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Information Visualization

• dates back to 2nd century

• relatively new research area

• why do we visualize?

• to communicate

• to expose patterns and trends

• to find correlations and clusters



The Visualization Pipeline
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Challenges in Visualization

• technology for generating and viewing is 
continually improving

• but data sets are getting ever-larger!

• databases, maps, text repositories, 
software

• there is too much to show



Visualization Paradigms 1

• Overview + Detail

• ‘zoom lens’ approach

• large detail view & small overview

• side-by-side aids comparison

• simple, and ubiquitous

• still easy to get lost in the data



Examples

• as detail increases, context is lost



Visualization Paradigms 2

• Focus + Context

• intuitive: show focused data in detail, and 
show a compressed view of global 
context

• dynamically re-focus on data elements

• allows a balance to be found between 
local detail and global context, while 
keeping the size of the data set 
manageable



Papers to Discuss

• George Furnas wrote both papers, 20 years 
apart

• Generalized Fisheye Views, CHI 1986

• A Fisheye Follow-up: Further Reflections 
on Focus + Context, CHI 2006



Fisheye Visualization

• technique designed for small screens

• natural way to view the world

• focus + context

• finding a balance between detail and context

• (see the forest and the trees)



Degree of Interest Function

• given the currently focused data node, every 
other node is assigned a number

• dependent on two factors:

• a-priori importance

• distance from currently-focused node

• general form:

• DOIFisheye (x | . = y) = F( API(x), D(x, y) )



Rooted Trees

• many large structures are represented as 
trees

• structured programming languages, file 
systems, taxonomies

• using thresholds we can display different 
subsets of the original tree, efficiently

• trees can be logarithmically compressed



• distances from y

• a-priori importance

Applying DOI function

arithmetic term -- further from the root means less

importance.) This gives,

DOIfisheye(tree) (x|.=y)  =  –(dtree(x,y) + dtree(x,root))

Figure 1 illustrates these two components, and how they

add together point by point to form the fisheye DOI

function for the tree. In the resulting DOI function, an

arithmetically larger number means the corresponding point

is more interesting for interactions focused at y. Thus, the

points with DOI=–3 form the most "interesting" subset,

those with DOI=–5 form the next most "interesting"

subset, etc.

Thus by choosing a threshold, k, and only displaying those

points with DOI(x) ! k, one can obtain fisheye views of

different sizes. For example, letting k=–3 selects only the

most interesting subset which, by the fisheye DOI, turns

out to be the direct ancestral lineage between y and the root

of the tree ("Zero-order fisheye view", see figure 2a, and

figure 1). This subset is "most interesting" basically

because points on that lineage increase in a priori

importance in exact compensation for their corresponding

increase in distance. If the display threshold is lowered to

include the next most interesting subset ("First-order

fisheye view", at k=–5, Figure 2b), the ancestral line and its

"siblings" are included. At the next threshold value

("Second-order fisheye view", at k=–7, Figure 2c) "cousins"

would be added. Consistent with the original fisheye

inspiration, at any choice of threshold, only higher level

(a)  Distance from y:

dtree(x,y)

           _____________________3_____________________
           |                    |                    |
    _______4_______      _______4_______      _______2_______
    |      |      |      |      |      |      |      |      |
  __5__  __5__  __5__  __5__  __5__  __5__  __1__  __3__  __3__
  | | |  | | |  | | |  | | |  | | |  | | |  | | |  | | |  | | |
  6 6 6  6 6 6  6 6 6  6 6 6  6 6 6  6 6 6  0 2 2  4 4 4  4 4 4
                                            y
                                      "current focus"

(b) A Priori Importance in the tree:

Imp(x) = – dtree(x,root)

                               root
           _____________________0_____________________
           |                    |                    |
    ______-1_______      ______-1_______      ______-1_______
    |      |      |      |      |      |      |      |      |
  _-2__  _-2__  _-2__  _-2__  _-2__  _-2__  _-2__  _-2__  _-2__
  | | |  | | |  | | |  | | |  | | |  | | |  | | |  | | |  | | |
 -3-3-3 -3-3-3 -3-3-3 -3-3-3 -3-3-3 -3-3-3 -3-3-3 -3-3-3 -3-3-3
                                            y
                                      "current focus"

(c) The Fisheye DOI:

DOIfisheye(tree) (x|.=y)  = API(x) – D(x,y)

=  –( dtree(x,y) + dtree(x,root) )

                               root
           ____________________-3_____________________
           |                    |                    |
    ______-5_______      ______-5_______      ______-3_______
    |      |      |      |      |      |      |      |      |
  _-7__  _-7__  _-7__  _-7__  _-7__  _-7__  _-3__  _-5__  _-5__
  | | |  | | |  | | |  | | |  | | |  | | |  | | |  | | |  | | |
 -9-9-9 -9-9-9 -9-9-9 -9-9-9 -9-9-9 -9-9-9 -3-5-5 -7-7-7 -7-7-7
                                            y
                                      "current focus"

Figure 1. Distance, A Priori Importance and the Fisheye DOI for a rooted tree.
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Applying DOI function
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• we can now extract subsets of this tree arithmetic term -- further from the root means less
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Example subsets

points (i.e., by assumption, more major features) are shown

for further regions of the tree.

These views have a number of interesting properties. In a

regular tree, (1) the fisheye view achieves a logarithmically

compressed display of the original tree. (2) Because of the

convex, nested structure of the DOI sets, there exist fast

algorithms for computing such views, in time proportional

to the size of the view, and not the size of the tree. (3) As

the point of focus changes from y to some new y', the

change in view is easily calculated, since the whole DOI

function above their common ancestor is unchanged. (4)

Users may move through the structure using such fisheye

views in a number of steps proportional to the log of the

number of intervening leaves of the tree. These formal

properties, among others, underscore the computational and

interaction efficency possible with fisheye views.

4. Fisheye interfaces.

The fisheye DOI function derived for trees in the previous

section was used to develop a program for making first-

order fisheye views of tree structured text files. An example,

showing views of a C-program, is presented in figures 3, 4

and 5. (This is a short calculator program which does

reverse-Polish-notation integer addition and subtraction.)

The simple flat window view of figure 3 shows lots of

detail, some of which is not likely to be very useful when

working on the indicated line (marked by ">>"). The

arithmetic details of the previous case intrude in the top of

(a) Zero-order tree fisheye:

                               root
                               -3
                                |
                               -3
                                |
                               -3
                                |
                               -3
                                y
                          "current focus"

(b) First-order tree fisheye:

                               root

           ____________________-3_____________________
           |                    |                    |
          -5                   -5             ______-3_______
                                              |      |      |
                                            _-3__   -5     -5
                                            | | |
                                           -3-5-5
                                            y
                                      "current focus"

(c) Second-order tree fisheye:

                               root

           ____________________-3_____________________
           |                    |                    |
    ______-5_______      ______-5_______      ______-3_______
    |      |      |      |      |      |      |      |      |
   -7     -7     -7     -7     -7     -7    _-3__  _-5__  _-5__
                                            | | |  | | |  | | |
                                           -3-5-5 -7-7-7 -7-7-7
                                            y
                                      "current focus"

Figure 2. Zero-order, first-order and second-order fisheye views for a tree.
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Figure 2. Zero-order, first-order and second-order fisheye views for a tree.

zero-order
fisheye view

DOI(x) ≥ −3 DOI(x) ≥ −5



Two Types of Distortion

• Visual Distortion

• use DOI metric to decide how much 
space an element should take up

• Data Distortion

• selection of which data to include

• agnostic about geometry

• useful for non-visual fisheye views



Problems with Visual 
Distortion

• size/resolution reduction

• aspect ratio preservation

• simultaneity

• topological discontinuity

• ...so, data filtering is generally superior



Application: FE-DOI Calendar



Conclusions

• fisheye views are a natural way to present 
data

• fisheye views allow a data set to be 
simplified using nested subsets

• understanding of data is improved by 
balancing detail and context



Thanks.

• Any questions?


