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Information Visualization Reference Model

-------
. e

fask,
. : . .'i" -
Raw Data Visual Views </ J
data Q/ tables structures S
Data Visual View
Transformation Mapf)ings Transformation

Human interaction

Visualization can be described as the mapping of data to visual form supporting
human interaction for visual sense making (Card et al., 1999)

Visualization is a Human in the loop process! -> which calls for specific
methods



The process of visualization
a way to organize visualization techniques

—

PERCEPTION
INTERPRETATION

I (Spence, 2007) I

Interaction with data governed by high-order cognitive processes involves:

- Representation (==
- Presentation

- Interaction



Representation — Encoding value
(some common Visualization techniques)




communicate
nature of the problem < explore
confirm

~ categorical (nominal)
nature of the data to represent  ordinal

quantitative To increase the “consideration

space” in the design process
it is necessary to know a lot of

univariate representation techniques:
number of attributes bivariate
trivariate :
G ultivariate <: We study techniques to

represent value organized
according the number of

linear attrlbuteS
e
temporal
data structures  spatial or geographical <:| And techniques to represent
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Common Visualization Techniques
for univariate, bivariate and trivariate data
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Representing univariate data

A common situation consists in representing a set of values

Well established techniques exist

But new ones can be invented!

Example:

Price for a number of cars:

- dots on a linear scale

- box plot
(that will answer many questions:
median value, outliers,...)

Dot plot

Price
(£K)

60 —

Tukey boxplot
60 —

Price

(EK)

0 4 T

20 -

10 —

(Spence, 2007)
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Histogram vs Bar chart

» Histogram or bar char?
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Simple (and common) representations of data 2

« Two common techniques not to be confused !

Histogram =) represents a distribution of numerical data

Bar chart ‘ represents the number of occurrences of a categorical/ordinal
data

Both represent data by rectangular bars(vertical or horizontal) with length

proportional to the values they represent
J.
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Australia
ther

Another simple (and too common) representation

UK

* Pie Chart
Represents numerical proportion, parts of an whole

Native English

) ) speaking population
The arc length of each slice (its central angle and

area), is proportional to the quantity it represents
Variations of pie charts:

Are much controversial:

many experts recommend avoiding them
http://www.perceptualedge.com/articles/08-21-07.pdf

ON

It is difficult to compare different sections of a pie
chart, or to compare data across different pie charts
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« Simple criteria to determine whether a pie chart is acceptable

« Consider it only if:

 The parts make up a meaningful whole

 The parts are mutually exclusive

« There are <6 parts and slices have not very different sizes

If the main purpose is to compare between the parts,
use a different chart!

https://eagereyes.org/techniques/pie-charts
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Representing bivariate data

« The scatterplot is the conventional representation

Each observation is represented by a point on a two dimensional space

The axes are associated with these two attributes

This representation affords awareness of:

_ WHAT'S FREAKING US OUT HERE IS THAT WE'VE
general trends FOUND A CORRELATION BETWEEN OWNING CATS
AND BEING STRUCK BY LICRTNING

- local trade-offs

- outliers

& Correlation is not causation



Representing bivariate data

The line chart
One of the oldest known and ubiquitous Visualizations
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Inclination of orbits along the time - Xth century (Tufte, 1983)
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A line chart or line plot or line graph or curve chart displays

information as a series of data points called 'markers' connected

by straight line segments

Basic type of chart common in
many fields

Often used to visualize a trend
in data over intervals of time
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Representing trivariate data

« Since we live in a 3D world, representing trivariate data as points
iIn @ 3D space and displaying a 2D view is natural

- However, these representations o ®p

can be ambiguous ... rice

C
®
* How can we improve this issue? B @ Bedrooms
A
®
“for 3D to be useful, you’ ve got to be
able to move it” (Spence, 2007)
Time

Example: houses (price, number of
bedrooms, time of journey to work )

22



« An alternative representation for trivariate (and hypervariate) data is a
structure formed from the three possible 2D views of the data

Example: houses (price, number of

bedrooms, time of journey to work )
Scatterplot matrix

®p
Price
L ]
C ® Price
®
B ' Bedrooms
oh *
L
Bedrooms
Time
Time o D L
A o
o o Time ~
(Spence, 2007) B C ]
®

Price
Bedrooms 23



Interaction (brushing) can help — objects identified in one view are
highlighted in the other two planes

change blindness must be taken into account and ensure that the
user notices the highlight in the other two planes

L ® & Y
Price Price
* e L *
& &
. . ® @ ° Q@
Tme Tme
. @
Tme Time
s " o'’
¢ L
Bedrooms Bedrooms

The highlighting of houses in one
plane is brushed into the remaining
planes (Spence, 2007)
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Other Simple (and common) representation of 3D data

In a bubble chart data are represented as a disk that expresses two
of the values through the disk's xy location and the third through its

size (radius or area?)

Mapping the variable to size must
be done carefully. The interpretation

of size may be ambiguous 2

Representing one more dimension
through color

https://visage.co/data-visualization-
101-bubble-charts/

AD SPENDING
AU LE
= =

-
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A special category of trivariate data:
Maps (latitude and longitude + a value)

Choropleth maps - A standard approach to communicating aggregated
data by geographical areas using color encoding of the geographic area

They require some care: what are the possible issues?

g 2R

. ' m .

=

https://www.nytimes.com/interactive/2020/world/coronavirus-maps.html
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Visualizations of the US 2020 Election
(a more complete representation: choropleth + bar + text)

Joe Biden Donald Trump

@ 290 E?Dtln win 214 3

[MA |
[ RI |
(MD|
mE Won Leads
Candidates Electoral votes Vote % Vote count
0 Joe Biden 290 506% T51958127
/) Democratic Party
z Donald Trump 214 47 7% 70,604 457
Fepublican Party



A special category of trivariate data:
maps (latitude and longitude + a value)

Population of major cities in England,
Wales and Scotland. Circle area is
proportional to population. (Spence, 2007)

9

Things that “pop-out”

29



Pre-attentive processing: Things that “pop out”

“We can do certain things to symbols to make it much more likely that they will
be visually identified even after a very brief exposure” (ware, 2004)

T I T E = s Lo
\ m o> Heo
I O H o B
| | | | O 0 o mON
® o000
° ® o o o Where is the blue square?
® ® s ¢ © O- o (Spence, 2007)
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Color is a strong visual cue

 How many cherries?

(Ware, 2004)

31



Color is a strong visual cue: it may help users perform their tasks
If correctly used

How many cherries?

Color may support users in many tasks!
Or not ...

32



Color may not help or even make it more difficult!

A- no preattentive association that
allows efficiently determine the
values (Kirk, 2012)

B

B- a single hue and a sequential color
scheme representing values in an
immediately understandable way

33



The misuse of colour in science communication

The superiority of scientifically derived colour maps.

Original

https://www.nature.com/articles/s41467-020-19160-7

batlow

34
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Representing Hypervariate (or multivariate) data

« Many real problems are of high dimensionality

« The challenge of representing hypervariate data is substantial and
continues to stimulate invention

« Some of the mentioned representation techniques can be scaled to
represent hypervariate data (to a limited extent)

Example: Hans Rosling's 200 Countries,
200 Years, 4 Minutes
4 variables + time

https://www.youtube.com/watch?v=jbkSRLY Sojo
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Representing multivariate data using a simple scatterplot

Example: Hans Rosling's 200 Countries, 200 Years, 4 Minutes

- Which variables? How are they visually encoded?

- How is time represented?

Advantages?
Disadvantages?

When is it interesting?

https://www.youtube.com/
watch?v=jbkSRLY Sojo
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Representing hypervariate data

Coordinate plots parallel coordinate plots

star/radar plots

Scatterplot Matrix for Iris Data
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- Parallel coordinates plots are one of the most popular techniques for
hypervariate data

 They have a very simple basis

CAR MPG CYL DISPL HP WEIGHT 0-to-60 TEAR ORIGIN
"chevy s-10" 46,60 3.00 455,00 230.00 5140.00 24,80 1980.72 Japanese
£

y\\ ~_ LA
e //

rolet chevelle ma 0,00 3.00 63.00 0.00 1613.00 2.00 197911 American

(Spence, 2007) 39



Consider a simple case of bivariate data:

1- A scatterplot represents the price and number
of bedrooms associated with two houses

2- the axes are detached and made parallel;
each house is represented by a point on each
axis

3- To avoid ambiguity the pair of points
representing a house are joined and labeled

Number
of g A
bedrooms

Price Number
of
bedrooms

pe

Price Number
of
bedrooms

40




« For objects characterized by many attributes the
parallel coordinate plots offer many advantages

A example for six objects, each characterized by seven attributes:

S\
e

correlation between B and C

S

AN

The trade-off between A and B, and the correlation between B and C,
are immediately apparent. The trade-off between B and E, and the

correlation between C and G, are not.
41



CAR MPC CYL DISPL HFP WEIGHT 0-to-60 YEAR ORIGIN
“chevy s-10" 46,60 3.00 455.00 230.00 5140.00 24.80 1980.72 Japanese

rolet chevelle ma 0,00 3.00 638,00 0.00 1613.00 8.00 1979,11 American

A parallel coordinate plot representation of a collection of cars, in which a
range of the attribute Year has been selected to cause all those cars
manufactured during that period to be highlighted.

42



Properties of parallel coordinate plots
Suitable to identify relations between attributes

Objects are not easily discriminable; each object is represented
by a polyline which intersects many others

They offer attribute visibility (the characteristics of the separate
attributes are particularly visible)

The complexity of parallel coordinate plots (number of axes) is
directly proportional to the number of attributes

CAR MPC CcyL DISPL
“chevy 6 455,00

» Attributes have uniform treatment

I
|
|
|
|
|




Star plots have many features in common

with parallel coordinate plots Sport

Chemistry

An attribute value is represented by a point
on a coordinate axis

Attribute axes radiate from a common origin

For a given object, points are joined by straight

Mathematics

Physics

Literature

ot

object

At 7~

History

Geography

(Spence, 2007)

lines

Other useful information such as average values or thresholds can

be encoded

44



Examples of Star plot usage Al agents

Exploration

Credit Assignment

Playe rS Generalization
All units in per 80 Messi vs, Joe Average Season: 2012-13 1 Basi
Time played: 29,1 50's Bareelana Age: 25
Memory agent

Scale

Noise

https://syncedreview.com/2019/08/16/deepmind-
bsuite-evaluates-reinforcement-learning-agents/

45
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1- Draw a parallel coordinates representation of the following data:

Exercise

(candidates to a position)
2- Draw a star plot
3- Ask a question better supported by the star plot

#

Education

(MSc/PhD)
MSc
MSc
MSc
PhD
MSc
PhD
MSc
MSc
MSc
MSc

Age
(years)
22
23
24
38
25
35
31
23
26
28

Experience Gender

(years)
0

AN O~NO A N 2 O

(FIM)
M

EmmTmZ 2 m <L

Salary
(euros)
2500
2500
2500
6000
2500
5000
3000
2500
3000
3000

English
(Bas/Ada)
Advanced
Basic
Advanced
Advanced
Basic
Advanced
Advanced
Advanced
Basic
Advanced

French
(Y/N)
N

Z2 < zZ2zZ2<<Z2<X<<<X2ZzZ
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Properties of star plots:

Sport Physics

* Their shape can provide a reasonably rapid appreciation >/
of the attributes of the objects Chemistry Literature

Art

« They offer object visibility and are suitable to compare objects

(by visibility it is meant the
ability to gain insight pre-attentively;
without a great cognitive effort)

Bob's performance Tony’s performance
(Spence, 2007)
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The scatterplot matrix is applicable to higher dimensions

However, as the number of attributes increases, the number of

different pairs of attributes increases rapidly:

— 2 attributes -> 1 scatterplot

— 3 attributes -> 3 scatterplots

— 4 attributes -> 6 scatterplots

40

30

20

25

15

0.5

20 an 4.0 0s 1.5 25
|¢% [ 3| 5@ g:aj» r
. é‘,ﬂ“ oy TN
Sepal.Length| | & :ﬁg - ?i . <L >
) -'&E-E E . ";j i %ﬂ
- | g o |
"C:!h’ S H ) p .'-.-' 'cq:ll
om - wimo epal Width E - I -0 B8
H ag Y ' ° X °
o "o o ° oo 9 B am @
| gﬁ.& B
Petal.Length -
e el o o " i
- o ﬁ:‘n o Oﬂﬂo
e | i A
] J¥ " *< || Petal width
st o

rrrrrrr

456 &5 85 75

1 2 3 4 5§ 87



A single scatterplot can be used together with other encoding
techniques to represent data of higher dimension

Delay (Minutes)

Average departure delay & standard deviation (size) by carrier

25

20

15

10

American Airlines Inc.
Alaska Airlines Inc.
Continental Air Lines Inc.
Delta Air Lines Inc.
Morthwest Airlines Inc.
United Air Lines Inc.

US Airways Inc.

Southwest Airlines Co.
Aloha Airlines Inc.
American Eagle Airlines Inc.
JetBlue Airways

Atlantic Southeast Airlines
AirTran Airways Corporation
Hawsailan Airlines Inc.
Skywest Airlines Inc.
Expressjet Airlines Inc.
Comair Inc.

Frontier Airlines Inc.

Mesa Adrlines Inc.

Pinnacle Airlines Inc.

-5
1985

1980 1995 2000 2005

Which encoding techniques can be used?

2010



http://www.cc.gatech.edu/gvu/ii/dnm

Representation- || Encoding relation
some common techniques)
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Types of data:
— Value (already addressed)

— Relation

What is relation?

A logical or natural association between two or more things;
relevance of one to another; connection (in dictionary)

How to visually represent relation?

51



Techniques for Visualization of Relation

Pontinha

Lmiar O Moscavide

‘Quinta das
Conchas O

Yy, Laranjeiras Cidade

0 0} olivais
Allo dos Universitaria

- rf
Moinhos Sardim
Zoolégico

Rich

4

Dead
Parents

Fights
Crime

O D) sta. Apolénia
Terreiro do Pago

Trees

Hyperbolic browser

Treemap

52



 The nature of relations is different from values

« However, the prime considerations in the choice of a representation are
similar:

- an understanding of the task
- the insight that is sought

- what questions might be asked of the relation

« Some representations of relation are very simple, yet powerful

53



- Lines are perhaps the simpler way to represent a relation between entities

B
Originator Receiver
A H K .A' E
C L /
I M
B E G |
F H L
G I M
I B
B M K A H
K B ;
G B E
K E J C
C J
D C
L D
(a) (b) (c)

Insight into even a short list of telephone calls (a) is enhanced by their node-
link representation (b), especially if disconnected subsets can be identified (c).

(Spence, 2007)
54



Perhaps the most familiar use of lines to represent
relations is in transportation maps
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Topological transportation maps:

- Exploit the shapes into which lines connecting
stations are arranged

- Use color to denote different lines

- Use symbols to denote different types of stations
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« The previous representations show relations
with no restriction upon what is connected
(networks) / designated root node

parent of A
* Trees are a class of networks
which have no loops

sibling of A
A
* There are several common /
representations: leaf nodes _
<«———childof A
- treemaps

- hyperbolic browser, ... V\'\

leaf nodes
(Spence, 2007)
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« The Tree map (Jonhson and Shneiderman, 1991)
IS a representation of hierarchical data:

- the root node is represented by a rectangle (usually as large as possible)
- within this rectangle there are smaller rectangles (one for each child node)

- this is repeated until all the nodes are represented

\.

TS

https://www.nngroup.com
/articles/treemaps/

Tree

gl

Tree Map

The construction of a Tree Map  (Spence, 2007) 50
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The treemap offers a lot of opportunities for

— encoding by color and area

— interaction by mouse-over and selection of further detail by
mouse click
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Not for balanced tree
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Representation Il — a few other

(less common) Visualization techniques ...
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Word Cloud: simple representation of text

Used to visualize free form text or tags

After preprocessing the text the number of occurrences of each
word is shown with font size or color
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R. Mazza, Introduction to Information
Visualization, 2004 (chap.1):

[ ot 44 A
InformaTion
“Data” was the most often used word
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Sankey diagrams

« Useful to convey the idea of flow

%
®
g
o
o

67



Cartograms

Thematic map of a set of features, in which their geographic size is altered to
be directly proportional to a selected ratio-level variable
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https://en.wikipedia.org/wiki/Cartogram
https://en.wikipedia.org/wiki/Cartogram

Want to know a lot more?

See for instance:

A. Kirk, Data Visualization: A Successful Design Process, Packt
Publishing, 2012

https://books.qoogle.pt/books/about/Data Visualization.html?id=14gBVLfD
3t4C&printsec=frontcover&source=kp read button&redir esc=y#v=onepa
ge&qg&f=false

J. Heer, M. Bostock, and V. Ogievetsky, “A tour through the visualization
z00,” Communications of the ACM, vol. 8, no. 1, pp. 622, 2010

https://dl.acm.org/doi/pdf/10.1145/1743546.1743567
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https://books.google.pt/books/about/Data_Visualization.html?id=I4qBVLfD3t4C&printsec=frontcover&source=kp_read_button&redir_esc=y#v=onepage&q&f=false
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https://books.google.pt/books/about/Data_Visualization.html?id=I4qBVLfD3t4C&printsec=frontcover&source=kp_read_button&redir_esc=y#v=onepage&q&f=false
https://dl.acm.org/doi/pdf/10.1145/1743546.1743567
https://dl.acm.org/doi/pdf/10.1145/1743546.1743567

There are a lot of different ways to visually represent data
But often we see not adequate ways to do it...

CAUSES OF UNTIMELY DEATH

Examples that could be more effective
explained by S. Few:

Chart Title

158

Europe Africa Australia Antarctica

North South
America America

The bars are overlaid on one another,
partially obscuring the first two sets and

. : . ) 3-D effect doesnt prowde information and
giving different visual salience ...

makes the treemap harder to decode ...

http://www.perceptualedge.com/examples.php
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The issue of Effective Visualization

It implies saying the truth about the data 1 ;

Tufte presents a lot of commented examples in his book:

Tufte, E., The Visual Display of Quantitative Information, Graphics Press, 1983

= ] There are methods to
evaluate visualizations
that should be used along
the process of creating a
visualization

71
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Can visualizations lie? How Charts Lie

(And statistics? ...)

Getting Smarter about

An expression of concern: Visual Information

Alberto Cairo
Alberto Cairo, How Charts Lie: Getting
Smarter about Visual Information,
W. W. Norton & Company, 2019

https://books.qgoogle.pt/books/about/How Charts Lie Getting Smarter about Vis
html?id=gP2KDwWAAQBAJ&printsec=frontcover&source=kp read button&hl=en&
redir esc=y#v=onepage&qg&f=false

https://core.ac.uk/download/pdf/322505481.pdf 72
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https://books.google.pt/books/about/How_Charts_Lie_Getting_Smarter_about_Vis.html?id=qP2KDwAAQBAJ&printsec=frontcover&source=kp_read_button&hl=en&redir_esc=y#v=onepage&q&f=false
https://books.google.pt/books/about/How_Charts_Lie_Getting_Smarter_about_Vis.html?id=qP2KDwAAQBAJ&printsec=frontcover&source=kp_read_button&hl=en&redir_esc=y#v=onepage&q&f=false
https://books.google.pt/books/about/How_Charts_Lie_Getting_Smarter_about_Vis.html?id=qP2KDwAAQBAJ&printsec=frontcover&source=kp_read_button&hl=en&redir_esc=y#v=onepage&q&f=false
https://core.ac.uk/download/pdf/322505481.pdf
https://hci.iwr.uni-heidelberg.de/system/files/private/downloads/65250679/florian-fallenbuechel_how-to-lie-with-charts.pdf

Presentation and Interaction
(some common techniques)
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The presentation issue

« The issue of layout is important due to the limited screen real estate

« lrrespective of how data may be represented decisions have to be made:
— how the representation is to be displayed

— whether it is to be displayed

« Links to representation and
interaction are important

>

(Spence, 2014)
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Space limitations

« Techniques often used to overcome space limitations (a more serious
issue in mobile platforms)

— Scrolling

— Zoom and pan

— Overview + detail

— Distortion

— Suppression
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Simple often used techniques for presentation

— ey W

« Scrolling is an obvious solution when
a document is larger than the display ol

« Along document can be moved past a “window”

« Often it is not a satisfactory solution

« Scrolling hides most of a document:

there is not a view of context as well as detail

7.1 APROBL EM

Many of us hav e found ou rselves wi
rep ort that has to be co mpleted by a
dead line, with the result (Fi gure 7.1 ) tH at
the din in g o om table, xtendedtoits|l2-
gueststate, is covered by piles of papdr as
well & reports, book s, clip pings a1 d
slid es peth aps wit h mo re aman ged on
thefloor mdon auple o fchairs
There may e enb e piles on top o fpilds
Sucha p resentati on of vital infomati of
makes a loto fsense: everythingrdev gnt
i !

I VeVl BAPR h ek 28 ramtnd e B 1,
1984 p age 2) of what migh tb e relevap t
atany p atticul arju netu re, p ossibly

ti gg aring a situ ated action (Su h man,
1987). In this e viron mantI can

con can trate o n @ ati ve task s rather tha
or gani sation .

=

Despit e the av ailabil ity of hig h-reso lutfion
displays a d p owerful work statio ns I

stil I write most ofmy rep orts in t his wdy .
Wh y? Because the di p lay aa p o vidfed
by the ty pical wo kst ion is far too stha
to sup pott, visib ly, all th e sou rees thal arc
relevan ttomy comp osition .

7.2 THE PRE SENTATION
PR OBLEM

Iam not alone in the sn s ofhaving
mu ch data to fitonto a small screen. A
very larg e and exp e sive screen, for
examp le, wo uld be n eeded tod isplay
London Underground map in
sufficient detail (Figure 1.1 ), anditwoyId
be difficult or impo ssible to p resent, of a
no mal d ispl @ , t he comp lete
organi sition chart of IBM or ICL
Moreo ver, the racent emergen @ o fsma
and mob ile i nfo matio n an d

commu ni ation device suchas PDAs
and wearable d ispl ay s has ad diti on d I
id entified a p ressing need for a solu tiof
Q : ittl ¢ di

3

7.2.1 Scrolling

An ob vio us so lution is to scroll the d]
into amd out of the visib le area. Ino tl
words, toprovideamems whereby a
long do cument can be mov a past a
win dow un il itrach e the req uira
‘page’ (Figure 7.2). This mechan ism is;
wid ely used, but carries with it many
ne cs tothe "Wh s

—or wa it5.6? Alll can dois o perat
scrol ling mechan ismand lo ok outfor,
the fig ure I need, albeit asisal by
variou s cues such a the p age nu mber
in dicated in the scro llin g m ech a ism.
Withascmo llin g mech anism, mosto fal
do cumen t ihi dd en from view. Thave
the same pro blem wh enusing a

micro film reader, with the ad dit ion al
comp licatio n thatifI move the tray to
left, th e image mo ves to th e right. A
simil a di ficul ty @ plies to my use of
famo us Lond on ‘Ato Z' street d irector:
I'm dri vin g alo ng a o ad th at g oes of f
the edge ofthe paze,so Id ap aately
need, whatev & page contans the
con tin uation o F't hatroad (and qu ickly!
Evenifl getit,] will typ ically have

tro ub le lo ca ing th e sane road on the
new page. These and o ther similar
prob lems can b e amel iorated by the
prov ision ofcon text. Mu dh o fth is
chap ter, i n fact, is con caned with




Panning is the smooth movement of a viewing frame over a 2D image
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Zooming is the increasing magnification of a decreasing fraction of
an image (or vice versa)
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« Two separate views of detail and of context can be combined in a
overview + detail view to alleviate the focus + context problem

You are here” scrolling

Presentation

e LIS TR

2R

InfoVis, Universidade de Aveiro, Beatnz Sousa Santos




It is often necessary to provide a balance of local detail and global context

Suppression finds valuable application in the Magic Lens (Stone et al.,1994)
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Magic Lens:

(a) shows a conventional map of an area,
(b) shows the location of services (gas, water and electricity pipes)
(c) a (movable) Magic Lens shows services in an area of interest, in

context (Spence, 2007) https://infovis-wiki.net/wiki/Magic Lens 30
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Magic lenses examples

Different functions
|
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C. Tominski et al.
“A Survey on Interactive Lenses
in Visualization”, EuroVis 2014
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(a) Alteration (b) Suppression

Different shapes
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Example: (Semantic) zoom in Google Maps
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Details on demand

Price vs. Distance to City Cent

Displays the actual values of marked $10.0M
items in the active visualization

SumiSales)
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Details-on-Demand

Order Date Type
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Linking and brushing

connecting different views of the same data,
change in one view affects the representation in the other

Product management Finance
Top expense types and YTD expense trend Top expense types and YTD expense trend
. S Employee c
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Multiple coordinates views

Real Estate Market Analysis

Price Evolution
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Expense Analyzer Dashboard
Cross departmental expense analysis.
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In a nut shell:
Do you have a lot of data?

* Visualization may be the solution (or part of it)
* There are a lot of visualization techniques

« Should be selected according to the
phenomenon, data, users, tasks, and
context of use

* But,
How to evaluate a solution? — next topic

q,_\_,.r""x
What?
Who?

When and where?
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