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Goals
explain what and why are adaptive methods

name most commonly used adaptive methods

be able to implement at least one adaptive method

explain to a random person at least one adaptive method



Primary resource



Primary resource
Kingdom and Prins ( )2016
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Components of a psychophysical
experiment

Stimulus (the patch)

Task (e.g., 2IFC, adjustment)

Method (e.g., adaptive)

Analysis (calculations)

Measure (contrast detection
threshold)



Components of a psychophysical
experiment

Stimulus (the patch)

Task (e.g., 2IFC, adjustment)

Method (e.g., adaptive) 

Analysis (calculations)

Measure (contrast detection
threshold)



Methods

Adaptive

Staircase

Bayesian and ML procedures

Classical:

Method of limits

Method of constants

Method of adjustment



Why adaptive methods
measurement is time-consuming

potential measurement space might be vast

“sweat factor (K)” ( ) Taylor and Creelman 1967
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Why adaptive methods
Efficiency ( )Taylor and Creelman 1967

𝐾 = 𝑁𝜎2
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Why adaptive methods
Efficiency ( )1Taylor and Creelman 1967

𝐾 = 𝑁𝜎2

𝑑𝑝/𝑑𝐿 = 𝑉

1.  is “true” event probability,  is a slope of PF near 𝑝 𝑉 𝑝
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Why adaptive methods
Efficiency ( )1Taylor and Creelman 1967

𝐾 = 𝑁𝜎2

𝑑𝑝/𝑑𝐿 = 𝑉

=𝐾𝑚𝑖𝑛
𝑝(1 − 𝑝)

𝑉

𝐸𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 = 𝐾𝑚𝑖𝑛
𝐾𝑒𝑚𝑝𝑖𝑟𝑖𝑐𝑎𝑙

1.  is “true” event probability,  is a slope of PF near 𝑝 𝑉 𝑝
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General adaptive methods workflow
1. Decide upon a measure (e.g., threshold at 77.85% response probability)

2. (optional) Decide upon an analysis (i.e., select PF)

3. Find an efficient way of stimulus presentation (e.g., interleaved staircase)

4. Decide where to start the experiment (e.g., at expected threshold)

5. Decide when to terminate the experiment (e.g., a!er fixed number of trials)

6. Compute/estimate the measure (e.g., decision threshold)

7. …



General research workflow
1. Decide upon an estimand

2. (optional) Decide upon an analysis

3. Conduct the experiment

4. Compute statistical estimate

5. …



General research workflow
1. Decide upon an estimand (e.g., threshold at 77.85% response probability)

2. (optional) Decide upon an analysis (e.g., select PF)

3. Conduct the experiment (e.g., using interleaved staircase method)

4. Compute statistical estimate (e.g., decision threshold)

5. …



Adaptive methods cookbook
Up/Down methods 

vanilla ( )Dixon and Mood 1948

transformed ( )Wetherill and Levitt 1965

weighted ( )Kaernbach 1991

transformed & weighted ( )Garcıá-Pérez 1998

“Running fit” methods 

the best PEST ( )Pentland 1980

QUEST ( ; )Watson and Pelli 1983 Watson 2017

the Psi method ( )Kontsevich and Tyler 1999

Psi-method variants ( )Prins 2013
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Up/Down methods
Up/Down method ( )Dixon and Mood 1948

dropping weights from different heights on explosive mixtures

explosion occurs → increase height

explosion does not occur → decrease height
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Up/Down methods
Transformed up/down method ( )Wetherill and Levitt 1965

decision to decrease stimulus intensity is
based on a few preceding trials

1↑/1↓ => 50% correct

1↑/2↓ => 70.71% correct

1↑/3↓ => 79.37% correct
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Up/Down methods
Transformed up/down method ( )

decision to decrease stimulus intensity is
based on a few preceding trials

1↑/1↓ => 50% correct

1↑/2↓ => 70.71% correct

1↑/3↓ => 79.37% correct

Wetherill and Levitt 1965

starts with 1↑/1↓ and switches a!er the
first reversal (efficiency)

steps of the same size
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Up/Down methods
Weighted up/down method ( )Kaernbach 1991

steps of unequal size ( , )↑Δ+ ↓Δ−
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Up/Down methods
Weighted up/down method ( )

steps of unequal size ( , )

target probability correct:

Kaernbach 1991

↑Δ+ ↓Δ−

=𝜓𝑡𝑎𝑟𝑔𝑒𝑡
Δ+

+Δ+ Δ−
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Up/Down methods
Weighted up/down method ( )

steps of unequal size ( , )

target probability correct:

e.g., for :

Kaernbach 1991

↑Δ+ ↓Δ−

=𝜓𝑡𝑎𝑟𝑔𝑒𝑡
Δ+

+Δ+ Δ−

=Δ−

Δ+
1 − 𝜓𝑡𝑎𝑟𝑔𝑒𝑡

𝜓𝑡𝑎𝑟𝑔𝑒𝑡

= 0.75𝜓𝑡𝑎𝑟𝑔𝑒𝑡

= =Δ−

Δ+
1 − 0.75

0.75
1
3
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Up/Down methods
Transformed & weighted up/down method ( )Garcıá-Pérez 1998

number of consecutive incorrect
responses ( ) before step down & step
size differ

𝐷
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Up/Down methods
Transformed & weighted up/down method ( )

number of consecutive incorrect
responses ( ) before step down & step
size differ

Garcıá-Pérez 1998

𝐷

= (𝜓𝑡𝑎𝑟𝑔𝑒𝑡
Δ+

+Δ+ Δ− ) 1
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Up/Down methods
Transformed & weighted up/down method ( )

number of consecutive incorrect
responses ( ) before step down & step
size differ

 → weighted up/down

 → transformed up/down

Garcıá-Pérez 1998

𝐷

= (𝜓𝑡𝑎𝑟𝑔𝑒𝑡
Δ+

+Δ+ Δ− ) 1
𝐷

𝐷 = 1
=Δ+ Δ−
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Up/Down methods
Termination criteria & threshold estimate

a!er a specific number of reversals of direction

average of last  trials𝑁
a!er a specified number of trials

average of last  trials𝑁
“hybrid adaptive procedure”

up/down method to select stimulus intensities

PF to derive threshold using all the data

up/down methods are “non-parametric”

assume only monotonic relationship, no particular PF shape

cannot estimate slope (data concentrated near threshold)



Up/Down methods
Practical tips

random trials with interleaved up/down staircases to hide the mechanism

multiple runs → between-run SD indicates reliability + pooled data for PF estimation

units → corresponding to linear changes in internal representation (linear or log)

step size → not as clear as might have seen



Up/Down methods
Practical tips

random trials with interleaved up/down staircases to hide the mechanism

multiple runs → between-run SD indicates reliability + pooled data for PF estimation

units → corresponding to linear changes in internal representation (linear or log)

step size → not as clear as might have seen



Up/Down methods
Practical tips

random trials with interleaved up/down staircases to hide the mechanism

multiple runs → between-run SD indicates reliability + pooled data for PF estimation

units → corresponding to linear changes in internal representation (linear or log)

step size → not as clear as might have seen

steps up to 1𝜎
2

1.  is the spread of underlying PF𝜎



Up/Down methods
Practical tips

random trials with interleaved up/down staircases to hide the mechanism

multiple runs → between-run SD indicates reliability + pooled data for PF estimation

units → corresponding to linear changes in internal representation (linear or log)

step size → not as clear as might have seen

steps up to 𝜎
2

What to do at the fringes? (E.g., in weighted, what if previous stimulus was supposed to
have had “negative intensity”?)

make a step relative to the negative value ( )Garcıá-Pérez 1998

use a “running fit” adaptive method
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Running fit



Running fit
The best PEST ( )Pentland 1980

estimates threshold

assumes a specific form of PF

intensity on next trial ← ML estimate now

step sizes and directions differ

needs bounds for the first trial
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Running fit
Quest ( )Watson and Pelli 1983

“Bayesian PEST”

Priors assist with first few trials

Posterior mode or mean as the threshold
estimate

Use uniform prior? (equivalent to PEST) 

Divide by prior? (equivalent to ML) 
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Running fit
Termination criteria & practical considerations

a!er a specified number of trials

a!er a specific number of reversals of direction

parameteric → assumptions about PF shape required

mostly robust to violated assumptions

slope affects step size

allowing lapses (e.g., rate = 0.02)

multiple runs/sessions



Running fit
The Psi method ( )Kontsevich and Tyler 1999

estimates both the threshold and the slope

minimises the expected entropy in the posterior distribution

may be hard on RAM

psi-marginal method ( )Prins 2013

estimates lapse rate as well

minimises entropy for threshold and slope only
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Adaptive methods in PsychoPy



Adaptive methods in PsychoPy



Adaptive methods in PsychoPy
Staircase





Adaptive methods in PsychoPy
Interleaved Staircase





Case study
Stop Signal Task



Stop signal task
Task ( )Verbruggen et al. 2019
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Stop signal task
Measurement model ( ) Matzke et al. 2013
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Stop signal Task
Measure ( )Verbruggen et al. 2019
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Stop signal task
Non-parametric, mean method

SSRT = mean of the inhibition function

assumes that:

𝐸(𝑅𝑇 ) = 𝑆𝑆𝑅𝑇 + 𝐸(𝑆𝑆𝐷)

then:

𝑆𝑆𝑅𝑇 = 𝐸(𝑅𝑇 ) − 𝐸(𝑆𝑆𝐷)

valid only if staircase procedure is used

even then likely biased



Stop signal task
Non-parametric, integration method

the point at which STOP processes finish estimating by “integrating” RT distribution at
the point where 𝑝(𝑟𝑒𝑠𝑝𝑜𝑛𝑑|𝑠𝑖𝑔𝑛𝑎𝑙) = 0.5

1. sort RTs from fastest to slowest

2. (optional) assign  to GO ommissions𝑚𝑎𝑥(𝑅𝑇 )
3. find 𝑝(𝑟𝑒𝑠𝑝𝑜𝑛𝑑|𝑠𝑖𝑔𝑛𝑎𝑙)
4. calculate 𝑛 = 𝑝(𝑟𝑒𝑠𝑝𝑜𝑛𝑑|𝑠𝑖𝑔𝑛𝑎𝑙) × 𝑛𝐺𝑂

5. 𝑆𝑆𝑅𝑇 = 𝑅𝑇𝑛𝑡ℎ



Stop signal task
Parametric, BEEST ( )Matzke, Love, and Heathcote 2016
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Stop signal task
Bonus, non-parametric, non-behavioural ( )Thunberg et al. 2024
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