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CHAPTER 1 

Introduction 

Annoyance from amplified background noise is one of the most common 

performance related complaints with hearing aids (Kirkood, 2005). Hearing aid users 

have reported difficulty with background sounds as the most critical issue related to 

hearing aid benefit, satisfaction, and use (Surr, Schuchman, & Montgomery, 1978; 

Franks & Beckman, 1985; Kochkin, 2002). The major reason for dissatisfaction with 

hearing aid is the background noise (Surr, Schuchman, & Montgomery, 1978). 

  

Unfortunately, for individuals with hearing impairment, traditional amplification 

strategies may provide little or no improvement in noisy environment. A hearing 

impairment is composed of two factors, one is the attenuation factor which reduces the 

overall level of both speech and noise, and the other is the distortion factor, where 

individuals with hearing impairment need a higher speech to noise ratio to reach the same 

degree of speech recognition as individuals with normal hearing (Hagerman, 1984; 

Plomp, 1986). Amplification through hearing aids compensates for the attenuation factor, 

but the distortion factor is difficult to deal with. Hearing aid use improves speech 

perception in quiet conditions mainly due to increased audibility. However, in presence 

of noise, there are reports of both benefit (Alcantara, Moore, Kuhnel, & Launer, 2003) as 

well as of no benefit (Gustafsson & Arlinger, 1994) from hearing aid use in speech 

recognition tasks.  

 



Thus the main challenge for an audiologist, while fitting a hearing aid is to    

decrease the negative effects of noise without affecting or minimally affecting the speech 

intelligibility, and also acceptance of hearing aid in the presence of noise. There are 

several noise reduction technologies that have been shown to improve speech 

intelligibility on noise (Crandell & Smaldino, 2000). These technologies include 

directional microphones, digital noise reduction and personal frequency modulation (FM) 

systems. 

 

Directional microphones are the option available in hearing aids which improves 

the Signal to noise ratio (SNR) by taking the advantage of spatial differences between 

speech and noise. They are more sensitive to sound coming from the front than the 

sounds coming from the back and the sides. Many studies have assessed directionality 

and have found that aided speech recognition in noise is improved significantly with 

directional microphones in comparison to omnidirectional microphones (Ricketts, Henry, 

Gnewikow, 2003; Bentler, Niebuhr, Getta, & Anderson, 2004). In addition to directional 

microphone, the other noise reduction technology which has provided a remarkable 

benefit in noisy situation is the FM system. 

 

An FM system delivers desired sound directly to the ear by reducing the 

background noise.  It preserves the desired signal strength and enhances the speech to 

noise ratio (SNR) at the listener’s ear and thereby facilitates speech recognition. 

Currently no hearing aid option has been shown to provide as much benefit as that 

documented with FM systems.  Hawkins (1984) reported a mean signal to noise ratio 



advantage of 15.3 dBHL in unilateral FM condition compared to the conventional 

hearing aid condition.  

 

Traditionally these two technologies are evaluated for their benefit using speech 

perception in noise measures (SNR). Speech in noise test measures an individual’s ability 

to understand speech in the presence of noise which is quantified by estimating the signal 

to noise ratio required to achieve a certain degree of intelligibility, such as 50% correct 

scores. There is an assumption that, individuals with good scores for speech perception in 

noise may have more success or wear their hearing aids more often than individuals with 

poor scores for speech perception. However, poor correlation have been found between 

speech perception scores in noise (SNR) and hearing aid benefit, satisfaction, or its use 

(Humes, Halling, & Coughlin, 1996). Hence there was a need to develop a test procedure 

that predicts the hearing aid satisfaction and use. 

 

Nabelek, Tucker, and Letowski (1991) hypothesized that the willingness to listen 

to speech in background noise may be more indicative of hearing aid use than speech 

perception scores obtained in background noise. This hypothesis led to the development 

of a procedure called “acceptable noise level” (ANL), which is a measure of willingness 

to accept background noise while listening to speech. This procedure was originally 

termed as tolerated signal to noise ratio. The ANL was defined as the difference between 

the most comfortable listening level (MCL) for running speech and the maximum 

background noise level (BNL) that a listener is willing to accept. 

 



            Nabelek, Freyaldenhoven, Tampas, Burchfield, & Muenchen (2006) reported that 

unaided conventional ANLs can predict hearing aid use with 85% accuracy. Nabelek, 

Tampas, & Burchfield (2004) reported that ANLs vary from approximately 0 to 30 dB in 

both individuals with normal hearing as well as individuals with hearing impairment. 

They demonstrated that hearing aid use was related to an individual’s ability to accept 

background noise and individuals who accepted high levels of background noise (i.e., had 

low ANL i.e., 7dB or less) were likely to become successful hearing aid users than 

individuals who could not accept background noise (i.e., had high ANL i.e., 13dB or 

more) were likely to become unsuccessful hearing aid users. 

  

Need for the study 

            Although there has been much information regarding the potential benefits of 

directional microphones for both speech intelligibility and listening comfort, there is little 

published data to support these claims. Freyaldenhoven, Nabelek, Burchfield,  & Thelin,  

(2005) reported that hearing aids with directional microphones allowed listeners to accept 

more background noise than when listening through hearing aids with omnidirectional 

microphones. However further investigations on these findings are required. 

 

            FM technology improves speech perception in noise by 10 to 20 dB compared to 

the unaided condition (Crandell & Smaldino, 2001). Further there is a need to validate the 

benefit provided by the FM system. Despite the documented enhancement in speech 

perception with directional microphones and FM technologies, till date, only one 

investigation has been attempted to compare these technologies. Hence it would be of 



interest to compare these technologies which would help in selecting the appropriate 

digital technology based on benefits provided by them. 

 

 Traditionally, speech recognition ability is measured in speech spectrum noise 

available in the clinical audiometer. However, environmental noise such as cafeteria noise 

and speech babble are the common background interfering noise which many people 

encounter in real life environment. Hence, it is uncertain whether the speech recognition 

ability measured in speech-spectrum shaped noise, would predict one’s speech 

understanding in real life situations. So there is a need to measure the speech recognition 

ability of an individual in environmental noises such as cafeteria noise and speech babble. 

In addition, the benefits provided by the directional microphone and FM system in the 

environmental noise needs to be investigated. 

 

 Speech scores in noise are poor predictors of hearing aid outcome such as hearing 

aid satisfaction and use (Bentler, Niebuhr, Getta, & Anderson, 1993). However, a 

differents procedure called as Acceptable noise level measures the hearing aid outcome 

(Nabelek, Tucker, & Letowski, 1991). There is little published literature on the effect of 

directional microphone on ANL. Till date, no investigation has been attempted to 

investigate the effect of FM system on ANL. Hence it would be of interest to study the 

effect of directional microphone and FM system on ANL and compare the outcomes of 

these technologies based on ANL procedure. 

 



  There were equivocal findings in the literature on the effects of different noises on 

ANL. Freyaldenhoven & Smiley (2006) demonstrated that ANLs are dependent on type 

of background noise and indicated that ANLs obtained using different competing stimuli 

should not be compared directly. On the other hand, Nabelek, Freyaldenhoven, Tampas, 

Burchfield, & Muenchen, (2006). reported that ANL is independent of different noises. 

Thus, a need for a detailed evaluation of the effect of various types of noise (Speech 

babble, & Cafeteria noise) on ANL would be of interest which is common in daily 

listening situations.  

 

 Hearing aid fitting should include a complete description of the negative effects of 

noise on speech perception. This includes not only speech recognition performance 

(SNR) but also a measure of acceptance of noise (ANL) which measures the hearing aid 

outcome objectively. Nabelek, Tampas, and Burchfield (2004) reported that ANL and 

Specch perception in noise scores were not significantly correlated. On the other hand, 

Nabelek, Burchfield, & Webster, (2003) reported that individuals with hearing 

impairment who exhibit low acceptance of background noise when listening to speech 

(i.e., persons with large ANLs) demonstrate dissatisfaction with hearing aids consistently 

and tend to use them occasionally or reject them altogether. This dissatisfaction with 

hearing aids is similar to difficulty exhibited by individuals with abnormally high SNR 

loss, as described by Killion, (1997). Hence the relation between speech recognition 

performance and acceptable noise levels needs to be explored. Further it would be of 

interest to see if there is similar effect of directional microphone and FM system on ANL 



and SNR, as there is a dearth of literature in comparing the ANL and SNR using 

directional microphone and FM system.  

 

Objectives of the study 

The present study has the following aims: 

1. To evaluate the effect of directional microphone and frequency 

modulation system (FM) on SNR using two different competing stimuli 

(Cafeteria noise & Speech babble).  

2. To evaluate the effect of directional microphone and frequency 

modulation system (FM) on ANL using two different competing stimuli. 

3. To compare ANL and SNR using directional microphone and frequency 

modulation system using two different competing stimuli. 

 

 

 

 

 

 

 

 

 

 



CHAPTER 2 

Review of literature 

 

Hearing loss and other perceptual problems related to aging causes 

communicative difficulties (Dubno, Dirks, & Morgan, 1984; Gelfand, Piper, & Silman, 

1986; Gordon-Salant, 1986; Nabelek, 1988). Due to these communication difficulties, 

reduced psychosocial function has often been reported. In particular, there is decline in 

social interaction, intimate relations, self concept, psychological status, and cognition 

(Harless & McConnell, 1982; Weinstein & Ventry, 1982; Sherer & Frisnia, 1998). Many 

older people with hearing loss can obtain improvement in communication with hearing 

aids (Mulrow, C., Tuley, M., & Aguilar, 1992). Unfortunately, only a small percentage of 

elderly people buy and use hearing aids. Among the major reasons identified in various 

surveys for dissatisfaction with hearing aids were problems with background noise (Surr, 

Schuchman, & Montgomery, 1978) and unpleasantness of loud sounds (Franks & 

Beckmann, 1985; Kapteyn, 1977).  

 

  Background noise is one of the major problems for hearing impaired persons 

compared to individuals with normal hearing because individuals with hearing 

impairment require a more favorable signal to noise ratio (SNR) to achieve acceptable 

speech understanding in a given amount of background noise. Furthermore, one of the 

most common performance related complaints with hearing aids is annoyance from 

amplified background noise (Kirkwood, 2005). Conventional amplification technologies 

may provide little or no improvement to the signal to noise ratio (SNR) in adverse 



listening environments (Crandell & Smaldino, 2001). A hearing aid amplifies the 

background noise together with the speech, so that the signal to noise ratio (SNR) is not 

increased.  This results in poorer speech intelligibility, due to increased upward spread of 

masking at high listening levels, distortion caused by the hearing aid, and limited 

bandwidth of the hearing aid (Plomp, 1978). Currently, hearing aids are implemented 

with various clinical strategies and circuitry schemes imposed in an attempt to improve 

speech understanding both in quiet and noisy environments. These include: binaural 

amplification, reduction of low frequency amplification, compression amplification, 

directional microphones, digital noise reduction and an option for coupling FM system. 

The technologies which are found to remarkably improve the speech understanding in 

noise are FM system and Directional microphone. 

 

Directional microphones. 

Directional microphones are designed to take the advantage of spatial differences 

between speech and noise. They are more sensitive to sound coming from the front than 

the sounds coming from the back and the sides. In a single microphone design, the 

directional microphone has an anterior port and posterior microphone port. The acoustic 

signal entering the posterior port is acoustically delayed and subtracted from the signal 

entering the anterior port at the diaphragm of the microphone. Thus hearing aids with 

directional microphone improves speech perception significantly in presence of noise 

(Kuk, Kollofski, Brown, Melum, & Rosenthal, 1999). Directional microphone gives a 

speech reception threshold (SRT) improvement of approximately 3 dB in difficult 

listening conditions (Hawkins & Yacullo, 1984). 



Directional microphones have the maximum sensitivity at 00 azimuth (Olsen & 

Hagerman, 2002). The maximum sensitivity of a hearing aid with an omnidirectional 

microphone is found to be on the same side as the position of the hearing aid on the head 

(Fortune, 1997). Speech recognition in noise is improved significantly with directional 

microphones in comparison to omnidirectional microphones (Nielson, 1973). This 

difference between microphone modes is reffered to as the directional benefit.  

 

The magnitude of directional benefit can be predicted with reasonable accuracy 

from the positional relationship of the noise sources and nulls in a particular hearing aid’s 

directional pattern (Ricketts, 2000). Directional patterns acquired from a single plane are 

graphically represented in a polar coordinate system as represented via a polar plot. Polar 

plots graphically represent the pattern of attenuation in response to sound inputs from 

various angles on a single plane. Polar nulls, described as an angle of directional pattern 

for which there is significantly greater attenuation than for most other angles, are 

commonly present. Greater directional benefit will be measured if competing noise 

sources are placed at angles corresponding to nulls in the directional pattern than when 

they are placed at angles of greater sensitivity. As a result, in environments with a single 

noise source, there is a potential to improve speech recognition by matching the null in a 

hearing aid’s pattern of attenuation (directional pattern) to the position of the noise 

source. Directional microphones exhibit four distinct types of polar patterns: bipolar (or 

bidirectional, dipole), hypercardioid, supercardioid, and cardioid. The least sensitive 

microphone locations (nulls) of these polar patterns are at different azimuths relative to 

the most sensitive location (0ºazimuth). 



 

FM system 

With an FM system, the speech signal is picked up via a wireless microphone 

located near the speaker’s mouth. The close proximity of the FM microphone minimizes 

the effects of reverberation, distance and noise on speech percepion (Crandell, Smaldino, 

& Flexer, 1995). The FM system converts the acoustic signal to an electric waveform and 

transmits the signal via FM radiowaves from the transmitter to the receiver. Both the 

transmitter and the receiver are tuned to the same transmitting and receiving frequency 

(usually 216-217MHz). At the receiver, the electrical signal is amplified and converted 

back to an acoustical waveform and conveyed to the listener. Personal FM systems can 

improve speech perception in presence of noise for individuals with hearing impairment 

by as much as 20 dB compared to no environmental Microphone conditions (Crandell & 

Smaldino, 2000). 

 

The need to understand the outcomes of hearing aid and signal enhancing 

technologies has resulted in the proliferation of satisfaction and benefit self assessment 

scales. They include the following; the Hearing Handicap Inventory for the Elderly 

(Maniloff & Weinstein, 1989), the profile of Hearing Aid Performance (Cox & Gilmore, 

1990), the Hearing Aid Performance Inventory (Walden, Demorest, & Helper, 1984), the 

Client Oriented Scale of Improvement (Dillon, James, & Ginis, 1997), and the Glasgow 

hearing Aid Benefit Profile (Gatehouse, 1999). These scales provide useful information 

about subjective satisfaction and benefit; however, it has been shown that this 

information is not related to successful use of hearing aid and different digital 



technology. These scales cannot be administered prior to the hearing aid fitting or even 

during hearing aid evaluation. Traditionally to evaluate the performance of these noise 

reduction strategies during hearing aid fitting, two measures can be used. 

1. Speech recognition in noise (SNR)  

2. Acceptable noise levels (ANLs) 

 

Speech recognition in noise 

It is well known that the ability to understand speech in noise is poorly predicted 

by pure tone thresholds or the ability to understand speech in quiet (Plomp & Mimpen 

1979, Smoorenburg, 1992). Carhart and Tillman (1970) suggested that in addition to 

measures of pure-tone sensitivity and word recognition in quiet, communication handicap 

should be quantified in terms of word recognition in a background of competing speech. 

 

Several tests can be used to assess speech communication in noise such as SPIN 

(Kalikow, Stevens, & Elliot, 1977) and Synthetic speech identification (Speaks & Jerger, 

1965). These tests have been designed to measure percent intelligibility at fixed speech 

and/or noise levels. This test produce reliable estimate of performance, but percent 

intelligibility measures are inherently limited by floor and ceiling effects. An alternative 

to percent intelligibility measures is the speech reception threshold (SRT) which is not 

subjected to floor and ceiling effects. The SRT is defined as the presentation level 

necessary for a listener to recognize the speech materials correctly a specified percent of 

the time, usually 50%. The technique for measuring SRT’s is derived from an adaptive 

measure where the presentation level of the stimulus is increased or decreased by a fixed 



amount, depending upon the listener’s ability to repeat the speech material correctly. 

Hence a simple up down adaptive procedure with fixed step size is used to measure the 

Speech Reception Threshold in noise, SRTn (defined as the signal to noise ratio 

corresponding to 50% intelligibility) is developed. The difference in SNRs-50 between 

people with normal hearing and hearing loss is called SNR-loss (Killion, 1997b).The 

SNR of conversation in public places is typically around +5 dB to +10 dB (Pearson et al, 

1976). However, according to studies by Tillman, Carhart, Olsen (1970) and Gengel 

(1971), SNRs of +10 dB to +15 dB are necessary for the hearing aid wearer. Every 4-5 

dB improvement of the signal to noise ratio may rise the speech intelligibility by about 50 

% (Groen, 1969; Plomp, 1978). 

 

Speech recognition in noise using directional microphones 

Rickets, Henry and Gnewikow (2003) examined the hearing aid benefit using 

speech recognition and self assessment methods in 15 adults with mild to moderate 

sensorineural hearing loss using omnidirectional and directional hearing aid. Measures 

included the Profile of Hearing Aid benefit (PHAB), Connected Sentence Test (CST), 

and the Hearing in Noise Test (HINT). These measures were carried out in three 

conditions; such as omnidirectional (O), directional with low frequency gain 

compensation (D), and user selectable directional/omnidirectional (DO). Results 

indicated significantly more hearing aid benefit in directional modes than in 

omnidirectional mode. PHAB results indicated more benefit on the background noise 

subscale (BN) in the DO condition than in the O condition; however, this directional 

advantage was not present for the D condition. 



 

Hawkins and Yacullo (1984) determined the SNR required for recognition of Nu 

6 in presence of multitalker babble in 12 individuals with normal hearing and 11 

individuals with hearing impairment. The SNR was recorded in monoaural and binaural 

omnidirectional and directional hearing aids in rooms with reverberation times of (Rt) 

0.3, 0.6 and 1.2 seconds. Results indicated an average advantage for directional 

microphone of 6.3, 4.7, and 0.6 dB for RT of 0.3, 0.6 and 1.2 respectively for monoaural 

listening condition. For the binaural listening condition, results revealed average 

advantage for the directional microphone of 3.6, 5.5, and 1.5 dB for RT of 0.3, 0.6, and 

1.2 seconds respectively. The results revealed a directional advantage when RT was less 

than 1.2 seconds and the directional advantage was equal to 0.3 and 0.6 second for 

monoaural and binaural listening. The range of directional advantage for the hearing 

impaired subjects ranged from 1.6 to 7.3 dB. 

 

Madison, David and Hawkins (1983) determined the SNR advantage of 

directional microphones in reverberant and non-reverberant condition in a group of 12 

normal hearing young adults. Different lists of NU 6 and noise were presented 

monoaurally and noise was held constant at 65dB SPL, and the signal level was varied to 

determine the signal to noise ratio required for 50% correct response. The results revealed 

that the directional microphones offered an SNR advantage of 10dB in non reverberant 

environment and 3.4 dB in reverberant environment compared to omnidirectional 

microphones. 

 



 

Speech recognition in noise using Frequency modulation system: 

Fabry (1994) evaluated a frequency modulated auditory trainer which uses a 

remote Frequency modulated (FM) microphone and/or an ear level environmental 

microphone (EM) in 5 hearing impaired subjects in the age range of 33-65 years with 

moderate to severe sensorineural hearing loss participated in the study. The frequency 

response of the EM was configured either to match that of FM response, or to provide a 

high pass filter characteristic similar to a noise reduction hearing aid. SRT in noise was 

measured using the HINT (Nilsson, Sullivan, & Soli, 1991) under various conditions: FM 

only, EM only for the high pass system (EM-HP), EM only with standard frequency 

response (EM-S), FM/EM combined mode for the high pass system (FM/EM-HP), 

FM/EM   combined mode for the standard set up (FM/EM-S). Results indicated that 

remote FM microphone improved S/N ratio by nearly 10dB over the standard EM only 

condition. For combined FM/EM conditions, the signal to noise ratio advantage was 

reduced by approximately 3dB and 7dB for the EM-HP and EM-S conditions, 

respectively. 

 

Boothroyd (2004) determined the speech perception ability using the FM system 

in quiet and noisy condition in a group of 12 participants in the age range of 52 to 85 with 

mild to severe hearing loss. Phoneme recognition was measured under three conditions: 

aided, quiet, aided in spectrally matched noise and FM assisted in noise. Speech was 

presented at a distance of 3 feet at 0 0 azimuth. Spectrally matched noise was presented 

from two loudspeakers at a distance of 3 feet and +60 and -60 azimuth. Results revealed 



that FM assisted phoneme recognition in noise equaled aided phoneme recognition in 

quiet. 

 

Comparison of speech recognition scores in noise across directional microphone and 

frequency modulation system. 

Lewis, Crandell, Valente and Horn (2004) compared speech perception 

performance across directional microphones and frequency modulation system in 22 

subjects with mild to severe sensorineural hearing loss in the age range of 24 to 84 years. 

Speech perception was assessed using the HINT sentences (Nilsson, Soli, & Sullivan, 

1994). HINT Sentences were presented via compact disc recording that uses a male 

speaker.  Correlated (the same noise source was presented from 45,0 135,0  225, 0  3150 

azimuth) speech spectrum noise was presented as the competing stimulus.  All 

loudspeakers were located one meter from the participants. Reception threshold for 

sentences in noise were determined for subjects under five different listening conditions 

namely, binaural BTE hearing aids alone in omnidirectional mode, binaural BTE hearing 

aids alone in directional mode, binaural but fit with  one BTE hearing aid utilized with 

one Phonak microlink FM receiver in the FM only mode and one BTE hearing aid in the 

omnidirectional microphone mode in the opposite ear and binaural BTE hearing aids 

utilized with two phonak Microlink FM receivers in the FM only mode. Results indicated 

that speech perception was significantly better with the FM system over that of any of the 

hearing aid conditions, even with the use of directional microphone. The mean difference 

between the monoaural FM and the hearing aids in the omnidirectional microphone mode 

was 20.3 dB and 16.9 dB for directional microphone comparison. For the binaural FM 



setting, the mean difference between FM and the hearing aids in the omnidirectional 

microphone mode was 22.7 dB and 19.3 dB for the directional microphone condition. 

Directional microphone performance was 2.2 dB better than omnidirectional mode. 

 

To evaluate the performance of these technologies assessment needs to be done in 

an environment which mimics the real world situations. Hence speech recognition in 

various noises can be included as an evaluation measure. 

 

Speech recognition in different noises. 

Speech understanding is influenced by the type of background competing signal.  

Noise related differences in speech understanding is due to the difference in the 

frequency spectra of noises (Kaplan and Pickett, 1982). Noise with speech like 

components interferes more with understanding of the primary message than noise which 

is not similar to speech (Speaks and Karmen,1968). 

 

Arslan (1991) examined speech discrimination scores using sentences as primary 

test material in four different noise conditions: speech noise, cocktail party noise, traffic 

noise and continuous discourse. Speech recognition ability of young adults with normal 

hearing and mild sensorineural hearing loss were compared with that of older adults with 

normal hearing and mild sensorineural hearing. Results revealed better performance in 

speech noise and cocktail party noise were generally better across all the subjects 

compared to that of traffic noise and continuous discourse at unfavorable SNRs (0 dB or 

below). The authors attributed the differences to lower energy at high frequencies and 



more amplitude fluctuation in traffic noise and continuous discourse, than the speech noise 

and cocktail party noise. These factors favor speech understanding in the former two 

noises because high frequency information aids speech understanding. Speech 

discrimination scores of the two normal hearing groups were basically the same, while the 

performance was worse in the old hearing impaired group. However, the sentence test 

material, and the definition of the speech noise and the continuous discourse background 

used in this study were not documented, which makes it difficult to compare these results 

with other study.  

 

Kaplan and Pickett (1982) examined the speech discrimination scores for modified 

Rhyme test in 26 elderly individuals with bilaterally mild to moderate sensorineural 

hearing losses in the age range of 61-91 years. Speech discrimination was measured using 

modified Rhyme test of Kreul et al., (1968) using speech babble and cafeteria noise under 

the following aided conditions  

1. Monotic 

2. Low frequency attenuated: the frequency band below 1000Hz was attenuated by 5, 

10, 15 dB relative to the high frequency band  above 1000Hz 

3. Dichotic: The frequency band above 1000Hz was presented to the preferred ear 

and the low frequency band to the other ear 

4. Diotic: The same signal was presented simultaneously to both ears. 

 

Results revealed that cafeteria noise needed 50 to 70% higher than speech babble 

to maintain monotic discrimination. With the cafeteria noise, the low frequency attenuated 



conditions were either poorer or essentially the same as the monotic condition. In contrast, 

in the speech babble, low frequency attenuation resulted in improved discrimination. The 

monotic-dichotic and monotic-diotic differences in the two types of noise were more 

similar, both indicating dichotic and diotic superiority. 

 

Speech perception scores obtained in the background noise do not predict success 

with hearing aid use (Bentler, Niebuhr, Getta, & Anderson, 1993; Humes, Halling, & 

Coughlin, 1996). Nabelek, Tucker, & Letowski, (1991) proposed a test which assesses an 

individual’s acceptance of background noise, which is different from assessing speech 

perception in the presence of background noise. These investigators reasoned that for 

successful hearing aid use, speech understanding in noise may not be as important as the 

individual’s allowable signal to noise ratio which is now called the acceptable noise level 

(ANL). 

 

Acceptable noise levels 

Nabelek, Tucker, & Letowski, (1991) hypothesized that the willingness to listen 

to speech in background noise may be more indicative of hearing aid use than speech 

perception scores in background noise. This hypothesis led to the development of a 

procedure to quantify the amount of background noise that listeners are willing to accept 

when listening to speech called the “acceptable noise level”(ANL). The ANL was 

defined as the difference between the most comfortable listening level (MCL) for running 

speech and the maximum background noise level (BNL) that a listener is willing to 

accept. 



 

Nabelek, Freyaldenhoven, Tampas, Burchfield, & Muenchen, (2006) conducted 

as study to determine if ANL can be used to predict hearing aid use. Adults with hearing 

impairment using binaural hearing aids, from a minimum of three years were included in 

the study. They were categorized themselves as full time users, part time users, or 

nonusers using a questionnaire. ANL was determined using running speech recorded by a 

male talker as the primary stimulus (Arizona Travelogue, Cosmos, Inc.) and 12 talker 

speech babble as the competing background noise. Both aided and unaided ANLs were 

measured. Results indicated that ANLs were related to hearing aid use and full time 

hearing aid users accepted more background noise compared to part time users or 

nonusers. Results also indicated that unaided ANLs could predict a listener’s success of 

hearing aids with 85% accuracy. 

 

Factors related to ANL 

1. Language: 

  Von Hapsburg, and Bahng (2006) hypothesized that ANL might be language-

independent measure. The purpose of the study was to explore whether ANLs obtained 

from Korean listeners in both English and Korean were comparable to ANLs obtained 

from monolingual English listeners. 30 listeners with normal hearing sensitivity were 

divided into three groups (two groups of Korean English bilingual listeners and one 

group of monolingual English listeners). The ANL measure was obtained in English and 

Korean language using procedures established by Nabelek, Tampas, and Burchfield 

(2004). The results revealed that ANLs obtained in English (ANL-E) did not differ 



significantly for the bilingual and monolingual listeners. In addition, a cross language 

comparison, within bilinguals, revealed that ANLs obtained using Korean (ANL-K) 

speech stimuli were not significantly different from ANL-E. The results suggested that 

the ANL measure is a language independent measure and neither second language 

proficiency differences nor language of test seemed to affect ANLs. 

 

2. Monaural and Binaural mode of presentation:  

Freyaldenhoven, Plyler, Thelin, and Burchfield (2006) investigated the effects of 

monaural and binaural amplification on acceptance of noise in 39 adults (mean age= 69 

years) in the age range from 30 to 89 years.  The criteria for inclusion were binaural 

hearing aid users who had worn hearing aids (both analog & digital) for at least three 

months.  The participants were both analog and digital hearing aid users. ANL was 

assessed for the monaural right, monaural left and binaural amplification conditions.  A 

recorded male running speech served as the speech stimuli and was delivered from a 

loudspeaker located at 00 Azimuth. Multitalker speech babble served as the competing 

stimulus and was delivered by a loudspeaker located at 1800 Azimuth.  Two ANL trials 

were conducted for each amplification condition and the results were averaged to obtain a 

mean ANL for each participant.  When testing monaurally, only one hearing aid was 

used, and the non-test ear was plugged with a foam earplug.  The results demonstrated 

that the speech understanding in noise improved with binaural amplification; however 

acceptance of background noise was not dependent on monaural or binaural amplification 

for most listeners. In addition it was noticed that, the monaural amplification resulted in 



greater acceptance of noise for some listeners, which indicated that binaural amplification 

might reduce some individual’s willingness to wear hearing aids. 

 

3. Gender:  

         Rogers, Harkrider, Burchfield & Nabelek (2003) investigated the influence of  

gender on the acceptance of background noise. Fifty adults (25 male, 25 female) with 

normal hearing sensitivity in the age range of 19-25 years participated in the study. An 

audiotech digital recording of running male discourse was used as the primary stimulus. 

Speech babble (SPIN test; Kalikow, Stevens, & Elliot, 1977) was used as the competing 

stimulus. Comfortable listening levels for speech (MCL) and accepted levels of speech-

babble background noise (BNL) were obtained binaurally, via the sound field. Results 

indicated that males had higher comfortable listening levels and accepted higher levels of 

background noise than females. However ANL values were not different between males 

and females. 

 

4. Stimulant medication:  

    Freyaldenhoven, Nabelek, Burchfield, & Thelin, (2005). (2005) examined the 

effect of stimulant medication on acceptance of background noise in individuals with 

attention deficit hyperactive disorder (ADHD/ADD). They also investigated the effect of 

speech presentation level on acceptance of noise in persons with ADHD. Fifteen female 

college aged students with a reported diagnosis of ADHD and with a normal hearing 

sensitivity participated in the study. They were on a regular use of stimulant medication 

for the treatment of ADHD. ANL was obtained using three different speech presentation 



levels (29dBHL, MCL, and 76dBHL) and with and without medication. Results showed 

that medication significantly increased the acceptance of background noise for 

individuals with ADHD.  

 

5. Physiological activity of central auditory system:  

Tampas and Harkrider (2006) studied  the auditory evoked potentials in 21 young 

females with normal hearing to determine whether differences in judgements of the 

background noise are related  to individual differences in physiological activity measured 

from the peripheral and central auditory systems. ANL was measured by using the 

recording of a running speech with a male voice as the primary stimulus against an eight 

person multitalker babble as competing stimulus. ABRs, MLRs, and LLRs which 

represent physiologic activity from the auditory nerve to the cortical regions of the 

auditory system were measured from individuals with low and high ANLs. Results 

indicated that females with low ANLs had longer wave III and V latencies and smaller 

Na-Pa, P1-N1, and N1-P2 amplitudes than females with high ANLs. In addition, Results 

showed reduced responsiveness of the central afferent auditory nervous system and/or 

increased strength of cortical inhibition which contribute to greater acceptance of 

background noise. 

 

Noise reduction technologies and ANLs. 

Till to date only two studies have documented the effect of noise reduction 

technology using directional microphone and Digital noise reduction on acceptable noise 

levels.  No study has been done to find the effect of FM system on ANL. 



Directional microphones and ANLs: 

Freyaldenhoven, Nabelek, Burchfield, and Thelin (2005) evaluated the efficacy of 

ANL procedures for assessing directional benefit in hearing aids in a clinical population.  

ANL procedure were compared with the masked speech reception threshold (SRT) and 

front-to-back (FBR) measures (Ricketts & Mueller, 1999). ANL,SNR and FBRs were 

compared for two microphone modes, omnidirectional and directional using two different 

stimuli (i.e., speech babble and speech spectrum). Twenty-seven males and thirteen 

females between the ages of 30 and 89 years with a pure tone average of 47.3 dBHL 

participated in the study.  For the ANL and the FBR, a recording of male running speech 

was used as speech stimulus.  The speech stimulus for masked SRT was a male recording 

of a list of spondee words.  All the speech stimuli were delivered by the loudspeaker 

located at 00 Azimuth.  Revised speech perception in noise multitalker speech babble 

(Bilger, Neutzel, Rabinowitz & Rzeczkowski, 1984) was used as the competing 

background noise for all the procedures and delivered by loudspeaker located at 1800 

Azimuth.  Results of the study revealed that the mean directional benefits assessed with 

the ANL, masked SRT and FBR procedures are not significantly different suggesting that 

ANL is comparable to assess directional benefit. Further, results also revealed that ANL 

obtained with speech spectrum and speech babble were significantly different.  

 

Digital noise reduction and ANLs 

   Mueller, Weber, and Hornsby (2006) investigated the effects of Digital Noise 

Reduction on the ANL. 22 adults with mild to moderate sensorineural hearing loss were 

fitted with 16-channel wide dynamic range compression hearing aids containing DNR 



processing. Hearing in Noise Test was used to assess both speech intelligibility and 

acceptable noise level (ANL) with DNR turned on and DNR turned off condition. The 

results indicated that DNR provides a significant improvement of 4.2 dB in the ANL test. 

The mean MCL remained same for the DNR turned off versus the DNR turned on 

conditions. There was no significant mean improvement for the HINT for the DNR on 

condition, and on an individual data analysis, the HINT score did not significantly 

correlate with aided ANL (either DNR turned on DNR turned off). 

 

Comparison of acceptable noise levels using different noises. 

Although competing human speech is the most common interference in 

conversation, environmental noise such as traffic or industrial noise are also common 

background interfering noise people encounter (Plomp, 1978). There is no consensus as to 

what type of noise to use in the audiological evaluation and selection of hearing aids. 

Dirks and Wilson (1969) used broad band white noise with Modified Rhyme test. Cooper 

and Cutts (1971) used cafeteria noise. Other types of competition reported in the literature 

include cocktail party noise (Groen, 1969), competing sentences (Carhart, 1969), and 

continuous discourse (Hayes & Jerger, 1979).The characteristics of the background noise 

differ from place to place in real life situations and it is uncertain whether the performance 

measured in speech-spectrum shaped noise, which is used in many of the speech 

audiometry, would predict one’s performance in real life situations. Hence hearing aid 

performance using different noises needs to be measured. 

 



Freyaldenhoven, Smiley, Muenchen, and Konrad (2006) assessed the reliability of 

the acceptable noise level (ANL) measure using speech spectrum and speech babble 

noise as the competing stimuli. They also investigated the relationship between ANL and 

personal preference for the background sound in 30 adults in the age range of 18-25 years 

with normal hearing sensitivity. Participants were evaluated during three test sessions 

approximately one week apart. Speech and noise stimuli were delivered via a cassette 

tape deck and a CD player respectively. Running speech recorded by a female talker was 

used as a primary speech stimulus.  Competing stimuli were Twelve person multitalker 

speech babble noise and speech spectrum noise. ANL was determined for each 

background noise. In addition, participants were given a questionnaire to determine the 

preference for background sound. Results indicated that mean ANLs were affected by 

type of background noise. Mean ANLs obtained using speech babble noise were 

approximately 2dB lower than mean ANLs obtained using speech spectrum noise. These 

results indicated that the ANLs obtained using different competing stimuli should not be 

compared directly. The results also showed that the participant’s rating of preference for 

background sound was consistent over time but not related to their ANL.   

 

Comparison of speech recognition in noise with acceptable noise levels 

It has traditionally been assumed that hearing aid users with improved speech 

perception in the presence of background noise will be more satisfied with their hearing 

aids than the users with relatively poor speech perception for the same listening condition. 

However hearing aid rejection appears to be related to lack of background noise 

acceptance while listening to speech, and unrelated to either speech perception in general 



or speech perception in background noise (Nabelek, Freyaldenhoven, Tampas, Burchfield, 

& Muenchen, (2006).  

 

Rowland, Dirks, Dubno, and Bell (1985) compared speech recognition scores in 

noise with assessment of communicative skills for both normal and hearing impaired 

listeners. For hearing-impaired listeners, they observed only weak correlations between 

the results of speech recognition tests and the subjective evaluation of communicative 

difficulty in either quiet or noisy environments. 

 

Nabelek, Tampas and Burchfield (2004) compared the speech perception in 

background noise with acceptance of background noise. 41 full time users and 9 part time 

users participated in the study. Both ANL and SPIN scores were obtained in both aided 

and unaided conditions. The results revealed that for both full time and partial hearing aid 

users, ANL and SPIN scores were unrelated, even though both the ANLs and SPIN scores 

were collected in similar levels of noise. Although the SPIN scores improves with 

amplification, the ANLs are unaffected by amplification suggesting that ANL is inherent 

to an individual.  

Harkrider and Smith (2005) compared monotic phoneme recognition in noise 

(PRN) and ANL with dichotic ANL measures (speech in one ear, noise in the opposite 

ear). They also studied whether individual differences in the level of efferent activity in 

the lower brainstem are contributing to the wide range of ANL and PRN scores. 31 

individuals with normal hearing sensitivity in the age range of 19 to 40 years participated 

in the study. The dichotic ANL procedure involves the modification of traditional ANL 



procedure which involved the simultaneous presentation of the running speech and the 

competing noise (multitalker babble) to opposite ears. Speech perception in noise was 

assessed with a phoneme recognition which involved the presentation of 50 monosyllabic 

words embedded in the multitalker babble. Both Ipsilateral and contralateral acoustic 

reflex thresholds( ARTs) were obtained in response to broad band noise. In addition each 

participant’s Medial Olivary Cochlear Bundle efferent activity was indirectly measured 

by quantifying the suppression of TEOAEs resulting from the introduction of a 

contralateral BBN. Results indicate that monotic ANL and PRN are unrelated suggesting 

that each provides unique information about a listener’s speech in noise performance. 

Monotic and dichotic ANL are related, suggesting that nonperipheral factors beyond the 

level of superior olivary complex mediate ANL. The results revlaled that intersubject 

variability in ANL and PRN cannot be accounted by individual differences in the level of 

efferent activity in the MOCB or AR pathways. But this may be influenced by the 

ipsilateral pathway. 

A review of the literature revealed that investigations have not documented a clear 

relationship between speech-in-noise performance and hearing aid success or rejection. In 

contrast, persons with hearing impairment exhibit low acceptance of background noise 

when listening to speech (persons with large ANLs) consistently demonstrated 

dissatisfaction with hearing aids and tend to use them occasionally or reject them 

altogether (Nabelek, Burchfield, & Webster, 2003).  This dissatisfaction with hearing aids 

is similar to problems for individuals who exhibit abnormally high SNRs, as described by 

Killion (1997). Hence   relation between SNR loss and accepting background noise while 

listening to speech needs to be explored. 



CHAPTER 3 

Method 

 

The aim of the present study was to evaluate the benefit of directional microphone 

and frequency modulation system (FM) on acceptable noise level (ANL) and signal to 

noise ratio (SNR) using two different background competing stimuli (cafeteria noise & 

speech babble). The study also aimed at comparing ANL and SNR across different aided 

conditions (hearing aid with directional microphone turned off, hearing aid with 

directional microphone turned on and FM system) for two different competing 

background stimuli. 

 

A. Participants 

28 participants (21 male & 7 female) in the age range of 20-60 years with a mean 

age of 51 years satisfying the following criteria were included in the study. 

 Post lingual hearing impairment 

 Bilateral Moderate to moderately severe sensorineural hearing loss 

 Speech identification scores (SIS) of ≥ 80 % 

 Uncomfortable level (UCL) of  ≥ 95 dB HL for speech  

 Naïve hearing aid users 

 Native speakers of Kannada language 

 No indication of neurologic and cognitive deficit 

 No indication of middle ear pathology 

 



B. Test environment 

All the tests were conducted in a sound treated double room situation. The 

ambient noise levels were within permissible limits as per ANSI S3.1 (1991).  

 

C. Equipment 
1. Audiometer & immittance meter 

 A calibrated dual channel diagnostic audiometer (Madson orbiter 922) with TDH-

39 headphone enclosed in MX 41/AR ear cushion, B-71 bone vibrator and two 

Martin (c115) freefield speakers were used for audiological evaluation and 

hearing aid testing respectively.  

 A calibrated immittance meter (GSI-Tympstar) was used to rule out middle ear 

pathology. 

 

2. Hearing aid 

 A non linear 4 channel digital behind the ear hearing aid with the following 

features was used in the present study. The fitting range of the hearing aid ranged from 

mild to severe degree of hearing loss with the frequency range of 125 Hz - 8 kHz. The 

hearing aid had an option for directional microphone and telecoil setting for coupling the 

FM system through the neck loop. Directional Microphone used in the present study has 

a hyper cardioid polar pattern which suppresses the noise coming from one direction (rear 

end) while retaining good sensitivity to sound arriving from the other direction (front 

end). 

 



Personal computer and HIPRO 

 A Pentium IV computer with NOAH-3 CONNEXX (sifit V 6.1) software 

and HIPRO, a hardware interface was used for connecting the hearing aid to the   

personal computer for the programming of the hearing aid.  

 

3. FM device 

 Multifrequency FM transmitter and neckloop was used in the present study. 

To connect the FM receiver to the hearing aid, an appropriate neck loop was 

used. 

 

D.  Material 

1. Speech material 

The speech material used for the purpose of determining the ANL included six 

different passages in Kannada which is given in the appendix No.1. The passages were 

spoken in conversation style by a male native speaker of kannada with a normal vocal 

effort and were digitally recorded in a acoustically sound treated room using audobe 

audition (version no. 2) with sampling frequency of 44.1 kHz in a 16 bit analog to digital 

converter.  Scaling was done to ensure that the intensity of all the speech sounds were at 

the same level. 

 

The speech material used for determining the SNR included phonetically balanced 

word list in kannada developed by Yathiraj and Vijayalakshmi (2005) which is given in 

the Appendix No. 2. The speech material were spoken in conversation style with normal 



vocal effort by a female native speaker of kannada and were digitally recorded in 

acoustically treated room using audobe audition (version no. 2) with sampling frequency 

of 44.1 kHz in a 16 bit analog to digital converter. Scaling was done to ensure that the 

intensity of all the speech sounds were at the same level. 

The passages which were used for determining the ANL and the phonetically 

balanced word list which was used for determining the SNR were normalized. This was 

recorded and stored on to a personal computer (PC) and was routed through the auxiliary 

input of the double channel audiometer. The speech material were presented through one 

channel of the audiometer at 00 azimuth. 

 

2. Background competing stimuli 

Two types of background competing stimuli were used. Kannada speech babble 

noise developed by Manjula and Anitha (2005) was used as one of the competing 

stimulus in the study. Other competing stimulus was the Cafeteria noise which was 

recorded digitally at a restaurant. These two background competing stimuli were 

presented through the other channel of the audiometer at 1800 azimuth. 

The output levels of both the speech material and the background competing 

stimuli were calibrated at a distance of 1m from the loudspeaker and were checked 

periodically throughout the study. 

 

 

 

 



Procedure 

Audiological evaluation 

 The pure tone thresholds were measured between 250 Hz to 8000 Hz for air 

conduction and between 250 Hz to 4000 Hz for bone conduction on a 2 channel 

diagnostic audiometer (OB922) using Hughson Westlake modified method. 

(Carhart & Jerger, 1959). 

 Speech recognition scores were obtained using “The Common Speech 

Discrimination Test for Indians” developed by Maya Devi (1974) 

 Speech identification scores were obtained by using “Phonetically Balanced Word 

List” developed by Vandana (1998). 

 Tympanometry and acoustic reflexometry were carried out to rule out any middle 

ear pathology. 

 

 

 

Hearing aid fitting and FM fitting 

 After the audiological evaluation, the participants fulfilling the stated criteria were 

included for further study. 

 The participants were seated comfortably on a chair and were fitted with the 

hearing aid on the test ear using an appropriate sized ear tip. 

 The hearing aid was connected to the programming hard ware (Hi-Pro) through a 

suitable cable and then detected by the programming software.  



 The hearing aid was programmed either for the right/left ear depending on SIS 

scores. The hearing threshold of the participant’s test ear was fed into the 

programming software and the target gain curves were obtained using the NAL-

NAL1 prescriptive formula.  

 Acclimatization level was kept at one. The gain of the hearing aid was set to the 

default target gain and fine tuned according to the participant’s preference by 

manipulating the low cut, high cut and the cross over frequency values. 

 The hearing aid chosen for the study had 3 programs. In the first program, the 

directional microphone was deactivated. In the second program, the directional 

microphone was activated and in the third program, telecoil mode was activated 

for using it with the FM system. These three different programs were saved in the 

hearing aid for each of the participant. Other parameters of the hearing aid were 

kept at default settings. 

 In addition to the hearing aid fitting, the participant was also fitted with the FM 

receiver by placing the neck loop. Synchronization of the FM transmitter and the 

receiver was done according to the protocols specified by the manufacturer. The 

FM transmitter was placed at a distance of 7.5 cm from the loudspeaker and at a 

height of 0.5 meters to simulate ideal user position. 

 

The present study was conducted in 2 different phases for three different aided  

conditions (hearing aid with and without directional microphone and FM system) using 

two different background competing stimuli (cafeteria noise & speech babble). 

 



Phase 1: Determining the Acceptable noise level (ANL) 

      Phase 2: Determining the Signal to noise ratio (SNR) 

 

Phase I: Determining Acceptable noise level (ANL) 

           The conventional ANL procedure (Nabelek, Tucker, & Letowski, 1991) was 

involved in determining the ANL. Here the examiner adjusted the level of the passage to 

the most comfortable listening level (MCL) of the participant.  Then, a background noise 

was introduced, and the examiner had to adjust the noise to a level at which the 

participant would be willing to accept or “put up with” without becoming tense or tired 

while following the words of the passage. This level was called as the “background noise 

level (BNL)”.  The ANL was calculated by subtracting the BNL from the MCL.  

  

In order to obtain the MCL, an Independent Hearing Aid Fitting Forum’s 7-point 

categorical scale (Mueller & Hall, 1998) was used. The scale consisted of 7 different 

response options. They were Uncomfortably loud (7), Loud, but OK (6), Comfortable, 

but slightly loud (5), Comfortable (4), Comfortable, but slightly soft (3), Soft (2), and , 

Very soft (1).  

 

The participants were shown these different rating options at the outset of the 

experiment before they were given verbal instructions for the MCL. The options were 

also visible as a printed material to the participants throughout the test sessions. 

 

 



 

Establishing MCL 

 The passages were initially presented through the loudspeaker at the level of the 

SRT, which was determined during the audiological assessment. The level of the speech 

in the passage was increased in steps of 10 dB until the listener indicated that it was “very 

loud.”  It was then decreased by 10 dB until the participant indicated that it was “very 

soft.”  At this point, the level of the passage was adjusted up and down in 5 dB 

increments until the participant’s MCL was found. The step was repeated twice, and the 

average level was taken as the MCL.  This level was noted down as the MCL of the 

participant.  After establishing the MCL, subject’s Background Noise Level (BNL) was 

determined. 

 

Establishing BNL 

The passages were presented at the subject’s MCL through the loudspeaker at 00 

azimuth.  Noise was presented along with the passage through the loud speaker located at 

180 0 azimuth.  The loudness level of the noise was started at 0 dB HL and was increased 

in steps of 10 dB until the participant indicated that the noise was “too loud”.  The level 

of the noise was then decreased by 10 dB until the participant indicated that the noise was 

soft enough that the speech was “very clear.”  At this point, the level of the noise was 

adjusted up and down in 2 dB increments until the participant indicated that it had 

reached the highest level which could be accepted while following the words without 

becoming tense or tired. This level was considered as the participant’s BNL. 



 The ANL was calculated by subtracting the BNL from the MCL (ANL = MCL - 

BNL). The BNL procedure was repeated twice for every participant (within the same test 

session). The average of the two ANLs was taken as the final ANL.  

  

In the first phase, data was collected in the following different aided conditions.  

a) Determining the aided ANL with directional microphone turned off using two 

different background competing stimuli. 

b) Determining the aided ANL with directional microphone turned on using two 

different background competing stimuli 

c) Determining the aided ANL with FM system using two different background 

competing stimuli. 

 

a. Determining the aided ANL with directional microphone turned off using two 

different background competing stimuli. 

  The hearing aid was set at 1st program. The participant was made to listen to a 

passage. Different passages were used to avoid any practice effect. In the aided condition, 

initially MCL was obtained and then BNL for two different background competing 

stimuli were determined following the entire procedure of ANL described in phase I, and 

the ANL was established.     

 

 

 

 



b. Determining the Aided ANL with directional microphone turned on using two 

different background competing stimuli. 

To activate the directional microphone, the hearing aid was set at program 2. This 

program had all the settings such as compression ratio, compression knee point and 

antifeedback similar to the 1st program, except for the activation of the directional 

microphone. With this program setting, the entire procedure described in phase I was 

repeated to find the MCL. BNL was found for two different background competing 

stimuli. Then ANL was then calculated. To account for possible order effects, the 

presentation of the type of background noise was randomized while determining the 

BNL.  

 

c. Determining the Aided ANL with FM system using two different background 

competing stimuli. 

 In order to activate the telecoil for using it with FM system, the hearing aid was 

set at 3rd program. The neckloop was placed on the participant. The FM transmitter was 

placed on a stand located at a distance of 7.5 cm from the loudspeaker at a height of 0.5 

meters to simulate ideal user position. ANL was obtained for each of the participant with 

the FM system by following the procedure described in phase I. The order of measuring 

ANL for different aided conditions was counterbalanced to account for the order effect. 

 

 

 



Phase II: Determining the Speech recognition threshold in noise to obtain Signal to 

Noise Ratio (SNR). 

The modified version of the Tillman and Olsen, (1973) procedure was used in 

determining the SNR, in which SNR was defined as the level at which the participant was 

able to repeat two out of four words (50% criterion) in the presence of noise. Recorded 

PB word list was presented from a loudspeaker at 00 azimuth and background competing 

stimuli were presented at 180 0 azimuth. The participants were asked to repeat the words 

presented. 

 

 An adaptive procedure was used to establish the SNR. The intensity of the speech 

was held constant at 40 dBHL. The noise level was initially presented 15 dB below the 

speech level and the PB words were presented. If the participant correctly identified two 

words out of four words, the noise was increased by 2dB steps until the participant 

missed three consecutive words out of four words presented. At this level, noise was 

reduced by 2 dB until the participant repeats two words out of four words. This noise 

level was subtracted from the speech level to find the SNR. Both cafeteria noise and 

speech babble noise were used as competing background stimuli for obtaining the SNR. 

 

In phase II, the data was collected in the following different aided conditions using two 

background competing stimuli 

1. Determining the aided SNR with directional microphone turned off using two 

different background competing stimuli. 



2. Determining the aided SNR with Directional microphone turned on using two 

different background competing stimuli. 

3. Determining the aided SNR with FM system using two different background 

competing stimuli. 

 

      1.   Determining the aided SNR with directional microphone turned off using two       

different background competing stimuli. 

              In order to determine the SNR for the first aided condition without directional 

microphone, the first program of the hearing aid was switched on. SNR was 

obtained by the procedure described in phase II.  

 

     2. Determining the aided SNR with directional microphone turned on using two   

different background competing stimuli. 

The hearing aid was set to program 2. With this program setting, SNR was 

found out by the procedure described in phase II. A different list of words was used 

to avoid any practice effect. 

 

3. Determining the aided SNR with FM system. 

The hearing aid was set at program 3 to activate the telecoil mode. 

Placement of the FM transmitter and the neckloop was done in a manner 

described earlier in the ANL procedure. To account for possible order effects, the 

presentation of the type of background noise was randomized. SNR was found out 



by following the procedure described in phase II. The order of measuring SNR in 

different aided conditions was counterbalanced. 

 

Analysis: 

1) Descriptive statistics was done to calculate the mean and the standard deviation 

for MCL, BNL, ANL and SNR. 

2) Analysis was done to compare MCL, BNL, and ANL across each different aided 

condition for different background competing stimuli. 

3) Analysis was done to compare ANL and SNR between each aided condition for 

two background competing stimuli. 

 

 

 

 

 

 

 

 

 

 

 

 

 



Chapter 4 

Results and Discussion 

The aim of the present study was to evaluate the benefit of directional microphone 

and FM system using two procedures, namely acceptable noise level (ANL) and signal to 

noise ratio (SNR). Study also aimed at comparing ANL and SNR using two different 

competing background stimuli in a digital hearing aid with and without directional 

microphone and FM system. The data was collected from 28 participants (21 male and 7 

female) with bilateral moderate to moderately severe flat sensorineural hearing loss with 

a mean pure tone average of 51.8 dB HL. The participants were native speakers of 

kannada language and all were naïve hearing aid users. The data obtained was 

appropriately tabulated and statistically analyzed using SPSS (Version 16.0).  

 

The variables present in the study were as follows. 

• Independent variables were different aided conditions (Hearing aid with 

directional microphone off, hearing aid with directional microphone on and FM 

system) and two different competing stimuli (Cafeteria noise, speech babble). 

• Dependent variables were Acceptable noise level and Signal to noise ratio. 

 

The following statistics were used for the analysis of the data 

1. Descriptive statistics to obtain the mean and the standard deviation for 

MCL, BNL, ANL and SNR. 



2. One way repeated measure Analysis of Variance (ANOVA) for finding 

the main effect of various aided conditions (Hearing aid with directional 

microphone off, hearing aid with directional microphone on and FM 

system) for MCL. 

3. Two way repeated measure ANOVA for finding the main effect of various 

aided conditions (Hearing aid with directional microphone off, hearing aid 

with directional microphone on and FM system) using two different 

competing stimuli for both ANL and SNR and interaction effect between 

these different aided conditions and different noises 

4. Bonferroni multiple comparisons was done to see the pair wise differences 

across different aided conditions for ANL and SNR when repeated 

measure ANOVA showed a significant difference across the three aided 

conditions. 

5. Paired sample t test was done to see the difference between two different 

competing noises (Cafeteria noise & Speech babble) for ANL and SNR in 

all the three aided condition. 

The results of the present study are discussed under the following heading. 

 Phase I: Determining the Acceptable noise level (ANL) 

A. Comparison of Most comfortable level (MCL) in all the three aided conditions 

B. Comparison of Background noise level (BNL) in all the three aided conditions in 

two background competing stimuli (Cafeteria noise & Speech Babble) 

C. Comparison of Acceptable noise level (ANL) in all the three aided conditions in 

two background competing stimuli. 



 Phase II: Determining the Signal to noise ratio (SNR).  

A. Comparison of Signal to noise ratio (SNR) in all the three aided conditions in two 

background competing stimuli (Cafeteria noise & Speech Babble) 

 

 Phase III: Comparison of ANL and SNR in all the three aided conditions in presence of 

two background competing stimuli (Cafeteria noise & Speech Babble). 

 

Phase I: Acceptable noise level (ANL) measurement. 

The Acceptable noise level for each of the participant was obtained by subtracting 

the BNL from the MCL in all the three different aided conditions namely hearing aid 

with and without directional microphone and FM system using two background 

competing stimuli. The MCL, BNL and ANL values were obtained for all the three aided 

conditions and tabulated. The Mean and Standard deviation (SD) obtained for MCL, 

BNL and ANL are shown in the Table 1.  

 

 

 

 

 

 

 

 

 



Table 1. 

 Mean and Standard Deviation (SD) of MCL, BNL and ANL (in dB HL) Obtained Using 

Cafeteria noise (CN) and Speech-Babble Noise (SB) in Hearing aid With Directional 

microphone off (HA), Hearing aid With Directional microphone on (DM) and FM system 

 

Conditions 
MCL/BNL/

ANL 
CN/SB Mean SD 

Hearing aid 

without 

directional

microphone 

MCL - 44.82 4.99 

 

BNL 

CN 36.00 6.33 

SB 34.67 6.56 

 

ANL 

CN 8.82 3.42 

SB 10.14 3.95 

 

Hearing aid 

with 

directional 

microphone 

 

MCL - 44.82 4.99 

 

BNL 

CN 38.17 6.21 

SB 37.39 6.15 

 

ANL 

CN 6.64 3.58 

SB 7.42 3.29 

 

 

Frequency 

modulation 

system 

MCL - 41.78 6.69 

 

BNL 

CN 41.42 7.48 

SB 40.78 7.16 

 

ANL 

CN 0.35 4.77 

SB 1.00 4.72 

Note. MCL was obtained without the presence of noise (CN / SB) 

 

 

 



A. Comparison of Most comfortable level (MCL) in all the three aided conditions. 

For each of the participant, the MCL was found out by using a an Independent 

Hearing Aid Fitting Forum’s 7-point categorical scale (Mueller & Hall, 1998) for 

loudness in all the three aided conditions. The MCL obtained at three different aided 

conditions were compared. Table 1 shows the mean MCLs for all the three aided 

conditions. It is evident that the mean MCL was same for hearing aid with and without 

directional microphone. The mean MCL for FM condition was lower when compared to 

hearing aid with and without directional microphone by an average of 3 dB HL. 
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Figure1. Mean MCL and SD for hearing aid with and without directional microphone 

and FM system 

To assess the difference in MCL across three different aided conditions, repeated 

measure ANOVA was done. Results showed a significant main effect of various aided 

conditions (Hearing aid with and without directional microphone & FM system) [F (2, 

54) = 12.28, p<0.001]. To evaluate the significant differences in three different aided 

conditions, Bonferroni’s multiple comparison was used. No significant difference (p > 



0.001) was observed between hearing aid with and without directional microphone. 

However, unlike the expected findings, there was a significant difference between the FM 

system and the other two different aided conditions (p < 0.001) as shown in the Table 2. 

 

Table 2.  

Results of the Bonferroni Multiple comparison for MCL across Three Aided Conditions 

 

 

 

 

              [** shows significance at 0.001 level] 

 

In the present study the MCL was significantly lower for the FM system 

significantly compared to aided condition with and without directional microphone 

condition. The MCL did not show significant difference between hearing aid with and 

without directional microphone. The lower MCL for the FM system may be attributed to 

the increase in gain in the FM system. This increase in gain may be due to the increase in 

overall intensity level of the speech with FM microphone than microphone of the 

personal hearing aid (Hawkins, 1984; Cornelisse, Gagne, & Seewald, 1991; Lewis, 1991; 

Lewis, Feigin, Karasek, & Stelmachowicz, 1991). The possible reason for identical MCL 

for the hearing aid with and without directional microphone could be that the directional 

microphone may not have provided any benefit in the absence of noise. The other 

possible reason for obtaining the same MCL for hearing aid with and without directional 

MCL DM FM system 

HA Not Significant Significant** 

DM  Significant** 



microphone may be the overall hearing aid gain, which was maintained constant for both 

the aided conditions. Since this is the first study to report the effect of FM on MCL, 

findings of the present study needs to be investigated further.  

 

From the findings of the present study it can be implied that MCL varies with the 

use of FM system. Further, Lower MCL in FM system could be an indication of increase 

in gain within the FM system. 

 

B. Comparison of Background noise level (BNL) in all the three aided conditions in 

two background competing stimuli (Cafeteria noise & Speech Babble). 

The Maximum background noise that the participant was willing to accept while 

following the words of the passages, were found out in three different aided conditions.  

Comparison was done across each aided condition and within each condition for two 

competing stimuli. The mean and the standard deviation given in Table 1 clearly reveal 

that, the BNL was maximum for the FM condition and minimum for Hearing aid without 

directional microphone. On comparison between hearing aid with and without directional 

microphone, the BNL was comparatively more for hearing aid with directional 

microphone than hearing aid without directional microphone. These findings were 

observed for both cafeteria and speech babble noise. Further it was observed that the 

BNL was higher for the cafeteria noise and lower for the speech babble for all the three 

aided conditions.  
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Figure 2. Mean BNL and SD for Hearing Aid with and without Directional Microphone 

and FM system obtained for Cafeteria Noise and Speech Babble. 

 

To assess the difference in background noise levels across the three aided 

conditions in two noises (cafeteria, speech babble), two-way repeated measure ANOVA 

was done. Results showed a significant main effect [F (2, 54) = 23.90, p<0.001] of 

different aided conditions. Further results revealed that there was no significant 

interaction [F (2, 54) = 0.75, p>0.001] between different aided conditions and two noises.  

 

To evaluate the significant difference between three different aided conditions, 

Bonferroni multiple comparison test was administered. Table 3 shows that there was a 

significant difference between hearing aid with and without directional microphone  (p < 

0.001), hearing aid with directional microphone and FM system (p <  0.001) and hearing 

aid without directional microphone and FM system (p < 0.001). 

 

 



Table 3. 

 Bonferroni Multiple Comparison Test for BNL across the Three Aided Conditions 

 

 

 

 

 

To find the difference in BNL between the two background competing noises 

among three aided conditions, paired t test was done. Results of the paired t test showed 

that there was a significant difference in BNL between two background competing 

stimuli in hearing aid with and without directional microphone. However, there was no 

significant difference between the two background competing stimuli in FM system (p> 

0.05). 

 

The BNL was highest for the FM system followed by the hearing aid with 

directional microphone and without directional microphone in the present study. With the 

FM system, the participant accepted a mean BNL of 41 dB HL for both cafeteria noise 

and speech babble noise respectively. It was also found that, with directional microphone 

the participant accepted a mean BNL of 38 dB HL and 37 dB HL in cafeteria noise and 

speech babble noise respectively. While using hearing aid without any noise reduction 

technology the participants accepted least noise. BNL obtained in the present study 

without directional microphone was 36 dB and 34 dB speech babble and cafeteria noise 

respectively. 

BNL DM FM system 

HA P< 0.001 P< 0.001 

DM  P< 0.001 



  

The results of the present study is in consensus with the previous literature which 

has documented that technological advances such as directional microphone and FM 

system in hearing instrument design strive to diminish the effects of noise for hearing aid 

wearers (Kochkin, 1993). Directional microphone reduces the negative effects of 

background noise by providing greater amplification for signals arriving from the front of 

the listeners compared to signals arriving from the rear and/or sides of the listener (Kuk 

et al., 2000; Dillon, 2001). The close proximity of the FM microphone also minimizes the 

effects of reverberation and noise on speech perception (Crandell, Smaldino, & Flexer, 

1995). Due to the reduction in noise, it may be inferred that the participants were able to 

accept more background noise with these technologies.  

 

The results of the BNL for aided condition without any noise reduction 

technology are in agreement with the study done by Nabelek, Tampas and Burchfield 

(2004) which reported a BNL of 42.5 dB HL and 36.5 dB HL for full time users and part 

time users respectively in the aided condition without any noise reduction technology. 

The possible reason for the lower BNL obtained in the present study in the hearing aid 

condition without any noise reduction technology may be due to the amplification of both 

speech and noise. The amplification of noise would have resulted in reduced BNL that 

the participants were willing to accept.  

 

The lower BNL obtained in the present study for speech babble in comparison to 

cafeteria noise might be attributed to the spectrum of the two noises. Multi talker babble 



creates a difficult listening environment because there is minimal amplitude modulation 

of the envelope, and it is aperiodic (Wilson, 2003). There was no difference between two 

different noises in FM system as expected. 

 

From these findings it can be concluded that BNL increases with the use of noise 

reduction technology which results in acceptance of more noise. The technology which 

reduces the effect of noise greater has a higher BNL and vice versa. In addition BNL 

increases for the noise having a frequency spectra similar to that of speech. 

 

C. Comparison of Acceptable noise level (ANL) in all the three aided conditions in 

two background competing stimuli. 

ANL was determined for each of the participant by subtracting the BNL from the 

MCL in all the three aided conditions for two background competing stimuli. 

Comparison was done across each aided condition and within each aided condition for 

two competing stimuli. From the Table 1 and figure 3 it can be observed that the mean 

ANL was minimum for the FM condition and maximum for the Hearing aid without 

directional microphone. On comparison of hearing aid with and without directional 

microphone, ANL was comparatively lower for hearing aid with directional microphone 

than the hearing aid without directional microphone. Further it was observed that the 

ANL was lower for the cafeteria noise and higher for the speech babble noise for all the 

three aided conditions. In the hearing aid condition without directional microphone, the 

mean ANL obtained in the cafeteria noise were comparatively lower than speech babble 



noise by 1.3 dB HL. Similarly the mean ANL were 0.78 dB HL lower in cafeteria noise 

than speech babble in hearing aid with directional microphone condition.  

 . 
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Figure 3. Mean ANL and standard deviation (S.D) for hearing aid with and without 

directional microphone and FM system obtained for cafeteria noise and speech babble. 

 

To evaluate the difference in ANL across the three aided conditions in two noises 

two-way repeated measure ANOVA was done. Results showed a significant main effect 

of different aided conditions [F (2, 54) = 83.31, p<0.001]. Further results revealed that 

there was no significant interaction between various aided conditions and two types of 

noises [F (2, 54) = 0.75, p>0.001]. To evaluate the significant differences between three 

different aided conditions, Bonferroni’s multiple comparison was used. Table 4 shows 

that there was a significant difference between aided condition with and without 

directional microphone (p < 0.001), hearing aid with directional microphone and FM 

system (p < 0.001), hearing aid without directional microphone and FM system (p < 

0.001). 



 

Table 4. 

Bonferroni Multiple Comparison for ANL across Three Aided Conditions 

 

 

 

 

 

 

To see if the differences in mean ANL scores across the two background 

competing noises were significantly different, paired t test was done for all the three 

aided conditions. The results revealed a significant difference between the ANL for two 

different noises in hearing aid with and without directional microphone (p <0.05). 

However, unlike the expected findings, there was no significant difference in ANL 

between two noises in the FM system (p>0.05).  

 

There is a lack of literature on the effect of FM system on ANL. However, 

efficacy of FM system was assessed using various satisfaction scales (Chisolm, McArdle, 

Abrams, & Noe, 2004). It was observed that the listening abilities were much better with 

FM system than hearing aids alone. Since ANL and satisfaction scales tap the same 

aspect of successfulness of the FM users it can be further extrapolated that participants 

who showed satisfaction with FM system tend to get reduced ANL. Future studies need 

to be done to find the reduction in ANL to validate the current findings.  

ANL DM FM system 

HA p < 0.001 p < 0.001 

DM  p < 0.001 



 

The possible reason for reduced ANL in the FM system in the current study might 

be due to the close proximity of the FM microphone which minimizes the effects of 

reverberation and noise on speech perception (Crandell, Smaldino, & Flexer, 1995). 

Since FM system has shown a benefit in speech recognition in noise, it seems logical to 

postulate that ANL may also be reduced from the use of FM technology. The other 

possible reason for reduced ANL in the FM system may be attributed to the reduced 

presentation level for MCL with FM system in the present study. The MCL may be 

lowered due to the increase in overall intensity level of the speech by 15–20 dB with FM 

microphone than microphone of the personal hearing aid (Cornelisse, Gagne, & Seewald, 

1991; Hawkins, 1984; Lewis, 1991; Lewis, Feigin, Karasek, & Stelmachowicz, 1991). 

Earlier ANL research indicated that both individuals with normal hearing and listeners 

with impaired hearing accepted higher levels of background noise when the presentation 

level for MCL  were reduced (Franklin et al., 2006; Tampas & Harkrider; 2006; 

Freyaldenhoven et al., 2007). In other terms ANL values were reduced when speech 

presentation levels for MCL were decreased. The result of the present study supports the 

findings of the earlier researches.  

 

The findings of the present study with regard to the effect of directional 

microphone on ANL is in agreement with the study done by Freyaldenhoven etal (2005). 

They too had reported a mean directional benefit of 3.5 dB for ANL. They had observed 

a large range of directional benefit which was attributed to the various polar plots, 

circuitry, and features (compression & noise reduction) present in their hearing aids. The 



possible reason for the reduced ANL in the directional mode seen in the present study 

may be due to the low frequency roll off in the directional hearing aid and the consequent 

reduced output level in the low frequencies in the directional hearing aid. This low 

frequency roll off could have contributed to the reduction of annoying sounds which in 

turn would have lead to a greater listening comfort.  Due to this listening comfort the 

participant would have accepted more background noise. Hence ANL might have been 

reduced in the directional microphone condition.  

 

The results of the present study showed a larger ANL (5 dBHL-12 dBHL for 

cafeteria noise and 6 dBHL-14 dBHL for speech babble noise) with the aided condition 

without any noise reduction technology. These results supports the findings of Lytle 

(1994) who reported that ANL range from 1- 13 dB with a mean ANL of 7.9 dB in 

monoaural amplification condition without any noise reduction technology.  

 

While establishing the ANL, the MCL was kept constant and therefore the 

magnitude of ANL was dependent on the BNL. The hearing aid amplifies both speech 

and noise. Due to the amplification of noise, the BNL that a listener was willing to accept 

has reduced which would result in larger ANL. Hence the larger ANL obtained in the 

hearing aid condition without any noise reduction technology may be attributed to the 

amplification of noise. 

 

The results of the present study revealed a significant difference of about 1.3 dB 

between the two noises in hearing aid without directional microphone and 0.7 dB HL for 



hearing aid with directional microphone. The observed results are in accordance with the 

study done by Freyaldenhoven et al. (2006), who reported that, the mean ANLs obtained 

using speech babble noise were approximately 2dB lower than the mean ANLs obtained 

using speech spectrum noise. 

 

Similarly, the results of the present study, rather goes alongside with the study 

done by Nabelek (2006). Study reported that although the mean ANLs obtained in 

Multitalker babble, speech spectrum noise, traffic noise, pneumatic drill noise, and 

“elevator” type music were statistically insignificant, the mean ANLs of these noises 

differed significantly from the music. This difference in ANL was attributed to the 

differences in the long-term spectra of the noises, which revealed that the spectrum of the 

music differed from other spectra by the amount of energy above 2 kHz. The differences 

were also attributed to the greater short-term variability of the music than other noises. 

 

It is unlikely to attribute the short term variability and differences in frequency 

spectra of noises to the ANL differences in the present study since ANL appears to be 

mediated at the level of central processes (Freyaldenhoven, Thelin, et al, 2005; Harkrider 

and Smith, 2005; Tampas and Harkrider, 2006). The possible reasons for the obtained 

ANL differences in two noises, could be due to the cognitive load to differentiate 

between two different noises. Cognitively the two different signals (passages and 

cafeteria noise) may be easier to process simultaneously than simultaneously presented 

passages and speech babble. Hence, the ANL may be higher in the speech babble than the 



cafeteria noise. As expected there was no difference in ANL between two different noises 

in FM system. 

 

From these findings it can be concluded that the FM system provides a greater 

acceptance of noise followed by hearing aid with directional microphone and hearing aid 

without directional microphone. These benefit provided by the FM system and directional 

microphone is due to the reduction in the background noise level through these 

technologies. Further it can be inferred that ANL is dependent on the noise characteristics 

and hence ANLs measured with different competing stimuli should not be compared 

directly. 

 

Phase II: Speech recognition threshold to evaluate signal to noise ratio (SNR).  

Speech recognition in noise measurement was carried out for two noises (cafeteria 

and speech babble) in 28 subjects for three aided conditions namely, hearing aid with and 

without directional microphone and FM system. The SNR comparison was done across 

each aided condition and within each aided condition for two competing stimuli. 

 

 

 

 

 

 

 



Table 5.  

Mean and SD of SNR (in dB HL) Obtained Using Cafeteria noise and Speech-Babble  

Using Hearing aid With Directional microphone (DM), Hearing aid Without Directional 

microphone (HA) and FM system 

 

Condition CN/SB Mean S.D 

HA  
CN 9.71 3.57 

SB 10.92 3.65 

DM 
CN 7.25 3.93 

SB 8.03 4.09 

FM System 
CN 1.00 4.98 

SB 1.07 5.38 

 

From the Table 5 it can be observed that the mean SNR was minimum for the FM 

condition and maximum for Hearing aid without directional microphone. In FM system 

the participants had a mean SNR advantage of 9 dB HL for cafeteria noise and 10 dBHL 

for speech babble over hearing aid without directional microphone. For hearing aid with 

directional microphone, the participants had a mean SNR advantage of 2 dBHL and 3 

dBHL for cafeteria noise and speech babble respectively. For hearing aid without 

directional microphone, an average SNR of 9 dBHL and 11 dBHL with a mean 

variability of 3.5 dBHL and 3.6 dBHL was required for cafeteria noise and speech babble 

respectively. FM had a mean SNR advantage of 6dBHL and 7 dBHL for cafeteria noise 

and speech babble over directional microphone. Further it was observed that the SNR 



was lesser for the cafeteria noise and more for the speech babble for all the three aided 

conditions.  
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Figure 4. Mean SNR and standard deviation (S.D) for hearing aid with and without 

directional microphone and FM system obtained for cafeteria noise and speech babble. 

From the Figure 4 it can be observed that the SNR was lesser (better performance) 

with the FM condition than the other two aided conditions. To assess the difference in 

SNR across the three aided conditions in two noises, two way repeated measure ANOVA 

was done. Results showed a significant main effect of the three aided conditions [F (2, 

54) = 110.6, p <0.001]. Further results revealed that there was no significant interaction 

between various aided conditions and two noise [F (2, 54) = 0.75, p > 0.05]. To evaluate 

the significant differences in three different aided conditions, Bonferroni’s multiple 

comparison was used. Table 6 shows that there was a significant difference between 

hearing aid with and without directional microphone (p < 0.001), hearing aid with 

directional microphone and FM system (p <  0.001) and hearing aid without directional 

microphone and FM system (p < 0.001). 



 

Table 6.  

 Bonferroni Multiple comparison Test for SNR across Three aided Condition. 

 

 

 

 

 

To find the difference in SNR across the two background competing noises, 

paired t test was done for all the three aided conditions. The results showed that there was 

a significant difference (p< 0.05) in SNR between two noises in hearing aid with and 

without directional microphone. However there was no significant difference (p> 0.05) in 

SNR between two noises in FM system.  

 

The results of the present study with regard to the effect of FM system on SNR is 

in consonance with the study done by Fabry (1994) who reported that remote FM 

microphone improved SNR by nearly 10dB over the hearing aid condition using 

Environmental Microphone. Similar results were also found by Hawkins, 1984 who 

reported an improvement in SNR of 12 to 18 dB in FM system over hearing aid alone 

condition. 

 

The results of the present study with regard to the lesser SNR in FM system in 

comparison to the directional microphone is in agreement with the study done by Lewis 

SNR DM FM system 

HA P <0.001  P <0.001  

DM  P <0.001  



et al., (2004) who reported a benefit of 14.2 dB and 16.9 dB for FM system over 

directional microphone condition. The improved SNR in FM condition than the other 

aided condition might be attributed to the proximity of the FM transmitter to the desired 

signal which reduces the effects of noise and distance in a such a way that the hearing aid 

with and without directional microphone conditions are unable to do. However the lesser 

SNR benefit in the present study compared to the other studies can be attributed to the 

frequency response of the neckloop. High frequency response is decreased somewhat 

with the neckloop (Hawkins, 1987). Pascoe (1975) and Schwartz (1980) reported that 

audibility of high frequency information (upto around 6000Hz) lead to significant 

improvement in speech recognition scores. Hence the benefit provided by the FM system 

in the present study might be lesser compared to the earlier studies who had used other 

means of coupling FM system to hearing aid (such as direct audio input) 

 

The results of the present study are in fair agreement with the study done by 

Valente et al., 1995, Gravel et al., 1999; Kuk et al., 1999 who reported an improvement 

of 6 to 8 dB in the directional microphone relative to omndirectional microphone 

condition. The present study reported a directional benefit of 3 dBHL for both cafeteria 

noise and speech babble noise. 

 

The benefit of directional microphones in the present study may be due to the 

specific characteristics of the listening situations. In the present study Since the signal 

source was located to the front of the listener and spatially separated from the source of 

the background noise, directional microphone provided a benefit as it reduces the 



negative effects of background noise by providing greater amplification for signals 

arriving from the front of the listeners than signals arriving from the rear and/ or sides of 

the listener (Kuk et al., 2000; Dillon, 2001) 

 

The results of the present study showed an SNR of 10 dBHL and 11 dBHL for 

cafeteria noise and speech babble respectively in the aided condition without any noise 

reduction technology. These findings are in consonance with the study done by Dubno, 

Dirks, & Morgan, 1984; Beattie, 1989; Wilson and Strouse, 2002, who reported that 

individuals with hearing loss require a signal to be 10-12 dB higher in multilalker babble 

to obtain a performance level of 50% correct.  

 

The results of the present study with regard to the SNR in different noises is in 

accordance with the study done by Sperry et al., (1997) who reported that the use of 

speech babble has a more adverse masking effect on speech perception than other 

nonmeaningful noises. The possible reason for getting higher SNR (poor performance) 

for speech babble than cafeteria noise in the presented study can be attributed to the 

informational masking which occurs when the speech and the competing noise is similar 

in their temporal and/or semantic structure (Brungart, 2001). The other possible reason 

for the differential effect of noise may be due to the temporal variation of the noises. 

Speech babble is a modulated masker. Poorer performance with this modulated masker 

may be due to the poorer temporal resolution in the participants with sensorineural 

hearing loss (Bacon & Gleitman, 1992). Hence, the participants in the present study 



would have showed a higher SNR in the speech babble due to the reduced temporal 

resolution. 

 

The results of the present study are in contrast with the study done by Kaplan and 

Pickett (1982). They reported that speech discrimination was better in speech babble 

noise compared to cafeteria noise. They attributed the noise related differences in the 

speech discrimination score to the different frequency spectra of the two noises. The 

frequency spectrum of cafeteria noise used by them was essentially flat through 3500Hz, 

but contained considerable energy above that frequency. The high frequency speech 

information was masked less by the low frequencies. Spectral components of speech 

babble used by them were below 1000Hz, which allowed more release of masking 

attenuation. 

Thus it can be concluded from the findings that the SNR required through FM 

was lesser followed by hearing aid with directional microphone and hearing aid without 

directional microphone. In addition, it can be said that temporal and spectral 

characteristics of various noise varies which affects speech recognition differently. 

Hence, the result should be interpreted differently for different noises. 

  

Phase III:  Comparison of ANL and SNR in all the three aided conditions in 

presence of two background competing stimuli. 

ANL and SNR are the two different measures which assess the performance of 

individuals with hearing impairment noisy conditions. To know significant difference 



between ANL and SNR among three different aided conditions for two background 

competing stimuli, paired t test was done. 

Table 7. 

Paired t test for (ANL) and (SNR) across Two Background Competing Stimuli in Three 

Aided Conditions 

Conditions with noises t (27) Significance level 

(ANLHA)CN-

(SNR)HACN 
1.778 0.087 

(ANLHA)SB-

(SNR)HASB 
1.276 0.213 

(ANL)DMCN-

(SNR)DMCN 
1.026 0.314 

(ANL)DMSB-

(SNR)DMSB 
1.114 0.275 

(ANL)FMCN-

(SNR)FMCN 
1.196 0.242 

(ANL)FMSB-

(SNR)FMSB 

0.136 0.893 

Note: HA- Hearing aid without directional microphone, DM- Hearing aid with 

directional microphone, FM- FM system, SB- speech babble, CN-Cafeteria noise 

           



From the Table 7 it can be concluded that there was no significant difference 

(p<0.05) in Acceptable noise level (ANL) and signal to noise ratio (SNR) between two 

different noises in hearing aid with and without directional microphone and FM system. 

  

The present study reported a mean ANL of 9 dB HL and 10 dB HL for cafeteria 

and speech babble for hearing aid without any noise reduction technology. Similarly the 

mean SNR of 10 dB HL and 11 dB HL was observed in the same condition. These 

findings are in consensus with the study done by Freyaldenhoven etal., (2005) which had 

a similar methodology to the present study. They reported a mean ANL of 3.5 dB HL and 

mean SNR of 3.7 dB HL which was not significantly different.  

 

There is a lack of literature for the comparison of ANL and SNR through FM 

system. FM system provides a benefit of 10 – 30 dB SNR (Boothroyd & Iglehart, 1998). 

However the effect of the FM on ANL are not studied till date. It may be postulated that 

ANL and SNR taps a similar aspect of the performance in noise and can be further said 

that FM system will provide an improvement to ANL in a manner similar to that of SNR. 

 

Conversely, Nabelek etal., (2006) reported a significant difference between the 

SPIN scores and ANL. They concluded that ANL and speech perception in background 

noise are two different measures to moderate levels of noise and provide different 

contributions to assessment of hearing aid use and improvement of speech understanding 

in noise. The differences found between this research and the present study may be due in 

part, to the methodological differences. The present study used the masked SRT in noise 



to obtain the SNR, whereas the Nabelek etal., (2006) used SPIN test to get the scores. 

Future research should investigate the relationship between ANL and SNR obtained with 

both SPIN scores and Masked SRT in noise. 

 

The possible reasons that could be attributed to the similar SNR and ANL 

obtained in the present study are,  

1. For both speech perception in noise measure and ANL, equivocal findings are 

found with increase in audibility through amplification for individuals with 

hearing impairment. For speech perception in noise with increase in audibility 

through amplification, there are reports of benefit (Alcantara et al., 2003; Haskell 

et al., 2002) as well as no benefit (Gustafsson & Arlinger, 1994). These reports 

show that speech understanding in noise can become either better or remain same 

with the use of hearing aids compared to the unaided condition.  In a similar 

manner there are reports of improvement of  ANL (reduction of ANL) in the 

aided condition when individual data were inspected (Nabelek et al., 2006) as 

well as no improvement of ANL with amplification (Lytle, 1994). From these 

findings, it can be postulated that the ANL and SNR measure similar reaction to 

the background noise. 

2. Cooper & Cutts (1971); Kailkow et al., (1977); Bentler (2000) indicated that 

maximum word recognition is achieved at a SNR of +10dB to + 15dB. The mean 

ANLs reported in a number of studies also have been found to be in the + 10dB to 

+ 15 dB range (Nabelek., 2006). From these findings it can be inferred that, on 

average, ANL measured at MCL occurs somewhere near the SNR for optimal 



word recognition. However, the preceptual demands for ANL and SNR differ. 

ANL measures willingness to listen to speech in the presence of noise and SNR 

measures the speech understanding in noise. Hence, it may be possible that there 

is a common psychological or physiological variable that influence the 

performance of ANL and SNR. This findings need to be explored further. 

 

3. Patients with lower ANL are likely to become successful, full time hearing aid 

users (no greater than 7 dB), patients with midrange ANLs (between 7 dB and 13 

dB) may either be successful or unsuccessful users and patients with high ANLs 

(greater than 13 dB) are likely to become unsuccessful hearing aid users.  Persons 

with hearing impairment who exhibit low acceptance of background noise when 

listening to speech ( persons with large ANLs) consistently demonstrate 

dissatisfaction with hearing aids and tends to use them occasionally or reject them 

altogether ( Nabelek et al., 2003). Individuals with poor speech understanding 

ability in noise also tend to show dissatisfaction with hearing aids. Killion (1997) 

reported that individuals who exhibit abnormally high SNR loss demonstrate 

dissatisfaction with hearing aids. Thus it may be possible that perceptual tasks 

required by ANL measurement is directly analogous to those required by the SNR 

test, since the individuals with larger ANL as well as high SNR loss show 

dissatisfaction with hearing aids. 

 



From the findings of the present study it is observed that ANL and SNR 

procedures are not different. Hence it can be concluded that ANL procedure can be used 

as an alternative measure to SNR procedures. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



CHAPTER 5 

Summary and Conclusions 

 

Difficulty in understanding speech in the presence of noise is the most frequent 

complaint of adults who use hearing aids (Kochkin, 2002; Cord, Surr, Walden & 

Dyrlund, 2004). These difficulties are due to the limited benefit provided by the hearing 

aid in a noisy situations. However, there are several strategies used within hearing aids, 

which have been shown to be effective in improving the speech understanding in noise. 

These strategies include directional microphone technology within the hearing aid itself, 

and hearing aids with boots and neckloops to receive FM transmission.  

 

Traditionally, the benefit of directional microphone and FM system are evaluated 

by using Speech perception in noise measure (SPIN). SNR measured through SPIN test 

provides information about the benefit of hearing aid and noise reducing strategies. 

However, there is dearth of literature regarding speech perception in noise measure which 

predicts the successfulness of hearing aid and noise reducing strategy. Hence,  Nabelek, 

Tucker, & Letowski (1991) gave a method called as Acceptable Noise Level (ANL) to 

predict the success of hearing aid use which has not been extensively evaluated. To find 

the ANL, Most comfortable level (MCL) and Background noise level (BNL) was 

obtained.  

 

 



Despite the documented evidence of improvement in speech perception in noise 

provided by these noise reducing technology, there is lack of literature in comparing the 

benefits provided by these noise reducing technology. Hence the present study was taken 

up to compare the benefits of various technologies by using two procedures namely ANL 

and SNR. 

 

The specific objectives of the study were: 

1. To compare the ANL in three aided condition (hearing aid with directional 

microphone turned off, hearing aid with directional microphone turned on & FM 

system) using two background competing stimuli (speech babble, cafeteria). 

2. To compare the SNR in three aided condition using two background competing 

stimuli.  

3. To compare ANL and SNR in all the three aided conditions using two background 

competing stimuli. 

 

To arrive at the objectives, 28 naïve hearing aid users, with postlingual onset of 

hearing loss were taken for the study. Degree of hearing loss varied from moderate to 

moderately severe hearing loss. The data were collected in two phases. In the first phase,  

MCL, BNL and ANL were established in the three aided conditions (hearing aid with 

directional microphone turned off, hearing aid with directional microphone turned on & 

FM system) using two background competing stimuli (speech babble, cafeteria). In the 

second phase, SRT in noise was used to obtain the SNR in the three different aided 

conditions using two background competing stimuli. From the data obtained, the mean, 



standard deviation and range were calculated and the following statistical analysis were 

done. 

1. One way repeated measure Analysis of Variance (ANOVA) for finding the main 

effect of various aided conditions (Hearing aid with directional microphone off, 

hearing aid with directional microphone on and FM system) for MCL. 

2. Two way repeated measure ANOVA for finding the main effect of various aided 

conditions using two different competing stimuli for both ANL and SNR and 

interaction effect between these different aided conditions and different noises. 

3. Bonferroni multiple comparison was done to see the pair wise differences across 

different aided conditions for ANL and SNR when repeated measure ANOVA 

showed a significant difference across the three aided conditions. 

4. Paired sample t-test was done to see the difference between two different 

competing noises (Cafeteria noise & Speech babble) for ANL and SNR in all the 

three aided condition. 

 

The Findings of the present study are as follows. 

1. Most comfortable level (MCL). 

  The MCL obtained for hearing aid with and without directional 

microphone   condition was same. However, MCL was lower for FM system 

compared to hearing aid with and without directional microphone. This could be 

attributed to the increase in the gain in the FM system itself since the gain of the 

hearing aid was kept constant for all the three aided conditions.  

 



2. Background noise level (BNL). 

a) Acceptance of Background noise level was increased with the use of FM 

system followed by the directional microphone in comparison with 

hearing aid without directional microphone. This may be due to the closer 

proximity of the FM transmitter to the speaker and hence the effect of 

reverberation and noise are less while using the FM system. 

b) A slight increase in BNL was seen in hearing aid with directional 

microphone. This may be due to the maximum sensitivity of directional 

microphone to sound coming from the front than the sounds coming from 

the back and the sides, which in turn increases the acceptance of BNL. 

c)  Further, BNL was different for two noises in the hearing aid with and 

without directional microphone. This may be due to the difference in the 

spectral component of the two noises. Noise which has a spectral 

component similar to that of speech may be more difficult to accept than 

any other noises which differ in their spectral components to speech. 

 

3.  Acceptable noise level (ANL). 

a. The present study indicated that ANL was least with the FM system 

followed by hearing aid with directional microphone then by hearing aid 

without directional microphone. These results are due to the closer 

proximity of FM system to the speaker.  



b. Directional microphone showed reduced ANL compared to hearing aid 

without directional microphone. This may be due to the low frequency roll 

off in the directional microphone. 

c. Hearing aid without directional microphone showed the highest ANL 

which may be due to the amplification of the noise along with speech. 

d. ANL obtained with speech babble was higher than cafeteria noise in 

hearing aid with and without directional microphone. This may be due to 

the cognitive load imposed by the speech babble since it is difficult to 

process speech in the presence of noise with spectral and temporal 

modulation similar to that of speech. 

e. These findings indicate that with the use of directional microphone and 

FM system, listeners can become successful hearing aid users.  

 

4. Signal to Noise Ratio (SNR). 

1. SNR was reduced remarkably with the use of FM system and slightly with 

the use of directional microphone. There was a slight advantage of 

directional microphone of about 2 dBHL. These noise reduction 

technology minimize the effect of noise and hence speech perception is 

better with the use of these  noise reduction technologies. 

2. From the present study it was found that SNR was reduced with cafeteria 

noise than speech babble.  

 



5.  Comparison of ANL and SNR across three aided conditions for two background  

competing stimuli. 

The results indicated that ANL and SNR are not significantly different and 

they are two analogous measures which measures the benefit of hearing aid and 

satisfaction with hearing aids. For both ANL and SNR there may be a common 

psychological or physiological variable that influences the performance of ANL and 

SNR.   

 

Conclusion 

 Most comfortable level may be achieved at a lower intensities with FM system. 

 FM system is most effective in reducing the background noise followed by the 

directional microphone. 

 While establishing the ANL noise used should be consistent and ANLs measured 

with different noises should not be compared directly.  

 Lesser the ANL value and SNR score, better will be the hearing aid benefit and 

satisfaction.  

 Different real life noises should be used to evaluate the SNR and ANL which 

gives an insight into the real world benefit in adverse listening conditions. 

However, Speech babble is most preferable to be used while measuring SNR and 

ANL since it creates a difficult listening environment for individuals using 

amplification devices. 

 

 



The findings of the present study have some clinical implication. 

 

1) ANL measure can be used as a clinical tool for the selection and fitting of 

hearing aids. It can also be used to predict the success of the hearing aid users. 

Hearing aids with directional microphone and FM system can be provided for 

individuals who had shown dissatisfaction with hearing aids.  

2) The present study suggest that either ANL or SNR can be used to check the 

benefit of the hearing aid with noise reduction technology. 

3) ANL can be used as an alternate measure to the SNR since the time taken for 

measuring ANL is comparatively lesser for ANL than for SNR. 

4) ANL can be used in everyday hearing aid fitting centers which would help to 

counsel the patients regarding the realistic expectation of the hearing aid use 

and satisfaction. 

 

Future direction: 

1.  The effect of reverberation on ANL needs to be studied to find the efficacy of 

ANL in a more real world situation. 

2. The effect of auditory training (with respect to acceptance of background noise 

level) on the ANL may be studied. 

3. The physiologic characteristics of the auditory system and/or brain that 

contributing to the large range of ANLs may be studied. Additionally, if 

physiologic correlates to ANL are found, objective measures could be used to 



predict successful hearing aid use by infants, young children, or other populations 

in which behavioral testing is difficult or impossible. 

4. Since the individuals with CAPD has difficulty understanding speech in presence 

of noise, ANL can could be obtained from these individuals to explore the 

physiological basis of ANL. 
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APPENDIX 1 
Passage A 

 
bangΛlu:ru  nΛnnΛ ra:dzyΛdΛ  ondu  doddΛ  u:ru i    u:rΛnnu  
            ˙ ˙ 
nΛmmΛ ra:dzyΛdΛ bombai ennuvΛru. indija:dΛ doddΛ   
      ¬              ¬  ¬    ˙ ˙ 
 
nΛgΛragnlΛlli idu ondu i: u:rΛnnu no:dn∫u dznnΛru  
       ˙   ¬        ¬             ˙  
be:re be: re  ra:dzjΛgΛlindΛ be:re be: re  u:rugΛlindΛ  
              ¬            ¬ 
 
bΛrnvΛru. idΛlΛde nΛmmΛ ra:dzjadΛlliruvΛ be:lur  dzo:g  
    ¬        ¬      ¬ 
nΛndi  i:vugΛlΛnnu  no:dΛlu dznnΛru bΛruvΛru. i:  
          ¬              ˙ 
ha:dinΛlli re:∫mejΛnnu belejuvΛru. 
        ˙          ˙ 
 
 
 
 

Passage B 
 
 
kri∫na:  nΛdijv  sΛhjΛdri pΛrvΛtngnlΛlli mΛha:bΛle:∫vΛrΛda  
        ¬               ˙              ¬  
hΛttira  huttutΛde. Idu huttuva prΛde:∫vu ramani:ja sta:na                        
     ¬¬        ˙˙         ¬            ¬                ˙˙                             ¬                            ˙     ¬ 

          
           

idu maha: ra∫tra, karna:taka mattu  a:ndⁿraprade∫galalli   
  ¬     ˙        ¬¬            ¬                       ˙  
 

hΛridu banga:la kollijannu se:ruttade idakke  upanadigalu 
        ¬    ˙            ¬¬  ¬           ¬    ¬ 
 
                      h 
halavu  kojina,  tungabⁿ adra n gatprabⁿa bima:.  Malaprabⁿa  
    ¬                  ¬    
 

Avugalalli  kelavu. kojina:  nadige   anekattannu  katti  
              ˙           ¬      ˙         ˙˙                                 ˙˙ 
 

vidjuttΛnnu utpa:dane ma:dutta:re 
        ¬¬     ¬             ¬                        ˙          ¬¬ 



Passage ‘C’ 
 
 
 
Ondu a:du bettΛda nettijalli me:jutittu ondu  to:la 
       ¬          ˙       ˙     ¬                    ¬¬                 ¬ ¬¬          ¬  ¬   ˙  
 

adannu no:ditu allege  ho:galu adakke sa:djaviralilla 
        ˙  ¬          ¬   
 

adu a:dannu kuritu  kelage  ba:raja astu 
   ¬              ˙                               ¬                       ˙                                                         ˙    
 

jataradalidare ka:lu dza:ridare e:nu gati alΛde illi hullu 
   ¬     ¬      ¬                                                ¬                                ¬               ¬                     
  

hulusa:gi beledide bahu rut∫ijagide e:ndu a:mantrΛna  niditu. 
                          ˙   ¬         ¬         ¬                       ˙        ˙  ¬ 
 
 
 
 
 

Passage D 
 
 
        
mΛjsu:rinalli  k ⁿedda: bahu prasid ⁿavagide bahu dzanaru 
         ˙ ˙                                                            ¬ 
 
adannu vik∫isalu ka:kana ko:tejalli bahu utsa:hadinda 
    ¬                                                                                       ˙                                      ¬            ¬    ¬    
      
anija:gutta:re.  bⁿ a;ada a:negalannu   hidijuvude adara 
             ¬¬                                ¬                               ˙                                ˙                          ¬ 
 
udde∫avalla a:negalannu tarabe:ta:da a:negalinda palagisuvudu  ondu 
   ¬¬                                   ˙             ¬             ¬   ¬                          ¬          ˙                   ¬                       ¬ 
                                  
mahatka:rja i: gⁿ atanejannu vik∫isuvavaru  t∫akitaragvtta:re 
           ¬                                                                                                                           ¬                                                                
                        
ede dz ⁿal jannuvudaralli sandehavilla  k ⁿeda:da kelasa  
   ¬                                         ¬                                                                               ¬                          
 
mugijuvantahadalla.  takka  ka:da:negalannu hidijuvndu  
         ¬       ¬                       ¬                                 ˙               ˙                       ˙             ¬ 
  



 
         

  h 
palagisuvudu  sa:ma:njave:nalla ka:rjada p ⁿala tadanantara   
    ˙                   ¬        ¬  ¬            ¬     
 

tilijuvudu. 
  ˙         ¬ 
 
 
 
 

 Passage E 
 
 
Bakka  tale:ja  manu∫ja mattu  nona  
                      ¬                                                             ¬¬                        ˙ 
 
Obba bakka  tale:ja   manu∫janidda be:sugejalli ondu dina   
                                 ¬                                                 ¬¬                                                  ¬      ¬ 
 
avanu  kelasa  ma:di  sa:ka:gi kulitukonda. a:  
                                                  ˙                                        ˙  ¬            ˙             
 
samajakke  sarija:gi ondu nona bandu  avana  nunnane:ja  
                                                ¬            ˙                 ¬ 
 
taleja sutta ha:radutta bakka  talejannu kat∫ala:rambistu.  
               ¬¬                    ¬¬                                                                                                ¬ 
 
nonavannu  hodejabekendu avanu  kai jatti hodeda. 
                                                       ¬                                                          ¬¬                  ¬ 
 
nona  tappisikonditu e:tu avana  talege  bittu. Nona tirugi 
           ¬                        ¬                   ˙                                      ¬                             ¬¬        ˙           ¬ 
 
 
bantu  avanu  tirugi hodeda. Punaha avanu  tirugi  
       ¬                                              ¬                   ˙    ¬                                                                        ¬ 
 
hodeda. Punaha avana  talege  e:tu bittu a:ga  
     ˙    ¬                                                                         ¬                              ˙              ¬¬ 
                                  
avanige bⁿ budⁿ i  bantu sⁿ udra  pra:nigalannu  
                                                             ¬                                                  ˙ 
 
gamanisuvadarinda  namage ha:ni jandukonda. 
                     ¬         ¬                                                                   ¬           ˙ 
 
 
 



APPENDIX 2 
 
 
Phonemically Balanced Word List Developed by Yathiraj and Vijayalakshmi 
(2005). 
 

rai
¬
t a 

anna 
t ∫ ukki  
hagga 

hulu  
su:dzi 

va:t ∫ u 
 hotte 

mola ba
¬
t

¬
t a rotti 

¬
d oni  

t ∫ a:ku mant ∫ a gu:be vadzra 

¬
t uti bekku akka va:ni 

meike lo:ta e:lu 
¬
t ale 

ha:vu ba:la vi:ne ka
¬
t

¬
t e  

Ka
¬
t

¬
t u dze:bu 

¬
d imbu n me:dzu 

bi:ga mandi vade na:ji 

o:
¬
d u 

bale 

nona  
male 

go:li  
ha:lu 

ba:lu 
ni:li 

mu:ru ti:vi amma gombe 

ra:ni  

¬
t apa: 

ta:ra: 

¬
d i:pa: 

rave  
mola 

dzana  
ravi  

¬
t ande 

ka:ge  
a

¬
d u 

dratk ∫ i 

braju 
 

railu 
 

rakta 
 

baegu 
 

hasu ka:ru su
¬
t

¬
t u ka ∫ ta 

dzade divja ja:va paisa 
nalli a:ru t ∫ andra mara 

kivi pu:ri ja:ke hu:vu 

var ∫ a ha
¬
d

¬
d u a;le tinnu 

ja:ru su ∫ ma ai
¬
d u idli 

da:na 
 ¬

t a:ji n 

 

nadi 
 

ke:lu 
 

∫ asmpu  
ili 

¬
d ana  

a:lu 

uppu 
kri ∫ na 

sara  
pa

¬
d a 
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