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Abstract 

This study investigates the perception of English words 

produced by 45 native talkers presented in moderate noise to 

native Norwegian listeners. The relative intelligibility of 

individual talkers is compared with that obtained for native 

listeners in order to determine whether inherent talker clarity is 

determined by global acoustic-phonetic characteristics. Talker 

intelligibility was strongly correlated across native and non-

native listeners; there was also strong correlation across 

groups as to the lexical items most often misperceived.  Word 

intelligibility for both was correlated with certain acoustic-

phonetic characteristics of the talker’s productions, including 

amount of energy in the mid-frequency region and mean word 

duration.  

Index Terms: talker intelligibility, second-language 

perception. 

1. Introduction 

The effectiveness of speech communication is dependent on 

the combination of a number of different factors including 

speaker and listener characteristics, the listening environment 

and the complexity of the message. Research on talker 

variability has shown that even within a group that is 

homogeneous in terms of language, regional accent and age 

range, there can be substantial variability in the relative 

intelligibility of individual talkers [1, 2, 3], even for simple 

materials presented in a relatively favorable noisy background. 

A study that investigated the acoustic-phonetic characteristics 

of ‘inherently-clear’ talkers found intelligibility to be 

correlated with the amount of energy in the mid-frequency 

region of their speech and with speaking rate (as represented 

by mean word duration) [3]. Together, both these measures 

accounted for 61 % of the variance in word intelligibility. 

However, an examination of the profiles of different talkers 

suggested that high intelligibility could be achieved by a 

combination of different acoustic-phonetic characteristics. The 

finding that relative talker intelligibility was consistent across 

groups of adult and child listeners suggested that intelligibility 

was primarily determined by the acoustic-phonetic 

characteristics of the talkers rather than by the interaction 

between talker-listener factors.  

In this study, involving the same speech corpus as in [3, 

4], we investigate the robustness of this claim by examining 

whether relative talker intelligibility will also be consistent 

between native listeners and high-proficiency non-native 

listeners. Non-native listeners may attend to different acoustic 

cues than native listeners, there will be interference from the 

phonological profile of their native language and their 

perception in adverse listening conditions (e.g. multibabble 

noise) is known to be poorer than that of native listeners [5]. 

On the other hand, in a study investigating the perception of 

nonsense VCV items produced by eight English talkers [6], 

individual talker intelligibility was found to be similar across 

listener groups from eight languages. 

Our research seeks to extend the [6] study by comparing 

native and non-native intelligibility for a much larger and 

varied range of speakers, using real words. Our main research 

questions are as follows: is relative talker intelligibility 

consistent across native and non-native speakers, thus 

supporting the notion that it is primarily determined by the 

acoustic-phonetic characteristics of the talker’s voice? At the 

word level, will there be correlations between the lexical items 

which were most often misheard by native and non-native 

listeners? 

2. Method 

2.1. Speech materials and talkers 

The speech material used in the present study was part of 

the material used in [3, 4] and consisted of 124 monosyllabic 

(CVC) English words. The set of words addressed all frequent 

consonant confusions attested to in the literature (e.g., [7]), 

contained a large spread of vowels and included many 

minimal pairs or triplets (e.g. price, prize; might, night; sun, 

sung). The complete word list can be found in [8].  

The recordings used here were those used in [3, 4]; they 

were made in an anechoic chamber at University College 

London and stored on DAT with a sampling rate of 44.1 kHz. 

Forty-five talkers of British English with a neutral or mild 

South-Eastern English accent were recorded. The group 

consisted of 18 women (mean 33.1 years, s.d. 10.9), 15 men 

(mean 30.7 years, s.d. 10.5), six girls (mean 13.2 years, s.d. 

0.5) and six boys whose voices had not yet broken (mean 13.2. 

years, s.d. 0.9). The word materials were elicited by having 

each talker read from a computer screen short phrases in the 

form of a carrier phrase (e.g., ‘the next three words are’), 

followed by three of the test-words and ending with the fourth 

word ‘it’. In this way it was guaranteed that the test-words 

were produced without a terminal falling intonation. 

Subsequently, the recordings were segmented into individual 

files for each test-word. Each of the stimuli was leveled to a 

fixed rms level and 40-talker babble was added to produce a 

signal-to-noise ratio of +6 dB. Each word was preceded by 

250 ms of noise and followed by 500 ms of noise. 

2.2. Listeners and presentation conditions 

Thirty native speakers of Norwegian (17 women, 13 men; 

mean age 28.5 years, s.d. 9.3) served as listeners. The majority 

of them were students, ten were university employees. They 

had been taught English in school on average for 11.0 years 

(s.d. 2.6). Sixteen participants reported a stay in an English-

speaking environment (mean duration 0.8 years); nine of them 

a stay of half a year or more (mean 1.4 years). Three 

participants had received English instruction at university 

level. None of the listeners reported hearing deficits. After 

having completed the whole experiment listeners were 

presented with a written list of the words that they had heard. 

They were asked to mark words that did not belong to their 

English vocabulary. The modal number of ‘unknown’ words 
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was 0 words, with on average only 3.1 out of 124 words not 

being known. Listeners received a gift certificate for their 

participation in the experiment.  

Participants were tested individually in a sound-treated 

studio at the Norwegian University of Science and 

Technology. Test-words were presented via AKG K271 

headphones at a fixed comfortable listening level with an 

interstimulus interval of 1.5 s. The listeners’ task was to repeat 

each of the test-words during the interstimulus pause. They 

were specifically asked to reproduce as exactly as possible 

what they heard, even if a word was unknown to them. 

Preceding the test, listeners received a written and oral 

instruction illustrated with a presentation of a few randomly 

chosen stimuli. Listeners’ responses were recorded using a 

Shure KSM44 microphone and stored on hard disk with a 

sampling rate of 44.1 kHz. In addition, to facilitate subsequent 

evaluation, stimuli were re-recorded together with listeners’ 

responses. 

2.3. Test design and data evaluation 

Our corpus contained 5580 words (124 words by each of 45 

talkers). To make the task manageable, each listener only 

heard tokens from a subset of talkers, but in aggregate tokens 

from all talkers were heard the same number of times. The 45 

talkers were divided into three subgroups of 15 (six women, 

five men, two boys, and two girls). For each of these 

subgroups five differently randomized stimulus lists were 

generated, thus resulting in 15 lists. These were assigned 

evenly to the 30 listeners such that each of the lists was used 

twice. Thus, a particular talker was heard by ten different 

listeners (2 x 5 different randomizations). Each test-word was 

heard on average four times by each listener, but each time 

produced by a different speaker. 

Each listener heard a total of 475 test-words. Testing was 

completed over two sessions each involving approximately 

half of the stimuli (250 and 225 words, respectively). They 

also completed a further test involving triplets of words, not 

reported here. The second session occurred after an interval 

varying between one day and approximately one week. Total 

testing time for the word test was approximately 30 minutes.  

Listeners’ oral responses were classified by a Norwegian-

English bilingual phonetician as correct or incorrect. 

Problematic cases were marked as uncertain and checked by a 

native English speaker. The scores were converted to percent-

correct scores, and then converted to rationalized arcsine 

transform units (rau; [9]). In the present paper scores will be 

presented as percentages but statistical analysis was performed 

using rau values as input data. 

3. Results 

3.1. Overall results 

We started the evaluation by investigating whether a possible 

learning effect might have affected listener performance. A 

mean score was obtained for each listener for each talker 

group (women, men, boys, and girls) in each of the two 

experimental sessions. A repeated-measures ANOVA was 

carried out with session (two levels) and talker group (four 

levels) as within-subject factors. Mean scores in the second 

session were on average only 0.6 percent higher than in the 

first session, a non-statistically significant difference [F(1, 

29)= 1.73, p= 0.199]. The session by talker group interaction 

did not reach significance [F(3, 87)< 1]. Therefore, 

intelligibility scores for the four talker groups were pooled 

across the two listening sessions (see Figure 1).  

Word intelligibility varied as a function of talker group: on 

average, women (mean: 86.2 %) were more intelligible than 

men (84.3 %) and children (girls: 83.9 %; boys: 81.4 %). The 

main effect of talker group was significant [F(1.7, 50.6)= 5.26, 

p= 0.011]; Greenhouse-Geisser correction of degrees of 

freedom. Pairwise comparisons with Bonferroni adjustments 

revealed that women were more intelligible than the other 

three groups, while other between-group differences failed to 

reach significance. 

3.2. Talker effects on native vs. non-native listeners 

The present study used the stimulus material and test design 

from [3, 4], thus allowing us to compare non-native (NN) 

behavior with a native (N) reference. Our results obtained with 

the NN adults are compared to the data collected for the 45 

adult N English listeners in [3, 4]. Averaged across all talker 

groups, present word intelligibility scores were 7.0 % lower 

than in [4]. However, the same effect of talker group on word 

intelligibility was obtained for both listener populations, with 

women being more intelligible than the other talker groups (cf. 

Table 5 in [4]: women: 92.6 %; men: 91.2 %; girls: 90.6 %; 

boys: 90.8 %), but other between-group differences not 

reaching significance. Note that for both N and NN listeners, 

the higher intelligibility effect for women speakers, although 

significant, is slight as it is of the order of 1 to 2 %.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1: Word intelligibility rates for non-native listeners (in 

percent) for the four speaker groups (women, men, boys, and girls). 

Error bars represent ±1 standard error. 

 

Apart from talker group effects, idiosyncratic talker 

characteristics affected word intelligibility. As can be seen in 

Figure 2, the high and low intelligibility talkers included 

talkers from all groups.  Averaged across all 124 test words, 

individual talker intelligibility scores for the NN listeners 

ranged from 74.4 % (for talker af-03) to 92.6 % (for af-02). 

For the 45 adult N listeners in [4], individual talker 

intelligibility ranged from 82.0 % (for am-14) to 97.3 % (for 

af-06). In order to investigate how consistent the intelligibility 

of individual talkers was for the two listener populations, a 

correlation analysis was carried out comparing the present 

scores with the data collected from the 45 adult N listeners in 

[4]. Aggregated over the four talker groups, a positive 

correlation between talker scores for NN and N listeners was 

found (r= 0.683, N= 45, p< 0.001). This means that the effect 

of talker-related differences was similar for both types of 

listeners. Also, positive correlations were found between talker 

scores for NN and N listeners for each of the four talker 

groups separately. For both adult talker groups, the correlation 

reached statistical significance (women: r= 0.523, N= 18, p= 

0.026; men: r= 0.851, N= 15, p< 0.001). In contrast, both for 

boys and girls, correlations between NN and N intelligibility 
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scores failed to reach statistical significance (girls: r= 0.477, 

N= 6, p= 0.339; boys: r= 0.789, N= 6, p= 0.062). It was 

speculated that the lack of significance was due to the small 

number of talkers in each of the child talker groups (N= 6). 

Indeed, after pooling the data for the girls and the boys the 

correlation was significant (r= 0.658, N= 12, p= 0.020). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 2: Word intelligibility rates for individual talkers (af: 

woman, am: man, cm: boy, cf: girl), for N and NN listeners.  

 

3.3. Intelligibility of individual words 

In the next step of our analysis, we examined whether the 

effect of lexical items on listener performance was similar for 

NN vs. Ns. For the NN listeners, the range between the least-

intelligible and the most-intelligible words was large (deaf: 

9.7 % correct – get, path, push, thick: 100 % correct). In 

comparison, the range found by [4] for N listeners was much 

smaller (deaf: 43.1 % correct – push: 99.6 % correct). In spite 

of this difference in range, a correlation analysis revealed a 

statistically significant relationship between individual word 

scores for the NN vs. N listeners (r= 0.853, N= 124, p< 0.001). 

Since both N and NN listeners achieved high intelligibility 

scores, the words at the lower end of the intelligibility scale 

were likely to be most informative for a cross-linguistic 

comparison. Selecting the 40 least-intelligible words in [4] for 

a correlation analysis revealed a similarly strong relationship 

as for all 124 words (r= 0.801, N= 40, p< 0.001; cf. Figure 2). 

A comparison of the 40 least-intelligible words showed that 30 

of them were common to the N and NN listener groups.  

These results seem to indicate a consistent impact of 

lexical items (related to the acoustic-phonetic structure of the 

word as well as lexical factors such as density of lexical 

neighborhood) on listener performance regardless of language 

background. In the present investigation six out of the ten most 

difficult words contained a final nasal (sung, rung, them, van, 

some, and than; see Figure 3). These same items were within 

the ten least intelligible words for native listeners.  

In contrast to the above-mentioned correlation found for 

the 40 least-intelligible words, the relationship between the 

recognition scores for the 40 most-intelligible words was 

weaker and did not reach statistical significance (r= 0.251, N= 

40, p= 0.118). Nevertheless, among those 40 words 26 were 

the same in both studies. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 3: Word intelligibility rates  (%) for N and NN  

listeners for the 40 words with lowest intelligibility for NN 

listeners. 

 

Apart from the effect of acoustic-phonetic factors, it seems 

reasonable to assume that non-native performance was 

affected by word frequency in the second-language 

vocabulary. As an example the word vet had a native 

recognition score of 88.6 % but only 53.4 % intelligibility for 

the NN group. Even though some words are likely to be of 

lower familiarity to NN listeners, data from the questionnaire 

that they completed about word knowledge suggested that they 

were not unknown to most of them. 

3.4. Correlations between acoustic measures and 

intelligibility scores 

The Hazan and Markham study [3] had investigated whether 

there were reliable acoustic-phonetic correlates of talker 

intelligibility, at least when the talker and the listener belonged 

to the same dialect group. Important predictors of 

intelligibility were total energy in the 1-3 kHz region of the 

long-term average spectrum and word duration, with 

significant correlations also obtained for a measure reflecting 

vowel F2 range. Vowel F1 and F2 range measures were 

calculated by looking at the difference between the highest F1 

(/a/) and lowest F1 (/i/) for each talker, and the difference 

between the highest F2 (/i/) and lowest F2 (/u/). Further 

information about the calculation of these measures from the 

word materials can be found in [3]. It must be noted that it was 

certainly not the case that all highly-intelligible talkers ranked 

highly on these three measures.  

Table 1. Correlation coefficients (Pearson’s r) showing the 

relation between two acoustic measures (mean energy 1-3 kHz 

and mean word duration) and intelligibility (in rau) for native (N) 

and non-native (NN) groups. Data for N group and talker 

measures is  from Hazan and Markham , 2004 [3]) . * p<0.05; 

**p< 0.01. 

 Acoustic parameters 

Intelligibility energy 1-3 kHz Word duration 

(rau) NN N NN N 

All talkers 0.573** 0.614** 0.267 0.364* 

N= 45     

Women 0.572* 0.672* 0.282 0.317 

N= 18     

Men 0.723** 0.803** 0.716** 0.676* 

N= 15     

Children 0.713** 0.332 -0.229 0.044 

N= 12     
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Investigation of these parameters for the present group of 

NN listeners gave the following results (cf. Tables 1 and 2). 

Aggregated over the four talker groups (women, men, girls, 

and boys) as well as for women, men and children separately, 

statistically significant correlations were found between 

intelligibility for NN listeners and the total energy in the 1-3 

kHz region of the talker. The strongest correlation was 

observed for the group of male talkers (r= 0.723). This result 

thus parallels the findings for the English native listeners. 

Table 2. Correlation coefficients (Pearson’s r) showing the 

relation between two acoustic measures (F1 range and F2 range) 

and intelligibility (in rau) for native (N) and non-native (NN; 

Markham & Hazan 2004 [3]) listeners. * p<0.05; **p< 0.01. 

 Acoustic parameters 

Intelligibility Diff F1 (/i/-/a/) Diff F2 (/i/-/u/) 

(rau) NN N NN N 

All talkers 0.406** 0.254 0.251 0.337* 

N= 45     

Women 0.333 -0.155 0.607** 0.366 

N= 18     

Men 0.489 0.589* 0.612* 0.742** 

N= 15     

Children 0.311 0.272 -0.318 0.023 

N= 12     

 

For the measure of word duration, similar trends were 

observed for N and NN listeners, though the statistical results 

differed to a certain degree. As with the energy measure, for 

both English and Norwegian listeners the strongest correlation 

was found in the male talker category (r= 0.676 and r= 0.716, 

respectively; in both cases significant). In contrast to the 

results for N listeners, the correlation coefficient for the data 

aggregated over the four talker groups did not reach 

significance.  It may be noted, however, that the correlation for 

the N group though significant was relatively weak (r= 0.364). 

Vowel F1 range was significantly correlated with 

intelligibility for NN listeners for the total talker group 

(r=0.406)  while F2 range was correlated with intelligibility 

for N listeners (r=0.337), but in neither case were these 

correlations particularly strong, and they were not consistent 

across the three sub-groups (cf. Table 2).  

4. Conclusions 

The study by Hazan and Markham [3] concluded that inherent 

talker intelligibility was primarily determined by global 

acoustic-phonetic characteristics of the talker rather than by an 

interaction between talker and listener characteristics. That 

conclusion was based on a study which tested adult and child 

listeners who shared the language and accent background of 

the speakers. A strong test of this hypothesis was to see 

whether talker intelligibility for proficient non-native listeners 

was also determined by these same global acoustic-phonetic 

characteristics, and whether a similar ‘ranking’ of talkers in 

terms of their perceptual clarity would be found across N and 

NN listener groups.  

Our findings show that despite likely differences in the 

detailed acoustic-phonetic cues used by N and NN listeners, 

talker ranking in terms of relative intelligibility was strongly 

correlated across the two listener groups. For both N and NN 

listeners, talker intelligibility seemed to be strongly influenced 

by global characteristics of the talker’s speech such as the 

amount of energy in the mid-frequency region which carries 

much important phonetic information, and to a lesser degree 

by speaking rate and measures reflecting degree of 

articulation. Our results confirm for a larger sample of talkers 

the consistent effect of idiosyncratic speaker effects across 

listener groups from eight European languages in [6]. In that 

study a much smaller group of eight talkers was involved. A 

further similarity in the results was the small though consistent 

gender-related difference in intelligibility (being about 2 % 

higher for women). 

Another aim of the study was to investigate whether word 

error rates would be correlated across the N and NN listeners 

groups. All lexical items were chosen to be appropriate for use 

with N children aged 7 and above, and to have a number of 

close neighbors. There was also a strong correlation in terms 

of the items that were most problematic for native and non-

native adult listeners. This is likely to be linked to lexical 

neighborhood effects but also to inherent variability in the 

production of individual items with some idiosyncratic or 

ambiguous productions of specific tokens leading them to 

being misperceived by both N and NN listeners.  

These findings have  implications in terms  of  talker  

selection  for  speech  technology  or  speech audiometry 

applications, for example, as a selection based on intelligibility 

data obtained for adult listeners is likely to generalize to other 

listener populations including children or non-native listeners. 
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