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What is deception?
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‘lying is a successful or unsuccessful deliberate attempt,    
without forewarning, to create in another a belief which 

the communicator considers to be untrue’ (Vrij 2008)

 different types of lies

 concealments, falsifications, exaggerations, mis-directions

 different emotions involved

 e.g. fear, guilt, excitement, stress

 deception ≠ stress



Practical Relevance
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 law enforcement e.g. police, security officers

 intelligence agencies

 military

 mental health practitioners

 e.g. assessing risk of suicide in patients

 communication research

 e.g. investigating social lies

PhD research project:

Detecting terrorist activities: Hostile intent and suspicious behaviours 



Previous Research
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 majority of work carried out by psychologists

 non-verbal behaviour e.g. body movement, gestures

 more recently emphasis on verbal aspects

 Reality Monitoring, Statement Validity Assessment

 physiological lie detection e.g. polygraph, odour 

 Voice Stress Analysis

 Psychological Stress Evaluator (PSE)

 Voice Stress Analyzers (VSA), Layered Voice Analysis (LVA)

 reliability vs. validity testing (Eriksson & Lacerda 2007)

 fundamental relationship between speech and deception?



Previous Research - Speech
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 little research on the phonetic/acoustic cues of lying

 some research on:

 pauses (duration + frequency)

 hesitations

 speaking tempo

 pitch

contradictory findings across studies 

 articulation?

 jitter and shimmer?

 voice quality?



Experiment 1

 laboratory experiment

 3 tasks

 task 1 = filling in personality questionnaires + recording of 
Baseline data

 task 2 = mock theft of £10 note

 task 3 = interview with ‘security guard’ 

 audio recorded with omnidirectional headband microphone

 10 participants (male native English speakers)

 3 speaking conditions – Baseline, Truth, Lie

 acoustic analysis using ‘Praat’ 

 inter-pause stretch

 inter- as well as intra-individual differences

6



Acoustic Analysis

 what factors to analyse:

 fundamental frequency (f0)

 amplitude

 spectral tilting

 temporal aspects e.g. rate, rhythm, sound prolongation

 pauses and hesitations

 vowel formants, diphthong trajectories

 voicing e.g. Voice Onset Time (VOT), devoicing

 irregularities such as jitter and shimmer

 voice quality
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Acoustic Analysis
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 what factors to analyse:

 fundamental frequency (f0)

 amplitude

 spectral tilting

 temporal aspects e.g. rate, rhythm, sound prolongation

 pauses and hesitations

 vowel formants, diphthong trajectories

 voicing e.g. Voice Onset Time (VOT), devoicing

 irregularities such as jitter and shimmer

 voice quality



Acoustic Analysis – f0

 mean f0 measurements

 difference in mean f0 between conditions not significant

 Friedman’s ANOVA: x2(2) = 4.424, p > .05

 one speaker (speaker 10) shows change

 intra-individual analysis
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Acoustic Analysis – f0

 standard deviation of f0 (f0 SD)

 no general trend

 more f0 variability, less f0 variability, no change in Truth/Lie 

 f0 SD differences across conditions not significant

 Friedman’s ANOVA: x2(2) = 2.4, p > .05 
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Acoustic Analysis – Amplitude

 overall amplitude changes between Baseline + Truth/Lie

 no general pattern

 variability in direction and extent of change across speakers

 speakers show uniform change in direction for Truth and Lie

 possibly a product of the methodological design 
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Acoustic Analysis – F1

 average F1 frequencies in Baseline-, Truth- and Lie conditions

 change in F1 across conditions not considerable
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Vowel F1 Baseline F1 Truth F1 Lie % Difference Truth % Difference Lie
Significance

(Friedman’s ANOVA)

FLEECE 323 330 327 102 101.2 ns

KIT 417 416 420 99.8 100.7 ns

DRESS 564 586 591 104 104.8 ns

NURSE 495 516 518 104.2 104.6
**

B – T: T = 0, r = -0.632, p = .016
B – L: T = 0, r = -0.632, p = .016

TRAP 670 687 685 102.5 102.2 ns

LOT 513 518 522 101 101.7 ns

STRUT 511 523 519 102.3 101.6 ns

NORTH 436 416 421 95.4 96.5 ns

ALL 491 497 500 101.2 101.8

Significance levels: ***< .001, ** < .01, * < 0.5, ns = not significant



Acoustic Analysis – F1
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majority of tokens around origin  

no considerable change

no correlation: r = 0.054, p > .05

little bit more variability 

no considerable change

no correlation: r = 0.076, p > .05



Acoustic Analysis – F2

 average F2 frequencies in Baseline-, Truth- and Lie conditions

 change in F2 across conditions not considerable

 if change occurs it is mixed with some increasing, some decreasing
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Vowel F2 Baseline F2 Truth F2 Lie % Difference Truth % Difference Lie
Significance 

(Friedman’s ANOVA)

FLEECE 2041 2037 2049 99.8 100.4 ns

KIT 1726 1695 1728 98.2 100.1 ns

DRESS 1564 1581 1579 101.1 101.0 ns

NURSE 1451 1413 1425 97.4 98.2 ns

TRAP 1342 1314 1319
97.9 98.3

*
B – T: T = 5.5, r = -0.502, p = .02

LOT 1041 1009 1036 96.9 99.5 ns

STRUT 1226 1234 1195 100.7 97.5 ns

NORTH 914 886 919 96.9 100.5 ns

FRONT 1777 1771 1786 99.7 100.5

CENTRAL 1379 1349 1362 97.8 98.8

BACK 1054 1037 1049 98.4 99.5

Significance levels: ***< .001, ** < .01, * < 0.5, ns = not significant



Acoustic Analysis – F2
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vowel formants are increasing, 
decreasing or not changing

variability in back vowels and NURSE

no correlation: r = -0.072, p > .05

no general trend

variability in back vowels and KIT

no correlation: r = -0.047, p > .05



Acoustic Analysis – F3

 average F3 frequencies in Baseline-, Truth- and Lie conditions

 change in F3 not considerable across conditions
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Vowel F3 Baseline F3 Truth F3 Lie
% Difference 

Truth
% Difference Lie

Significance 
(Friedman’s ANOVA)

FLEECE 2617 2589 2616
98.9 99.9

ns

KIT 2481 2470 2491
99.6 100.4

ns

DRESS 2452 2457 2460
100.2 100.3

ns

NURSE 2359 2334 2334
98.9 98.9

ns

TRAP 2363 2368 2367
100.2 100.2

ns

LOT 2286 2281 2298
99.8 100.5

ns

STRUT 2400 2398 2369
99.9 98.7

ns

NORTH 2271 2316 2292
102.0 100.9

ns

ALL 2404 2403 2408
99.9 100.2

Significance levels: ***< .001, ** < .01, * < 0.5, ns = not significant



Acoustic Analysis – F3

17

negative correlation: r = -0.372, p < .001

high F3 in Baseline more likely to decrease?

variability  

negative correlation: r = -0.350, p < .01 

similar pattern as found in Truth condition



Acoustic Analysis – Speech Tempo

 Speaking Rate (SR)

 Articulation Rate (SR)

 methodology

 unit of measurement: phonetic syllables

 speech interval: inter-pause stretch 
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Friedman’s ANOVA: x2(2) = 8.211, p = .01
Baseline – Truth: T = 2, r = -0.581, p < .01
Baseline – Lie: T = 3, r =  -0.558, p = .01

Friedman’s ANOVA: x2(2) = 6.2, p < .05
Baseline – Lie: T = 5, r =  -0.513, p = .02



Summary

 non-significant differences 

 mean f0

 f0 SD 

 overall amplitude

 vowel formants F1, F2 and F3

 significant differences

 temporal parameters

 SR – significant decrease in Truth/Lie 

 increase in pauses, hesitations, speech errors

 AR – significant decrease in Lie
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Discussion

 raises limitations with speech analysis for deception detection

 some support for Cognitive Complexity Theory

 value in testing interventions which manipulate cognitive load

 investigation of speech of truth-telling as well as deception

 methodological limitations 

 ecological validity

 necessity of fully controlled experiments and high-quality recordings

 Truth and Lie in same interview 

 global influence of Deception 

 maybe cannot separate Truth and Lie
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Future direction

 intra-individual analysis

 analysis of more speech parameters

 temporal parameters

 sound prolongation, hesitations, pauses

 laryngograph recordings

 analysis of glottal parameters

 experiment 2 – increasing cognitive load 

 ‘reverse order recall’ or 

 performance of secondary task 

 magnify difference between truth-tellers and liars?
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Thank you. Questions and suggestions?


