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In this lecture, you’ll learn to:

1. Consider a large class of human behaviour:
goal-directed behaviour

2. Basics of human psychology on planning and problem
solving

3. Analyse skilled and structured behaviour using
hierarchical task analysis (HTA)

4. Preview of how HTA can be used to optimise UIs
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Task analysis

Benyon: Designing interactive systems, Chapter 11.
https://aalto.finna.fi/Search/Results?lookfor=benyon+designing+interactive+systems&type=AllFields

Ritter et al.: Foundations for Designing User-Centered Systems, 
Chapter 11. https://aalto.finna.fi/Record/alli.697510

Stanton: Applied Ergonomics 37 (2006) 55–79. Hierarchical task 
analysis: Developments, applications, and extensions.
https://mycourses.aalto.fi/pluginfile.php/1055005/mod_assign/introattachment/0/stanton2006.pdf?forcedow
nload=1

Annett: Hierarchical task analysis. In E. Hollnagel (Ed.), Handbook of 
Cognitive Task Design. (pp. 17-35). Erlbaum.
https://mycourses.aalto.fi/pluginfile.php/1055005/mod_assign/introattachment/0/annett2003.pdf?forcedownload=1
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1. Goal-directed behaviour
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Types of physical human behaviours

Goal-directed behaviour

Involuntary automated behaviours (reflexes)

Habits?

…anything else?
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Goal-directed behaviour
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Initial state(s) Goal(s)

Planning & Actions

State 1 State N…

States and operations between them = problem space



Terminology

Goal
Action
Task

Is a set of actions aimed towards a certain goal

Plan and planning
Can happen either 1) before an action or 2) interleaved with acting
May be triggered by observation of a problem

Constraints and limitations
These prohibit certain actions and goals
But they also structure the behaviour by guiding towards certain 
behaviours
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How does a human decide what to do?

Deciding starts from having a need or a goal

Planning and acting are affected by experience
I.e., what one has learned, what one knows
(More about this in the following slides)

Knowledge has an effect on:
Attention: What human attends to, and samples from, the environment
Interpretation: How one understands the situation
Planning: What one sets out to do
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Mental models

= “mostly imagined, dynamic models that we use in 
everyday life to think about the world” *

If you drop a metal ball from an 
airplane, what path will it fly?

If my internet browser loads 
pages slowly, where is the 
problem?

Content in internet

* Eysenck & Keane, 2000 p. 432



Experts’ vs novices’ mental models

Pair exercise:
1. With your pair, choose a topic that one of you knows well and

the other poorly:

Baking a cake (or some other dish)
Applying a filter to an image in phone camera
Repairing a certain technical device

2. Explain to each other how you would carry out this task

What makes experts different?
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Experts’ vs novices’ mental models

Expert’s knowledge Novice’s knowledge



Mental models and tasks

Mental models about problem spaces:
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Novice’s 
understanding 
about the task:

Expert’s 
understanding:

Initial state Goal state



Goal-directed behaviour in HCI: 
The seven stages of action

Norman (1988). The psychology of everyday things.

Forming the 
goal

(what we want 
to happen)

Evaluating the 
outcome

Interpreting the 
state of the world

Perceiving the 
state of the world

Forming an 
intention to act

Specifying an 
action

Executing an 
action

WORLD

EXECUTION EVALUATION



The gulfs of evaluation and execution
EXECUTION

EVALUATION

THE WORLD GOALS

Gulf: There is a difference of 
what user wants to do and 
what s/he can do

Gulf: There is a mismatch of 
system’s real state and user’s 

expectations



Types of human errors
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Unsafe acts

Unintended action

Intended action

Slip

Lapse

Mistake

Violation

Attentional failures

Memory failures

Rule-based mistakes
Knowledge-based mistakes

Routine violations
Exceptional violations
Acts of sabotage



2. Hierarchical Task Analysis
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The structuredness of behaviour

Goal-directed behaviour often follows certain patterns
Repeating sequences of action

These patterns may differ between people
Consider experts vs. novices

HTA is a method for discovering these structures
It applies task–subtask hierarchies
Focuses on physical behaviours
Can be also used as a basis for cognitive modeling
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HTA’s application domain

Unproblematic HCI
No multi-tasking: HTA cannot represent two parallel tasks
No problem solving (construction of new problem spaces)

Forming the goal
(what we want to 

happen)

Evaluating the 
outcome

Interpreting the 
state of the world

Perceiving the 
state of the world

Forming an 
intention to act

Specifying an 
action

Executing an 
action

WORLD

EXECUTION EVALUATION



Hierarchical task analysis

Useful for understanding the structure of existing practices
You may then design your system to support this task structure or 
to re-structure it

Can be generated with observation and interviews



Notation
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Task that has subtasks A terminal task that does not have subtasks

Plan for how subtasks are carried out: Task numbering:

0

3

3.1 3.2



Non-graphical HTA
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Ritter et al. (2014). Foundations for designing user-centered systems, p. 316



Generalizability and level of detail

Task structures may differ from one human to another
HTAs are not always generalizable across humans
Different ways of performing sub-tasks can be presented as 
alternatives in the diagram

“Plan: Either do 1-2-3-8 or 1-2-5-6-7-8”

Possibility for infinite regress:
Specify the task only to a necessary level of detail
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Pair exercise (continued)

Create HTAs from the task that you talked about
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Variants to HTA: State diagrams

Can be used to express interaction’s inputs and outputs
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From http://www.physicality.org/physigrams/

Knob in a music player. When knob is 
pushed in, the knob controls the 
volume. When pulled, it switches 
between tracks.

http://www.physicality.org/physigrams/


3. HTA in user behaviour
modeling
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HTA + KLM (keystroke level model)

HTA diagrams can be used as input for cognitive modelling

Keystroke level model:
Predicts task completion times (TCTs)
Suits for modelling interactions where commands are discrete 
(click, pointing, touch, selection etc.)
Large tasks can be decomposed into several unit tasks

Simplifying assumptions:
Sequential tasks only (no loops or conditions)
No complex cognitive operations (e.g. need to learn or remember –
more advanced models exist for that, e.g. GOMS)
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Task completion time

TCT =
tK [key stroking] 

+ tP [pointing] 
+ tH [homing] 
+ tD [drawing] 
+ tM [mental operation] 
+ tR [system response] 

Some values need to be estimated, others can be 
calculated or they are invariant across humans
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Modeling phone interaction using KLM

http://stem.lille.inria.fr/

Designer specifies a phone 
interaction scenario using a web-
based graphical tool
System estimates the interaction 
time that the task will take

Average user
Slowest decile (10%) 
Fastest decile (10%)
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Goguey et al (2018) Storyboard-Based Empirical Modeling of Touch Interface Performance. CHI2008. ACM Press, 
https://doi.org/10.1145/3173574.3174019

http://stem.lille.inria.fr/
https://doi.org/10.1145/3173574.3174019


StEM demo

How long does it take on Android phone to check if there 
are OS updates?
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Where to learn more

Lecture 4: Interface design 2
Computational design methods (guest lecturer Antti Oulasvirta, 
Aalto ELEC User Interfaces group)

Courses:
ELEC-E7890 (User Research)
ELEC-E7260 (Machine Learning for Mobile and Pervasive 
Systems)
ELEC-E7851 (Computational User Interface Design)
ELEC-D7010 (Engineering for Humans)
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http://users.comnet.aalto.fi/oulasvir/
https://oodi.aalto.fi/a/opintjakstied.jsp?Kieli=6&html=1&Tunniste=ELEC-E7890
https://oodi.aalto.fi/a/opintjakstied.jsp?Kieli=6&html=1&Tunniste=ELEC-E7260
https://oodi.aalto.fi/a/opintjakstied.jsp?Kieli=6&html=1&Tunniste=ELEC-E7851
ELEC-D7010


Assignment 2

Make two HTAs for this task:
Sharing a set of photos from your 
phone’s photo gallery via email

1. A task structure of a user
2. Alternative task structure

Followed with a comparison
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This lecture’s contents were:

1. Consider a large class of human behaviour:
goal-directed behaviour

2. Basics of human psychology on planning and problem
solving

3. Analyse skilled and structured behaviour using
hierarchical task analysis (HTA)

4. Preview of how HTA can be used to optimise UIs
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Questions & discussion
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Next lecture (#3):

Tuesday 24 September 14–16:
Interface design 1: Design heuristics & UI prototyping

Guest lecture by Aqdas Malik

Welcome!
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