
Ludwig-Maximilians-Universität München Prof. Hußmann Mensch-Maschine-Interaktion  –  2 - 36

2 Basic HCI Principles

2.1 Motivation: Users and Developers

2.2 Principle 1: Recognize User Diversity

2.3 Principle 2: Follow the 8 Golden Rules

2.4 Principle 3: Prevent Errors

2.5 Background: The Psychology of Everyday Action

2.6 GOMS: Goals, Operators, Methods, Selection Rules

Corresponding extension topic:
E1 Fitt s Law
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Principles for User Interface (UI) design

• Implementation and technology independent principles
– Provide a rough guideline for design
– To be supplemented by more detailed analyses (see later)

• Ben Shneiderman s list of principles:
(see http://media.pearsoncmg.com/aw/aw_shneiderma_dtui_4/chapter2.pdf)

– Principle 1 : Recognize User Diversity
– Principle 2 : Follow the Eight Golden Rules
– Principle 3 : Prevent Errors

• Similar lists exist in several variants
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Principle 3: Prevent Errors - Classical Techniques

Note: Golden rule number 5 discusses same topic on higher level…
A few classical “tricks” to prevent errors (Source: Shneiderman)
• Correct matching pairs

– Example problems: {} in program text, <B>bold</B> in HTML

– Prevention: insert both brackets in one action; or remind of missing bracket

• Complete sequences
– Assistance for the user to complete a sequence of actions to perform a task

» For advanced users: planning and editing the sequence
– Examples: Log-on sequences, wizards, scripts

• Command correction
– Aim: Trying to prevent users entering incorrect commands
– Examples:

» File completion on Unix
» Helpful error messages
» Menus instead of commands

What is an “error” 
after all?
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Human Error

• http://www.voanews.com/english/2006-10-30-voa19.cfm
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War on Human Error

• http://www.aero-news.net/index.cfm?ContentBlockID=cda9332e-b872-4d41-960a-2352e5f47744
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Human Error as the Ultimate Explanation (1)

• http://english.ohmynews.com/articleview/article_view.asp?menu=c10400&no=31
9593&rel_no=2
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Human Error as the Ultimate Explanation (2)

• http://www.magnetbahnforum.de
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Human Errors and Management

…In an attempt to prevent similar accidents in future, the air force has asked 

the AIDC to help teach pilots how to use the fighter's emergency function. 
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• http://pittsburghlive.com/x/tribune-review/business/s_385507.html

Human Error and Commercial Success
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About (Human) Errors…

• “If an error is possible, someone will make it” (Norman)

• Human Error may also be a starting point to look for design problems.
• Design implications

– Assume all possible errors will be made
– Minimize the chance to make errors (constraints)
– Minimize the effect that errors have (is difficult!)
– Include mechanism to detect errors

– Attempt to make actions reversible
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Understanding Errors

• Errors are routinely made
– Communication and language is used between people to clarify – more often

than one imagines
– Common understanding of goals and intentions between people helps to

overcome errors

• Two fundamental categories
– Mistakes

» overgeneralization

» wrong conclusions
» wrong goal

– Slips
» Result of “automatic” behaviour
» Appropriate goal but performance/action is wrong

Norman, Chapter 5
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Understanding the Types of Slips Users Make

• Capture errors
– Two actions with common start point, the more familiar one captures the unusual

(driving to work on Saturday instead of the supermarket)

• Description errors
– Performing an action that is close to the action that one wanted to perform

(putting the cutlery in the bin instead of the sink)

• Data driven errors
– Using data that is visible in a particular moment instead of the data that is well-known

(calling the room number you see instead of the phone number you know by heart)

• Associate action errors
– You think of something and that influences your action

(e.g. saying come in after picking up the phone)

• Loss-of-Activation error ~ forgetting
– In a given environment you decided to do something but when leaving then you forgot

what you wanted to do. Going back to the start place you remember.

• Mode error
– You forget that you are in a mode that does not allow a certain action or where a action

has a different effect
(US: four-way and two-way stop signs)

Norman, Chapter 5
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Confirmation is Unlikely to Prevent Errors

• Example
– User: “remove the file most-important-work.txt ”
– computer: “are you sure that you want to remove the file most-

important-work.txt ?”
– User: “yes”
– Computer: “are you certain?”
– User: “yes of course”
– Computer: “the file most-important-work.txt  has been removed”
– User: Oops, damn

• The user is not reconsidering the overall action –
confirmation only prompts to think about the immediate action (clicking)

• A solution is to make the action reversible
– What is the potential problem with that?

Norman, Chapter 5
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Preventing Description Errors

• Related to Gestalt theory

• Example Car
– Different openings for fluids,

e.g. oil, water, break, …
– Openings differ in

» Size
» Position
» Mechanism to open
» Color

• Design recommendations
– Make controls for different

actions look different

print save send off

print save send off
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Preventing Mode Errors

• Why use modes in the first place?
– User interface trade-off (e.g. number of buttons needed can be reduced,

actions within a mode can be speeded up)

• Design recommendations
– Minimize number of modes
– Make modes always visible

• Example alarm clock
– Mode vs. mode free
– Visualization

of mode

• What is your solution?
– Draw the control

elements
– Provide labels

Setting time and alarm

with mode?

Setting time and alarm

without mode?
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Models & Theories

• What are models and theories
used for?
– Explanatory
– Predictive

» E.g. Fitt s Law, KLM
– Descriptive/taxonomy

• Models on different levels
– concept
– human action
– …

– dialog
– keystroke

• What is modelled?
– user
– task
– dialogs
– transitions
– software
– input/output

– system
– interaction
– behaviour
– …
– combination of these
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Example Motivation - Prediction

• Convert 712 GBP into EUR
• Hand is on the mouse to start with

• How long will it take?

http://www.xe.com/ucc/
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A General Warning:
Situated Actions and Distributed Cognition

• Example:
– Bank managers don t type… (Dix et al. P. 154)

• Complex interaction between people
• Interaction with different devices
• Interaction with information in different forms
• Complex interaction with the physical environment
• Interruptions as standard phenomenon of live
• Computer usage can not be seen isolated from that
• Suchman, 1990

– Human plans are often not orderly executed
– Plans are often adapted or changed
– User s actions are situated in time and place
– User s actions are responsive to the environment
– Distributed cognition – knowledge is not just in the user s head it is in the
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Background: The Psychology of Everyday Action

• People are blaming themselves for problems caused by design
– If the system crashes and the user did everything as he is supposed to do

the developer/system is blamed
– If the system crashes and the user operated the system wrongly the user is

blamed

• People have misconceptions about their actions
– The model must not be fully correct – it must explain the phenomenon

• People always try to explain actions and results
– Random coincidence may lead to assumptions about causality

(Norman 2002, Chapter 2)
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Action Cycle

Goals

EvaluationExecution

The World

• The action is goal directed
– What do we want to happen?
– What is the desired state?

• Human action has two major
aspects
– Execution:

what we do to the world
– Evaluation:

compare if what happens is what we
want
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Action Cycle
Stages of Execution

• Goal
   translated into

• An intention to act as to achieve the goal
   translated into

• The actual sequence of actions that we
plan to do
   translated into

• The physical execution of the action sequence
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Action Cycle
Stages of Evaluation

• Perceiving the state of the worlds
   followed by

• Interpreting the perception according to our expectations
   followed by

• Evaluation of the interpretations with what we expected to happen
(original intentions)
   followed by

• Goal
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Seven Stages
of Action

Goals

Evaluation of

 interpretationsIntention to act

The World

Sequence of actions

Execution of the 

sequence of actions

Interpreting  the 

perception

Perceiving the  state 

of the world
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Gulf of Execution

• The difference between the intentions and the allowable actions is the
Gulf of Execution
– How directly can the actions be accomplished?
– Do the actions that can be taken in the system match the actions intended

by the person?

• Example:
– The user wants a document written on the system in paper (the goal)
– What actions are permitted by the system to achieve this goal?

• Good design minimizes the Gulf of Execution Goals

The World

Gulf of
Execution
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Gulf of Evaluation

• The Gulf of Evaluation reflects the amount of effort needed to interpret
the state of the system how well this can be compared to the intentions
– Is the information about state of the system easily accessible?
– Is it represented to ease matching with intentions?

• Example in GUI
– The user wants a document written on the system in paper (the goal)
– Is the process observable? Are intermediate steps visible?

• Good design minimizes the Gulf of Evaluation
Goals

The World

Gulf of
Evaluation

Ludwig-Maximilians-Universität München Prof. Hußmann Mensch-Maschine-Interaktion  –  2 - 63

Evaluation and Design Questions

• Execution
– Can the user tell what actions are possible?
– Does the interface help with mapping from intention to physical movement?
– Does the device easily support required actions?

• Evaluation
– Can the user tell if the system is in the desired state?
– Can the user map from the system state to an interpretation?

– Can the user tell what state the system is in?
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Implications on Design

• Principles of good design (Norman)
– Stage and action alternatives should be always visible
– Good conceptual model with a consistent system image
– Interface should include good mappings that show the relationship between

stages
– Continuous feedback to the user

• Critical points/failures
– Inadequate goal formed by the user
– User does not find the correct interface / interaction object

– User many not be able to specify / execute the desired action
– Inappropriate / mismatching feedback
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GOMS
Goals, Operators, Methods, Selection Rules

• Card, Moran, Newell, 1980: GOMS

• GOMS techniques produce quantitative and qualitative predictions of
how people will use a proposed system

• Basics:
– Goals – goal a user wants to accomplish (in real scenarios hierarchical)
– Operators – operations (at a basic level) that are used to achieve a goal
– Methods – sequence of operators to achieve a goal

– Selection Rules – selection of method for solving a goal (if alternatives are
given)

• John, B. & Kieras, D. (1996). Using GOMS for user interface design and evaluation: which
technique? ACM Transactions on Computer-Human Interaction, 3, 287-319.
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Example (adapted from Dix 2004, p. 423):
Close the window that has the focus (Windows XP)

• Compare three options:
GOAL: CLOSE-WINDOW
.  [select GOAL: USE-KEY-SHORTCUT-METHOD
. . hold-ALT-key
. . press-F4-key
.  GOAL: USE-CONTEXT-MENU-METHOD
. . Move-mouse-win-head
. . Open-menu (right click)
. . Left-click-close
.  GOAL: USE-CLOSE-BUTTON-METHOD
. . Move-mouse-button
. . Left-click-button]

Rule 1: USE-CLOSE-BUTTON-METHOD if no other rule is given
Rule 2: USE-KEY-SHORTCUT-METHOD if no mouse is present

ALT + F4 Key-shortcut

Context-menu

Close-button
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Example (adapted from Dix 2004, p. 424):
copy a journal article

GOAL: PHOTOCOPY-PAPER

. GOAL: LOCATE-ARTICLE

. GOAL: COPY-PAGE repeat until no more
pages

.       GOAL: ORIENT-PAGE

. . OPEN-COVER

. . SELECT-PAGE

. . POSITION-PAGE

. . CLOSE-COVER

.       GOAL: PRESS-COPY

.       GOAL: VERIFY-COPY

. . LOCATE OUTPUT

. . EXAMINE COPY

. GOAL: COLLECT-COPY

. .       LOCATE OUTPUT

. .       REMOVE-COPY

(outer goal satisfied!)

. GOAL: RETRIEVE-ORIGINAL

. .  OPEN-COVER

. .  TAKE-ORIGINAL

. .  CLOSE-COVER

Likely that the users

forget this

(closure problem)
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Example (adapted from Dix 2004, p. 430):

Example of a Cash-Machine
Why you need to get your card before the money.

• Design to lose your card...

GOAL: GET-MONEY

. GOAL: USE-CASH-MACHINE

. . INSERT-CARD

. . ENTER-PIN

. . SELECT-GET-CASH

. . ENTER-AMOUNT

. . COLLECT-MONEY

 (outer goal satisfied!)

. . COLLECT-CARD

• Design to keep your card...

GOAL: GET-MONEY

. GOAL: USE-CASH-MACHINE

. . INSERT-CARD

. . ENTER-PIN

. . SELECT-GET-CASH

. . ENTER-AMOUNT

. . COLLECT-CARD

. . COLLECT-MONEY

 (outer goal satisfied!)
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