
220 (#1,000,000) data values to be displayed. Note that in

this case the complete screen is filled with the visualization

of one data dimension. If all dimensions are to be displayed

on the screen, the number of data items which can be dis-

played is correspondingly lower. For 9 dimensions, e.g., the

number of data items that can be displayed is about 116,000

(= ), which corresponds to a maximum of 17 recur-

sion levels. (The maximum number of recursion levels is

reached by alternating between (w, h) = (2, 1) and

(w, h) = (1, 2) on successive recursion levels.)

2.2 Examples of Possible Arrangements

As described above, one major difference between the

‘recursive pattern’ technique and other visualization tech-

niques is, that it is not based on a fixed algorithm for arrang-

ing the pixels, but on a generic algorithm allowing the user

(and/or application) to control the arrangement of pixels.

By specifying the height and width for each of the recursion

levels, users may adapt the generated visualizations to their

specific needs. This allows our ‘recursive pattern’ tech-

nique to be used for a wide range of tasks and applications.

The most simple data arrangement is the already men-

tioned line-by-line or column-by-column arrangement. An

easy way to obtain an arrangement similar to the line-by-

line arrangement is to use  for the height and

width of recursion level one. This parameter setting results

in a line-by-line back-and-forth arrangement as denoted in

Figure 3a. To obtain the line-by-line orientation denoted in

Figure 1a, the user may use (w1,h1) = ( ,1)

and (w2,h2) = (1, ), and to obtain the column-

by-column arrangement denoted by Figure 1b, the user

may use (w1,h1) = (1, ) and (w2,h2) =

( ,1). Although, in general, these arrange-

ments do not provide the best visualizations, the user may

still want to start with these kind of arrangements, especial-

ly if the user does not know the inherent structure of the

data and just wants to get a first impression of the data. The

resulting visualization may help the user to find some inher-

ent structure of the data, leading to more appropriate pa-

rameter settings using more recursion levels. Even if some

inherent structure of the data is known a-priori, it will often

be useful to start with a simple and straightforward arrange-

ment since it may reveal additional structure of the data.

In general, the visualizations get more expressive by us-

ing more than one recursion level. Even if the recursion lev-

els do not correspond to the inherent structure of the data,

the clustering of a certain amount of closely related data

items into a lower-level pattern helps to make data charac-

teristics visible. Even bigger is the advantage if there is a
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grouping of a constant number of data items as, e.g., in time

series data. Suppose, a data set consists of data values mea-

sured nine times a day for three consecutive weeks. To visu-

alize this data set using the ‘recursive pattern’ algorithm,

the user may enter the parameters (w1, h1) = (3, 3) and

(w2, h2) = (3, 7), with the level(1)-pattern describing a day

and the level(2)-pattern representing the three weeks

(c.f. Figure 3c). For larger data sets, the user may repeat this

procedure, either by enlarging the size of the second level

pattern (e.g. (w2, h2) = (28, 54), which corresponds to four

weeks per row) or by adding additional recursion levels de-

noting months, years, decades, and so on. The user may also

use a completely recursive arrangement which may be

achieved by using (wi, hi) = (c1, c2) for all recursion levels.

The arrangement resulting from a fully recursive arrange-

ment with (wi, hi) = (3, 3) for i=1..3 is shown in Figure 4.

The level(1)-patterns are shown by the small ‘S’-like pat-

terns, the ordering of level(2)-patterns is denoted by color

(light to dark colors), and the ordering of level(3)-patterns is

denoted by numbering the level(2)-patterns.

In experimenting with various parameter settings, we

found that the back-and-forth movement of higher level pat-

terns is sometimes a bit confusing. The reason is that in our

western culture we are used to read left-to-right in a line-by-

line fashion. In scanning the visualization, our focus there-

fore moves left-to-right in a line-by-line fashion starting in

the upper left corner. As reading is a frequent human activi-

ty, the perceptual system tries to ‘read’ the visualizations in

the same way. The generality of the ‘recursive pattern’ tech-

nique allows the user to specify parameter settings which

also support this natural fashion of ‘reading’ the visualiza-

tion. Instead of the arrangement presented in Figure 3c, the

user may use the parameter setting (w1, h1) = (3, 3),

(w2, h2) = (3, 1), (w3, h3) = (1, 7) to obtain the line-by-line

arrangement on the second recursion level as denoted in

Figure 3d. Note that the line-by-line left-to-right arrange-

ment should only be used for higher recursion levels where-

as on lower recursion levels the back-and-forth arrange-

Figure 3: Examples of Possible Arrangements
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