 

hearing children in their usual listening condition 

compared to those obtained when they used an 

FM system  

6 

16 PhonakMicroLink FM receiver. 7 

24 Shows FM vs. IR signal quality 8 

33 Speech level as a function of distance from the 

speech source  

 

9 

58 CI with FM system 10 

59 Bilateral/Bimodal study 11 

 

 

 

 

 

 

 

 

 



 



 

 

 

 

 بسِْمِ اللَّهِ الرَّحْمَنِ الرَّحِيمِ 

 َ ا  لْمَ لَََ ا ِِلاَّ قَ الُوا سُبْحَانَكَ  لاَ  عِ 
نَِّكَ أنَْتَ  يمُ العَليِمُ الحَكِ   عَلَّمْتَََ اِ   

 صدق الله العظيم
 (23سورة البقرة آية ) 

 
 

 



 



  

 

Acknowledgement 

 

       First of all and foremost, all my deepest thanks to Allah, the most merciful 

and who is always and forever behind my success.  

        My deepest gratitude and warmest appreciation to greatest supervisor Prof. 

Dr. Naema Mohamed Ismail Professor &Head of Audiology unit. Faculty of 

Medicine (Girls) Al Azhar University, for her valuable guidance, patience, help and 

encouragement. 

              Also, I would like to express my deep gratitude and appreciation to 

Assist. Prof. Dr. Amal Elsebaie Beshr, Assistant Professor of Audiology unit, 

Faculty of Medicine (Girls) Al Azhar University. For her help, constant support and 

keen supervision. 

 

             Also thanks to all my professors, Prof.Dr.Madiha Mohamed El-Mously 

Professor of Audiology unit, Faculty of Medicine (Girls) Al Azhar University 

&Prof.Dr.Mohamed Abd elatif Elgohary Professor of Audiology unit, Faculty of 

Medicine (Girls) Al Azhar University for their kindness, support and 

encouragement. 

              Also thanks to all members of Audiology unit, Faculty of Medicine (Girls) 

Al Azhar University, for their support and help. 

                Finally, my deepest appreciation is expressed to my lovely family for 

their encouragement and support and to parents 'spirits who gave me everything. 

 



 





2 
 

      FM systems, in all their various permutations, remain the single most 

effective way of increasing the speech to noise (S/N) ratio. Perhaps the most 

important factor underlying speech perception performance, and crucial as 

for adults, it is even more important for hearing-impaired children who are 

in the process of developing speech and language (Ross, 2002). 

          The potential advantages of an FM system are not limited to children. 

Hearing-impaired adults can also realize a great of benefit from FM system. 

There are many occasions when adults require a boost in the S/N in order to 

improve their comprehension of a message. Although the technical 

sophistication of modern hearing aids is wonderful, none can improve the 

S/N as well as a close-talking microphone (Ross and Yuzon, 1994). 

 

            Hearing aids, even with the best directional microphones, cannot 

pick up a signal from across the room or separate the signal from the 

ambient noise  but  FM system can (Ross, 2002). 

 

        FM& digital HAs combination improved the speech discrimination 

ability in-patients suffering from SNHL, either in quiet or in noise. (Tawfik 

et al., 2004) 

 

           When FM systems did not exist, an adult with a hearing loss had no 

other option but hearing aids. If he or she couldn’t hear well in some 

situations, it was tough, but that was the reality. Now, hearing-impaired 

adults have an additional option that help them hear better in college 

classrooms, in meetings, on tours, and in many other listening situations, but 

this possibility does require a concerted effort on the part of the professional 

community if it is to be realized (Flexer et al., 2002). 
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     In order to develop the sound solutions, the current status of the 

technology as well as what is possible in the future, and the environmental 

needs for clear communication in today’s society should be reviewed. 

Therefore, the review of the possibilities for wireless applications in the 

future with recognition of the constraints of space and power consumption. 

This provides the foundation for considering possible options to address the 

incoming challenges (Ledermann and Hendricks, 2003) 

            In considering the future applications of the emerging technology, 

one must take into account the current communication needs outside of an 

individual’s home and into the public arena of theatre, education, mobile 

communication, conferences, and social venues (Compton, 2000). 

 

         Results of adult evaluations with FM amplification which illustrate 

the significant benefit they can provide. The benefits extend beyond 

speech recognition to potentially the overall physical and psychological 

health of individuals (Crandell et al., 2002). 

 

             Finally, the use of this technology is also expanding to interface 

with devices other than amplification such as cochlear implants.  

 

 

 

 

 

 

 

 


