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THRESHOLD, NOISE, PSYCHOMETRIC FUNCTION 

& TRANSDUCTION 

Mais dôabord quelques mots sur les concepts de 
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THE CONCEPT OF SENSORY NOISE 
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STANDARD MODEL OF DETECTION 
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IFF IR > 0, THEN óYesô 

 

IFF IR ¢ 0, THEN óNoô 

Adapted from Wilson (1980). Biol. Cybern. 



SENSORY NOISE & THE Y-FUNCTION 
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THE PSYCHOMETRIC FUNCTION 
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MEASURES & METHODS 





The psychophysical approach : 

Paradigms & Measures 

¶SELECTIVE 

ADAPTATION 

¶MASKING / 

INTERFERENCE 

¶VISUAL SEARCH 

¶PRIMING 

¶UNSTABLE 

STIMULI 

¶BINOCULAIR 

INTERACTIONS 

¶ATTENTIONNAL 

MANIPULATION 

¶ATTRIBUTE / DIMENSION 

(Color, Shape, Size, SF, 

TF, Motion, Binocular 

Disparity, Complex 

metrics (faces, natural 

imagesé) 

¶STIMULUS (Flashes, 

Bars, Gabors, Textures, 

Faces, Natural images é) 

¶QUESTIONS ASKED 

(Local vs. Global, 

Modular vs. Interactive 

processing, 

Segmentation/Fusion/Bin

-ding, Attribute 

summationé) 

¶TASKS (Detection, 

Discrimination, 

Identification, 

Matchingé) 

¶PERFORMANCES 

(%Correct, dô/Sensitivity, 

Y-Fonction, Bias, PSE, 

Response Times, other 

Motor characteristicsé) 

¶SUBJECTIVE 

(Adjustement, 

Matching, Nulling, 

Scaling, Yes/Noé) 

¶OBJECTIVE (Forced 

choice, Yes/Noé) 

PARADIGMS 

(Psycho-Anatomy) 

DIMENSIONS, STIMULI,  

QUESTIONS 

TASKS & 

PERFORMANCES 

MESUREMENT 

METHODS 



ONE POSSIBLE CLASSIFICATION 

BASED ON SUBJECTIVE OBJECTIVE 

Response 

type 

Adjustment Forced Choice 

Matching / Nulling   

Method of limits   

Magnitude 

estimation 

"Direct" 

behavioral or 

behavioral-related 

RT, other motor 

characteristics, fMRI, 

neural responses, 

etc. 

Yes / No 

Classification 

Stimulus 

presentation 

At Subject's 

discretion 

(Adjustment, etc.) 

  

At Experimenter's discretion 

Method of limits   

Constant stimuli 

Adaptive methods 



The 4 main experimental formats in psychophysics 



 óDETECTIONô  óDISCRIMINATIONô 

With 

external noise 

What letter? 

Identification 

 1 out of N ; 

Can be regarded as a 

discrimination among 

N (=large) distracters 

R 

óIDENTIFICATIONô 

óAPPEARANCEô 

Who? 

ORI 

COL 

Yes   /   No 

Present  /   Absent 

Forced choice 

 Left      /      Right  

R 
Without 

external noise 

R C 

Forced choice 

Stim. 1   /   Stim. 2 

Yes   /   No 

  Same  /  Differ. 

Matching to sample 

 Probe vs. Test 

Probe 
T
e
s
t 

Scaling 

 Choose x2 



ADJUSTEMENT 



ADJUSTEMENT 



http://visionlab.harvard.edu/Members/Patrick/Demos/index.html 

ADJUSTEMENT: NULLING 

CAFFE WALL 

http://visionlab.harvard.edu/Members/Patrick/Demos/index.html


ADJUSTEMENT: NULLING 

EBBINGHAUS 



METHOD OF LIMITS 



METHOD OF LIMITS 

Hysteresis 





Ebbinghaus.exe

AJUSTEMENT 



ADJUSTEMENT & METHOD OF LIMITS 

Sources of response bias 

¶purely subjective (bias) 



CONSTANT STIMULI  



CONSTANT STIMULI  



METHODES ADAPTATIVES 

¶Levitt 

 

¶QUEST 



REGLES UP-DOWN DE LôESCALIER PSYCHOPHYSIQUE 
Levitt. H. (1971). Transformed Up-Down methods in psychoacoustics. J. Acoust. Soc. Am. 49, 467-477. 



REGLES UP-DOWN DE LôESCALIER PSYCHOPHYSIQUE 
Levitt. H. (1970). Transformed Up-Down methods in psychoacoustics. J. Acoust. Soc. Am. 49, 467-477. 



(a) At what stimulus level should the staircase start? 

(b) How big the step-size should be? 

(c) When to stop testing? 

 
(a) Starting at vertical is unwise because the subject could merely guess randomly, even with eyes shut, and would 

nicely track around vertical. Starting well right or left of vertical is also unwise for three reasons. First, a subject 

responding "L,L,L,L,L,L ...." will become anxious because subjects expect to say L and R about equally often 

(response frequency equalization) and may therefore throw in an "R" based on bias rather than perception. 

Second, a long string of L or R stimuli could cause adaptation. Third, long strings are inefficient because the 

only information of use to the experimenter comes from reversal at peaks or valleys. Fourth, even if the starting 

point was a long way from the true PSV, a bad or lazy subject could just guess randomly and produce a nice 

oscillation around the starting point that actually had no relation to that subject's PSV. 

 The way to solve this problem is to run two staircases simultaneously, randomly switching from one to the other, 

with one starting way L and the other way R. You could do this by having two staircase grids in front of you and 

randomly moving from one to the other. This means: Not only have we solved the starting level problem; but 

have now removed the obvious sequential dependency of the trial n stimulus on the trial n-1 response. Within 

each staircase this dependence remains; but the random interleaving of the two staircases conceals it from the 

subject!  

 

(b) If it is too big, then the subject will simply oscillate between L and R giving no real estimate. If the step size is too 

small, say 0.005 deg, then the method becomes inefficient because there will be long strings of L or R without 

reversals; and remember that this will also worry the subject. To choose step size, one way is to run pilot 

experiments to find out what is a good size. Another way is to choose a size roughly equal to the standard 

deviation(s) of the statistic being measured. 

 

(c) Consider that we would like to base every subject's PSV estimate on the identical number of measures. What are 

the measures which enter into the estimate? They are not trials but reversals. Hence, the thing  to do is to select 

a fixed number of reversals. All subjects will then have the same number of reversals but more variable subjects 

will need more trials to reach that criterion.  

 

UP-DOWN STAIRCASE RULES 



ESCALIERS PSYCHOPHYSIQUES INTERCALÉS 





SCALING (MAGNITUDE ESTIMATION) 



MULTIDIMENSIONAL SCALING 



PRINCIPAL & INDEPENDENT COMPONENT ANALYSIS 



EXPERIMENTAL DESIGN 

¶Choice of stimulus levels/categories (linear, log) 

¶Ordered (learning) vs. Random stimulus levels/categories 

¶Balanced/unbalanced groups 

¶Within- vs. Across-subjects experimental designsé 



Assess / test Weber law 

L 

L 

DL 

Dans quel ordre va-t-on présenter les 

différents niveaux ? 

¶En ordre croissant / descendant ? 

¶Tirés au hasard ? 
(NB. Sti Csts requièrent la randomisation.) 

 

Comment doit-on choisir les 

différents niveaux ? 

¶Sur une échelle linéaire ? 

¶Logarithmique ? 
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¶Adaptation & Selective adaptation (Blakemore & Campbell, 1968) 

¶Masking (channels, critical bands) 

¶Subliminal summation (King-Smith & Kulikowski, 1974) 

¶Combined detection & identification measurements (Watson & 

Robson, 1981) 

¶Uncertainty manipulations (Pelli, 1985) 

¶Priming & stimulus interference (e.g. Stroop) 

 

¶Psychophysics as Psycho-Anatomy (Julesz) 

SOME CLASSICAL EXPERIMENTAL PARADIGMES 



Dark Adaptation 

Du Croz &. Rushton, J. Physiol., 1966.  

Hecht, 1937; Stiles, 1939; Rushton, 1961 



SF Adaptation 

Adapted from Blakemore & Sutton, 1969. 



Selective SF Adaptation 

1969 1969 

Blakemore and Campbell, 1969 



Motion Adaptation 
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Masking 



A visual assessment chart consisting of 

letters in noise that is designed to test for 

some neural deficits while being 

unaffected by optical deficits.  

 
Denis Pelli (NYU, USA) & John Hoepner 

(Depart. of Opthalmology, Health Science 

Center, Syracuse, NY, USA.)  

http://viperlib.york.ac.uk/scripts/PortWeb.dll

?field=keywords&op=contains&value1=nois

e&template=thumbs_details&join=or&field2

=imageDescription&op=contains&value2=n

oise&sorton=Filename&catalog=proto1&su

bmit2.x=0&submit2.y=0&submit2=Search 

Masking 



Masking & Critical bands 



Threshold of hearing curve 

in a quiet environment. 

Threshold of detection curve in the presence 

of a masking noise with a bandwidth equal to 

the critical bandwidth, a centre frequency of 1 

kHz and a level of 60 dBspl. 

Zwicker and Fastl, 1999. 

Masking & Critical bands 



Chung & Tjan (2009). Spatial-frequency and contrast properties of reading in central and peripheral 

vision. Journal of Vision 9(9), 16, 1-19. 

Filtering 


