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1. Context and rationale for the socio-technical 
system to be a democratic resource

2. iCity project as a case study example 

• User centred process to develop a 
visualization taxonomy

• Application and prototype testing

Key Themes
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The increasing dependence of individuals on sociotechnical and 
technological systems in urban life today, has provided an enormous 
amount of data that reveal user stories.

Context and Rationale 



The user stories provide insight into how individuals make choices around how 
they integrate these systems into the quality of their urban life. 
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• User stories and habits are captured as patterns
• Identification of shared user behaviors
• The accessibility of sociotechnical systems provide individuals with 

choices
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Visualization and visual analytics tools can provide critical support for 
researchers, designers and stakeholders to understand these democratic 
choices related to human activities. 

Correlating and representing quantitative data from human actors provides 
insight, explanations for patterns and anomalies that aid in system decision 
support as a democratic resource.
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iCity is a collaboration between academic researchers, industry partners, city 
transportation and planning departments in Toronto to set out conditions for 
an interactive interface as a democratic resource for individuals and groups 
to highlight their needs /wants /values, and participate in strategic planning 
opportunities.

iCity as a Case Study



The iCity urban transport project focuses on the development of data 
analytics transportation and transit planning tools

Image:	  iCity Visualization,	  ESRI	  cityengine,	  Carl  Skelton,  Michael	  Carnevalle



At iCity we develop decision support tools combining social media 
and mobile data with GIS, demographic, socio-economic and 
transit data

Image:	  iCity Visualization;	  ESRI	  cityengine,	  Betaville,	  Carl  Skelton,  Marcus	  Gordon	  ,	  Carnevalle,	  Manpreet	  Juneja



Paper focuses on the design process adopted to study 
comparative methodologies and prototype frameworks for 

visualization interface.

DESIGN 
PROCESS

Understand

Explore

Materialize

Image:	  iCity Visualization;	  Jeremy	  Bowes,	  Manpreet	  Juneja



1. Taxonomy

Taxonomy can thus be understood as 
meaning 
‘laws of arrangement and division’. 

Image:	  goo.gl/LokQSx

Definitions

Eg: Library, arrangement of books



2. Use Case

A use case is a series of related interactions between a user (or 
more generally, an “actor”) and a system that enables the user to 
achieve a goal.

Image:	  Diagram,	  Manpreet	  Juneja

Definitions

Eg:  Pedestrian  searching  destination

Search
Destination

Pedestrian Android	  Appsystem

Use	  case

user



Understand

• Literature Review
• Comparative Methodology in Urban 

Transportation
• Expert Interviews

Image:	  Design	  Process,	  iCity process	  phases,	  Jeremy	  Bowes,	  Manpreet Juneja

iCity approach & process



Image:	  Design	  Process,	  iCity process	  phases,	  Manpreet	  Juneja

Key Findings
Literature	  Review:	  Key	  elements	  of	  Taxonnomy in	  visualizations

Users Tasks
Data Type

Level of
Engagement

Decide

Synthesize

Analyze

Involve

Expose

Abstract
SpatialInteraction

1 2 3



Transportation
Traffic	  Movement

Parking	  
Management

Infrastructure	  
Management
Signal	  &	  Transit	  
Operations
Sustainability
Resilient	  Cities

Urban	  Design:
Built	  

Environment	  
Neighborhood	  

Planning
Complete	  Streets

Entertainment	  
&	  Games
Interactive	  &	  
Location	  Based	  

Games
Mixed	  	  Reality

Data	  Analysis
Intelligent	  Predictive	  

Analysis
Simulation

Land	  Use
Agent-‐based	  

Micro-‐
simulation

Mapping
Cartography

Geo-‐Visualization

User	  Stories,
Narratives	  
Navigation

Route	  Mapping
User	  Generated	  

Data
Social	  Media	  Use

Software Application Categories: Use Domains

Image:	  Comparative	  Methodology,	  iCity process	  phases,	  Manpreet Juneja,	  Marcus	  Gordon,	  Jeremy	  Bowes

Key Findings
Comparative	  Methodology:	  A	  survey	  of	  landscape	  to	  understand	  the	  types	  of	  
software	  that	  exist	  and	  the	  functions	  already	  being	  served.



Description Who	  are	  
the	  Users?

What	  are	  the	  User	  
Tasks	  being	  
accomplished?

Type	  of	  
Interaction

Level	  of	  
Engagement

Data
type

Data	  	  	  	  	  	  	  	  	  	  	  
Representation

Data	  Formats
Input/ Output

User	  – Stories,
Narratives

Transportation

Urban	  Design

Data	  analytics

Land	  Use

Simulation/	  
Interactions/	  
Games

Infrastructure	  
Management

Mapping

Questions

Software	  Categories

Comparative Methodology Categories of Table

This helped us in aggregating User Types, Use Domains, User Tasks, and 
the type of Data being used for Urban Transportation Applications

Image:	  Comparative	  Methodology,	  iCity process	  phases,	  Manpreet Juneja,	  Marcus	  Gordon,	  Jeremy	  Bowes



Image:	  Comparative	  Methodology,	  iCity process	  phases,	  Manpreet Juneja,	  Marcus	  Gordon,	  Jeremy	  Bowes

Comparative Methodology Categories of Table



Image:	  Design	  Process,	  iCity process	  phases,	  Manpreet	  Juneja

Users Tasks

Data Type
Level of

Engagement

Decide

Synthesize

Analyze
Involve

Expose

Abstract
SpatialInteraction

1 2 3

Taxonomy Sketch showing essentials aspects of 
visualizations

Use 
Domains

4



Explore

• Use Case Survey
• Use Case Mapping
• Design Charrette, Priority mapping

iCity approach & process

Image:	  iCity Visualization;	  Jeremy	  Bowes,	  Manpreet	  Juneja



Use Case survey

Image:	  Use	  Case	  Surveys,	  iCity process	  phases,	  Manpreet	  Juneja,	  
Carl	  Skelton,	  Jeremy	  Bowes

User Type
Gender, Age, Nationality, 
Occupation
Application Scenario
Description of Tasks
Preconditions
Technology
Software, Environments and 
Frameworks
Assets
Formats, Functions
Task interaction
How are you using this software/ 
tool?
Data Visualization
What is the visualization functionality 
of this software/ tool?
Improvements
How could the software/ tool be 
changed to support the required 
tasks?



Researcher

Pedestrians

Government

Private	  Data

Open	  Source

Private	  Data

USERS DATATASKS

Image:	  Use	  Case	  Mapping	  -‐ Users,	  Tasks	  and	  Data,	  Jeremy	  Bowes,	  Manpreet Juneja,	  iCity Team

Use Case Mapping Template



TASKS

Use Case Mapping

Image:	  Use	  Case	  Mapping,	  iCity process	  phases,	  Manpreet Juneja,	  Jeremy	  Bowes

Selected	  Integrated	  Use	  Domain	  Example



Design Charrette

Image:	  Charrette	  Images,	  iCity process	  phases,	  iCity Team

Test Taxonomy Sketch
Establish priorities to build interface prototypes



Materialize

• User-Centred Taxonomy for Urban 
Transportation Applications

• Applications and Visualization 
Prototypes

iCity approach & process

Image:	  iCity Visualization;	  Jeremy	  Bowes,	  Manpreet	  Juneja



Image:	  Based	  on	  Pike	  (2009),	  Mahyar (2015)	  and	  Sorger (2015),	  iCity process	  phases,	  Taxonomy,	  iCity Team

User centred Taxonomy for 
Urban Transportation Applications



Application and 
Visualization Prototypes 



Visualization Prototype for Complete-Street interface

1. Geo-visualization analytic tools:
Complete Streets Research Software : Betaville, City Engine

Image:	  iCity process	  phases,	  iCity Team

3D	  
visualization

Infographic
Overlay

Plan/	  Elevations/
Isometric/	  Axonometric	  
views

Survey	  
Capability

Comment/Query

Street	  Sections
2d	  Data

3d	  Data

Street	  furniture

Road	  width	  
adjustments

Navigation/	  
Flythrough



Image:	  iCity Waterfront	  Model,	  Esri CityEngine,	  Carl	  Skelton,	  Michael	  Carnevale,	  iCity Team

We are developing a realistic virtual model of city of Toronto



The model includes existing transportation routes, topography, built and 
natural environment within the city

Image:	  iCity Waterfront	  Model,	  Esri CityEngine,	  Carl	  Skelton,	  Michael	  Carnevale,	  iCity Team



The model includes existing transportation routes, topography, built and 
natural environment within the city

Image:	  iCity Waterfront	  Model,	  Esri CityEngine,	  Carl	  Skelton,	  Michael	  Carnevale,	  iCity Team



Image:	  iCity Waterfront	  Model,	  Esri CityEngine,	  Carl	  Skelton,	  Michael	  Carnevale,	  iCity Team



2. User-Stories and Data Analysis
Software -Story Facets, ESRI, IBM Watson Analytics, IBM Cognos

Image:	  iCity User	  Stories,	  iCity Team

Narratives Data	  Analysis Geo-‐Spatial	  Visualization

Infographic	  overlay
2d	  Data

3d	  Data

3d	  Maps 2d	  Maps
Story-‐boarding

Videos
Images

Abstract	  data	  
visualizations	  

Comment/Query

Real	  Time	  display

Visualization Prototype for Data Analysis interface



Image:	  iCity Geo-‐visualization	  using	  Betaville,	  2d	  Analysis	  using	  StoryFacets;	  Davidson	  Zheng,	  	  Michael	  Carnevale,	  iCity Team



Registered parking availability by type and 
location

Building development height restrictions by zoneTravel modes and times to UofT

Image:	  iCity Esri CityEngine,	  and	  Betaville Model;	  Michael	  Carnevale,	  iCity Team

3d infographics overlay on 3d Map of the City of Toronto



Image:	  iCity Analytics;	  Michael	  Carnevale,	  Carl	  Skelton,	  Marcus	  Gordon,	  iCity Team

Integrated Data Analysis and Geo-visualization Mapping



Developing and Testing further working-prototypes 
with selected users to meet their priorities as outlined.

Validation of Taxonomy with expert users and citizens, 
to broaden it’s application.

Creation of integrated dashboards, that collect and 
allow analysis of real – time data, to provide 
enhanced decision support. 

iCity as a Case Study Next Steps



In this way users of the systems can help 
designers, In identifying requirements, and 
address fundamental matters of  quality, 

equity, and social values,  with perspectives 
rooted in the experience of urban systems



Bibliography
Amar	  R.,	  Eagan	  J.,	  Stasko J.:	  Low-‐level	  components	  of	  analytic	  activity	  in	  information	  visualization.	  IEEE	  Symp.	  On	  
Info.	  Vis.	  (2005),	  111-‐117,	  2,	  3

Bertini E.,	  Kennedy	  J.	  and	  Puppo E.,	  2015,	  Task	  Taxonomy	  for	  Cartograms,	  retrieved	  from	  
https://www2.cs.arizona.edu/~kobourov/cartogram_taxonomy.pdf

Boy	  J.,	  Detienne F.,	  and	  Fekete J.D.,	  (2015),	  Storytelling	  in	  information	  visualizations:	  Does	  it	  engage	  users	  to	  
explore	  data?	  In	  proceedings	  of	  the	  33rd ACM	  conference	  on	  Human	  Factors	  in	  Computing	  systems	  (CHI	  2015),	  Pages	  
1449-‐1458.	  ACM,	  2015.

Brehmer M.,	  Munzner T.:	  A	  multi-‐level	  typology	  of	  abstract	  visualization	  tasks.	  IEEE	  Transaction	  on	  Visualization	  
and	  Computer	  Graphics	  19,	  12	  (2013),	  2376-‐2385.	  2,	  3

Chengzhi,	  Q.,	  Chenghu,	  Z.	  &	  Tao,	  P.	  (2003),	  Taxonomy	  of	  Visualization	  Techniques	  and Systems–Concerns	  between	  
Users	  and	  Developers	  are	  Different,	  Asia	  GIS	  Conference	  2003.

Chignell,	  M.	  H.	  (1990).	  A	  taxonomy	  of	  user	  interface	  terminology.	  ACM	  SIGCHI	  Bulletin,	  21(4),	  27.
Fishkin,	  K.	  P.	  (2004).	  A	  taxonomy	  for	  and	  analysis	  of	  tangible	  interfaces. Personal	  and	  Ubiquitous	  Computing, 8(5),	  
347-‐358.

Mahyar N.,	  S.-‐H.	  Kim	  and	  B.	  C.	  Kwon.	  (2015),	  Towards	  a	  Taxonomy	  for	  Evaluating	  User	  Engagement	  in	  Information	  
Visualization,	  retrieved	  from	  http://www.vis4me.com/personalvis15/papers/mahyar.pdf

Pike	  W.A.	  et.al.	  (2009),	  The	  Science	  of	  Interaction	  Information	  Visualization	  -‐ William	  A.	  Pike,	  John	  Stasko,	  Remco
Chang,	  Theresa	  A.	  O'Connell,	  2009.	  (2017). Information	  Visualization.	  Retrieved	  from	  
http://journals.sagepub.com/doi/abs/10.1057/ivs.2009.22?journalCode=ivia



Bibliography
Simon,	  H.A.	  (1969).	  The	  sciences	  of	  Artificial,	  MIT	  Press.
Shneiderman,	  B.	  (1996)	  “The	  eyes	  have	  it:	  A	  task	  by	  data	  type	  taxonomy	  for	  information	  visualization”	  Proceedings	  
of	  Australian	  symposium	  on	  information	  visualization”	  IEEE	  Symposium	  on	  Visual	  Language,	  336-‐343.

Shrivathsan,	  M.	  (2017).	  Use	  Cases	  -‐ Definition	  (Requirements	  Management	  Basics).	  Pmblog.accompa.com.	  
Retrieved	  11	  August	  2017,	  from	  http://pmblog.accompa.com/2009/09/19/use-‐cases-‐definition-‐requirements-‐
management-‐basics/

Sorger J.,	  et.al.	  (2015),	  A	  Taxonomy	  of	  Integration	  Techniques	  for	  Spatial	  and	  Non-‐Spatial	  Visualizations:	  Institut für
Computergraphik und	  Algorithmen -‐ Arbeitsgruppe für Computergraphik.	  (2017). Cg.tuwien.ac.at.	  Retrieved	  21	  
August	  2017,	  from	  https://www.cg.tuwien.ac.at/research/publications/2015/sorger-‐2015-‐taxintec

Tory	  M.	  and	  Moller	  T.	  (2002)	  A	  Model	  Based	  Visualization	  Taxonomy,	  http://citeseer.nj.nec.com/564142.html
Valiati,	  E.	  R.,	  Pimenta,	  M.	  S.,	  &	  Freitas,	  C.	  M.	  (2006,	  May).	  A	  taxonomy	  of	  tasks	  for	  guiding	  the	  evaluation	  of	  
multidimensional	  visualizations.	  In Proceedings	  of	  the	  2006	  AVI	  workshop	  on	  Beyond	  time	  and	  errors:	  novel	  
evaluation	  methods	  for	  information	  visualization (pp.	  1-‐6).	  ACM.

Wang,	  X.,	  &	  Dunston,	  P.	  S.	  (2011).	  A	  user-‐centered	  taxonomy	  for	  specifying	  mixed	  reality	  systems	  for	  aec
industry. Journal	  of	  Information	  Technology	  in	  Construction	  (ITcon), 16(29),	  493-‐508.

Wehrend S:	  Appendix	  B:	  Taxonomy	  of	  visualization	  goals.	  In	  	  Visual	  cues:	  Practical	  data	  visualization	  (1993),	  Keller	  
P.R.,	  Keller	  M.	  M.,	  (Eds.)	  IEEE	  Computer	  Society	  Press	  1,3	  

Zhou	  M.	  X.,	  Feiner S.K.:	  Visual	  task	  characterization	  for	  automated	  visual	  discourse	  synthesis.	  SIGCHI	  conference	  on	  
Human	  Factors	  in	  computing	  systems	  23,	  18	  (1998),	  392-‐399.	  1



Questions ?


