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Listening and understanding speech in a cafeteria: Effects of binaural noise 
reduction, hearing loss, and cognitive function 

Tobias Neher, Giso Grimm, Volker Hohmann, Birger Kollmeier 
Medical Physics Group, University of Oldenburg, Germany, Email: tobias.neher@uni-oldenburg.de 

Introduction 
Elderly hearing-impaired (EHI) listeners can differ widely in 
terms of their listening abilities in complex environments, 
even under aided conditions [e.g., 1]. It is currently unclear 
how this variability may be addressed in hearing aid (HA) 
fittings, which are typically based on the audiogram only. 
Recent research, however, has identified a link between 
cognitive function and benefit from amplitude compression 
[2, 3], thereby suggesting a potential avenue for more 
individualization of HA fittings. The purpose of the present 
study was to extend this research to the domain of noise 
reduction (NR) processing. Using headphone simulations of 
a busy cafeteria setting, we investigated if hearing loss and 
cognitive function interact with benefit from a binaural noise 
reduction (NR) algorithm. 

 

Methods 
Participants and Groups 
The present study made use of a between-group design. 
Forty listeners aged 60-83 yr participated. They were 
stratified into four groups (N = 10 per group) with either 
mild hearing loss and better cognitive function (‘GH+C+’), 
moderate hearing loss and better cognitive function 
(‘GH-C+’), mild hearing loss and worse cognitive function 
(‘GH+C-’), or moderate hearing loss and worse cognitive 
function (‘GH-C-’). On average, the groups were between 
72.1 and 75.8 yr of age. Furthermore, the GH+C+ and GH+C- 
groups had mean pure-tone average hearing losses (PTAs) 
of, respectively, 36.4 and 38.1 dB HL, whereas the GH-C+ and 
GH-C- groups had mean PTAs of, respectively, 53.7 and 57.1 
dB HL. Cognitive function was assessed using a test of 
working memory capacity requiring both processing and 
storage of visually presented sentences [cf., 1]. The 
performance measure used was the number of correctly 
recalled first and final sentence words. On average, GH+C+ 
and GH-C+ listeners were able to recall, respectively, 44.6 and 
43.7%, whereas GH+C- and GH-C- listeners were able to recall, 
respectively, 28.3 and 27.2%. 

 

Stimuli 
Sentences from the Oldenburg sentence test [4] convolved 
with a pair of head-related impulse responses measured in a 
large, reverberant cafeteria using a nearby, frontal source [5] 
served as target signals. Six-second extracts from a dummy-
head recording made in the same cafeteria during a busy 
lunch hour served as interferer signals. The interferer signals 
were presented at a nominal sound pressure level of 65 dB. 
On each trial, one such signal was mixed with a given target 
signal, the level of which was adjusted to produce a given 
signal-to-noise ratio (SNR). 

Outcome Measures 
Outcome measures included speech recognition, listening 
effort, and overall preference. Speech recognition was 
assessed in quiet and at SNRs of -4, 0, and 4 dB. For each 
condition, 40 sentences (consisting of five words each) were 
presented for scoring purposes. Listening effort was assessed 
indirectly using a visual reaction time (VRT) task, which 
participants had to carry out concurrently with the speech 
recognition task. The VRT task involved responding as 
quickly as possible to digits presented on a computer screen 
by pressing certain keys on a keyboard [cf., 6]. Overall 
preference was assessed at -4, 0, 4, and 8 dB SNR. Listeners 
had to make pairwise comparisons, which were blocked by 
SNR and which were repeated once per condition. Training 
was provided for all tasks prior to data collection. 

 

Test Setup 
All testing was carried out under headphones in a 
soundproof booth. A simulated HA implemented on the 
Master Hearing Aid research platform [7] was used for 
processing the stimuli. The processing included NR, linear 
amplification, and headphone equalization. The NR scheme 
was a binaural coherence-based algorithm designed to 
suppress reverberant signal components and diffuse 
background noise [cf., 8]. In the present study, three NR 
settings were tested: off, moderate, and extreme. Technical 
measurements confirmed that stronger NR led to more SNR 
improvement (i.e., ca. 3.3 and 5.0 dB for moderate and 
extreme NR, respectively), but also to more signal distortion 
(data not shown). 

 

Statistical Analyses 
The speech scores were transformed into rationalized arcsine 
units (RAU; [9]). The RAU and VRT scores were analyzed 
using mixed-model analyses of variance (ANOVAs). The 
preference data were analyzed using a probabilistic choice 
model after Bradley, Terry, and Luce (BTL; [e.g., 10]). The 
BTL model is able to transform data from pairwise 
comparisons into ratio-scale measures and to derive a 
preference (or BTL) score and associated 95% confidence 
interval (CI) for each condition [cf., 11]. A 2-statistic was 
used to check that none of the derived models deviated 
significantly from the corresponding model that fitted the 
data perfectly (all p > 0.13). The resultant BTL scores were 
normalized such that, for each SNR and listener group, their 
sum was equal to one. This allows them being interpreted in 
terms of the probability that a given condition will be 
preferred in a pairwise comparison. 
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Results 
Speech Recognition 
Figure 1 shows mean RAU scores and associated 95% CIs 
for the different groups of listeners as a function of SNR. In 
the quiet (reference) condition, all groups were at or near 
ceiling, despite the concurrent VRT task. With decreasing 
SNR, speech recognition performance decreased, as 
expected. Furthermore, the groups differed in terms of their 
speech recognition performance, the GH+C+ and GH-C- groups 
lying at the high and low end of the observed performance 
range, respectively. 
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Figure 1: Mean RAU scores and 95% CIs for the four 
groups of listeners as a function of SNR (inf. = quiet). 

 

Figure 2 shows mean RAU scores and associated 95% CIs 
for the different groups of listeners as a function of NR 
setting. While moderate NR did not seem to have any effect 
on speech recognition, there was a tendency for performance 
of the different groups to decrease as a result of extreme NR 
processing. 
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Figure 2: Mean RAU scores and 95% CIs for the four 
groups of listeners as a function NR setting. 

To check the statistical significance of these findings, the 
RAU scores (excluding those from the quiet condition) were 
analyzed using a mixed-model ANOVA with SNR and NR 
as within-subject factors and listener group as between-
subject factor. Significant effects of SNR (F [2,72] = 688.5; 
p < 0.0001), NR (F [2,72] = 44.6; p < 0.0001), and listener 
group (F [3,36] = 6.9; p < 0.001) were observed. Planned 
contrasts revealed a significant (p < 0.0001) performance 
decrement (of about 5.5 RAU) due to extreme NR 
processing, but no effect due to moderate NR processing. 
Furthermore, post hoc analyses with a Bonferroni correction 
revealed significant differences between the GH+C+ and GH-C+ 
groups (p < 0.05) and the GH+C+ and GH-C- groups 
(p < 0.001). In addition to the three significant main effects, 
the interaction between SNR and listener group was found to 
be significant (F [6,72] = 3.0; p < 0.05). Planned contrasts 
revealed that this was due to changes in the relative 
performance of the GH-C+ and GH+C- groups at 0 and 4 dB 
SNR (p < 0.05). 

 

Visual Reaction Time 
In qualitative terms, the VRT scores followed a pattern that 
was very similar to that observed for the speech scores (data 
not shown). Another mixed-model ANOVA with SNR and 
NR as within-subject factors and listener group as between-
subject factor revealed significant effects of SNR 
(F [2,72] = 50.7; p < 0.0001) and NR (F [2,72] = 10.7; 
p < 0.0001). Planned contrasts revealed significant 
(p < 0.001) differences between all three SNRs as well as a 
significant (p < 0.001) performance decrement (of about 
0.017 sec) due to extreme NR processing, but no effect due 
to moderate NR processing. None of the other main effects 
or interactions was found to be significant. 

 

Preference 
Figure 3 shows, for each SNR, the BTL scores and 
associated 95% CIs for each group of listeners. It is 
noteworthy that all groups clearly preferred some over no 
NR processing across the entire range of SNRs tested. 
Preference for either moderate or extreme processing varied 
across groups and SNRs, however. Specifically, at the 
smallest SNR tested (i.e., 4 dB), the groups with better 
cognitive skills preferred moderate over extreme processing, 
whereas the preference scores of the other two groups were 
fairly evenly distributed between the moderate and extreme 
NR settings. At 0 dB SNR, there was still a tendency for the 
groups with better cognitive skills to prefer moderate over 
extreme processing, whereas for the other two groups the 
opposite trend was apparent. At 4 dB SNR, only the GH+C+ 
listeners still preferred the moderate NR setting, while at the 
largest SNR tested (i.e., 8 dB) all groups preferred extreme 
over moderate NR. 

 

AIA-DAGA 2013 Merano

217



B
TL

 s
co

re
 (n

or
m

al
iz

ed
)

0,00

0,25

0,50

0,75

1,00

 SNR = -4 dB

 

0,00

0,25

0,50

0,75

1,00

SNR = 0 dB

 

0,00

0,25

0,50

0,75

1,00

 SNR = 4 dB

 

GH+C+
GH-C+
GH+C-
GH-C-

off moderate extreme

0,00

0,25

0,50

0,75

1,00

 SNR = 8 dB

 
Noise reduction  

Figure 3: Normalized BTL scores and 95% CIs for the 
three NR settings and four groups of listeners. Each panel 
corresponds to a different SNR. 

 
 
 
 

Discussion 
Our results are in concordance with previous research 
showing that EHI listeners can differ widely in terms of their 
listening abilities in complex environments, even if adequate 
stimulus audibility is ensured by means of (linear) 
amplification. Furthermore, they indicate that in complex 
listening environments preference for different NR settings 
is modulated by degree of hearing loss and cognitive 
dysfunction. Specifically, we observed that when the target 
signal clearly dominated in terms of level, all groups 
preferred extreme over moderate NR processing. As the 
target level decreased, however, listeners with more severe 
auditory and/or cognitive deficits appeared to benefit more 
from stronger processing than less impaired listeners. We 
speculate that this was due to two factors: reduced sensitivity 
to any signal distortion introduced and, as a consequence of 
our fixed-SNR design, greater listening effort required on 
behalf of the more impaired groups. Such an explanation 
would be consistent with informal comments made by our 
participants indicating that, especially at lower SNRs, less 
impaired listeners were more willing to accept higher levels 
of background noise in return for better speech intelligibility. 
It would also be in broad agreement with previous research 
showing that more impaired listeners use HAs more and 
show greater benefits from them [12]. Altogether, these 
findings suggest that both degree of hearing loss and 
cognitive dysfunction should ideally be taken into account in 
the parameterization of NR algorithms. 

The fact that we did not observe any positive effects of NR 
processing on speech recognition is in agreement with a 
large body of research showing that, in general, NR 
processing does not improve speech intelligibility [e.g., 13]. 
This is because, in addition to removing background noise, 
NR processing typically also introduces signal distortion. 
Generally speaking, more processing leads to more signal 
enhancement but also to more distortion [e.g., 14]. Technical 
measurements of SNR improvement and speech quality 
confirmed that this was also the case for the NR settings 
evaluated in the current study. 

The VRT task we used to study possible effects of NR 
processing on listening effort was very similar to that used in 
[6]. In that study, positive effects of a (single-channel) NR 
algorithm on the VRT performance of young NH listeners 
were observed, which were interpreted in terms of a 
reduction in the effort required for recognizing the noise-
reduced speech. In our study, however, no positive effects 
were observable. On the contrary, the extreme setting even 
led to a performance decrement. This was in spite of the fact 
that the moderate and extreme NR settings gave rise to 
considerable SNR improvements. It seems likely that the 
distortion introduced by the NR scheme was at least partly 
responsible for the lack of a positive effect. As proposed in 
[15], signal processing distortion constitutes potentially 
distracting information that the auditory system has to deal 
with and that thus may lead to an increase in cognitive effort. 

Further research is needed to substantiate the above findings 
and to investigate whether they also apply to other types of 
HA signal processing and listening environments. 
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