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The perceptual clarity of speech depends not only on the acoustic quality of the sound, but 
also on linguistic support1,2. Cognitive abilities, such as working memory (WM) capacity, has 
been shown to be associated with degraded speech perception3. In a set of three 
experiments, we investigated the interplay of phonological and semantic support, as well as 
the influence of cognitive and linguistic abilities on the perceived quality of degraded speech 
in listeners with normal (NH) or impaired (HI) hearing.

After completing auditory, cognitive and linguistic tests, participants listened to 
grammatically correct spoken Swedish sentences modulated on:
- Sound Quality (SQ): either clear or degraded at different levels by noise vocoding (NV)
- Text primes presented 200 ms beforehand: printed text of each spoken word (matching 

prime, M) or string of consonants (non-matching prime, nM) 
- semantic Coherence: high (HC)  “His new clothes were from France”

low (LC)  “His red school was from the newspaper”

All main effects and interactions significant: 
Independent and additive effects of Text and 
Coherence on perceptual clarity ratings for 
degraded sentences only. No effect at clear SQ 
level.

• Faster linguistic access was associated with
greater perceptual clarity for sentences with nM
primes (r = -.626; p < .004)

• Better WM capacity was associated with
benefit of Text primes (r = .487; p < .030) 

• Controlling for WM:  SQ and SQ * Text
remained significant, while Text, Coherence, 
Text * Coherence and the 3-way interaction 
disappeared

All main effects and interactions significant: Additive of 
Coherence effect on perceptual clarity ratings for sentences with 
M primes, modulated by a 3-way interaction where the 
independent effect of Coherence appeared at NV12 SQ level and 
the independent effect of Text appeared at clear SQ level.

• Lower loss in high-frequency (6 and 8 kHz) was associated
with better perceptual clarity ratings for HC sentences (r=-51; p=.015) 

as well as for sentences with nM primes (r=-.45; p=.037)

• Better verbal fluency was associated with greater benefit of
Coherence (r=.60; p=.003) 

• Controlling for WM: SQ, Text and SQ * Text
remained significant while Coherence, Text * Coherence and the 
3-way interaction disappeared

This pattern of results suggests that NH listeners benefit from 
semantic coherence independently of matching text primes, which is 
not the case for HI listeners who benefit from semantic coherence 
mainly in the presence of matching text primes. Also, HI but not NH 
listeners benefit from matching text primes with clear sentences. 
However, controlling for WM capacity removed the effects of 
semantic coherence for both groups, suggesting that lack of semantic 
coherence loads on WM. 

Verbal fluency was associated with perceptual clarity for HI listeners, 
while linguistic skill was associated with perceptual clarity for NH 
listeners, suggesting different use of linguistic representations.
NH listeners mobilize long-term semantic representations to 
successfully utilize the semantic information in degraded spoken 
sentences when no prior knowledge is available. Future work should 
investigate what prevents HI listeners from doing the same.

Figure 2. Significant interaction between Text (matching (M), 
non-matching (nM)) and Coherence (high coherence (HC), low 
coherence (LC)). ***p<.001

Figure 3. Significant interaction between Text (matching (M), 
non-matching (nM)) and Coherence (high coherence (HC), low 
coherence (LC)). ***p<.001

Significant effects (FWE corrected): SQ, Text, SQ * Text, 
modulated by a 3-way interaction 

Investigation of contrasts of interests according to 
our predictions:

Figure 4. Effect of text in the left inferior frontal gyrus (BA 45) for high coherent 
sentences (in light blue) and in the left superior temporal gyrus as well as left inferior 
frontal gyrus (BA 44 and 45) for low coherent sentences (in pink). All ps<.05 FWE

Figure 5. Effect of semantic coherence in the left angular gyrus, the left middle frontal 
gyrus and the right superior frontal gyrus for matching text (in orange) and in the right 
middle temporal gyrus for non-matching text (in purple). All ps<.001 unc

22 HI listeners (11 women, age range: 52-75, M=69.41  5.62) hearing-aid users (M=5.86 

 3.03 years) with moderate to severe sensory hearing-loss (see Figure 1) were 
provided with amplification according to the Cambridge formula4.

20 NH listeners (14 women; Mage=31.3, SD=10.3) 20 NH listeners (10 women; Mage=25.20, SD=5.14)

Perceptual Clarity fMRI study5HI listeners NH listeners

Figure 1. Mean pure-tone audiometry 
threshold in decibels (dB) for frequencies 
between 125 and 8000 hertz (Hz) on the 
worse ear. Errors bars indicate standard 
deviations.

1) M – nM

HC sentences
t(19)=6.33; p<.05FWE

LC sentences
t(19)=6.25; p<.05FWE

2) HC – LC

M primes
t(19)=3.58; p<.001unc

nM primes
t(19)=3.58; p<.001unc

1

2

3

4

5

6

7

M nM

P
e
rc

e
p
tu

a
l 
c
la

ri
ty

 r
a
ti
n
g
 M

e
a
n

HC LC

***

***

***

***

1

2

3

4

5

6

7

M nM

P
e
rc

e
p
tu

a
l 
c
la

ri
ty

 r
a
ti
n
g
 M

e
a
n

HC LC
***

***

***

The authors declared no conflict of interest

References
1. Davis, M. H., Johnsrude, I. S., Hervais-Adelman, A. G., Taylor, K., & 

McGettigan, C. (2005). Lexical information drives perceptual 
learning of distorted speech: evidence from the comprehension 
of noise-vocoded sentences. J Exp Psy: Gen, 134(2), 222–241. 

2. Wild, C. J., Davis, M. H., & Johnsrude, I. S. (2012). Human 
auditory cortex is sensitive to the perceived clarity of speech. 
NeuroImage, 60(2), 1490–1502. 

3. Rönnberg, J., Lunner, T., Zekveld, A., Sörqvist, P., Danielsson, H., 
Lyxell, B., … Rudner, M. (2013). The Ease of Language 
Understanding (ELU) model: theoretical, empirical, and clinical 
advances. Frontiers in Systems Neuroscience, 7, 31. 

4. Moore, B. C. J., & Glasberg, B. R. (1998). Use of a loudness model 
for hearing aid fitting. I. Linear hearing aids. Br J Audiol, 32, 317–
335.

5. Signoret, C., Andin, J., Johnsrude, I., & Rudner, M. (2015). 
Cumulative effects of prior knowledge and semantic coherence 
during speech perception: an fMRI study. Neurobiology of 
Language Conference, Chicago, Illinois, United States of America, 
15th-17th Oct.


