
I. Introduction 
NOISE AND MEMORY 
o  Noise is detrimental to many aspects of speech processing, e.g. word recognition, recognition memory 
o  Effortfulness hypothesis: Additional effort needed to perceptually process speech in adverse listening 

conditions costs resources that could otherwise be allocated to encoding/rehearsal [1] 
o  Speaking style adaptations that ease perceptual efforts should free up more processing resources for memory 

CLEAR SPEECH 
o  Listener-oriented styles of speech production can enhance intelligibility [2] 
o  Speakers adopt clear speech when they are aware of listener difficulty (e.g. hearing impairment, low 

proficiency) 

LOMABRD SPEECH 
o  Environment-oriented styles of speech production (Lombard speech) can enhance speech intelligibility too [3] 
o  Most speech-in-noise perception studies mix noise with stimuli recorded in quiet 
o  Speech produced in quiet ≠ speech produced in response to noise  
 
CLEAR SPEECH & RECOGNITION MEMORY 
o  A boost in speech intelligibility reduces perceptual load and aids recognition memory [4] 
 
QUESTIONS  
o  How does noise impact recognition memory for speech of varying intelligibility? 
o  To what extent does speech produced in quiet and mixed with noise vs. produced in response to noise impact 

speech processing? 
o  What are the individual and combined effects of clear speech and Lombard speech on intelligibility and 

recognition memory? 

PREDICTIONS 
o  Clear speech should be more easily processed in noise and better recalled than conversational speech 
o  Lombard speech should be more easily processed in noise and better recalled than speech produced in quiet 

and mixed with noise 
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II. Methods 
PARTICIPANTS  
o  Talker:  

o  Native female speaker of American English 
o  Listeners: 

o  Native monolingual speakers of American English 
o  Normal hearing 
o  Experiment 1 (N = 32); Exp. 2 (N = 60) 

MATERIALS  
o  80 meaningful sentences from Van Engen et al., 2012 [4] 
o  The small animal scared the baby 
o  Sentences read in  conversational (CO) and clear (CL) speech 

o  Session 1: produced in quiet (QS) 
o  Session 2: produced while listening to 6-talker babble via  

           headphones (NAS) 
 

EXPERIMENT 1: INTELLIGIBILITY   
Materials:          Sentences mixed with noise at SNR of -5 dB  
Procedure:         Participants listen to each one and transcribe  
Scoring:              Keywords (4 per sentence) correctly transcribed 
 
EXPERIMENT 2: RECOGNITION MEMORY 
Materials:           Sentences mixed with noise at SNR of -3 or 0 dB 
Procedure:          Exposure phase, test phase 
Scoring:               Recall accuracy converted to d’  
 
ACOUSTIC ANALYSES 
Materials:           Sentences in quiet 
Measurements: Speech rate, mean F0, F0 range, LTAS energy 

VI. Conclusion 
SUMMARY 
1. CS and NAS stimuli show acoustic modifications typical of speaking style 

adaptations 
2. These modifications resulted in enhanced intelligibility (Exp I) and enhanced recall 

(Exp II) 
 
o  Benefits of speaking style adaptations go beyond facilitating word recognition 

o  Support of Van Engen et al. (2012) findings [4]: the CS enhancement to 
recognition memory is also present in noise 

o  NAS  also enhances sentence recall 
o  CS and NAS interact in noise to provide big intelligibility boost 

 
o  Speaking adaptations can ease the information processing load and free up 

resources for encoding 
o  Support of the Effortfulness Hypothesis [1]: recognizing speech in noise may 

demand channel capacity that could otherwise be devoted to retention in memory 

o  Support of NAS-QS perceptual discrepancy 
o  NAS more effective adaptation for word recognition AND recognition memory  
o  NAS a more naturalistic adaptation than QS 

 
FUTURE DIRECTIONS 
o  Add different talker/listener populations 
o  Retest at more disparate noise levels 

IMPLICATIONS 
o  Simple intra-talker speaking style adaptations are capable of maximizing listener 

comprehension and recall in real-world, noisy situations such as in the classroom  
o  Recognition memory may be adversely affected by other sources of variability in 

speech intelligibility that require extra processing (e.g. foreign accents) 
o  Majority of speech-in-noise results utilizing QS may be overestimating the effects of 

noise on speech perception  
 
 

EXPOSURE 
40 sentences (20 CO; 20 CL) 

Try to commit each sentence to memory 

 

TEST 
80 sentences (40 CO; 40 CL) 
40 from exposure + 40 new 

Identify each one as new or old 
 

III. Experiment 1: Intelligibility 

SIGNIFICANT EFFECTS: 
o  Better keyword accuracy for NAS than QS (p<0.001) 
o  Better keyword accuracy for CL than CO (p<0.001) 
o  Interaction between listener- and environment-oriented speaking 

styles: effect of listener-oriented speaking style greater for NAS than 
QS (p=0.026) 

 
listener-oriented conversational-to-clear speech modifications enhance 

sentence intelligibility  
natural NAS is easier to process than QS artificially mixed with noise  
clear speech benefit in noise for NAS is more than that of QS 
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SIGNIFICANT EFFECTS: 
o  Better sentence recall for NAS than QS (p=0.002) 
o  Better sentence recall for CS than CO (p<0.001) 
o  No effect of SNR 
o  No interaction 
 
 intelligibility-enhancing speech modifications lead to a substantial 

enhancement in recognition memory 
 

IV. Experiment 2: Recognition Memory 
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V. Acoustic Analyses 
o  Compared to CO, CS has:  

o  slower speaking rate 
o  higher F0 
o  greater F0 range 

o  Compared to QS, NAS has:  
o  slower speaking rate 
o  higher F0 
o  more 1-3 kHz energy 

 
The acoustic-articulatory changes implemented to produce 
CL and NAS are characteristics commonly observed in listener- 
and environment-oriented speaking style adaptations 


