
Psychophysics



Psychophysics is the study of the 

functional relationships between 

the physical properties of stimuli 

and the psychological responses 

to them.



Perception Threshold

The perception threshold is defined as the 

minimum quantity of energy required for a 

subject to detect a stimulus.

In 1860 Fechner defined a threshold 

stimulus as one that “ lifted the sensation 

or sensory difference over the threshold 

of consciousness” .



Perception Threshold

The response versus stimulus curve for a 

theoretical perception threshold is shown 

above.



Perception Threshold

As with other human properties, threshold 

values vary from person to person. They 

are therefore defined statistically.

The standard definition of a perception 

threshold is the value of the physical 

intensity for which 50% of the population 

will detect the presence of the stimulus.



Perception 
Threshold

There is a great variability in perception threshold 

between different people. For example, studies of 

response to vibrational stimuli have shown that the

perception threshold for the most sensitive person 

among a group of subjects can be as much as 5 

times lower than that of the least sensitive person.

The threshold values found in the literature are the 

result of averaging across many people, and this 

should be kept in mind when using the figures.



Perceptual 
Moment

In 1955 Stroud suggested that 

physiological time is not a 

continuous dimension, but 

rather consists of discrete bits 

called perceptual moments.

Perceptual moments have 

been measured for many tasks 

and have been found to range 

from 25 to 100 milliseconds.



Perceptual 
Moment

Two stimuli presented within 100 msec of 

each other will not be distinguishable as 

separate events.

Efron demonstrated the phenomena in a 

series of experiments in 1967 in which either 

10 msec of red light was followed by 10 

msec of green light, or 10 msec of green 

light was followed by 10 msec of red light. In 

both cases the colour was perceived to be 

one only, yellow.



Reaction Time

An important characteristic of human 

perception is the reaction time, which is 

defined as the time between the onset of a 

stimulus and the beginning of an overt 

response.

The concept of reaction time was first 

introduced by Hermann von Helmholtz who 

used this quantity as a  crude estimate of 

the speed of neural conduction in a limb.



Reaction Time

There are two types of reaction time: simple 

reaction time and choice reaction time.

Simple reaction time involves cases where a 

key, button or other object is pressed 

immediately upon detecting the stimulus.

Choice reaction time refers to cases where the 

subject makes a choice between several keys 

or buttons after having identified the type of 

stimulus used (for example one button for 

each possible colour).



Simple Reaction Time

Measurements show that simple reaction time gets 

longer as the stimulus intensity is lowered. 

Reaction time become particularly long when the 

stimulus is close to threshold.

Measurements also show that simple reaction time 

does not continue to improve with increasing 

stimulus intensity. There is a critical level which 

guarantees immediate stimulus identification.



Choice Reaction Time

Studies have demonstrated that choice reaction 

time increase as a function of the number of items 

to choose from. The human nervous system 

requires progressively more time to deal with the 

greater amount of information to process. This can 

be seen in the data presented below from a study 

by Friedrick Merkel in 1885



Hick’s Law

Studies performed in the 1950s demonstrated 

that choice reaction time depended not just on 

the number of choices, but also on the amount 

of information contained in the stimulus (the 

complexity of the stimulus).

Hick’s law states that choice reaction time is a 

linear function of the amount of information 

present in the stimuli.

This law has important implications because it 

indicates the difficulty in comparing results 

from psychophysical experiments which use 

different stimuli



Just Noticeable 
Difference

A fundamental quantity in psychophysics is 

the smallest difference that a person can 

sense between two stimuli of the same type.

This quantity is called the just noticeable 

difference, often abbreviated jnd.



Weber’s Law

A famous study to determine just noticeable 

difference values was performed in 1834 by 

Ernst Heinrich Weber. In Weber’s experiments 

the test subjects were asked to hold a weight 

in each hand and to state which weight was 

heaviest.

By choosing many pairs of weights he found 

that the jnd was not a fixed quantity, but was 

proportional to the stimulus intensity. This 

characteristic of human perception holds for 

all stimuli and is called Weber’s Law

where DDDDI is the jnd, I is the stimulus intensity 

and k is a constant which depends on the 

nature of the stimulus.
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Weber’s Law

The graph above presents data from 

Weber’s original experiment and the 

straight line approximation given by 

Weber’s Law. It can be seen that there 

is good agreement between the two.



Weber’s Law

The constant of proportionality k is 

called the Weber Fraction

It is a measure of the sensitivity of 

human perception to the specific 

stimulus. The lower the value of k, 

the greater the capacity of human 

sensory systems to discriminate 

small differences in the stimulus.
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Weber’s Law



Weber’s Law

Weber’s Law models the psychophysical data well 

everywhere except the two extremes. For stimuli 

approaching the perception threshold the Weber 

Fraction deviates substantially due to the difficulty 

in perceiving such small energy levels. The Weber 

Fraction also deviates from constant value at high 

intensities due to sensory overload.



Fechner’s Law

The first person to obtain a law relating the 

physical intensity of a stimulus to the 

human perceived intensity was Gustav 

Theodor Fechner.

He assumed that Weber’s Law was correct 

and that each value of jnd represented an 

equal increment in the human perceived 

intensity of the stimulus.



Fechner’s Law

Fechner assigned a perceived intensity value of 

zero to the threshold intensity, then calculated 

the jnd value for the threshold and assigned this 

intensity a value of 1 on the human perceived 

intensity scale. He then continued calculating 

new values of jnd, assigning to each a subjective 

intensity which was 1 unit greater than the 

previous value. This resulted in the curve shown 

below.



Fechner’s Law

A curve such as the one found by Fechner

in which a fixed percentage change in one 

axis is equal to a fixed linear increment in 

the other is best expressed mathematically 

by means of a logarithm. Fechner found 

that the expression

best fit his data, where S is the perceived 

(subjective) intensity, k the Weber Fraction, 

I the stimulus intensity and I0 the stimulus 

intensity at threshold.
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Fechner’s Law

The graph below presents data from an experiment  

in which subjects were asked to rate the intensity of 

a series of acoustic signals. When the sound signal 

intensity is plotted against the subjectively rated 

intensity the data is found to be well described by a 

Fechner curve.

Fechner’s law has been used in many engineering 

applications, particularly in the field of acoustics 

where it is used in the design of concert halls and 

other public places.



Stevens’ Law

In the 1950s many experiments were 

undertaken in the field of psychophysics 

and various improvements were made to 

the methods used.

One particular improvement, the direct 

estimation of the perceived intensity by 

means of a rating scale, produced many 

data sets which could no longer be 

adequately represented by means of

Fechner’s Law.



Stevens’ Law

S.S. Stevens proposed the now famous power 

law

where S is the perceived (subjective) intensity, 

I the stimulus intensity, aaaa is a constant which 

depends only on the measurement units used

and m an exponent which changes depending 

on the nature of the stimuli.
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Stevens’ Law

The graph above shows the importance of the 

exponent m towards determining the nature of 

the human subjective response.
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Stevens’ Law


