T-61.5010 Information Visualization Examination

March 5th, 2012

To pass the course you must also pass the term project (assignment). Results of this exami-
nation are valid for one year after the examination date. To get full points you must complete
all of the problems 1-5. All of the problems have an equal weight. There are 50 points in this
exam in total.

Answer in English. Please write clearly and leave a wide left or right margin. No extra
material (calculator, lecture notes etc.) is allowed. Please write your answers preferably using
a ballpoint pen, not a pencil.

PLEASE ANSWER EACH QUESTION ON A DIFFERENT SHEET!

Instructions for the essays: Write in full sentences and structure your answer in paragraphs.
The essay should be written in a manner understandable to your fellow student (who would
have the necessary prerequisite information to take this course, but has not taken it) who has
asked you to tell him/her about the topic of the essay.

The results will be posted to the course Noppa home page on April 5th 2012, at latest. No
other announcement will be made.

There are 10 (ten) pages in this examination. You can keep this paper.

1 Multiple choices questions

The following questions have each different proposed answers. Only one of them is correct. You have to
give your answer along with your confidence (*High” or “Low”) for each answer. Grading for
each of these multiple choices questions is then:

e --2 if answer is right and confidence is high
e -1 if-answer is right and confidence is low
e 0 if answer is missing

e -1 if answer is wrong and confidence is low
e -3 if answer is wrong and confidence is high

Write on your answer sheet the correct answer (A, B, C, D,...), along with the confidence you have (High,
Low) for that question; e.g “A, Low” is a proper way of answering a question. Missing confidence for a
question will be treated as “Low”. Total score for this question is between 0 and 10 (TOTAL
SCORE OF THE EXAM IS ON 50).



Question 1
The Latin alphabet is a set of
A) Sensory symbols
B) Arbitrary symbols
C) Sensory and Arbitrary symbols

D) None of the answers above is correct

Question 2

According to the CIE system of color standards, in the chromaticity diagram

A) Any set of three non-aligned colored lights specifies a triangle. Only points on the edges of the triangle
can be represented as a mixture of the given lights

B) None of the realizable colors fall within the spectrum locus (the set of chromaticity coordinates repre-
senting single wavelength colors)

C) All the answers above are correct

D) None of the above answers is correct

Question 3

In the theory of pre-attentive features, the conjunction search of two pre-attentive attributes
A) is never pre-attentive
B) does not exist
C) is always pre-attentive

D) None of the above answers is correct

Question 4

The third and fourth principal components for PCA (Principal Component Analysis) in this figure (Figure
1) are given by:



Figure 1: Which of the four lines are the third and fourth Principal Component 7

A) line a (third and fourth components are the same)
B) line b (third and fourth components are the same)
C) lines ¢ and d

D) line d (third and fourth components are the same)
E) PCA cannot be computed for this type of data

F) None of the answers above is correct

Question 5
Which affirmation is correct ?
A) MDS (Multidimensional Scaling) preserves only small distances
B) CCA (Curvilinear Component Analysis) does not preserve small distances

C

For MDS, the stress is always increasing with the projection dimension

E

)
)
D) MDS requires the coordinates of the original data to project (distances are not enough)
) None of the above answers is correct

2 Difference of Gaussians Model

Explain and describe the Difference of Gaussians model of the retinal ganglion cells. In addition, draw the
response of the receptive field (modeled by the Difference of Gaussians) to the image given in Figure 2 (the
response when passing over the grey vertical bands). You can use your drawing of the response to illustrate
vour explanations. Maximum 1 page.



Figure 2: Plot the Difference of Gaussians model response to the above displayed bands in this gradient.

3 Concepts definitions

Define and explain in maximum 3 lines all of the following concepts:
e Gestalt laws
e (Gibson’s Affordance Theory

e Absolute Multidimensional Scaling

Graphical Integrity

®

Pre-attentive processing

4 Essay 1

In the following figures (Figures 3 to 7), you can find the description of a database containing variables
related to the wealth of 172 countries. There is a total of 17 variables. In order to visualize these countries,
a PCA is used to project the data set into a two-dimensional space (represented by Xpl and Xp2 in Figures
4 to 7). The result of the PCA is represented in Figure 4, and several zooms are provided in order to see
clearly different parts of the projection (Figures 5 to 7).

Using your knowledge about PCA, including its properties, provide a complete analysis of the given
projection. For example, a few obvious conclusions that can be made about similar countries. Also, use
some examples to show the limits (or errors) that can appear using a PCA. In your analysis, explain all the
technical terms that you are using and show your understanding of the PCA.

Name of the 17 variables: Population, Total Wealth (TW), Net Foreign Assets (NFA), Produced
Capital (PC), Natural Capital (NC), Intangible Capital (IC), Crop, Pasture Land, Forest - Timber, Forest —
NTF (Non Timber Forest), Protected Areas, Qil, Natural Gas, Coal, Minerals, Subsoil Assets, Gross national
savings (GNS), Consumption of Fixed Capital (CFC), Energy Depletion (ED), Mineral Depletion (MID),
Net Forest Depletion (NFD).

Maximum 2 pages, explain all the technical terms that are used in your essay.



5 Essay 2

Present and discuss the five principles in Tufte’s theory of data graphics, starting from the concepts of data-
ink and graphical redesign. Maximum 2 pages, explain all the technical terms that are used in your essay.

NOTE: Both essays are compulsory !
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Figure 3: Overview of the structure of the data for 172 countries, 17 variables.



Ldx

SL oL S 0 5
T T I I gi-
BURD
oL-
Bipu| g
UOIEIEPD | UBISENY |zeig
BIGEIY BE S
¢ INEH
ey o8 um._ﬁm_ﬂ B,
15 o
epRUEs sk
e,
;an%ﬁWEﬁ.
]
oL
] i 1 i SRR T Hrr e N et e I W

vOd

1)

Figure 4: Overall view of the PCA.
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Figure 5: First zoom on the PCA of Figure 4.
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Figure 6: Further zoom on the PCA of Figure 5,
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Figure 7: Further zoom on PCA of Figure 6.
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