
Lecture 6b: Formal methods in HCI

 To read: Alan Dix (2003) Upside-Down   s 
and Algorithms - Computational Formalisms 
and Theory. Chapter 14 in J.M. Carroll (Ed.), 
HCI Models, Theories, and Frameworks. San 
Francisco: Morgan Kaufmann 



Outline 

•  Motivation 

•  What does formal mean? 

•  Tools 

•  Examples 
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Motivation 

We want to 

•  analyse and understand 

–  the computer as raw material 

•  communicate with stakeholders 

•  generate interfaces automatically 

•  see details clearly 
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Definition of formal 

•  To represent something in such a way 
that the representation can be 
analysed and manipulated regardless of 
its content or meaning 
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Why formalisms? 

•  they might be executable 

•  they might handle infinity 

•  they abstract 

•  they force the designer to reflect upon 
design suggestions 
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Formal vs. informal 

Cons: 

•  demands special competence, considered 
difficult 

•  we can’t catch everything formally 

Pros: 

•  Powerful – compare, predict 

•  Supports early analysis 

•  The result (the system) is very formal! 
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Tools 

•  Mathematics, logics 

•  Computational theory 

•  Complexity theory 
–  ”Good enough” 

•  Notation 
–  Diagrams 

–  Formal grammars 

–  Set theory 

–  etc. 
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State transition diagrams 

•  Consist of possible states and transitions 
between states 

•  Suitable for modelling an interaction 
situation 

•  Often consist of explaining names and 
notations, but they do not affect formal 
processing 
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Why modelling? 

•  Useful– addresses the real problem 

•  Adequate level of detail 

•  Means for communication 

•  Complementary to code structure 

•  Easy to change 

•  Easy to determine if all paths have been tested 

•  Reliable, use standard code 

•  Maintenance, easy to trace errors 
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What is being formalized? 

•  Dialogues 

•  States in an interaction situation 

•  Keystrokes 

•  Movements, Fitts’ law 

•  Tasks 

•  Users 

–  Preferences 

–  Characteristics 

–  Interests 

–  Social network 

–  … 
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Modeling the context

•  Many different models 
–  Key-value, Markup scheme, Graphical, Object 

oriented, Logic based 
–  Taxonomies 
–  UML 
–  MOF 
–  Ontology 

•  Pointed as the best approach 



Conferences 
•  CADUI - Computer-Aided Design of User Interfaces 

•  EHCI - Engineering for HCI 

•  TAMODIA - TAsk MOdels and DIAgrams for User Interface 
Design 

•  CMNA - Formal Models of Natural Arguments 

•  IUI – Intelligent User Interfaces 

•  Persuasive 

•  INTERACT 

•  CHI 
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Software engineering

Artificial Intelligence

HCI / Interaction Design



Lecture 6c:�
Formalisation for Personalisation�
Utilising the Semantic Web
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Terminological  
knowledge 

Factual  
knowledge 

Frank Van Harmelen. 10 Years of Semantic Web: does it work in theory? Keynote at ISWC 2011. 

.  
V. Pipek et al. (Eds.): IS-EUD 2009, LNCS 5435, pp. 70–85, 2009 
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RDF(s): Resource description framework
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OWL: Web Ontology Language
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Dementia of 
Alzheimer type 

Instances 

Cognitive 
Disorders 

Memory Impairment 
Impairment of 

Executive functions 

Aphasia 

memory 
impairment 

impairment of 
executive functions 

apraxia 

aphasia 

dementia of 
alzheimer type 

dementia 

instances_of 

manifested_in 

instances_of 

cause 

diagnose 

... 

Body Svensson 

... 

Knowledge base: 
UMLS  
Metathesaurus 
Concepts 

Disease or Syndrome Finding Semantic Network 
Semantic Types 

Patient 
MAP: 

ICF  
Concepts 

b144_Memory 

B1641_Organisation and planning 

B176_Mental function of 
sequencing complex 

movements 

B1_Mental functions 

Mental or 
behavioural 
dysfunctions 

Mental  process 

X_b144 X_b1641 

X_b176 

X_b167 
determine 

manifested_in 

Alzheimer’s 
Disease 

Dementia 
Apraxia 

b167_Language 

Alzheimer’s 
disease 

Terminology: Example 1

Example:  
There are no single  
terminology which covers  
the range of evidence,  
or gives support for the  
whole dementia 
investigation process.  
Combinations are necessary. 

We need: 
ICF, DSM-IV, ICD-9,  
ICD-10, SNOMED CT, 
possibly UMLS as source 
for definitions. 



Alzheimer’s 
Disease 

Lewy body dementia 

Dementia of 
Alzheimer type 

Disease or 
Syndrome 

SemanticNetwork 
Semantic Types 

Metathesaurus 
Concepts 

Dementia 

Instances 

Finding 

Cognitive Disorders Memory 
Impairment 

Impairment of Executive 
functions 

Apraxia 

Aphasia 

memory 
impairment 

impairment of 
executive functions 

apraxia 

aphasia 
dementia of 

alzheimer type 

dementia 

is_a 
is_a 

instances_of 

manifested_in 

instances_of 

causes 

causes 

     is_a 
synonymes 

diagnose 

... Body Svensson 

... 

diagnose 

? 
Alzheimer’s 

Disease 



Example 2: �
Erriquez E and Grasso F. Generation of Personalised Advisory 
Messages: an Ontology Based Approach. 21th IEEE International 
Symposium on Computer-Based Medical Systems, Jyvaskyla, Finland, 
19-21 June 2008, pp. 437-442, IEEE press.
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“Linking Open Data cloud diagram, by Richard Cyganiak and Anja Jentzsch. http://lod-cloud.net/” 

CRITICALLY MAKING THE INTERNET OF THINGS 
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Lecture 6d:�
Formal Argumentation for 
(Persuasive) dialogues



Dialogue types (Walton)
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Formal Argumentation

•  Toulmin’s model 
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Argument example 1
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Formal Argumentation: Example
•  Argument framework by Bench-Capón (2003) 
•  A value-based argumentation framework (VAF) is 

defined as VAF = <AR, attacks, V, val, P>  
•  where  

–  AR = finite set of arguments  
–  attacks = irreflexive binary relation on AR  
–  V = a non-empty set of values (the set of all values 

related to arguments contained in AR)  
–  val = function mapping from AR -> V  
–  P = set of possible audiences  

–  An argument A relates to a value v if accepting A 
promotes or defends v. 

–  An argument A = (id, grounds, claim, value) 

•  SEMANTIC MODELS regulate interpretation  

120207 27 

D 

Defeated 

U 

Undefeated 



Support vs. Attacks
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Argument Interchange Format
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Argument example 2: �
grounds: a set of findings, rules that connect 
the findings with the claim �
claim: A state of dementia is present

120207 30 

i-‐nodes	  

s-‐nodes	  
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Nathalie Colineau, Cécile Paris.: Motivating reflection about health 
within the family: the use of goal setting and tailored feedback. 
UMUAI 21(4-5)341-376, 2011
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Example
•  Moves: open, assert, 

ask, close 
•  Rules: Both actors 

need to make a close 
move for the dialogue 
to end, they take turn 
in the dialogue, and are 
collaborative 

•  Dialogue type: Inquiry 
(build new knowledge) 

•  Actors: doctor, system 
agent 

•  Topic: Alzheimer’s 
disease (AD) is present 
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(open) AD is present 

(Q) How do you 
know? 

(assert) AD is present 
because there is a 
memory dysfunction. 

(assert) Then it cannot be AD 
since there is no dementia. 

(Q) Can the person 
work as before? 

(assert)  Yes, he can 
work as before. 

(Q) Why? 

(assert) memory impairment and 
dementia has to be present to 
diagnose AD. Dementia is not 
present if the person manages to 
work as before. 

(assert) Actually, he 
only manages with a 
calendar and still he 
forgets meetings. 

(assert) OK then he cannot 
work as before, and there 
may be a  dementia. 

attack argument 



TODO:

•  Formal method for representing dialogues: 
–  1) choose topic 
–  2) choose two actors 
–  3) choose type of dialogue 
–  4) specify the generic pieces (moves, arguments, values) 
–  5) specify rules (who wins? when are moves allowed?) 
–  6) put into a graphical example 
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