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ABSTRACT 

Tests of sentence recognition in noise constitute an essential tool for the assessment 

of auditory abilities that are representative of everyday listening experiences. A 

number of recent articles have reported on the development of such tests, 

documenting different approaches and methods. However, both the development 

and interpretation of these tests require careful consideration of many variables. This 

article reviews and categorizes the stimulus, presentation, subject, response, and 

performance variables influencing the development and interpretation of tests of 

sentence recognition in noise. A systematic framework is utilized to document 

published findings on these variables. Recommendations and guidelines, based on 

test performance requirements and test objectives, are provided concerning the 

interpretation of results and the development of new test materials. 

 

INTRODUCTION 

The ability to understand speech in the presence of background noise constitutes a 

great challenge to any listener, especially listeners suffering from hearing 

impairments. Because of the challenge that this task poses to listeners, its 

assessment can provide great insight into an individual’s ability to cope with typical 

everyday listening environments, as these situations are often noisy. The 

development of methods to assess and predict this ability has therefore received 

ample attention in research over several decades. The Articulation Index (French & 

Steinberg, 1947), and more recently the Speech Intelligibility Index (American 

National Standards Institute, 1997), are among measures that can provide 

predictions of the intelligibility of a signal in both quiet and noisy environments. 

Although this method of prediction has long been validated and shown to be accurate 

in predicting speech recognition scores in normal-hearing listeners and those with 

mild to moderate hearing impairment (Fletcher & Galt, 1950; Kryter, 1962; Kamm et 



Theunissen/Sentence recognition in noise variables 3

al, 1985), a number of researchers have demonstrated that these predictive indices 

have significant shortcomings in accurately predicting speech recognition scores in 

some populations and/or listening conditions (Humes et al, 1986; Hargus & Gordon-

Salant, 1995; Ching et al, 1998; Moore, 2002). The Articulation Index and Speech 

Intelligibility Index provide an indication of audibility of certain speech cues, and are 

not direct measures of speech intelligibility (Hornsby, 2004). Other factors that have 

been shown to influence speech recognition, such as language abilities (Weiss & 

Dempsey, 2008), cognition (Humes, 2002), and spectral and temporal processing 

(Houtgast & Festen, 2008) are not accounted for when using the Articulation or 

Speech Intelligibility Index. Since these factors could affect an individual’s ability to 

handle daily speech recognition tasks, measures that do not account for these 

functions will give a limited representation of everyday functioning. The limitations of 

speech recognition prediction measures underscore the need for direct measurement 

of speech recognition abilities. Additionally, many patients view their difficulty to 

understand speech in noise as their most important hearing problem, and consider a 

direct test of their ability to understand speech in noise to be of great value (Killion, 

2002).    

 

Plomp (1978) developed a quantitative model to explain the communication handicap 

caused by a hearing loss, and the limited benefit of hearing aids. Within this model, 

the loss of hearing for speech, or speech-hearing loss, is quantified according to the 

50% level of speech recognition, also called the speech reception threshold. This 

work by Plomp indicated the need for the development of a reliable test that could be 

used to determine the speech reception threshold for sentences, and such a test was 

developed shortly after the publication of the model (Plomp & Mimpen, 1979a). The 

developed test was subsequently used to demonstrate the accuracy of Plomp’s 

model (Plomp & Duquesnoy, 1982), and to quantify the effect of noise, age, 
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presbyacusis, hearing aids, interaural time delays and other factors on sentence 

recognition in noise (e.g. Plomp & Mimpen 1979b; Duquesnoy & Plomp, 1980; 

Festen & Plomp, 1986; Bronkhorst & Plomp, 1988).  

 

In addition, the test developed by Plomp and Mimpen (1979a) provided groundwork 

that many subsequent researchers have referred to in the development of similar 

tests (e.g. Nilsson et al, 1994; Wong & Soli, 2005; Vaillancourt et al, 2005). 

Developing these tests requires careful attention to a number of variables that 

influence the procedures and results of the test. This article provides a systematic 

consideration of the variables involved in a test of sentence recognition in noise 

(SRN), with a two-fold purpose. Firstly, these variables are essential determinants 

during the development of a test for SRN, to ensure adequate test performance is 

attained in terms of validity, reliability, sensitivity and specificity. Secondly, these 

variables will influence the results of an existing test and therefore necessitate 

consideration for accurate interpretation of results. Both of these purposes will be 

addressed throughout this review, with some variables more relevant during test 

development, whereas others are more important in clinical application and 

interpretation of the test. It should be noted here that there are many existing tests of 

SRN with comprehensive normative data available, such as the Hearing in Noise 

Test or HINT (Nilsson et al, 1994) and many of its adapted versions in other 

languages (as listed in Soli & Wong, 2008), which provide a valuable resource for 

clinicians in the interpretation of test results. However, an understanding of variables 

that affect sentence recognition in noise remain useful in guiding the development of 

new tests, and in the identification of factors that could explain results that deviate 

from the documented norms. Table 1 summarizes the categories of variables 

included in this review. 
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Table 1: Categories of variables influencing tests of SRN 

 

STIMULUS VARIABLES 

The stimulus used in a test of SRN should receive careful consideration, as it directly 

affects the nature and difficulty of the test. There are three main stimulus variables 

that will be discussed in this section, namely the sentence material, the type of 

background noise used, and the speaker used for the recordings of the speech 

material.  

 

Sentence material 

Since 1947 researchers worldwide have developed a large variety of speech 

perception tests using sentence material as stimuli (Lucks Mendel and Danhauer, 

1997). Among widely used tests utilizing sentence materials, there is great variation 

in the style and content of the sentences. The Central Institute for the Deaf (CID) 

Everyday Sentences (Silverman and Hirsch, 1955), for example, is comprised of a 

list of commonly used sentences. The Synthetic Sentence Identification (Speaks and 

Jerger, 1965), on the other hand, is closed-set test consisting of 10 nonsense 

sentences constructed to approximate the syntactic structure of English, and in such 

a manner that each group of three consecutive words in the sentence is meaningful, 

but the entire sentence is not. These sentences are frequently presented in the 

presence of a background noise to reduce the simplicity of the listening task, as the 

small closed set could make the test too easy. The sentences of the Speech 

Perception in Noise Test (Kalikow et al, 1977) are formulated in such a way that the 

predictability of the last word of each sentence (considered to be the test item) is 

controlled to have either high or low predictability given the sentence context. This 

test uses a speech babble-type noise as background noise. The Hearing In Noise 
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Test or HINT (Nilsson et al, 1994) is comprised of 250 meaningful, recorded 

sentences divided into 25 phonemically matched lists of 10 sentences each, and 

uses background noise matched to the long-term average of the speech material’s 

frequency spectrum.  

 

Style and content of sentence material 

Accurate speech perception requires not only integration of acoustic cues from the 

speech signal, but also contextual cues, such as word familiarity, sentence 

complexity and word frequency. These cues are especially important when the 

speech signal is degraded by background noise (Needleman, 1998). The more 

contextual cues there are in the speech, the less reliant the listener has to be on the 

exact acoustic properties of the sound signal (Kalikow et al, 1977). For this reason, 

the style and content of sentence material used in a test of SRN is an important 

factor that will affect performance.  

 

The predictability of the sentence content has been shown to influence performance, 

as keywords in sentences providing minimal contextual cues are more difficult to 

recognize than keywords embedded in a sentence with many syntactic, semantic, 

and prosodic cues (Hutcherson et al, 1979). The Speech Perception In Noise (SPIN) 

test (Kalikow et al, 1977) is based on this premise, and experimentation during its 

development showed that in normal-hearing listeners, the average difference in 

percentage of words identified correctly between high and low predictability 

sentences across eight lists, is 47.4%.  

 

Other characteristics of the vocabulary used in sentence materials could also 

influence the level of difficulty of sentences. According the Neighborhood Activation 



Theunissen/Sentence recognition in noise variables 7

Model (Luce & Pisoni, 1998), a spoken word activates several lexical items in a 

person’s memory, and word identification requires discriminating between the 

activated lexical items. The number of activated items, the acoustic-phonetic 

similarity between these items, as well as the frequency of occurrence of these items 

all influence discrimination. In other words, the frequency of occurrence of a word, 

the number of phonemically similar words or neighbors (i.e. the density of the 

“neighborhood”), and the frequency of occurrence of similar sounding words, affect 

the speed and accuracy with which perceptual decisions about these words are 

made (Luce & Pisoni, 1998). In normal-hearing listeners, high-frequency words are 

responded to 7.39% more accurately than low-frequency words; responses to words 

in high-density neigborhoods were 3.38% more accurate than responses to words 

from low-density neighborhoods, and words from low-frequency neighborhoods 

elicited responses 1.39% more accurate than words from high-frequency 

neighborhoods (Luce & Pisoni, 1998). Hearing-impaired listeners have been shown 

to require an increase in intensity of between 3.1 and 5.8 dB to discern the same 

percentage of lexically “hard” words (words with low word frequency and high 

neigborhood density and frequency) than lexically “easy” words (with high word 

frequency counts and low neighborhood density and frequency) (Dirks et al, 2001).  

 

The implication of the Neighborhood Activation Model for tests of sentence 

recognition in noise is that the lexical difficulty of keywords used in sentence 

materials will also impact the difficulty of the SRN test. The position of keywords or 

target words in the sentence can also affect intelligibility, with target words occurring 

at the end of a sentence being 5-10% less intelligible than those occurring earlier 

(Bell & Wilson, 2001). If only keywords in a sentence are scored, it is important to 

ensure that the position of the keywords is similar across sentences, as sentences 

with keywords in the final position will obtain poorer scores.  
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Plomp and Mimpen (1979a) developed an accurate test of speech reception 

thresholds using sentence material in the presence of background noise. In order to 

compile speech material comparable with everyday speech, these researchers 

decided to use sentences that represent conversational speech, and did not contain 

proverbs, exclamations, questions, or proper nouns. Many other developers of SRN 

tests have developed material that is representative of everyday or conversational 

speech (Versfeld et al, 2000; Wong and Soli, 2005; Hällgren et al, 2006; van 

Wieringen and Wouters, 2008; Wong et al, 2007). A number of studies have 

stipulated, in accordance with the criteria of Plomp and Mimpen (1979a), that the 

sentences should not contain proverbs, exclamations, questions, or proper nouns 

(Versfeld et al, 2000; Vaillancourt et al, 2005; van Wieringen and Wouters, 2008). 

Some studies have added to these criteria that sentences should be syntactically 

complete, or at least contain a verb and a noun (Kollmeier & Wesselkamp 1997; 

Versfeld et al, 2000; van Wieringen & Wouters, 2008). To ensure that the style and 

content of sentence materials represent everyday speech, and that the material is 

considered acceptable by the general population, sentence material is typically rated 

for naturalness by native speakers (Soli & Wong, 2008). Rating is usually done on a 

scale of one (artificial) to seven (natural), and any sentence receiving a mean rating 

lower than six is revised and submitted to a second round of rating. 

 

Homogeneous intelligibility in noise 

The material used for a SRN test should be assessed for homogeneity to ensure that 

the sentences are more or less of equal, known difficulty. The homogeneity of the 

material is important to ensure the validity of the test, as test material that is not 

equivalent in difficulty will yield inconsistent results, and will therefore not be able to 

accurately measure changes in a listener’s abilities. If sentence materials were to be 

used to assess speech recognition in the presence of background noise, its 
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homogeneity would have to be evaluated in the presence of the same noise before 

applying it to clinical populations. This is because material that is of equivalent 

intelligibility in quiet may not be equivalent in noise, as shown by Stockley and Green 

(2000). These researchers applied the Northwestern University Auditory Test No. 6 

(NU-6) lists to both normal-hearing and hearing-impaired listeners in quiet and in 

noise and found that these lists were equivalent in difficulty when applied to both 

groups of listeners in a quiet condition, but when presented in noise, the lists were no 

longer equivalent in either group of listeners. In both groups there were no significant 

differences between scores on each individual list when presented in quiet, but with 

added noise some lists became significantly more difficult than others to both normal-

hearing and hearing-impaired listeners.   

 

In order to equalize the chance of correct recognition, sentence materials developed 

and recorded for a test of SRN should be submitted to a procedure for selecting 

sentences that are equally difficult to understand in the presence of a specific level 

and type of noise (Plomp & Mimpen, 1979a). This can be achieved by two distinct 

methods. After measuring the intelligibility thereof in normal-hearing listeners at 

different signal-to-noise ratios (SNRs), the mean-squared amplitude of sentences 

with an intelligibility poorer than average could be increased to compensate for their 

difficulty, and the intensity of sentences with an intelligibility higher than average 

could be decreased (Nilsson et al, 1994). Alternatively, sentences that deviate 

significantly from the average intelligibility could be rejected from the collection 

(Versfeld et al, 2000; Vaillancourt et al, 2005; van Wieringen & Wouters, 2008). It is 

also possible to combine these two methods by rejecting sentences that fall outside 

of a pre-determined performance range, and adjusting the intensity of the remaining 

sentences according to intelligibility (Wong & Soli, 2005; Wong et al., 2007).  
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Type of noise 

The spectral and temporal properties of the speech signal and the concurrent 

background noise affect the results of a test of speech recognition in noise (Dreschler 

et al, 2001). With the variation of the SNR during the test, the masking effects of the 

noise depend on the relationship of its spectrum to the speech signal used (Soli & 

Wong, 2008). There are different types of noise reported to be efficient maskers of 

the speech signal in SRN tests, and many tests use noise specifically developed for 

their test. Whereas some tests use multi-talker babble or other speech material as 

background noise (e.g. Kalikow et al, 1977; Cameron & Dillon, 2007a), others use 

noise with a spectrum equal to the long-term average spectrum of their recorded 

speech material (e.g. Plomp & Mimpen, 1979a; Nilsson et al, 1994). This latter type 

of speech-shaped noise is used to yield high accuracy of threshold determination, 

and ensures that the SNR is approximately equal at all frequencies by eliminating 

accidental differences (such as a gender difference) between the spectrum of the 

speech and the noise (Plomp & Mimpen, 1979a; Nilsson et al, 1994; Wagener & 

Brand, 2005).  

 

Wilson et al (2007a) investigated the difference between multi-talker babble and 

speech-spectrum noise as maskers for the Words-In-Noise Test (WIN). These 

researchers found that the majority (88%) of the normal-hearing listeners in their 

study performed better in multi-talker babble than in speech-spectrum noise, 

requiring about 2 dB better SNR to attain a 50% score in the speech-spectrum noise 

than in the babble noise. In listeners with hearing loss, the difference was smaller – 

only about a 0.7 dB difference between the two noises, with the multi-talker babble 

being the easier condition for 56% of the hearing-impaired listeners. The difference 

was ascribed to the amplitude modulations of the multi-talker babble, which led to 

brief improvements in the SNR. Both types of noise clearly distinguished between 
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normal-hearing and hearing-impaired listeners (an indication of the sensitivity of both 

noise types), as none of the hearing-impaired listeners had recognition performances 

within the normal range (defined as the 90th percentile in normal-hearing listeners) 

with either type of noise. Although the findings for hearing-impaired listeners were 

essentially the same for the two types of noise, multi-talker babble was finally 

concluded to be a more appropriate masker due to its face validity in representing 

everyday listening situations (Wilson et al, 2007a). In contrast, the advantage of 

speech-spectrum noise is its validity as a masker for sentence materials that has 

been employed and reported by multiple previous studies (e.g. Plomp & Mimpen, 

1979a; Soli & Wong, 2008). 

 

It is also possible to use a standardised interfering noise for different tests in different 

languages, provided that those languages represent the mean international long-term 

average speech spectrum (LTASS).  This international LTASS is based on a study 

conducted by Byrne et al (1994), who recorded speech samples from a number of 

speakers for thirteen different languages. Their findings indicate that the LTASS 

across samples was so similar that it may be reasonable to use a universal LTASS 

noise for a variety of applications and languages. The International Collegium for 

Rehabilitative Audiology (ICRA) have developed a well-specified set of speech-like 

noises with spectra shaped according to gender and vocal effort which can be 

applied as well-specified background noise in experiments on speech recognition 

(Dreschler et al, 2001). This type of noise has a similar frequency spectrum to the 

universal LTASS (Byrne et al, 1994; Dreschler et al, 2001), and has been 

demonstrated to yield similar results in a speech recognition test than a noise with 

the same long-term frequency spectrum as the specific speech stimuli used in the 

test (Wagener & Brand, 2005). However, the use of a noise specifically weighted to 

the speech sample used in the test still appears to be a frequently selected option 
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reported in the literature, as shown by the large number of tests recently developed 

using this type of noise (Soli & Wong, 2008). The different types of noise with the 

advantages and disadvantages of each are summarised in Table 2. 

 

Table 2: Advantages and disadvantages of different noise types 

 

Another important consideration when selecting or generating noise for a test of 

speech recognition is the presence of fluctuations in the noise and the effect of these 

fluctuations on test results. Interruptions in the masking noise give listeners an 

opportunity to get glimpses of the speech signal and patch it together in order to 

recognize what was said, with slow amplitude modulations or a lower number of 

noise bursts per second providing a greater advantage than faster modulations 

(Miller & Licklider, 1950). This “masking release” effect enables listeners to take 

advantage of “dips” in the background noise to detect speech cues, although this 

ability is severely impaired in listeners with cochlear pathology or a cochlear implant 

(Lorenzi et al, 2006). Normal-hearing listeners could therefore perform better in a 

SRN task when the background noise is fluctuating as opposed to stationary, 

whereas some hearing-impaired subjects are not able to take advantage of these 

fluctuations and therefore perform similarly in stationary and fluctuating noise 

(Wagener & Brand, 2005; Lorenzi et al, 2006). The use of fluctuating noise could 

therefore improve differentiation between normal-hearing and hearing-impaired 

subjects, but this difference is not significant for all hearing-impaired listeners, and 

highly fluctuating noise has also been shown to yield larger test-retest differences 

and a flatter intelligibility function (intelligibility slope) than stationary noise, leading to 

a lower test accuracy (Wagener & Brand, 2005). However, fluctuating noise can be 

useful in tests of SRN when studying factors that affect masking release, such as 

hearing loss and age (e.g. Lorenzi et al, 2006; Dubno et al, 2002). 
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Speaker variables 

Individual differences in vocal quality and speech production of the speaker 

presenting test materials could affect the results attained during speech audiometry. 

Wilson et al (1990) found that the sound pressure level of material recorded from a 

female speaker had to be increased by 11-15 dB to produce the same intelligibility 

scores attained with the same material presented by a male speaker. These authors 

cautioned, however, that these findings should not preclude the clinical use of 

materials recorded by a female speaker, as it cannot be generalised to all 

male/female speakers. The findings do, however, indicate the significance of 

individual differences between speakers (Wilson et al, 1990). The effect that gender 

or individual differences have on the intensity level of the material can be overcome 

by digitally adjusting these levels if material is digitally recorded (Wilson & Strouse, 

1999; Nilsson et al, 1994).  

 

According to Ostergard (1983), results attained from speakers of different genders 

may not compare well, especially for individuals with a high frequency hearing loss. 

However, in a study by Versfeld et al (2000), material presented by one of two male 

speakers used in a first experiment, yielded a threshold that differed only 0.2 dB from 

the first female speaker, compared to a difference of 1.1 dB from results with the 

other male speaker. Likewise, the recording from the second female speaker yielded 

a threshold within 0.2 dB from the first male speaker, although it differed by 1.5 dB 

from the first female speaker. The analysis of variance between the results for all four 

speakers revealed that the speaker had a significant effect on results. These findings 

confirm the assertion of Wilson et al (1990) that the significance of individual 

differences between speakers can be generally accepted, even if gender differences 

cannot. Therefore, results acquired using test material presented by a specific 
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speaker should be cautiously compared to results obtained with a different speaker, 

regardless of the gender of the speakers.  

 

Additional speaker variables to consider are the speaker’s dialect and pronunciation. 

The effect that different speakers have on speech audiometry results may be 

exacerbated if the speaker and listener do not have the same dialect, a problem that 

may be overcome by recording material in a standard dialect (Vaillancourt et al, 

2005; Cameron & Dillon, 2007a) and providing speakers with specific instructions 

regarding the pronunciation of the material. Instructions to the speaker should include 

aspects such as pronouncing the material in a natural, clear manner (Versfeld et al, 

2000); maintaining clarity, pace and vocal effort (Nilsson et al, 1994); and avoiding 

emphasis on key words during recordings (Vaillancourt et al, 2005).  

 

In conclusion, individual differences between speakers could influence the results of 

speech audiometry procedures. For this reason, the use of pre-recorded material is 

advised. The use of digital recordings makes it possible to carefully adjust the 

intensity level of the speech signal, thereby eliminating unwanted loudness 

discrepancies (e.g. Nilsson et al, 1994). In addition, the speaker used for the 

recordings should adhere to specific criteria and follow specific instructions as listed 

above. The Hearing In Noise Test (Nilsson et al, 1994) and many of its adapted 

versions in other languages (e.g. Wong & Soli, 2005; Wong et al, 2007) minimize the 

possible effects of speaker variables by using pre-recorded materials, and by using 

the performance of normal-hearing individuals as the normative reference to identify 

communication handicap (Soli, 2008), allowing comparison of results across 

listeners, and even across different language versions of the test (Wong & Soli, 

2005). 
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PRESENTATION VARIABLES 

In addition to the content of the test material, the procedures followed during the SRN 

test could influence the results of the test. This relates mainly to the method used for 

the presentation of the material, as well as the transducer used to present the speech 

signal and the noise during testing. Both of these aspects are reviewed in this 

section. 

 

Presentation method 

Any test aimed at assessing SRN in a variety of subjects must have a way to prevent 

ceiling and floor effects of a test score expressed in percentage (Lutman, 1997). This 

means that a test scored in percentages will always have a maximum score of 100 

and minimum of zero. Any test designed to assess individuals with a great range of 

capabilities in terms of speech perception, from listeners with slight difficulty to hear 

in noise to listeners with severe hearing impairments, should be able to adapt to the 

level of functioning of the person being tested in order to give an accurate reflection 

of their abilities. For example, if the test presents stimuli at a fixed SNR and listeners 

can score between 0 and 100%, listeners with a severe impairment may not be able 

to correctly identify any of the test items, and will thus achieve 0%. Should there be a 

further deterioration in the listener’s abilities (due to a progressive component to the 

hearing loss), the test cannot indicate this, as the SNR will still be too difficult for 

correct recognition of any test items, and still yield the same score of 0%, even 

though the listener’s performance has, in fact, deteriorated. 

 

One way of overcoming this challenge is through the use of an adaptive test 

procedure. During such a procedure, the stimulus level of each trial is determined by 
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the preceding stimuli and responses (Levitt, 1970). Besides the overcoming of ceiling 

and floor effects, an adaptive test procedure also has the advantage of being a more 

efficient test method, as observations are concentrated around the region of interest 

(Levitt, 1970, 1978).  Plomp and Mimpen (1979a) employed this method in the 

development of their test for sentence recognition in noise by using a fixed level of 

noise and adjusting the presentation level of the speech material according to the 

response of the subject. Following a correct response, the speech level was 

decreased (thereby reducing the SNR), and after a faulty response, the speech level 

was increased. This procedure was repeated several times until it was possible to 

estimate the SNR at which the subject could attain a recognition score of 50%.  

 

Using this method, some test administrators keep the noise level constant and 

adjusts the speech level adaptively (e.g. Nilsson et al, 1994), while others keep the 

speech stimuli at a fixed level while altering the level of the noise input according to 

the listener’s response (Lutman & Clark, 1986). Presenting both the signal and noise 

monaurally under headphones, Wagener and Brand (2005) have found no difference 

between the adaptive method where noise is kept at a fixed level and speech level 

altered, and one where speech is kept constant and the noise level altered. These 

results suggest that when presenting speech through headphones, researchers are 

free to choose any one of these two methods, depending on their goals and 

demands, since the results of these two procedures appear to be comparable. 

However, if the test includes spatial separation of speech and noise in the sound field 

by presenting the speech from a loudspeaker in front of a listener and the noise from 

loudspeakers to the right or left, head-shadow effects will need to be considered. 

Head-shadow effects are greatest at high frequencies (Moore, 1995), which could 

affect the audibility of these frequency components. If the noise level is altered, some 

of its frequency components might become inaudible at times, causing inconsistency 
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in the masking effects of the noise and thereby affecting results. In these cases it will 

be necessary to keep the noise level fixed at a level audible at both ears, while 

altering the speech level adaptively. 

 

Researchers using a fixed level of noise during the development of a speech-in-noise 

test have reported using intensity levels of noise ranging from 50 dB (Plomp & 

Mimpen, 1979a) to 72 dB (Nilsson et al, 1994). According to Wagener (2004) the 

presentation level of the noise is a non-critical factor in speech tests and can be 

chosen arbitrarily, as long as the noise presentation level exceeds the individual’s 

threshold. This author reported that the threshold results depended only on the SNR, 

and not on the presentation level. This finding was confirmed by the findings of 

Wagener and Brand (2005), who found no statistically significant level effect when 

investigating noise level. Therefore, it seems necessary only that the noise is audible 

at most frequencies (Wagener & Brand, 2005) and does not approximate the 

individual’s uncomfortable loudness level (Wagener, 2004). 

 

Transducer 

The presentation of test stimuli can be conducted via a number of different 

transducers and methods. Hällgren et al (2006), in development of the Swedish 

HINT, presented test stimuli through a loudspeaker positioned one meter in front of 

the subject. Although sound field presentation has the advantage of enabling the 

tester to assess listeners with hearing aids or cochlear implants, reflection of the 

sound from the surfaces of the enclosed test area could degrade speech intelligibility 

(Allen & Berkeley, 1979). These reflections may influence the speech reception 

thresholds, and the use of headphones is therefore preferable, especially during test 

development (Soli & Wong, 2008). 
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The original American HINT used binaural headphone presentation (Nilsson et al, 

1994), whereas a number of other researchers presented stimuli monaurally 

(Kollmeier & Wesselkamp, 1997; Versfeld et al, 2000; van Wieringen & Wouters, 

2008). Plomp and Mimpen (1979a) compared results from monaural and binaural 

presentation, and indicated a small difference between left ear only and right ear only 

presentation (0.6 dB right ear advantage). Three distinct binaural conditions were 

used – one with the speech signal and the noise identical at the two ears; one with 

identical speech signal, but the noise uncorrelated at the two ears; and one where 

the speech signal was identical at the two ears, but the noise only partly correlated 

as it would be in a diffuse sound field. The binaural condition where speech and 

noise was identical at the two ears yielded a 50% recognition threshold at a SNR of –

7.3 dB (1.1 dB better than right monaural, and 1.7 dB better than left monaural), 

whereas the second condition with uncorrelated noise yielded the same performance 

level at a SNR of –9.6 dB, and the third condition (diffuse noise presentation) 

required a SNR of –8.0 dB for 50% recognition. Each of the binaural conditions 

therefore yielded better performance than the monaural conditions, especially the 

conditions where the noise was uncorrelated or only partly correlated at the two ears.  

 

The advantage in intelligibility gained from presenting sound binaurally as opposed to 

monaurally, especially when phase differences between the speech signal and the 

interfering noise are introduced, has been known for many years (e.g. Licklider, 

1948; Hirsh, 1948).  In tests of speech recognition in noise, the binaural release from 

masking effect can be assessed using either headphones, or loudspeakers in the 

sound field, as transducer (Soli & Wong, 2008). When using headphones, spatial 

separation between the speech signal and the interfering noise can be accomplished 
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using head-related transfer functions as measured on a KEMAR manikin1 (Soli & 

Wong, 2008). The manikin simulates the changes that occur to sound waves as they 

pass a human head and torso, such as the diffraction and reflection around each ear. 

In this manner, different test conditions can be created. Presenting the test material 

in this manner results in intelligibility that is nearly identical in the noise left and noise 

right conditions, but much lower in the noise front condition (with the noise coming 

from the same direction as the speech). This has been found across a number of 

different languages that used the same method in developing and presenting their 

test material (Soli & Wong, 2008), suggesting that spatial release from masking is a 

property of the binaural auditory system that is language independent. Due to its 

successful application and relatively similar results across languages, this 

presentation method holds significant promise for simulating everyday listening 

experiences where the speech and noise sources are spatially separated without the 

interfering effects that occur in sound field testing. Unfortunately, this method cannot 

be directly applied to listeners with amplification devices. These individuals need to 

be tested in the sound field, and site-specific norms need to be established by 

measuring the frequency response as well as the room effects of each loudspeaker, 

and using digital filters to pre-equalize the outputs of the loudspeakers. In addition, a 

number of normal-hearing listeners may need to be tested in the specific acoustic 

environment in question to enable testers to adjust the sound field norms to 

compensate for acoustic effects (Soli & Wong, 2008).  

 

SUBJECT VARIABLES 

The ability of a listener to understand or recognize speech stimuli in the presence of 

a background noise is influenced by a complex combination of factors, both in terms 

                                                 
1 The KEMAR Manikin Type 45BA can be acquired from Knowles Electronics. It is an acoustic research tool that 
permits reproducible measurements of hearing instrument performance on the head, and of stereophonic sound 
recordings as heard by human listeners. 
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of the test procedure, and internal to the listener. This section will focus on the 

internal subject characteristics that affect speech recognition, especially in the 

presence of noise. The five subject characteristics considered in this discussion are 

hearing loss, auditory processing, age, language, and cognition.  

  

Hearing loss 

The effects that a hearing loss has on the understanding of speech can be divided 

into two distinct categories. The first can be described as attenuation of the sound – 

a threshold shift that can be compensated for by increasing the level of sounds 

entering the ear (Plomp, 1978). This effect has also been called the audibility 

component of the hearing loss, is mostly linear and predictable, and can be 

quantified with sensitivity measures such as pure-tone thresholds (Wilson & McArdle, 

2005).  This attenuation effect of the hearing loss reduces the levels of both speech 

signal and noise as perceived by the hearing-impaired person, but does not affect the 

SNR required to understand speech in the presence of noise (Plomp, 1978).  

 

The second category of hearing loss effects is the distortion component, which 

reduces the clarity with which speech is perceived, even if it is loud enough to 

overcome the attenuation effect (Stephens, 1976; Plomp, 1978). This component can 

affect speech intelligibility in quiet as well as noisy situations, although its primary 

manifestation is in the presence of noise (Plomp, 1978). The site of the auditory 

lesion is one of the factors that influence the extent of the distortion effect. Listeners 

with conductive hearing losses (as indicated by a difference between air and bone 

conduction thresholds) are usually able to attain 100% correct speech recognition if 

the sound level is increased, since the conductive loss merely attenuates the signal 

(Hood & Poole, 1971; Stephens, 1976). Hearing impairments caused by cochlear or 

neural lesions (as indicated by an elevation of both air conduction and bone 
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conduction thresholds)) not only attenuates the perceived signal, but also leads to 

distortion of many different aspects of auditory discrimination, such as the frequency 

processing capacity of the cochlea, intensity coding, temporal coding, and aspects of 

binaural processing (Stephens, 1976). It is beyond the scope of this article to provide 

a comprehensive review of each of these auditory discrimination skills and their 

relation to SRN. What has been well-documented in the literature is that both 

frequency resolution and temporal resolution affect speech recognition in noise 

(Dreschler & Plomp, 1985; Festen & Plomp, 1983; Crandell, 1991; Thibodeau, 1991), 

while loudness perception as measured according to intensity difference limens only 

show weak correlations with SRN (Noordhoek et al, 2001; van Schijndel et al, 2001; 

Houtgast & Festen, 2008).  

 

Auditory processing 

Although hearing-impaired patients may have difficulty understanding speech due to 

a loss of peripheral hearing sensitivity, there are also individuals with normal 

peripheral hearing sensitivity (as defined by their pure-tone thresholds) who 

experience difficulty in processing speech signals (Middelweerd et al, 1990). Central 

auditory lesions tend to affect an individual’s ability to understand speech, especially 

in difficult listening conditions (Crandell, 1991). Difficulties in auditory processing 

have been found in children with language-learning problems and people with known 

lesions to the central auditory system, but also in individuals whose only complaint 

was an apparent inability to hear well in difficult listening situations (Neijenhuis et al, 

2001). Auditory processing difficulties are also known to be associated with a history 

of persistent otitis media with effusion (Bellis, 2003a). In addition, neurologic disease, 

neurosurgery, traumatic brain injury and aging could cause auditory processing 

disorders in adults (Bellis, 2003b). Individuals reporting any of these risk factors in 

their case history are therefore expected to score below average in a test of SRN and 
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should therefore be excluded from normative samples in the development of such a 

test. 

 

Age 

Age is a subject characteristic that is indirectly related to peripheral hearing. Although 

age itself is not an essential factor in speech perception, there are possible deficits in 

functions and processes related to speech perception that are associated with aging. 

The incidence of hearing loss increases with age. In the United States, approximately 

30% of adults over 65 having a hearing loss, and between 40 and 50% over the age 

of 75 suffering from a hearing impairment (National Institute on Deafness and Other 

Communication Disorders, 2007). An investigation by van Rooij and Plomp (1990) 

assessing speech perception in elderly listeners using a battery of tests showed that 

progressive high-frequency hearing loss accounts for the greatest amount of 

variance in test results, while reduced mental efficiency (general slowing of 

performance and reduced memory capacity) accounted for a smaller part of the 

variance.  

 

Barrenäs and Wikström (2000) investigated the effect of hearing loss and age on 

speech recognition scores in both quiet and noise. Their findings indicated that age 

had no influence on recognition scores if hearing was normal, but did influence the 

results in the presence of a hearing loss. By implication, the age of normal-hearing 

subjects used in the development of a speech-in-noise test should not influence the 

outcomes, but in the clinical administration of the procedure, a patient’s age could 

interact with his hearing loss to influence the results. 
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Language 

Utilisation of linguistic information stored in the memory of a person makes up an 

important part of understanding sentences (Kalikow et al, 1977). For this reason, 

individuals with language deficits could have substantial difficulty with SRN tests. 

Populations whose restricted language abilities may affect their performance in 

speech audiometry include infants and young children; hearing-impaired persons 

with reduced verbal language skills; mentally retarded persons; and people with 

aphasia (McLauchlin, 1980). Non-native listeners have also been shown to have a 

reduced ability to recognize speech (presented in their non-native language) in the 

presence of noise (van Wijngaarden et al, 2002; Bradlow & Alexander, 2007; Weiss 

& Dempsey, 2008). The results acquired by van Wijngaarden et al (2002) indicated 

that non-native listeners in their study required a 1-7 dB better SNR to attain the 

same level of sentence intelligibility as native listeners. The age of acquisition of the 

second language appears to have an influence on SRN, as late bilinguals have been 

shown to require better SNRs for speech intelligibility and to derive less benefit from 

linguistic context in perceiving sentences (Mayo et al, 1997). Recent findings have 

also indicated that the speech recognition abilities of bilingual listeners in their first 

language appear to deteriorate as their exposure to their second language increases 

(Weiss & Dempsey, 2008). By implication, the linguistic abilities and number of 

languages that listeners are proficient in, as well as the amount of exposure to these 

languages should be considered in the interpretation of SRN results.  

 

Cognition 

A recent survey of twenty experimental studies on the relationship between SRN and 

cognition concluded that a link between the two has been demonstrated, but this 

relationship is secondary to the predictive effects of a hearing loss. Measures of 

general ability, such as IQ, were mostly unable to predict speech recognition, 
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whereas measures of working memory were particularly effective in demonstrating a 

correlation (Akeroyd, 2008). Humes (2002) found that verbal IQ accounted for 5.9% 

of the variance in speech recognition of elderly hearing-impaired listeners, whereas 

non-verbal IQ combined with an aging factor accounted for 9.4%. The combined 

influence of age and nonverbal IQ was one of the most powerful predictors of aided 

and unaided speech recognition, second only to hearing loss. Reduced memory 

capacity and general slowing of performance as associated with aging have also 

been shown to influence speech perception (van Rooij & Plomp, 1990). 

 

Contextual redundancy of sentence material provides important clues for correct 

recognition thereof. However, some listeners may not be able to take full advantage 

of this redundancy due to limited cognitive and/or linguistic abilities. Young children, 

for instance, are less able to make use of semantic context to understand speech 

than young adults (Boothroyd & Nittrouer, 1988). Although the relation between 

cognitive tests and tests of speech perception is not very specific, Houtgast and 

Festen (2008) concluded from their review of studies on the effect that cognition has 

on speech recognition that the development of further tests to quantify the cognitive 

factors involved in speech and language processing may help to account for the 

variance in speech recognition noted across listeners.  

 

RESPONSE VARIABLES 

Besides the abilities and characteristics of the listener, the manner in which the 

subject in a SRN test responds could also influence the test results. In addition, the 

technique used to score the subject’s responses could also have an affect on the 

outcome of the test. These two aspects are discussed in this section. 
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Response channel 

In a test where the subject is required to identify or recognize a particular speech 

item, they may be asked to repeat aloud what they heard, or asked to write down 

their response (Lutman, 1997). If the subject is required to repeat aloud what was 

heard, it should be ensured that the tester is able to hear clearly what is being said. 

This is especially important in closed-set tests where the different options closely 

resemble each other. Whatever the nature of the test material, ensuring an optimal 

acoustic environment (e.g. sound-treated booth) could enhance transmission of the 

response. 

 

The original HINT (Nilsson et al, 1994) and all subsequent adaptations of this test (as 

listed in Soli & Wong, 2008) requested subjects to repeat aloud what was heard and 

encouraged them to guess. The disadvantage of having the subject repeat the 

sentence verbally, is that it may be possible for the tester to misinterpret or mishear 

the response, especially if a correct response is anticipated. Furthermore, having the 

subject respond verbally leaves the test administrator without a written record of the 

response that could have been used for further analysis or review at a later stage.  

 

Having a written copy of subject responses could be especially valuable in the 

development of a new test, as different scoring methods could be experimented with 

after testing, and error patterns could be analysed. However, written responses could 

also be misinterpreted by the tester, and spelling mistakes could cause additional 

distortion of the response. A possible solution or middle ground should thus be for 

the subject to repeat stimuli aloud (in order to prevent distortion through spelling 

mistakes, unclear handwriting, or typing errors), but for some written record to be 

kept by the test administrator to make later analysis of responses possible. This 
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could be done if the tester had a form containing a text version of the stimuli and 

recorded the subject’s responses on the form. 

 

Scoring method 

Generally, developers of SRN tests use a different scoring method during test 

development than in the final test format. With the development of the American 

English HINT (Nilsson et al, 1994), scoring during the initial phases of test 

development was done on a word-by-word basis and only exact repetitions were 

accepted as correct. The word-by-word scoring enabled the researchers to assign a 

percentage value to the correctness of each sentence’s repetition by calculating the 

percentage of words repeated correctly under a specific listening condition. In this 

way, it was possible to compare the difficulty of sentences by comparing the 

percentage score each sentence yielded at a fixed SNR. This method could provide 

a basis on which sentences can be eliminated or adjusted in order to yield a final 

collection of equally intelligible sentences (Nilsson et al, 1994; Vaillancourt et al, 

2005).  

 

The limitation of word-by-word scoring during test development is that it constitutes a 

rough indication of the performance of subjects on each sentence, especially when 

using short sentences. A sentence consisting of only four words, for example, can 

only receive 25, 50, 75 or 100%. Furthermore, it does not give any credit for multi-

syllabic words in which a subject made even the slightest mistake (e.g. confusing 

singular with plural). An alternative to address this limitation could be the use of 

syllable-by-syllable scoring. In this way, a more detailed impression of performance 

on each sentence could be acquired. In addition, subjects would receive some credit 

for a multi-syllabic word where only a small mistake unrelated to the main content of 

the sentence (such as a plural/singular substitution) was made. This method may be 
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especially valuable in the development of sentence tests in languages where there is 

a tendency in the spelling rules to write conjunctions as one word (the so-called 

conjunctive method) as opposed to the English tendency to write conjunctions as two 

words (the disjunctive method) (Carstens, 2003). A number of African languages (the 

so-called Nguni languages) use this type of spelling rules (de Schryver & Prinsloo, 

2004). In these languages, there may be many multi-syllabic conjunctions that could 

receive a more precise scoring if syllable scoring is used.  

 

During the development of the HINT, the word-by-word scoring method was replaced 

in the final format of the test by scoring the whole sentence as correctly or incorrectly 

repeated and scoring criteria were relaxed to allow for minimal variations in articles 

and verb tenses, e.g. a/the or are/were substitutions (Nilsson et al, 1994). The “whole 

sentence” scoring method can be used for the adaptive measurements of recognition 

thresholds (SNR where 50% recognition is attained) in the final phase of test 

development (Vaillancourt et al, 2005), as well as in the final test format as used in 

clinical practice. When using this method, a list of sentences is presented to the 

listener, who repeats them to the test administrator. The administrator has to make a 

quick decision on the correctness of the sentence (hence the simple right/wrong 

scoring method), and according to this determines the presentation level of the next 

sentence. If the listener repeats a sentence correctly, the SNR is decreased. If the 

sentence is repeated incorrectly, the SNR is increased or improved. This is called an 

adaptive up-down presentation strategy (Plomp & Mimpen, 1979a).   

 

TEST PERFORMANCE VARIABLES 

The standards that a test using sentence materials for determination of a speech 

recognition threshold should meet are exceptionally high (Plomp & Mimpen, 1979a). 

The reason for this is that these tests are often aimed at detecting very subtle 
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changes in the threshold that could be induced by a small degree of hearing loss, or 

a small adjustment made to a hearing aid’s settings. The performance of such a test 

is influenced by its reliability, validity, sensitivity and specificity (Ostergard, 1983), all 

of which are reviewed in this section. 

 

Reliability 

In order for a measure to be valid, it must be reliable (Lucks Mendel & Danhauer, 

1997). Reliability can be defined as the consistency of a test’s results across a series 

of different observations (Ostergard, 1983). This means that the test results should 

stay consistent if the test is repeated; either by the same test administrator, or by a 

different administrator. In conventional pure-tone audiometry, a shift in threshold of 5 

dB or more when retesting a frequency, as stipulated by standard audiometric 

procedures, might require retesting of more frequencies (American Speech-

Language-Hearing Association, 2005). In hearing conservation terms, a “standard 

threshold shift” indicating possible damage of the hearing system is quantified as 10 

dB or more (Occupational Safety and Health Administration, 2002). In the case of a 

test for SRN, it would be expected that a person’s performance on the test remains 

stable, provided that their peripheral and central hearing remained constant. In this 

type of test that usually determines the SNR where 50% intelligibility is attained, the 

standard deviation of the SNR across sentences should be less than 1 dB in order to 

differentiate between different listening situations and different listeners (Brand & 

Kollmeier, 2002). A number of previous reports on tests of SRN have reported 

standard deviations of the error between repeated measures around 1 dB (e.g. 

Plomp & Mimpen, 1979a; Hagerman, 1982, 1984; Nilsson et al, 1994; Versfeld et al, 

2000; Vaillancourt et al, 2005; Wong et al, 2007), indicating that such a degree of 

variability that is both acceptable and realistic.  
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This level of acceptable variability should therefore apply across different 

observations, such as a retest, or a test with a different test administrator. The 

dilemma of evaluating test-retest reliability in speech audiometry is that repeated 

exposure to the material could largely improve performance, since speech materials 

become less difficult as they are reused (Nilsson et al, 1994). Listeners are therefore 

expected to perform better during a retest due to the increased familiarity of the 

material (learning effect), but it would be impossible to say how much of the 

improvement was due to this learning effect, and how much could be ascribed to 

poor test-retest reliability of the measure itself. Hällgren et al (2006) assessed the 

test-retest reliability of their speech-in-noise test by evaluating the same subjects with 

the same lists in the same order after one week. These authors did not familiarise 

subjects with the material before testing, and found only a small improvement of less 

than 1 dB on the mean SNR during the retest. Cameron and Dillon (2007b) assessed 

the test-retest reliability of the “Listening In Spatialized Noise-Sentences Test” or 

LISN-S (Cameron & Dillon, 2007a) by re-testing 46 of the children that participated in 

the normative study after two months, and found only small differences (0.1 to 1.3 

dB) between tests. The findings of both these studies suggest that test-retest 

reliability can be measured reliably without familiarising subjects to the material 

beforehand, and that a small improvement in mean SNR can be expected with the 

second test.  

 

In the case of different test administrators, presentation of the test via monitored live 

voice could diminish the reliability of testing by introducing greater variability of the 

stimulus (Konkle & Rintelmann, 1983). Therefore, pre-recorded stimuli are 

recommended as a standard procedure to reduce this variability (Ostergard, 1983). 

Previous studies reporting on the development of speech-in-noise tests such as the 

HINT (Nilsson et al, 1994) therefore all report using pre-recorded sentences that 
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were scaled to have the same average intensity. These studies, however, do not 

report on the comparison of results between different test administrators. Although 

there are, to our knowledge, no specific values for inter-tester reliability reported in 

existing literature, it may be reasonable to assume that the same variability reported 

for test-retest reliability should be acceptable in the case of inter-tester differences, 

i.e. an average difference of +/- 1 dB across test lists (Hällgren et al, 2006; Cameron 

& Dillon, 2007b).  

 

The reliability of the test also depends on the stability of results across different forms 

or lists of the same test, also called inter-list reliability (Ostergard, 1983; Nilsson et al, 

1994). The equivalence in difficulty between lists is of primary importance in a SRN 

test. The reason for this is that the test may have to be repeatedly applied to the 

same individual, as tests of this kind are often used for monitoring progress in 

rehabilitation or evaluating amplification efficiency (Rupp & Stockdell, 1980). 

However, due to the redundancy of sentence materials, stimuli are too easily 

recognized if repeated (Owens, 1983). Therefore, a sentence test must consist of a 

large enough collection of items or lists that the same person can be tested 

repeatedly without the familiarity of stimuli affecting test-retest reliability. This means 

that applying two different lists to the same person should yield similar results so that 

list difficulty remains a controlled variable. In this way, the tester can be sure that 

what is really being measured is a difference in speech recognition abilities (due to 

adjustments made to the hearing aid, for example), and not a difference between two 

lists. According to Brand and Kollmeier (2002), a standard deviation in SNR threshold 

(SNR where 50% intelligibility is attained) of 1 dB or less across sentences is 

required to ensure that the test can accurately differentiate between listeners with 

varying degrees of hearing abilities. These authors proposed that it is necessary to 

present at least 20 sentences during a single test in order to attain a reliable result 
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with a standard deviation less than or equal to 1 dB across sentences. The original 

American English HINT (Nilsson et al, 1994) consists of 25 lists of 10 sentences 

each, which could also be arranged into twelve 20-sentence lists (Vermiglio, 2008). 

Many of the adaptations of the original HINT consist of 24 lists of 10 sentences each, 

which can also be grouped into 12 lists containing 20 sentences each (de Otero et al, 

2008; Cekic & Sennaroglu, 2008; Huarte, 2008; Lolov et al, 2008; Moon et al, 2008; 

Myhrum & Moen, 2008; Shiroma et al, 2008; Vaillancourt et al, 2008; Wong, 2008; 

Wong et al, 2008). 

 

Inter-list equivalence is usually determined by comparing the mean score for each list 

across subjects with the overall mean, i.e. the average threshold for all lists across all 

subjects (Nilsson et al, 1994; Wong & Soli, 2005; Vaillancourt et al, 2006; Hällgren et 

al, 2006; Wong et al, 2007) or looking at the standard deviation of the mean scores 

across subjects (Kollmeier & Wesselkamp, 1997; Versfeld et al, 2000). The most 

common method of ensuring inter-list equivalence in SRN tests is equalizing all the 

sentences through a process of elimination and/or adjusting the mean-squared 

amplitude of the sentences in noise, and subsequently arranging sentences into 

phonemically matched lists. Although many researchers who used this method did 

not provide a detailed motivation for the need of phonemically matched lists, the 

method has repeatedly demonstrated its success for ensuring inter-list reliability (e.g. 

Nilsson et al, 1994; Bevilacqua et al, 2008; Cekic & Sennaroglu, 2008).  

 

Validity 

The validity of a test is determined by the extent to which the test can achieve its 

aims or measure what it is supposed to measure (Ostergard, 1983). If a test 

measuring SRN aims to provide an indication of an individual’s ability to cope with 

the type of speech stimuli they encounter daily, the speech material should be 
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representative of everyday speech. The use of real sentences as speech stimulus, 

instead of single words or syllables, therefore increases the validity of a speech 

recognition test, if the goal of the test it to predict everyday functioning (Nilsson et al, 

1994). In order to further increase the validity of the test material, the developers of 

the original HINT (Nilsson et al, 1994) and subsequent researchers adapting this test 

to other languages (as listed in Soli & Wong, 2008) have had the sentence material 

rated for naturalness by native speakers of the test language. This method increases 

the apparent or face validity of the SRN test.  

 

In addition, the presence or absence of noise as part of the stimulus also exerts an 

influence on test validity. If a test’s content is intended to reflect typical everyday 

situations, stimuli must be presented in the presence of some degree of background 

noise. However, the types of noise that individuals are exposed to in their daily 

routines vary considerably and it would therefore not be possible to compile a test 

with the exact type of noise every person faces on a day to day basis. Also, a highly 

variable noise would cause some test items to be more difficult than others and 

influence the reliability of the test. In order to represent typical listening situations to 

some degree without compromising the reliability of the test, stimuli should be 

presented in the presence of noise, but this noise should be of a controlled, known 

intensity and frequency (Wagener & Brand, 2005). Multi-talker babble noise is more 

representative of the type of everyday noise that listeners find problematic than 

speech spectrum noise (Wilson et al, 2007a), but this noise type has been found to 

increase intra-subject variability in the results of a speech-in-noise test (Wagener & 

Brand, 2005).  

 

Validity also relates to the correlation between the test’s score and other measures of 

the same behaviour (Lucks Mendel & Danhauer, 1997). Previous developers of 
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sentence recognition tests do not commonly report on this aspect of the developed 

measures, although Wilson et al (2007b) conducted a study to compare performance 

of normal-hearing and hearing-impaired listeners on four commonly available 

speech-in-noise protocols (HINT; Bamford-Kowal-Bench Speech-In-Noise or BKB-

SIN test; QuickSIN; and the Words-In-Noise or WIN test). The SNR where 50% 

recognition was obtained with two of the HINT lists (3.3 dB) compared well with the 

SNR yielded by the QuickSIN (4.3 dB) and the WIN (3.9 dB). In addition, the 

psychometric slopes of both the BKB-SIN (11.9 %/dB) and the QuickSIN (10.8 %/dB) 

were similar to the slope reported by Soli and Wong (2008) for the American English 

HINT (10.6 %/dB). However, the accuracy of the findings pertaining to the HINT test 

in this study is confounded by the fact that only two of the 25 lists were used, and the 

speech was calibrated at a level 3 dB higher than the noise level. Despite this 

limitation, the researchers were at least able to provide some comparison between 

existing tests, because different standardised tests of the same ability existed in the 

test language (American English). However, for tests in languages where no other 

established tests of the same behaviour exist, it is not possible to evaluate this 

aspect of validity, and it may be necessary to verify that the data collected by the test 

correlate with the theoretical constructs underlying it, a concept called construct 

validity (Ostergard, 1983). In the case of a test measuring SRN, this applies to the 

extent to which the results relate to the theory underlying speech perception in noise. 

An example of such a theory is the principle that the ultimate intelligibility of a speech 

signal depends not only on whether it is audible for the listener, but also on the 

degree to which the auditory system can make use of the signal (Gatehouse & 

Robinson, 1997). Due to this effect, listeners with similar audiograms may have 

vastly different abilities to understand speech in noise (Killion & Niquette, 2000). A 

test of speech recognition in noise could provide a means to quantify this ability.  
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In order to verify the construct validity of a test, it would have to be applied to a 

population showing a deficit in this area, as done by van Wieringen and Wouters 

(2008). These researchers applied their developed sentence and numbers tests to a 

group of cochlear implant users, and found the material a valid and feasible method 

of assessing speech recognition in this population. To limit the number of variables 

introduced in experimentation when using hearing-impaired subjects to validate test 

material (such as different ages, degrees and types of hearing loss, audiogram 

configurations and supra-threshold deficits), researchers could also simulate a 

hearing loss in the same normal-hearing group of subjects already partaking in a 

study. Past researchers have followed this method to test hypotheses by simulating 

certain characteristics of a hearing loss (Stuart et al, 1995; Scott et al, 2001). In the 

development of a SRN test, this method could enable researchers to compare 

findings of each subject with and without the simulated loss, thereby reducing the 

number of variables affecting findings.  

 

Sensitivity and specificity 

The sensitivity of a test refers to the rate of correct identification of affected 

individuals, that is, how accurately it identifies all individuals who have a given 

disorder (Roush, 2001). Specificity refers to the rate of correct classification for 

unaffected individuals, i.e. accurately identifying persons who do not have the 

condition screened for (Roush, 2001). Therefore, a test with 100% specificity will not 

falsely identify any unaffected (healthy) individuals as having the disorder that was 

tested for. Sensitivity and specificity influence each other in a reciprocal manner in 

that an increase in sensitivity usually leads to poorer specificity, which affects the 

overall efficiency of a test (Ostergard, 1983).  
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The psychometric slope of a test for SRN provides an indication of its sensitivity. A 

steeper slope would mean that a small change in SNR would yield a large change in 

performance, thereby providing a sensitive measure of changes in a listener’s ability 

to understand speech in the presence of noise. The slope of the material developed 

by Plomp and Mimpen (1979a) was reported to be around 15-20 %/dB. The 

normative data of the American English HINT reports a 10.6 %/dB slope, whereas 

the average slope across 13 languages in which the HINT was adapted is reported to 

be 10.3 %/dB (Soli & Wong, 2008).  

 

The sensitivity and specificity of a test can also be indicated by its ability to separate 

affected individuals from those with normal function in terms of the skill being 

assessed. Wilson et al (2007b) investigated four different speech-in-noise tests (the 

BKB-SIN, HINT, QuickSIN and WIN) in terms of their ability to separate hearing-

impaired individuals from normal-hearing subjects. This was done by comparing the 

test scores of the normal-hearing individuals on each test with those of the hearing-

impaired subjects. Findings indicated that the QuickSIN (Quick Speech-In-Noise test) 

and WIN (Words In Noise test) showed the greatest difference between normal 

hearers and those with a hearing impairment, indicating that these two measures 

may be more sensitive than the BKB-SIN and HINT (Wilson et al, 2007b). They also 

found that the BKB-SIN and HINT materials were easier and yielded higher scores in 

both groups of subjects (Wilson et al, 2007b). This attribute could make these tests 

more useful in populations where poorer performance is expected, such as cochlear 

implant candidates or the paediatric population. It could also be said that these 

measures will then have greater specificity in these populations than the more 

difficult QuickSIN or WIN tests, since a greater number of these individuals will 

perform well on the easier tests, which would lead to less unnecessary referrals.   
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DISCUSSION AND RECOMMENDATIONS 

The literature reviewed in this article demonstrates the numerous variables that 

influence tests of SRN, and should receive careful consideration during the 

development of such tests. For some of these variables, a specific method must be 

followed in order to ensure adequate test performance in terms of validity, reliability, 

sensitivity, and specificity. For example, the sentences used in the test should be of 

homogeneous intelligibility in noise. Although this homogeneity is mandatory to 

ensure test reliability, test developers are free to choose the method used to obtain it, 

as different effective methods have been documented in previous articles. It is also 

essential to arrange sentences into equivalent lists once the sentence collection has 

been finalised, as this will ensure that repeated testing of the same listener with 

different lists will accurately reflect changes in the listener’s abilities, without the 

results being affected by disparities in the difficulty of different lists. Furthermore, the 

use of pre-recorded sentence materials instead of monitored live voice presentation 

is highly recommended, as individual differences between speakers will affect 

reliability. The recommended presentation method for tests of SRN is an adaptive 

method, whereby the SNR is altered and the test result is expressed in a SNR 

required for 50% accurate recognition. This method prevents the floor and ceiling 

effects that a constant stimulus method (expressing results in a percentage between 

0 and 100) will have. The presentation level used during the test is not dictated by 

previous reports, with the only prerequisite being that both the speech and noise 

must be audible to the listener. As far as subject variables go, all the different 

aspects discussed in this review (hearing loss, auditory processing, age, language, 

and cognition) will influence test results. When a new test of SRN is being developed, 

it is therefore of critical importance that subjects participating in experiments during 

test development be selected carefully, with consideration given to each of these 

aspects. Once the test has been developed and is being applied clinically, these 

factors can assist test administrators in interpreting results.  
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Although the above-listed test variables necessitate specific choices in order to 

ensure sufficient test performance, there are other variables that affect test results, 

but all the different options are able to yield adequate test performance, depending 

on the specific purpose and target population of the test. These variables are 

summarised in Table 3, along with the possible influence they could have on test 

results. Note that test performance variables (reliability, validity, sensitivity, and 

specificity) are not included in the table, as there is not a selection of options 

available for these variables. Instead, these variables are indirectly determined by the 

other variables (stimulus, test method, subject, presentation, and response variables) 

and are therefore not outlined in the table. 

  

Table 3: Variables influencing sentence recognition in noise test results that 

should be chosen according to the objectives of the test  

 

In addition, during the development of a test of SRN, there are a number of 

documented methods or options which have all been validated and which should not 

directly influence the results of the test. Table 4 provides a summary of these 

options, along with references to previous reports in which these methods were 

documented. Reports referenced in the table provide a description of how the listed 

options were applied in the development of SRN tests and serve as useful resources 

to guide the development of new tests.   

 

Table 4: Validated options for test development that have no direct influence 

on test results 
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CONCLUSION 

The importance of tests measuring the ability to understand speech in the presence 

of background noise is underscored by the large number of reports on recently 

developed tests of this kind in a variety of languages. However, the collection of 

variables and subject characteristics that influence results, as well as the variety of 

documented methods of test compilation, make the development of such a test a 

complex task that requires careful consideration of numerous aspects. The 

systematic framework of variables influencing test results as presented in this article, 

provide an indication of factors that should be considered during test development 

and the interpretation of test results.   
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Table 1: Categories of variables influencing tests of SRN 

Category Sub-categories 
Stimulus variables Sentence material: 

- Style and content 
- Homogeneous intelligibility in noise 

 Type of noise 
  Speaker 
Presentation variables Presentation method 
  Transducer 
Subject variables Hearing loss 
 Auditory processing 
 Age 
 Language 
  Cognition 
Response variables Response channel 
  Scoring method 
Performance variables Reliability 
 Validity 
  Sensitivity and specificity 

 

 

 

Table 2: Advantages and disadvantages of different noise types 

Type of noise Advantages Disadvantages References 
Multi-talker babble Face validity in terms of 

representation of 
everyday noise 

Greater intra-subject  
variability 

Wilson et al, 2007a; 
Wagener & Brand, 
2005 

Speech-weighted  
noise, spectrally 
matched to the exact 
material used 

Effective masker 
Well-documented use 
with sentence material 

Noise needs to be  
generated specifically 
for each test 

Wilson et al, 2007a; 
Plomp & Mimpen, 
1979a; Soli & Wong, 
2008 

Speech-weighted noise,  
spectrally matched to 
idealised long-term 
speech spectrum 

Universal noise can be  
used, with no need for 
creation of noise with 
each newly developed 
test 

Has only been  
investigated in some 
languages, and should 
first be verified 

Byrne et al, 1994;  
Wagener & Brand, 
2005 
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Table 3: Variables influencing sentence recognition in noise test results that should be chosen according to the objectives of the test 

Variable Influence 

Stimulus Sentence material  

 Vocabulary (keywords) Influences linguistic complexity and should be chosen according to target population 

 Position of keywords Should be kept consistent across sentences 

 Representation of everyday speech 
Depends on purpose of test (if aimed at reflecting everyday performance, material should be representative of 
daily stimuli) 

 Type of noise  

 Multi-talker babble or speech-spectrum Multi-talker babble more representative of everyday noise 

  Results attained with speech-spectrum noise can be easily compared to a number of existing tests 

 Speaker  

 Male/Female 
Individual differences between speakers influence test results. Material should be pre-recorded and the same 
speaker used if results are to be compared. 

Presentation Presentation method   

 Adaptive / Fixed Adaptive method more flexible (no floor/ceiling effects), allowing assessment of greater range of listeners. 

 Transducer  

 Monaural/Binaural headphones Binaural yields better performance, especially with spatial separation of speech and noise.  

 Loudspeaker/simulated sound-field conditions under headphones Loudspeaker condition yields greater variability, but accommodates listeners with amplification devices. 

Subject Hearing loss 

All influence test results as discussed. During test development, subjects should be selected carefully in order 
to control for these variables. During clinical application, these variables can assist in interpretation of results. 

 Auditory processing 

 Age 

 Language 

 Cognition 

Response Scoring   

 Whole-sentence scoring Quickest way to score, and should be used once sentences have been arranged in lists 
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Word-by-word scoring 

More accurate than whole-sentence scoring, should be used in early phases of test development 

 
Syllable-by-syllable scoring 

More accurate than sentence or word scoring, should be used in early phases of development, especially for 
languages with conjunctive spelling styles 
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Table 4: Validated options for test development that have no direct influence on test results 

  Test aspect Options References 

S
T

IM
U

LU
S

 

Composition of speech material 1. Develop own/original material   

 

Create sentences according to specific criteria Plomp & Mimpen, 1979a; Wong et al, 2007; van Wieringen & Wouters, 2008; 
Quar et al, 2008; Shiroma et al, 2008 

 

Use vocabulary from children's books to formulate 
sentences 

Vaillancourt et al, 2005; de Otero et al, 2008; Cekic & Sennaroglu, 2008; Moon et 
al, 2008; Myhrum & Moen, 2008 

 

Use existing corpus of commonly used words to formulate 
sentences 

Vaillancourt et al, 2005; Bevilacqua et al, 2008; Luts et al, 2008 

 2. Adapt existing material  

 
Use existing collection of sentences developed for a 

different type of test/purpose 

Nilsson et al, 1994; Kollmeier & Wesselkamp, 1997 

 Select existing sentences from digital database Versfeld et al, 2000; Lolov et al, 2008 

 Translate & culturally adapt American HINT sentences 

Wong & Soli, 2005; Hallgren et al, 2006; de Otero et al, 2008; Bevilacqua et al, 
2008; Cekic & Sennaroglu, 2008; Myhrum & Moen, 2008; Huarte, 2008 

  3. Combine original and adapted material 

Vaillancourt et al, 2005; Wong and Soli, 2005; de Otero et al, 2008; Bevilacqua 
et al, 2008; Cekic and Sennaroglu, 2008; Myhrum and Moen, 2008 

Method used to equalise 
sentence difficulty Re-scale intensity of sentences that are too hard / too easy 

Plomp & Mimpen, 1979a; Nilsson et al, 1994; Hällgren et al, 2006; Wong & Soli, 
2005; Wong et al, 2007 

 

Eliminating / excluding sentences that are too hard / too easy Kollmeier & Wesselkamp, 1997; Versfeld et al, 2000; Vaillancourt et al, 2005; 
van Wieringen & Wouters, 2008 

 Select subset or decide on re-scaling based on SNR-50 only 

Plomp & Mimpen, 1979a; Nilsson et al, 1994; Wong & Soli, 2005;  
Wong et al, 2007 

 
Select subset or decide on re-scaling based on SNR-50 and 
psychometric slope 

Kollmeier & Wesselkamp, 1997; Versfeld et al, 2000; Vaillancourt et al, 2005; 
Hällgren et al, 2006; van Wieringen & Wouters, 2008  

P
R

E
S

E
N

T
A

T
IO

N
 

Presentation method used during  
test development 

Fixed presentation level in initial phases Plomp & Mimpen, 1979a; Nilsson et al, 1994; Vaillancourt et al, 2005; Wong & 
Soli, 2005; van Wieringen & Wouters, 2008; Wong et al, 2007 

 Fixed presentation level throughout Kollmeier & Wesselkamp, 1997 

 

Adaptive presentation method once lists have been compiled Plomp & Mimpen, 1979a; Nilsson et al, 1994; Vaillancourt et al, 2005; Wong & 
Soli, 2005; van Wieringen & Wouters, 2008; Wong et al, 2007 

 Adaptive presentation method throughout Versfeld et al, 2000; Hälgren et al, 2006; Cameron & Dillon, 2007a 
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R
E

S
P

O
N

S
E

 Response channel Written / typed Versfeld et al, 2000 

 

Verbal Plomp & Mimpen, 1979a; Nilsson et al, 1994; Kollmeier & Wesselkamp, 1997; 
Versfeld et al, 2000; Vaillancourt et al, 2005; Wong & Soli, 2005; Hällgren et al, 
2006; van Wieringen & Wouters, 2008 

      
 


