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1. Title of project: 
 

Improving speech comprehension by delaying sound 
 
  



2.  Describe the project and how it meets the criteria for the competition (1-side A4): 
We all know the frustration of trying to follow a conversation in a noisy room. But for 17% of UK 

people suffering hearing impairment1, such difficulties are debilitating, and may accelerate cognitive 
ageing and dementia2. Non-native English speakers3 (17% of UK pupils4) may also suffer under noisy 
conditions, limiting their educational potential4. As the demographic changes, the increasing economic 
impact of these problems demands urgent solutions. But the usual solutions have their limitations: 
hearing-aids typically amplify background noise and chatter, making it harder to tune into a 
conversation, while language education does not always improve the basic ability to decode speech 
under noisy conditions5. We propose a new approach, exploiting visual ‘speech reading’.  

Watching a speaker’s lips can greatly improve comprehension of noisy speech3,6. We find that we 
can boost this benefit by delaying the speaker’s voice relative to their lip movements. We tested mainly 
young people with normal hearing, asking them to watch movies of a person speaking against a noisy 
background, and to repeat back what they heard7. With a mean delay of 90ms (but varying widely) 
50% our 44 subjects could identify 15 more words in every 100, on average. One possible reason is 
that hearing and vision are out of sync in some people, and an auditory delay compensates for this8.  

Having established the benefits of delayed audio, we now want to extend our research to older adults 
with good and poor hearing, and non-native English speakers, who stand to benefit the most. To make 
these benefits widely accessible, we will also develop and test technological platforms for conveniently 
delivering therapeutic delays: via a speech-reading-aid ‘app’ running on a portable smart-device which 
will relay sound picked from its microphone or pre-recorded tracks through headphones after adding a 
selected delay; and an add-on for software media players that can deliver personalised auditory or 
visual delays over the internet. Our Computer Science collaborators will assist in this development. 

We will test people with normal hearing and with mild to moderate hearing impairments, across a 
wide range of ages and English proficiency. Subjects will watch and listen to videos of a person 
speaking words or sentences embedded in audio noise, and then try to identify what was said from a list 
of choices. We will measure identification accuracy7,8 while varying the delay between lip movements 
and voice onset. This novel calibration procedure can quickly estimate the critical delay that maximises 
recognition accuracy7,8, and then estimate how much comprehension benefits by reproducing this 
delay. We will compare such estimates obtained across three platforms: our traditional lab setup, our 
delayed-audio app, and an internet browser, which allows us to recruit a very large sample of 
participants via Amazon’s Mechanical Turk (with advice from internet-experimenter Dr Reimers). 

Neuroscientific advances will be gained by assessing to what extent individual differences in these 
estimates depend on age, hearing and language. For example, senses may become less synchronised 
with age and hearing-impairment due to compensatory routing of sensory information through less-
specialised brain areas10,11. As well as therapeutically correcting for such sensory asynchronies, our 
internet-based calibration provides a further novel application: it can correct for actual asynchronies in 
audiovisual reproduction that inevitably occur in computer media players due to transmission delays, 
and hardware/software factors, which might otherwise impair comprehension if left uncorrected. 

Our multidisciplinary cross-school proposal meets all three stated criteria for this competition: 
i. Building on our completed research7,8, this research directly engages with the most relevant 

beneficiaries, and makes an essential step towards delivering empowering technology and assessing its 
effectiveness; this impact may be facilitated through industrial consultancies and collaborations. 

ii. Our research will obtain proof-of-concept necessary to attract funding for healthcare innovation 
(e.g. RCUK, Royal Society Mercer, Wellcome HIC, NIHR i4i) and investment from industries (via 
KTP, crowdfunding, consultancy and licencing) for further R&D and commercialisation. 

iii. This research can lead to applications for healthcare, entertainment, education and internet 
industries, e.g. a speech-reading-aid with an adjustable delay, and a media player add-on that could 
improve comprehension of TV and on-line multimedia9;  this may particularly benefit the effectiveness 
of video-based software for language education and speech therapy (Prof. Morgan to advise). 

1. www.actiononhearingloss.org.uk/your-hearing/about-deafness-and-hearing-loss/statistics.aspx 
2. Lin FR et al. (2011). Neuropsychology, 25, 763. 
3. Navarra J & Soto-Faraco S. (2007). Psych Res, 71, 4-12. 
4. NALDIC. www.naldic.org.uk/research-and-information/eal-statistics/eal-pupils 
5. Mayo LH, Florentine M, & Buus, S. (1997). J Speech Lang Hear Res, 40, 686-693. 
6. Sumby WH & Pollack I. (1954). JOSA, 26, 212-215. 
7. Ipser A … & Freeman ED. (under review). Proc Roy Soc B. 
8. Freeman ED et al. (2013). Cortex, 49, 2875-2887. 
9. Freeman ED www.ipo.gov.uk/p-ipsum/Case/ApplicationNumber/GB1400335.4 
10. Cabeza R et al. (2002). Neuroimage, 17, 1394-1402. 
11. Wingfield A & Peelle JE. (2015). Front Sys Neurosci, 9. 



3. Describe the outcomes of the project by which its success may be judged (half side): 
 
These are the intended aims and outcomes of the proposed study: 
(1) Increase knowledge of the benefits of auditory delay for speech comprehension, by studying 

hearing-impaired, ageing, and non-native English speakers, who may benefit the most from 
improved comprehension.  
Outcomes:  Published documentation of our studies in academic journals assessing the benefits of 
desynchronised speech in large samples from the above populations; representation of these 
findings in popular media to raise awareness of new ways of improving comprehension. 

 
(2) Develop and test the effectiveness of delivering therapeutically desynchronised speech via a 

variety of technological platforms. 
Outcomes:  Working prototypes, including a personal wearable device, and a software plug-in for 
internet browsers and media players for delaying sound or video; also an innovative procedure for 
calibrating and compensating for intrinsic asynchronies between audio and video outputs of TV 
receivers and computers to optimise speech comprehension; other outcomes include data on the 
usability, benefits, and comfort parameters of these innovations, plus freely available beta-version 
and demonstration software. Such tangible and quantifiable proofs-of-concept may help to attract 
consultancies and Knowledge Transfer Partnerships, grant funding for healthcare (or other) 
innovations, and investment or co-sponsorship from industry. 
 

(3) Explore how sensory synchronisation depends on age and sensory deficits. 
Outcomes: Theoretical advances in understanding factors associated with individual differences 
in sensory synchronisation, including age, hearing health and language proficiency. Knowledge to 
be output via academic journals and conference presentations. 



4. Amount requested: £11,914 
 
Item Cost   Time    Quantity       Total 

Programmer £30 p/h 100 hours £3,000 

Interns £190 per week 8 weeks 2 Interns £3,040 

Lab participants £8 p/h 2 hours 80 participants £1,280 

Online participants £5.50 
p/h (+10% 
commission) 

0.5 hours 1500 participants £4,125 

iPod £199 1 £199 

Bose QuietComfort 
25 Headphones 

£270       1   £270 

Total £11,914 

 
Justification 
A professional software developer is needed to create our proposed 'app' and internet-based test, at a 
typical rate of £30 per hour (e.g. http://www.peopleperhour.com/freelance/programmer). Once the 
framework of the app is fully functional, our collaborators in Computer Science will be able to provide 
any further support and modifications where necessary. 
 
Stipends are requested for two undergraduate or postgraduate research assistants. Under close 
supervision, they will be responsible for participant recruitment and data collection. The small stipend 
we have requested makes this valuable work experience opportunity more accessible to financially 
disadvantaged students. The rate (£190 per week) is commensurate with the rate paid for a typical 
internship (e.g. http://www.wellcome.ac.uk/Funding/Biomedical-science/Funding-schemes/PhD-
funding-and-undergraduate-opportunities/WTD004448.htm). We will select students by academic 
ability and interview.  
 
Costs are requested for paying lab participants at our standard rate of £8 per hour. For each participant, 
sessions will last two hours each. We will also pay 1000 internet participants via Amazon Mechanical 
Turk, each for 30 minutes work, at £5p/h. To ensure data quality we may incentivise participants by 
awarding bonus payments for with accuracy, working within this proposed budget. Several recent 
studies suggest that good quality data can be obtained via MTurk with appropriate incentives and 
screening, e.g. Paolacci, G., & Chandler, J. (2014). Psychological Science, 23(3), 184-188. Requested 
funds include the 10% commission charged by Amazon: 
https://requester.mturk.com/help/faq#how_fees_cost_computed. 
 
An iPod touch or equivalent Android device (£199, http://store.apple.com/uk/buy-ipod/ipod-
touch/32gb-space-grey) is required to provide the platform for our proposed app. 
 
Noise-cancelling headphones are also required (https://www.bose.co.uk/GB/en/home-and-personal-
audio/headphones-and-headsets/acoustic-noise-cancelling-headphones/quietcomfort-25-headphones/) 
so that we can reduce external noise and thus precisely quantify and control the signal to noise ratio for 
our speech stimuli. 
 
 
5. Start date anticipated (the project must be completed by the end of June 2016): 
 
1st July 
 
6.  I agree to present this at the Competition on 4 June 2015: 
 
Agreed 
 
 
Approved on behalf of School by Associate Dean for Research (signature): 
 


