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Introduction: eye tracking gains popularity
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Introduction: eye tracking data
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Introduction: tasks in eye movement analysis

Attention distribution: Attention movement:
What areas attract user’s How much movement? How far?
attention? How much attention? How complex is the path?
Does the user find predefined How is the path related to the
Areas Of Interest (AQOIs)? How display content? What is the
easily? sequence of attending the AQOIs?
How does the attention change What is the search/ exploration/
over time? problem-solving strategy?
What differences exist between Where are difficulties?
users, displays, interfaces? What differences exist between

users, displays, interfaces?
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Introduction: commonly used technigques

wenle Attention distribution Attention movement?




Geo-VA tech

EgMly  Aooregated moves from Eye
trajectories (101 0121 0; =100}

[ Representation method: Line thickness
Aggregated moves from Eye trajectories
(1010/2110; 1=100)
M of active moves

nigues can be helpful

4 Representation method: Graduated circles

Generalised positions from Eye trajectories
(101 0/21 0; =100)
Total duration of stay

Circle areais proportional to value:
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=] m Genaralized positions

4 Representation method: Value
flow diagrams
Place visits statistics
N visits by time intervals
_T76.00




... also In comparative studies

2 different graph

=) “ Aggregated moves from Eye
trajectories (traditional top 2)
(101104245, 1=170)

[ Representation method: Ling thickness

Aggregated moves from Eye trajectories
(traditional top 2) (10/10/2i5; r=170)
M of active moves

H “ Aggregated moves from Eye
trajectories (10/10/2110; r=100)
E4 Reprasentation method: Line thicknass

Aggregated moves from Eye trajectories
(101 0/2110; r=100)
M of active moves
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Empirical assessment of Geo-VA methods

Evaluation group

_ Technology group
(InfoVis experts) (Geo-VA experts)
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Eye tracking data used

Visual stimuli: 54 tree diagrams
Layouts: traditional, orthogonal, radial
4 orientations for traditional and orthogonal layouts: top <> bottom, left <> right
Different number of marked leaf nodes: 3 (x2), 6 (x2), 9 (x2)

37 participants
Task: find the least common ancestor of the marked leaf nodes

See: M. Burch, N. Konevtsova, J. Heinrich, M. Hoferlin, D. Weiskopf. Evaluation
of traditional, orthogonal, and radial tree diagrams by an eye tracking study.

IEEE Transactions on Visualization and Computer Graphics, 17(12): 2440-2448,
Dec. 2011
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Guidelines for eye tracking analysis method selection and use | = -
depending on analysis tasks
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The following table provides guidelines for selecting methods and method combinations for analyzing eve movement data
depending on the analysis tasks. The tasks are listed in the first column. The second column specifies the size of the data set or
subset for which the methods listed in the third column can be effective. In most cases the size is specified in terms of the number of
users whose eye trajectories are analyzed; however, in some cases it 18 the number of user groups or the number of different displays
(wisual stimuli), for which the eye movements are compared. The visual analytics methods are listed in the third column. Each
method 1s represented by 1ts name and an image. Clicking on the name or image opens the page with an illustrated description of the
mecthod. The last column contains refercnces to relevant papers, which arc listed below the table.
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Drata mining algoritbums for duscovery of frequent subsequences (abso called motafs) in sequences of symbols can be weful in
analyzing eye movements. By means of spatal gencralization. eye trajectonies can be fransformed mnto sequences of visited
generalized places (areas). Sequence mining algorithms can find repeated subsequences in a set of these sequences, Le., repeated
sequences of visited places. Amang these repeated sequences there may be repeated movements forth and back between two places
o even lager loops including theee ov meve places. The presence of such eyelic subsequences mndicate wsers’ difficulties in
interpreting the image andar performing the given task
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The images that were used as the visual stimuli in the eve wacking experniment are snown 1n e PACKZIOUNa oI mMOosL OI e

wildcard, and 9 sequences include two

wildcards. The maximum sequence length without wildcards is 5
illustrations. Although the original images had very high resolution (1920x1200 pixels), they appear as low resolution in the By interactivel] The rov e cofourd acconding o o mumbes o wibdards i the respeccive besquetae: v v o s sbtoqosmoe
illustrations. This is the effect of the automatic scaling of the images for fitting the available size of the display window. T‘,]',’;h:;’:f,, B
:’ 11 a "condences” form so that all rows are vistble but without detaals,
Tasks |N of users | Methods |Refercn.ces . - —
i -
Overall spatial |/multiple | Map display of trajectories (MT) Flow map (FM) [11[21 n : . - =
pattern of . : :'.\"",ua_ﬁj
movements; % " < ,.» % " 2 X
relation to Eoral S H —
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or structure The discovered frequent quences can be reg as g i in the dingram space, which allows visualizing

them on & map of trsjectones and m a space-tims cube. The positions m tbe bajectories are the arcas whese identifiers appear i the
sequences, All trajectonies receive the same start times and equal time intervals betwesn the postticns, To represent & wildeasd, the
previous pesition is duplicated, since there is no valid spatial position that could memmpfelly sepresent a wildeard. The map and
space-time cube below reprasent all discovered subsequences by lines with the colors corresponding 1o the nunsber of wildeards and
the thickness ta th ber of of the subseq




Example: eye movement patterns over time

We can infer
types of users’
viewing activities
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Who, when, and how often looked at the
Irrelevant nodes?

Distance to 2 object(s) from POI 2 {distance units) Distance to 2 object(s) from POI 2 {distance units)
8294.0

2000

Trajectories are represented by segmented bars.
Horizontal dimension: (relative) time.

Segment colours: attribute values.
meeraUle - Segments can be interactively filtered.




Comparison of fast and slow users

Perfarmante=1: N moves by Performance
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according to task
completion time
(trajectory duration)

Differences to group 3
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Performance and returns to previous points

Minimal distance to past points after 200.0 distance units travel (distance units)
7933 o

400.0

200.0

100.0

50.0

250

0o

Points: 2582; trajectories: 37 (no filtering)

7383 0

400.0

2000

100.0

50.0

250

0o

Points: 2582—-793—-793; 100%—30.7%—30.7%. Segments: 37-324—-324. Trajectories: 37-37—37; 100%—1(




guent sequences
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021241
12,1203

07,0604
06,,06,04

03;;02;12
071313

Sortby. No » Descending | Atri ] Sortby:zending «~ ™ TableLens [ condensed Aftribute... Sequences

M occurrences

5.00
22.00
Total: 110 ohjects

Agaregated moves from
Trajectories from sequences
M of different sequences




Conclusion

http://geoanalytics.net/and/papers/vast2012em/
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Guidelines for eye tracking analysis method selection
and use depending on analysis tasks
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Atte n tl 0 n The following table provides guidelines for selecting methods and method combmations for analyzmg eve

'movement data depending on the analysis taaks. The ks are listed m the first column. The second column
specifies the size of the data set or subset for which the methods listed in the third column can be effective, In

H H H most cases the sive is specified i terms of the number of users whose eye trajectories are analyzed; however, m
I S r l u E O n S = some cases it is the mumber of user groups or the mmber of different displave (visual stimuli), for which the eve
Attention movement novements v compars The isualanlytics methods v lste i he thi column Each method i represented

by 113 name and an image. Clicking on the name or image opens the page with an illustrated deseription of the
method The last column contains references to relevant papers, which are listed below the table

Note about the illustrations

The images that were used as the visual stimuli in the eve racking experiment are shown in the background of
most of the illustrations. Although the original images had very high resohsrion (19201200 poxels), they appear
as low resolution in the ilhastrations. This is the effect of the smtomatic scaling of the images for fitting the
available size of the display window.
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