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! Author


" João Moura Pires (jmp@fct.unl.pt)


! This material can be freely used for personal or academic purposes without 

any previous authorization from the author, provided that this notice is kept 

with.


! For commercial purposes the use of any part of this material requires the 

previous authorisation from the author.
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Motivation

! Time and time-oriented data have distinct characteristics that make it 

worthwhile to treat such data as a separate data type
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Motivation

! Observing the particular characteristics of time can significantly improve the 

expressiveness of visual representations 


! Chose a visual representation that fits the data characteristics (cyclic time in 

this case) and;


! Parameterize the visual representation accordingly in order to be able to 

detect patterns hidden in the data. 
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Interactive Data Visualization

Characterizing Time-Oriented Data
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Characteristics of Time

! It is important to make a clear distinction between the physical 

dimension time and a model of time in information systems


! A chosen model that is best suited to reflect the phenomena under 

consideration and support the analysis tasks at hand. 


! Characteristics of Time 


! Characteristics of Time-Oriented Data 


! Relating Data and Time
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Characteristics of Time

! General aspects 


" Scale; 


" Scope; 


" Arrangement;


" Viewpoints


! Hierarchical organization of time and concrete time elements 


" Granularity and calendars 


" Time primitives 


" Determinacy 
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General aspects of time: Scale 

! Ordinal


" Only relative order relations are present (e.g., before, after, during) 


! Discrete


" Temporal distances can also be considered. 


" Time values can be mapped to a set of integers, which enables quantitative 

modeling of time values.


" Are based on a smallest possible unit (e.g., seconds, minutes)


" The most commonly used time model in information systems.


! Continuous


" A mapping to real numbers (also known as dense time). 
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General aspects of time: Scope 

! Point-based


" Can be seen in analogy to discrete Euclidean points in space, i.e., having a 

temporal extent equal to zero.


! Interval-based


" Relate to subsections of time having a temporal extent greater than zero. 


" Related to the notion of granularity


" For example, the time value May 1, 2014 might relate to the single instant May 1, 2014 

00:00:00 in a point-based domain, whereas the same value might refer to the interval 

[May 1, 2014 00:00:00, May 1, 2014 23:59:99] in an interval-based domain. 
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General aspects of time: Arrangement 

! Linear


" We mostly consider time as proceeding linearly from the past to the future.


! Cyclic 


" In a cyclic organization of time, the domain is composed of a set of recurring time 

values (e.g., the seasons of the year). 
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General aspects of time: Viewpoint 

! Ordered


" Ordered time domains consider things that happen one after the other. 


" We might also distinguish between totally ordered and partially ordered domains 


" Branching time


" Here, multiple strands of time branch out and allow the description and 

comparison of alternative scenarios (e.g., in project planning). 


" Multiple perspectives facilitate simultaneous (even contrary) views of time. 


" Eyewitness reports that describe the same situation, each of which being slightly 

different, 


" Various statements of a disaster reported in different countries and time zones.
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Characteristics of Time

! General aspects 


" Scale; 


" Scope; 


" Arrangement;


" Viewpoints


! Hierarchical organization of time and concrete time elements 


" Granularity and calendars 


" Time primitives 


" Determinacy 
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Hierarchical organization and concrete time elements
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Characteristics of Time

! It is important to make a clear distinction between the physical 

dimension time and a model of time in information systems


! A chosen model that is best suited to reflect the phenomena under 

consideration and support the analysis tasks at hand. 


! Characteristics of Time 


! Characteristics of Time-Oriented Data 


! Relating Data and Time
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Characteristics of Time-Oriented Data

! Key criteria for data that are related to time: 


" Scale: quantitative vs. qualitative: Quantitative data are based on a 

metric scale (discrete or continuous); Qualitative data describe either 

unordered (nominal) or ordered (ordinal) sets of data elements.


" Frame of reference: abstract vs. spatial: abstract has no spatial context 


" Kind of data: events vs. states: 	 Events, on the one hand, can be seen 

as markers of state changes; states, characterize the phases of 

continuity between events.


" Number of variables: univariate vs. multivariate.
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Characteristics of Time-Oriented Data
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Relating Data and Time

! Any data set is related to two temporal domains: 


" Internal time: is considered to be the temporal dimension inherent in the data 

model. Internal time describes when the information contained in the data is valid 


" External time: The external time is necessary to describe how a data set evolves 

in (external) time.


! Data sets can be classified as followed 


" Static non-temporal data: the data are completely independent of time.
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Relating Data and Time

! Any data set is related to two temporal domains: 


" Internal time: is considered to be the temporal dimension inherent in the data 

model. Internal time describes when the information contained in the data is valid 


" External time: The external time is necessary to describe how a data set evolves 

in (external) time.


! Data sets can be classified as followed 


" Static non-temporal data: the data are completely independent of time.


" Static temporal data: 


" Dynamic non-temporal data
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Relating Data and Time

! Any data set is related to two temporal domains: 


" Internal time: is considered to be the temporal dimension inherent in the data 

model. Internal time describes when the information contained in the data is valid 


" External time: The external time is necessary to describe how a data set evolves 

in (external) time.


! Data sets can be classified as followed 


" Static non-temporal data: the data are completely independent of time.


" Static temporal data: 


" Dynamic non-temporal data:


" Dynamic temporal data:
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Relating Data and Time

! Data sets can be classified as followed 


" Static temporal data: If the internal time contains more than one time primitive, 

while the external time contains only one,  then the data can be considered 

dependent on time. 


" Is an historical view of how the real world or some model looked at the various 

elements of internal time.
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Relating Data and Time

! Data sets can be classified as followed 


" Dynamic non-temporal data: If the internal time contains only one, but the 

external time is composed of multiple time primitives then the data depend on the 

external time. 


" Since the internal time is not considered, only the current state of the data is 

preserved; an historical view is not maintained
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Relating Data and Time

" Dynamic temporal data: If both internal and external time are comprised of multiple 

time primitives, then the data are considered to be bi-temporally dependent.


" In other words, the data contain variables depending on (internal) time, and 

the actual state of the data changes over (external) time. 


" Usually, in this case, internal and external time are strongly coupled and can 

be mapped from one to the other. 

30



Visualization Techniques Time Oriented Data - 

Interactive Data Visualization

Visualizing Time-Oriented Data
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Visualizing Time-Oriented Data

! Mapping of time


! Mapping of time to space: time and data are represented in a single 

coherent visual representation. Static Visualizations of time-oriented 

data.


! Mapping of time to time: utilize the physical dimension of time to convey 

the time dependency of the data. Dynamic representations.


! Dimensionality of the presentation space 


" 2D: have to ensure that the time axis is emphasized


" 3D: dedicated dimension for the time axis
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Categorization on TimeViz Browser      [http://www.timeviz.net]
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http://www.timeviz.net
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! data


" frame of reference: abstract vs. spatial 


" variables: univariate vs. multivariate


! time 


" arrangement: linear vs. cyclic


" time primitives: instant vs. interval 


! vis


" mapping: static vs. dynamic 


" dimensionality: 2D vs. 3D

Categorization on TimeViz Browser      [http://www.timeviz.net]
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Visualization techniques 

" What is presented? 


" Time and data 


" How is it presented? 


" Visual representation 


" Why is it presented? 


" User tasks


− MacEachren proposed a low-level task description specifically addressing 

the temporal domain.


− Andrienko et al. distinguishes between elementary and synoptic tasks on 

the first level.
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Visualization techniques 

" Examples of user tasks


− existence of data element: does a data element exist at a specific time?


− rate of change: how fast is a data element changing over time? 


− Elementary tasks: address individual data elements or  groups of data.


− direct lookup: what is the value of glucose on March 1, 2014?


− direct comparison: compare the value of glucose and the activity level on March 1, 

2014.


− Synoptic tasks: involve a general view and consider sets of values or groups of data in 

their entirety.


− relation seeking: find two contiguous months with opposite trends in the values of 

glucose. 
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Examples of Visualization techniques

! Data: Frame of Reference - Abstract 


− KronoMiner: Using Multi-Foci Navigation for the Visual. Exploration of Time- Series Data.


! Data: Frame of Reference - Spatial 


− The Great Wall of Space-Time.


! Data: Number of Variables - Univariate


− Hierarchical Temporal Patterns and Interactive Aggregated Views for Pixel-based Visualizations.


! Data: Number of Variables - Multivariate


− Axes-Based Visualizations with Radial Layouts.


! Time: Arrangement - Linear


− Visual Analytics for Model Selection in Time Series Analysis.


! Time: Arrangement - Cyclic


− Enhanced Interactive Spiral Display.
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Examples of Visualization techniques

! Time: Time Primitives - Interval  


− SpiraClock: A Continuous and Non- Intrusive Display for Upcoming Events.


! Time: Time Primitives - Instant 


− CareCruiser: Exploring and Visualizing Plans, Events, and Effects Interactively.


! Visualization: Mapping - Static 


− Digital Artifacts for Remembering and Storytelling: PostHistory and Social Network Fragments.


! Visualization: Mapping - Dynamic


− Time-Varying Data Visualization Using Information Flocking Boids .


! Visualization: Dimensionality—2D 


− VisuExplore: Gaining New Medical Insights from Visual Exploration.


! Visualization: Dimensionality—3D 


− ThemeRiver: Visualizing Theme Changes over Time. =>  Interactive Poster: 3D ThemeRiver.
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Data: Frame of Reference - Abstract 

! Check the video: https://youtu.be/U0IN7vfrxi0

40
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Data: Frame of Reference - Abstract 
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Data: Frame of Reference - Abstract 
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Data: Frame of Reference - Spatial
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Data: Frame of Reference - Spatial
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Data: Frame of Reference - Spatial
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Data: Number of Variables - Univariate
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Data: Number of Variables - Univariate
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Average weekly

Average daily

Hue

lightness 

both granularities color overlay 
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Data: Number of Variables - Univariate
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Data: Number of Variables - Univariate
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Data: Number of Variables - Multivariate

! Check the video: https://youtu.be/h67riWWgwhc
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https://youtu.be/h67riWWgwhc
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Data: Number of Variables - Multivariate
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Time Axis
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Data: Number of Variables - Multivariate
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Data: Number of Variables - Multivariate

! Three types of interactive axes 


" scroll axis; 


" hierarchical axis; 


" focus within context axis.
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Data: Number of Variables - Multivariate
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Data: Number of Variables - Multivariate
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Data: Number of Variables - Multivariate
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Time: Arrangement - Linear
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Time: Arrangement - Linear
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Time: Arrangement - Linear
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Time: Arrangement - Linear
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Horizon Graph
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Time: Arrangement - Linear
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Time: Arrangement - Cyclic
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Time: Arrangement - Cyclic
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Time: Arrangement - Cyclic
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Time: Arrangement - Cyclic
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Two-Tone Pseudo Coloring 
(TTPC) uses a discrete color scale 
that consists of only a few colors 
(less than eight). 
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Time: Arrangement - Cyclic
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Time: Time Primitives - Instant
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Time: Time Primitives - Instant
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Time: Time Primitives - Instant
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Time: Time Primitives - Instant
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Time: Time Primitives - Interval
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These segments show when intervals start and end.
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Visualization: Mapping - Static
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Visualization: Mapping - Static
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Visualization: Mapping - Dynamic
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Visualization: Dimensionality - 2D
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Visualization: Dimensionality - 2D
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Visualization: Dimensionality - 3D
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Visualization: Dimensionality - 2D
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Visualization: Dimensionality - 3D - Starting with 2D
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Visualization: Dimensionality - 3D - Starting with 2D
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Visualization: Dimensionality - 3D - Starting with 2D

! The streams usually flow along the time axis and their width reflect the 

attribute of a particular stream at a particular point in time. 


! This attribute can be anything worthwhile investigating, such as time 

fluctuations of different company stock values, ranging from simple 

distributions to more complex variables.


! The main advantage of a ThemeRiver visualization is that it portrays 

different data groups simultaneously, revealing their co-variance, showing 

how they behave together.

85



Visualization Techniques Time Oriented Data - 

Visualization: Dimensionality - 3D
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Extends the ThemeRiver idea and maps a second attribute, such as the revenue of 
the companies, as the height of the streams 
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Visualization: Dimensionality - 3D
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TimeViz Browser
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TimeViz Browser
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Interactive Data Visualization

TimeBench
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TimeBench

! TimeBench, a software library that provides foundational data 

structures and algorithms for time-oriented data in Visual Analytics.


! Site: http://www.cvast.tuwien.ac.at/TimeBench


! Paper: TimeBench: A Data Model and Software Library for Visual 

Analytics of Time-Oriented Data by Alexander Rind, Tim Lammarsch, 

Wolfgang Aigner, Bilal Alsallakh, and Silvia Miksch


! Video: https://youtu.be/BWvj8B3WHCE
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http://www.cvast.tuwien.ac.at/TimeBench
http://publik.tuwien.ac.at/files/PubDat_219700.pdf
http://publik.tuwien.ac.at/files/PubDat_219700.pdf
http://publik.tuwien.ac.at/files/PubDat_219700.pdf
https://youtu.be/BWvj8B3WHCE
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Interactive Data Visualization

Vis for Time Oriented Data in Tableau 
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Examples

! The basics !!!


! Weather Information on Project FitoAgro  - Scope and Granularity


! Global Temperatures


! The History of the Dow 30


! Sparklines


! Slope Lines


! Control Charts


! Cycle Charts


! Bump Charts


! ….
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The basics: Date and Date Time
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Weather Information on Project FitoAgro 



Scope:Year 

Granularity: Daily

Weather Information on Project FitoAgro 



Weather Information on Project FitoAgro 



Weather Information on Project FitoAgro 

Scope: Day 

Granularity: Hour



Global Temperatures



Global Temperatures
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The History of the Dow 30

! https://public.tableau.com/views/FINALDOW30_TheHistoryoftheDow30_10_0/

HistoryoftheDOW30?:embed=y&:loadOrderID=0&:display_count=y&:origin=vi

z_share_link


! John Schoen of CNBC visualized the story of the Dow Jones industrial 

average over the past 87 years with Tableau.
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https://public.tableau.com/views/FINALDOW30_TheHistoryoftheDow30_10_0/HistoryoftheDOW30?:embed=y&:loadOrderID=0&:display_count=y&:origin=viz_share_link
https://public.tableau.com/views/FINALDOW30_TheHistoryoftheDow30_10_0/HistoryoftheDOW30?:embed=y&:loadOrderID=0&:display_count=y&:origin=viz_share_link
https://public.tableau.com/views/FINALDOW30_TheHistoryoftheDow30_10_0/HistoryoftheDOW30?:embed=y&:loadOrderID=0&:display_count=y&:origin=viz_share_link
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Sparklines
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Slope Lines

! Chart lines with just two points


! Measure versus Rank


! Dynamic changes of limit points 


! LINK
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https://gravyanecdote.com/dual-axis/how-to-make-a-slope-chart-in-tableau/
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Control Charts

! Check data that may be out of range
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Control Charts



Control Charts



- Dual axis


- Synchronized Axis


- Calculated Fields


   - Upper Limit


   - Lower Limit


   - Control Flag


Table Calculation: 

WINDOW_AVG(SUM([Sales]))


WINDOW_STDEV(SUM([Sales]))

Control Charts
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Cycle Charts

! To analyze seasonality and trend
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Month / Year
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Bump Charts

! Evolution of Ranks


! LINK


! LINK
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https://www.flerlagetwins.com/2017/01/my-thoughts-on-bump-charts-and-when-to_45.html
https://www.tableau.com/learn/tutorials/on-demand/bump-charts
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Interactive Data Visualization

Further Reading and Summary
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Further Reading

! Pag 253 - 284 from  Interactive Data Visualization: Foundations, 

Techniques, and Applications, Matthew O. Ward, Georges Grinstein, 

Daniel Keim, 2015.
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