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Speed of Movements

* Physical response is necessary as a result of stimuli:

©)

©)

e.g. visual displays, auditory signals =

e.g. events :— @

« Response in some cases must be done quickly:

©)

©)

©)

©)

e.g. applying brakes in emergency ‘
e.g. athlete response during fight
l.e. rapid/critical response fime is required

58

we examine variables involved in such cases

and effect on design of tasks and displays
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Speed of Movements (Cont.)

P TOTC” response ﬁme COHS|STS Beginning End of
imulus of response response
of two components: ” i i

o reaction time and

o movementtime

Reaction Movement
time time
i ReOCTIOn Tlme: T Responseﬁme ............. >
o fime from onset (i.e. beginning) of
, , . RESPONSE TIME...
signal/stimulus requiring response
REACTION TIME... i MOVEMENT TIME...
o until beginning of the response _2 = >

« Movement time (MT):

o fime from the beginning

STIMLS DECTISTON MAKTNG RESPONSE ATHLETIC FINISH

O f _I_ h e re S p O n S e (NOTICE) (CHODLE) r’AI{:'r,J ABILITY MOVEMENT
(BRAIN) i (B0DY)

o unfil its completion 4



Speed of Movements (Cont.)
Movement Time (Cont.):

 Time to complete a movement depends on:

o hature/direction of the movement (not discussed) and

o degree of accuracy required

« Movement time is affected by:

o distance moved and PESCPONSE TIME...

o precisio N demanded by the REACTION TIME... | MOVEMENT TIME...
o )

size of the target

STIAELS DECTSTON MAKING RESPONSE ATHLETIC FINISH
(WoTICE) (CHOOSE) AcT) ABILITY MOVEMENT

BRAIN) (BODY)
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Fitts’'s Law
Fitts's Law is used to reach a relation between

o size of, as well as distance to target

o and speed (or response time)

to reach target

Fitts and Peterson* found that:

o the longer the distance (D)

o and/or the smaller the target (W)

o = the longer the movement will take 4 arge
I
|
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Fitts’s Law

« Fitts’s tapping task:

©)

parficipant taps T/g\'
between two targets | / \
A

targets have

varying width (W),

and varying amplitude

Home position

between them (A)

participant attempts

to move as rapidly

as possible between targets,

while keeping the number of

target misses to a minimum
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Fitts’s Law

Target can be button on screen
or break pedal, etc.

This has many (increasing) applications in HCI
(human-computer interaction)

Important finding: edges of a screen are easiest (i.e.
shortest time) to reach: can you show howe
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Fitts’s Law

« Watch the following video on Fitts' (or Fitts's) Law:

“Mouse Pointers & Fitts's Law - Computerphile”
hitps://youtu.be/E3gS?2T|ACWU
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https://youtu.be/E3gS9tjACwU

Fitts’'s Law
e Fitts found that:

o MT was a log. function of D when W was held constant, <
o MT was a log. function of W when D was held constant Tg‘ A

1. Fitts's Law (1954), first version: ﬂ/
D 0

MT = a + blog, ()
a-+ plog, m

MT. movement fime (ms)
D: distance to target (aka amplitude)
W: width of target (i.e. target size, e.q. button)

a, b: empirically derived constants Paul Fitts
(depend on the type of movement), measured in ms

o note, log, is used since MT is related fo info. (in bits)
contained in the movement (Ch. 3)

O O O O
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Fitts’'s Law
Alternative versions of Fitts's Law:

2. (2D/W) vs. (D/W):. to avoid -ve log when W > D:.

MT =a+ bl <D
=a 082 |\ 7

3. What happensif D = 0¢ orif W —» coe What does
that mean (i.e. any useful implicationse):

MT =a+Dbl 2D+1
=a 082 | 71/
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Fitts’'s Law
To show effect of constants q, b:

« Figure 9-10: data from 800

_ 2D
movements of the, . MT' = a+blog, (w T 1)

® = Arm
o arm, 600 r- o - Wrist
o wrist (hand), and i 4 = Finger
o finger

400 -

Movement time (msec)

« Slope of line (b):

° L
. 200
o decreases from arm to finger

o asslope |
1 ) i 1 { | i { |
= effect of (D/W) ratio | 0 L ) L -
o = conftrol becomes easier Log, (20/W)

2D . FIGURE 9-10
o = log, (W + 1) s usu. referred to as: Example of Fitts’ iaw for arm, wrist, and
. sgge finger movements. The slopes of the
index of difficulty (ID) functions are: for arm, 105 ms; for wrist,
43 ms; and for finger, 26 ms. (Source:
b Based on data from Langolf, Chaffin,
and Foulkes, 1976.



Fitts’s Law

Alternative versions of Fitts's Law (cont.):
4. Introduce ID into Fitts's law (“Shannon's correction”):

o note, ID is usually less than five
o also note, for older adults: MT = 1.75 = MT

* Note, Fitts' law also applies to:

©)

O
O
O

MT =a+b-ID

movements of the feet
movements of the head
movements made underwater

remotely manipulated
movements



Fitts's Law
* Ways to assist people in responding rapidly to stimuli:

1. use sensory modalities with e WNESTHER
shortest reaction time

2. present stimuliin @ @ @ @
clear manner metl

3. minimize number of alternatives
from which to choose

4. give advance warning of stimuli
(if possible)

5. use body members that are close
to the cortex (i.e. brain),
to reduce neural fransmission tfime

6. use control mechanisms that
Mminimize response tfime

/. train the individuals




Fitts’s Law

 Interactive Exercise on Fiffs's Law
hitp://tww.tew.vu.nl/hci/interactive/iitts/

« Another interactive exercise and further

explanation:
hitp://www.psytoolkit.org/lessons/fitts.hitml

 Another interactive exercise:
hitp://simonwallner.at/ext/fitts/
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http://fww.few.vu.nl/hci/interactive/fitts/
http://www.psytoolkit.org/lessons/fitts.html
http://simonwallner.at/ext/fitts/

Fitts’s Law

® R Graphics: Device 2 (ACTIVE) o E 2?{3
Fitts's Law
1000 -
£ 800 - f
: . °
E L ] P
 Q:where does 0
the red line cross / ¢ .
the y-axise a0 S e
. 400 ,/V *
What do you think . | | | | .
this meanse* ? * ° ° ’ °
° log2(2 * Distance/Slze) 16
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