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Interaction Design

Laws of Interaction Design

Q&A session: Jan. 14, 9am
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Why laws? What for?
• We will learn laws about: 

• computers 
• human motor skills 
• human cognition  

• There are 3 good reasons for laws in ID: 

• describe: understand what is going on 
• predict what will happen if… 
• generate new alternatives
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Why? and How? source: [2]
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•describe 
•predict 
•generate
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Laws of Interaction Design

• Moore’s law

• Buxton’s law

• Fitts’ law

• Steering law 

• Guiard’s Kinematic chain model 

• Hick’s law

• Law of practice

• Murphy’s law
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Moore’s law
“The complexity for minimum component costs has 
increased at a rate of roughly a factor of two per year…
Certainly over the short term this rate can be expected to 
continue, if not to increase. Over the longer term, the rate 
of increase is a bit more uncertain, although there is no 
reason to believe it will not remain nearly constant for at 
least 10 years. That means by 1975, the number of 
components per integrated circuit for minimum cost will 
be 65,000. I believe that such a large circuit can be built 
on a single wafer.”
[Moore, Gordon E. "Cramming more components onto integrated circuits". Electronics, Volume 38, Number 8, April 19, 1965.]
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Moore’s law illustration

6

Source: https://en.wikipedia.org/wiki/Moore%27s_law#/media/File:Moore%27s_Law_Transistor_Count_1971-2016.png 

see: https://www.welt.de/wirtschaft/webwelt/article152297214/Das-fundamentale-Computer-Gesetz-gilt-nicht-mehr.html 

https://en.wikipedia.org/wiki/Moore%27s_law#/media/File:Moore%27s_Law_Transistor_Count_1971-2016.png
https://www.welt.de/wirtschaft/webwelt/article152297214/Das-fundamentale-Computer-Gesetz-gilt-nicht-mehr.html
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Moore’s law implications

Don’t worry too much about: 
‣  computing power
‣  storage capacity
‣  screen resolution
‣  device size
‣  weight 
‣  battery life (?)
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Laws of Interaction Design

• Moore’s law

• Buxton’s law

• Fitts’ law

• Steering law

• Guiard’s Kinematic chain model 

• Hick’s law 

• Law of practice

• Murphy’s law
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Buxton’s law

9

Moore’s law

Buxton’s law

God’s law

http://www.billbuxton.com/LessIsMore.pdf

http://www.billbuxton.com/LessIsMore.pdf


LMU München – Medieninformatik – Alexander Wiethoff + Andreas Butz – User Experience 1 – WS2020/21

Laws of Interaction Design

• Moore’s law

• Buxton’s law

• Fitts’ law

• Steering law

• Guiard’s Kinematic chain model

• Hick’s law

• Law of practice

• Murphy’s law
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Fitts’ law

The time to acquire a target is a function 
of the distance to and width of the target.
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Illustration from http://sixrevisions.com/usabilityaccessibility/improving-usability-with-fitts-law/

http://sixrevisions.com/usabilityaccessibility/improving-usability-with-fitts-law/
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Fitts’ law
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Speed-accuracy tradeoff:
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http://www.youtube.com/watch?v=kly2QA1bFc8

http://www.youtube.com/watch?v=kly2QA1bFc8
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Implications of Fitts’ law

Larger targets are easier to hit  
-> maximize button size

Movement time increases  
(logarithmically) with distance  
-> minimize distances 
-> no movement is even better!

Infinite targets: 
-> leverage screen borders  
-> leverage corners 

14

Illustration from http://particletree.com/features/visualizing-fittss-law/

http://particletree.com/features/visualizing-fittss-law/
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Bigger Is Not Always Better

Movement direction to target

Logarithmic improvements 
with size
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MacKenzies reevaluation of Card’s Fitts’ Experiment for text selection

Illustration from http://particletree.com/features/visualizing-fittss-law/

http://particletree.com/features/visualizing-fittss-law/
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Laws of Interaction Design

• Moore’s law

• Buxton’s law

• Fitts’ law

• Steering law 

• Guiard’s Kinematic chain model

• Hick’s law

• Law of practice

• Murphy’s law
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Why is it called Steering Law??
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Steering law on curved paths

19

average time to navigate through the path

width of the path at sexperimentally fitted constants

W(s)

ds

S
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Example application of the steering law
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w

vertical: Fitts’ law horizontal: steering law

T = a1 + b1 ∗ log2(
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Mini-discussion

How can we use Fitts’ law and the steering law to make 
a computer game more challenging?
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Laws of Interaction Design

• Moore’s law

• Buxton’s law

• Fitts’ law

• Steering law 

• Guiard’s Kinematic chain

• Hick’s law 

• Law of practice

• Murphy’s law
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Two-handed motor tasks: a human capability

23
From The Two-Handed Desktop Interface: Are We There Yet? [MacKenzie & Guiard, 2001]
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Guiard’s Kinematic Chain

Non-dominant hand provides a frame of 
reference for the dominant hand 
‣ Non-dominant hand operates at a 

coarse temporal and spatial scale; 
‣ Dominant hand operates at a fine 

temporal and spatial scale

24

“Under standard conditions, the spontaneous  
writing speed of adults is reduced by some 20%  
when instructions prevent the non-preferred  
hand from manipulating the page”
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Two handed-interaction at the desktop

25
From The Two-Handed Desktop Interface: Are We There Yet? [MacKenzie & Guiard, 2001]
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Mini-brainstorming

Which tasks in daily life follow a similar distribution 
of roles between the hands?

Which ones don’t ???
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Kinematic Chain Theory

http://www.lobshots.com/wp-content/uploads/2011/08/lobster_560x375.jpg
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http://www.lobshots.com/wp-content/uploads/2011/08/lobster_560x375.jpg
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Application - how do people hold tablets?

28

Thumb Bottom 
(TBottom)

Thumb Corner 
(TCorner)

Thumb Side 
(TSide)

Fingers Top 
(FTop)

Fingers Side
(FSide)

Figure 2. Five spontaneous holds (portrait orientation).

positions included the four screen borders and horizontally
and vertically in the screen center.

Participants were asked to hold the iPad comfortably and
perform each task as quickly as possible. They were allowed
to adopt a new hold only when beginning a new block.
Sessions lasted approximately 45 minutes. At the end, we
debriefed each participant as to the true goal of the study to
learn how they chose to hold the tablets. We first asked them
to reproduce the holds they had used and then to adapt them
so that the fingers or thumb of the support hand could reach
the touch screen. We asked them to rate comfort and ease
of interaction when using the support hand to interact and
whether they had suggestions for other holding positions.

Data collection. We videotaped each trial and coded how
participants supported the tablet with the non-dominant hand,
wrist or forearm. We collected touch events, including those
that occurred outside experiment trials and while reading
instructions. We also measured completion time per trial.

Results
We did not find a single, optimal hold and found significant
differences according to experience. All four novices used the
same uncomfortable position: the fingers, thumb and palm of
their non-dominant hand supported the center of the tablet,
like a waiter holding a tray. Novices found this tiring but
worried that the tablet would slip if they held it by the border.
None found other holds. In contrast, the four experts easily
found a variety of secure, comfortable holds. We identified
ten unique holds, five per orientation, all of which involved
grasping the border of the tablet with the thumb and fingers.
Fig. 2 shows these five holds in portrait mode, with the thumb
on the bottom, corner or side, or the fingers on the top or side.

Table 1 shows how these holds were distributed across the six
conditions: most common was F-side (41%), least common
was T-side (9%). The latter was deemed least comfortable,
especially in landscape mode, but participants felt that they
could use it for a short time. Experts tried nine of ten possible
holds in the sitting and walking conditions, but only six
when standing, omitting F-top or T-side in both orientations.
Individuals varied as to how many unique holds they tried,
from three to eight of ten possible. All switched holds at least

Table 1. Total holds per condition (expert users)

Fside Tbottom Ftop Tcorner Tside

La
nd

sc
ap

e 3 4 4 4 1
8 4 0 4 0
4 4 7 0 1

Po
rtr

ai
t 8 3 1 0 4

8 4 0 4 0
8 1 3 1 3

41% 21% 16% 14% 9%

once and two switched positions often (50% and 66%) across
different blocks of the same condition.

We were also interested in whether accidental touches, de-
fined as touches located more than 80 pixels from the target
or slider, during or outside of experiment trials, interfered
with intentional touches by the dominant hand. Experts who
carried the tablet by the border made very few accidental
touches (3%). All were with the dominant hand, far from the
screen border, suggesting that they unconsciously prevented
the support hand from touching the screen.

Design Implications
First, tablets can feel heavy and users are more comfortable
when they can change orientation or swap the thumb and
fingers. We should thus seek a small set of roughly equivalent
bimanual interactive holds that are easy to shift between,
rather than designing a single, ‘optimal’ hold. Second, users
can use the thumb and fingers of the support hand for interac-
tion. We can thus create interactive zones on the edges of the
tablet, corresponding to the holds in Fig. 2, which were not
vulnerable to accidental touches. Fig. 3 shows these zones in
portrait and landscape mode. Although changes in the form
factor of a tablet, such as its size, shape or weight, may affect
these holds, users are still likely to shift between holds for
comfort reasons, just as when reading a book or holding a
notebook.

Fingers

Thumbs

Fingers

Thumbs

Portrait Landscape

Figure 3. Five support-hand interaction zones.

The next section describes BiTouch, a design space for ex-
ploring how to incorporate bimanual interaction on hand-held
multitouch tablets.
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Figure 4. The user creates a spatial frame, supports the device, and

interacts with it. Different holds offer different trade-offs with respect

to interactive power and comfort.

BiTouch DESIGN SPACE
Unlike desktop PCs or multi-touch tables, bimanual interac-
tion on hand-held tablets must account for the dual role of
the non-dominant hand as it simultaneously carries the tablet
and interacts with it. Although we designed the BiTouch
design space to explore bimanual interaction on hand-held
tablets, the reasoning applies to a wider range of human-body
interaction with objects [19] and devices ranging from small,
mobile devices to large, fixed interactive tables or walls.

Kinematic Chain: Frame, Support, Interact
The first step is to understand the complementary roles of
support and interaction. Guiard’s [9] analysis of bimanual in-
teraction emphasizes the asymmetric relationship commonly
observed between the two hands. He proposes the kinematic
chain as a general model, in which the shoulder, elbow, wrist
and fingers work together as a series of abstract motors. Each
consists of a proximal element, e.g. the elbow, and a distal
element, e.g. the wrist, which together make up a specific
link, e.g. the forearm. In this case, the distal wrist must
organize its movement relative to the output of the proximal
elbow, since the two are physically attached.

Guiard argues that the relationships between the non-dominant
and dominant hands are similar to those between proximal
and distal elements: the former provides the spatial frame of
reference for the detailed action of the latter. In addition, the
movements of the proximal element or non-dominant hand
are generally less frequent and less precise and usually pre-
cede the movements of the higher frequency, more detailed
actions of the distal element or dominant hand.

We see the kinematic chain in action when users interact with
hand-held tablets: the non-dominant hand usually supports
the tablet, leaving the fingers and thumb of the dominant hand
free to interact. Fig. 4 shows three bimanual alternatives,

Table 2. Trading off framing, support and interaction functions of the

kinematic chain with respect to the body and the device.

Framing

Location: proximal link in the kinematic chain
Distribution: 1 – n body parts

Support

Location: none or middle link in the kinematic chain
Distribution: 0 – n body parts
Independence: 0% – 100% body support

Interaction

Location: distal link in the kinematic chain
Distribution: 1 – n body parts
Degrees of freedom: 0% – 100% body movement
Technique: touch, deformation,...

based on the location of tablet support within the kinematic
chain: the palm or forearm of the non-dominant arm (Fig. 4a,
4b); shared equally between the palms of both hands (Fig.
4c). In each case, the most proximal links control the spatial
frame of reference; support links are always intermediate be-
tween framing and interaction links; and the most distal links
use whatever remains of the thumb and fingers to interact.

The preliminary study highlighted ten user-generated support
holds that permit the thumb or fingers to reach the interactive
area. Each poses trade-offs between comfort and degrees of
freedom available for interaction. For example, supporting
the tablet with the forearm (Fig. 4b) provides a secure, stable
hold but forces the fingers to curl around the tablet, leaving
little room for movement. In contrast, holding the tablet in the
palm (Fig. 4a) gives the thumb its full range of movement, but
is tiring and less stable.

Note that comfort is subjective, influenced not only by the
physical details of the device, such as its weight, thickness
and size of the bezels, but also by how the tablet is held. For
example, shifting between landscape and portrait orientations
changes the relative distance between the tablet’s central
balance point and the most distal part of the support link. The
tablet acts as a lever: users perceive it as heavier as support
moves further from the fulcrum. The next step is to formalize
these observations into a design space that describes existing
and new bimanual holds and interaction techniques.

BiTouch Design Space
Table 2 summarizes the key dimensions of the BiTouch de-
sign space, according to framing, support and interaction
functions of the kinematic chain. Each is affected by the
relationship between specific characteristics of the human
body, the physical device and the interaction between them.

Framing is handled at the most proximal locations within the
kinematic chain and may be distributed over multiple parts of
the body. Support always occurs in locations within the kine-
matic chain, distal to the frame. Support may be completely
distributed over one or more body parts, symmetrically or
not; shared with an independent support, e.g. a table or lap;
or omitted, e.g. interacting on a freestanding interactive table.

Interaction is always handled at the most distal location in
the kinematic chain, immediately after the support link. Inter-
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J. Wagner, S. Huot, W. E. Mackay. BiTouch and 
BiPad: Designing Bimanual Interaction for 
Hand-held Tablets. In CHI’12: Proceedings of the 
30th International Conference on Human Factors in 
Computing Systems, ACM, May 2012.
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Tangible Two-handed Interaction: Example

29

Hilliges, Otmar, Dominikus Baur und Andreas Butz: Photohelix: Browsing, Sorting and Sharing Digital Photo Collections.  
In: Proceedings of IEEE Tabletop, pp 87–94. IEEE Computer Society, 2007.
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Laws of Interaction Design

• Moore’s law

• Buxton’s law

• Fitts’ law

• Steering law

• Guiard’s Kinematic chain

• Hick’s law 

• Law of practice

• Murphy’s law
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Hick’s law

31

T = b · log₂ (n + 1)Time

Coefficient Choices

binary search strategy

Given n known and equally 
probable choices, the average 
reaction time T required to 
choose among them is:
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Hick’s Law Examples (really? let’s discuss!)
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http://www.hier-luebeck.de/wp-content/uploads/2010/09/StartMenueWindows7.jpg

http://www.photosophic.com/iphone_screen

http://www.hier-luebeck.de/wp-content/uploads/2010/09/StartMenueWindows7.jpg
http://www.photosophic.com/iphone_screen
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In another context, and slightly wrong ;-)...
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http://www.youtube.com/watch?v=w0hJveJ8Hp0

https://www.youtube.com/watch?v=w0hJveJ8Hp0

http://www.youtube.com/watch?v=w0hJveJ8Hp0
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Laws of Interaction Design
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• Fitts’ law

• Steering law

• Guiard’s Kinematic chain

• Hick’s law 

• Law of practice

• Murphy’s law
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The Power Law of Practice
‣ When performing a task based on practice trials, people improve in speed 

at a decaying exponential rate.
‣ The time needed for a particular task decreases in proportion to the 

number of practice trials taken raised to a power of about a = -0.4
‣ The logarithm of the time needed for a particular task decreases linearly 

with the logarithm of the number of practice trials taken (this formulation is 
for the math geeks... ;-)

35

T(n) = T(1) na + c

Completion time  
for trial n

Completion time  
for trial 1

Constants
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Laws of Interaction Design

• Moore’s law

• Buxton’s law

• Fitts’ law

• Steering law

• Hick’s law 

• Guiard’s Kinematic chain

• Law of practice

• Murphy’s law
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Murphy’s law

“If there's more than one possible outcome of a job or 
task, and one of those outcomes will result in disaster or 
an undesirable consequence, then somebody will do it 
that way.“

37

“Whatever can go wrong, will go wrong.“
[Edward Aloysius Murphy Jr., 1949]
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Implications of Murphy’s law

‣ Prepare for human errors, wrong input etc. 
• do sanity checks in dialogs
• provide useful defaults
• make serious mistakes hard

‣ When building stuff, provide extra time for: 
• mistakes in manufacturing
• non-functioning tools
• faulty material
• misunderstandings

38
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Examples

39
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Murphy’s vs. Fitts' law

40

http://www.codinghorror.com/blog/2010/03/the-opposite-of-fitts-law.html

http://www.codinghorror.com/blog/2010/03/the-opposite-of-fitts-law.html
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Murphy’s law is still reality!

41

http://www.bergsteigen.com/news/toedlicher-unfall-wegen-falsch-montierter-express

http://www.bergsteigen.com/news/toedlicher-unfall-wegen-falsch-montierter-express
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What have we learned today?
about computers: 

 Moore’s law 

 Buxton’s law 

about human motor skills: 

 Fitts’ law 

  Steering law  

 Guiard’s Kinematic chain model  

about human cognition: 

 Hick’s law 

 Law of practice 

 Murphy’s law
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