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Human Reaction Times and Fitts’ Law



Where:

	ts
	Stimulus 

	Tr-i
	initiate response

	Tr-c
	completion of response


An example of the process can be following. Let’s say that a button shows up on the computer screen, and we need to click on it. The moment of its appearance would be the time ts (time of stimulus). The time of start of response (tr-i) would correspond to the time when we start moving the mouse towards the button. The time of completion – tr-c is the time when we click on the button.

We have the following relations:

Treaction=tr-i  - ts
Tmotion=tr-c – tr-i
Tresponse=Treaction+Tmotion
Where:

	Treaction
	is the reaction time

	Tmotion
	is the motion time

	Tresponse
	is the response time


Human response times vary depending on the different individuals, different times of day, caffeine level, age, strength of stimulus, etc.

	Stimulus
	Approximate Treaction

	Cutaneous (touch)
	130 ms

	Auditory
	140 ms

	Visual
	180 ms

	Olfactory (smell)
	300 ms

	Taste
	500 ms


The reaction time can be decomposed into following time components:

Treaction=treceptor+tafferent+tCNS+tefferent+tmuscle
Where:

	Component
	Explanation
	Magnitude

	treceptor
	the time that passes until receptor registers stimulus
	1-20 ms

	tafferent
	the time that is required for the transfer of information to the Central Nervous System (CNS)
	2-100 ms

	tCNS
	time for information processing in the CNS
	70-100 ms

	tefferent
	the time needed for transfer of information from the CNS to the “point” of response
	2-100 ms

	tmuscle
	time needed for muscle to respond to the received information
	30-70 ms


· Motion Response Time

In 1954, Paul Fitts of Ohio State University (and later the University of Michigan) developed a model of human motor response.  To move a stylus to a given spatial target, Fitts considered two variables:  the distance/amplitude to the target (D) and the width of the target (W), as illustrated in Figures 1 and 2.   Fitts conducted a reciprocal tapping test in which target distance and width were varied.   Subjects were asked to tap a stylus back and forth between two metal plates as  contact/motor-response time (T) was recorded, producing triplets of data: (T,D,W).
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Figure 1.  Fitts'  1954  tapping experiment Error! Reference source not found.]
As one would expect, big targets at a close range are reached faster than small targets at longer ranges.  Motion Response Time depends on the distance to the target and targets width.










where:

	D
	is the distance to target

	W
	is the target width


Fitts adopted a similar form to describe his motor response data

T = a + b log2 (2D/W)                      (2)

where a and b are linear regression coefficients.  This formulation became known as Fitts' Law.  where:

 As MacKenzie and others have noted, Fitts was influenced by Claude Shannon's formulation of the effective information capacity of a communication channel:

C = B log2 (S/N + 1)                        (1)

where C is capacity, B is bandwith,  S is signal level, and N is noise.

Fitts refers to the following quantity, related to Shannon’s Entropy, as the index of difficulty  :

I = log2(2D/W)
Fitts' Law has two drawbacks.  The formula does not fit the data well for low and high values of D/W.  Several variations have been proposed 

T = a + b log2 (2D/W + .05)              (3)
and 
T = a + b log2 (2D/W + 1)                 (4)

The latter, referred to as the “Shannon formulation”,  provides a slightly better fit.  The second, and more important, drawback is that Fitts’ Law is purely empirical and not derived from a mechanical model of human motion.  Thus although it is descriptive, it provides no insight as to why the data should follow this pattern.  We propose an alternative model below.

CONSTANT acceleration model

It is well known in control theory that given limits on acceleration, the fastest way to reach a target is the “bang-bang” trajectory:  accelerate maximally until reaching the halfway point, then decelerate maximally until reaching the target, as shown in 2. 
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Figure 2.  Acceleration vs. Time
This acceleration profile results in a linear velocity profile as shown in Figure 3.
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Figure 3.  Velocity vs. Time
We can integrate the velocity to obtain the position profile as shown in Figure 4.
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Figure 4. Position vs. Time

Alternatively, since acceleration is constant during the first half, we can compute the halfway point as a function of time using the well-known form: 

x = 1/2 amaxt2,                              (5)

where x is position, a is acceleration, and t is time.  For a target D units away, the midpoint of the trajectory is:

xmid = D/2,                                   (6)
as shown in Figure 4.  The key to our model is the hypothesis that the maximal acceleration set by the human is proportional to target width: wider targets permit larger accelerations.  Let    

amax = kW,                                   (7)

where k is a constant and W is width.  Combining (5), (6), (7),  

D = kWt2.                              (8)

Solving for the total travel time,

t = (D/kW)1/2.                           (9)

With a fixed initial reaction time common to all trials, the equation for total response time is:

T = a + b(D/W)1/2.                      (10)

(a = Treaction)

We will refer to this model, obtained from first principles, as the Acceleration Model.  It is similar to  Fitts’ Law  except the logarithm is replaced with a square root.  

Fitts’ and the Acceleration models describe the same data fairly well.  The log and square root functions match very closely for the small input values typical of the usual range for D/W, but the Acceleration model fits slightly better for larger values of D/W.

	A Web-based Test of Fitts' Law


http://www.tele-actor.net/fitts/
http://www.asktog.com/columns/022DesignedToGiveFitts.html

This relation is important for interface design.  One may ask why or how?  Apple uses Fitt’s law to help design user-friendly interfaces.  Anyone concerned with user task throughput & user time to complete tasks can use Fitt’s law.  For example, D could be the distance a mouse has to move to complete a task, and W is the diameter of the target button to be clicked.

Fitts's law dictates the Macintosh pull-down menu acquisition should be approximately five times faster than Windows menu acquisition, and this is proven out. Fitt's law dictates that the windows task bar will constantly and unnecessarily get in people's way, and this is proven out. Fitt's law indicates that the most quickly accessed targets on any computer display are the four corners of the screen, because of their pinning action, and yet they seem to be avoided at all costs by designers.

Use large objects for important functions (Big buttons are faster).

Use the pinning actions of the sides, bottom, top, and corners of your display: A single-row toolbar with tool icons that "bleed" into the edges of the display will be many times faster than a double row of icons with a carefully-applied one-pixel non-clickable edge along the side of the display
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