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Experiment (Speech-in-noise paradigm): 2 Blocks – production block always 
preceded perception 

Production Tasks: Connected speech passage, then Word list 

Production Noise Masks: Car noise, Restaurant noise (not discussed here); 
No phones,  Quiet (with headphones) 

Perception Task: Forced-choice categorization of 7-step continuum from 
‘bad’ to ‘bed’  (each listening condition contains 6 repetitions per token) 

Perception Noise Masks: Car noise, Quiet (with headphones) 

Noise masks delivered to participants at 65 dB(A), SNR +5dB via headphones.   
Order of noise masks and the presentation of continuum tokens randomized, 
though both maintained across locations by subject 

Locations: Laboratory, Parked car (see Fig 1) 

Participants: 24 female native speakers of NZE (aged 18-26 y/o); 15/24 
participants completed CAR portion due to poor weather 

 

 

 

 

 

 
 

Analysis: Mixed effect modelling with random intercepts for Speaker and 
Word, and full random slope structures 
 
Production:  Separate linear models of F1 and F2 of DRESS & TRAP vowels, 
Intensity and Pitch.  For formant data, speech passage and wordlist data were 
analysed together, with Passage vs Wordlist included as a fixed effect 

Perception: Logistic model of response (bed/bad), with point on the 
continuum included as a fixed effect 
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The Lombard effect  causes acoustic changes to 
speech produced in noisy conditions (e.g., 
increased intensity, duration, F0, F1; decreased 
F2 (Lombard, 1911). 
How does listeners’ past experience of Lombard effects 
influence their subsequent production and perception 
behavior?  
 
Research questions 
(RQ1) Do people shift perceptual boundaries 
in ways that reflect past experience when 
listening to speech in noise? 
 
(RQ2) Does the physical environment 
influence speaking and listening behaviours? 
Cars tend to be noisy. Can just being 
physically positioned within a car trigger 
situation-specific speaking and listening 
modes? 

Fig. 1 The above Honda Civic del Sol contrasted typical Laboratory 
conditions as our second test-environment   

RQ 1: A noisy environment can trigger a Lombard listening mode – shifting 
the boundary between vowels. However, we only saw this for one of our two 
noises. (Was it apparent to the listener that the perception stimuli weren’t really 
produced in the context of the car background noise?) 

RQ 2: Physically being in a car can trigger a situation-specific speaking and 
listening mode, which reflects past experience of the car as a noisy 
environment. 

Fig. 2 

Speaking in the car elicits approximately the same Lombard-type production effects as speaking in car 
noise. (e.g Fig 2 for intensity, Fig 3 for TRAP F2) 
In addition to pictured interactions: 
- The car noise and being in the car both separately increase pitch (RQ 2) 
- The car noise increases F1 of both TRAP and DRESS 
- Being in the car decreases F2 of DRESS (RQ 2) 
 
PREDICTIONS FOR PERCEPTION EXPERIMENT: Based on speaker productions, we expect the bed/bad 
boundary will be lower and backer in the noise and in the car (i.e., more bed responses) 

  
Separate models of listening in car 
noise and in quiet show: 
 
(a) No significant effect of location 
when listening in car noise 
 
(b) A significant effect of location 
when listening in quiet (Fig 4).   
Being in the car triggers the 
predicted effect at the start of the 
experiment, but listeners adjust 
throughout the task (RQ2) 
 

 
 

In the lab, listening to the restaurant noise triggered a ‘Lombard’ listening mode  
(more bed responses), but listening to the car noise did not. (RQ 1) 
 

Fig. 3 

Fig. 4 


