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Abstract explain our background ideas and clarify the concept of the
Stardinates based on mathematical definitions in order to
The Sardinates are a novel interactive Information Vi- outline a foundation for implementation. Thereafter, we
sualization (InfoMis) technique which aims at visualizing sketch interaction techniques, show an application by visu-
highly structured data. They represent some Gestalt prin- alizing psychotherapeutic data derived from a clinical study,
ciples very well, especially the principles of Closure and and recapitulate the benefits and shortcomings of the Stardi-
"Pragnanz . As a conseguence, Sardinates form very dis- nates. Finally, we conclude with an outlook to future work.

tinct and memorable patter ns which make abstraction and
aggregat!on much easier. V\e give a formaJ description of 2 Related Work
the Stardinates as a basisfor implementation. Furthermore,
we show an application by visualizing psychotherapeutic
data derived from a clinical study on anorectic girls. The goal of InfoVis is to promote a more intuitive and
deeper level of understanding of the investigational data and
to foster new insights into the underlying process [10]. In-
foVis is the use of computer-supported, interactive, visual
representations of abstract data in order to facilitate cogni-
tion. It applies visual processing methods to abstract data
Various studies or simulations provide a huge amount and information and is a kind of external cognition — us-
of complex data, which need to be analyzed according to ing resources in the world outside the mind in order to ex-
various dimensions. Such data contain different types of pand what the mind can do. An enormous amount of work
information in different dimensions and also include time- has been done in the field of InfoVis in the last years. The
oriented dimensions and features. Therefore, such kindmost prominent ones related to our approach are geometric
of data ask for particular interactive visualization methods, techniques (e.g., parallel coordinates [7]), Glyphs [6] and
which capture all data properties. similarly icon-based techniques (e.g., Chernoff faces [5]).
We introduce a novel interactive Information Visualiza- The challenges in designing visualization methods for
tion (InfoVis) technique called the Stardinates which aims time-oriented psychotherapeutic data is quite specific. The
at visualizing highly structured data, e.g., psychotherapeu-visualization should display the derived qualitative tempo-
tic data. The name results from a compound of 'Star’ and ral patterns and important quantitative time-oriented values
'Coordinates’ because axes are arranged in a circle. Thusjn a task-specific way and provide more information on a
the visualization looks like a star (compare Figure 1). Each user’s request. One way to deal with high-dimensional,
axis represents one attribute of the data so that every datdime-oriented data are multi-views which offer different vi-
record is visualized by a line (record line) along the corre- sualizations of the same data. We developed a multi-view
sponding data points. So that a polygon is formed by the tool, called LinkVis [8] which uses parallel coordinates,
lines connecting the data points of one data record. The Chernofffaces, and scatterplots to provide the user with dif-
Stardinates are a hybrid visualization technique combining ferent views. This multi-views enable the user to prove her
geometric and glyph-based visualizations. In the following or his interpretations by looking for equal patterns in the
we give a short overview about related InfoVis techniques, other visualizations.

1 Introduction



Although this multi-view approach is very promising we is perceived efficiently. In contrast to the parallel coordi-
began to investigate a new visualization technique, sincenates we use closed star-shapes. The lastzaxis placed
our highly structured data — psychotherapeutic data basednext to the first axis:; and its values are related. The same
on questionnaires — had some specific features the thregroperty holds for the other adjacent axes. According to
existing methods used in LinkVis could not handle opti- the Gestalt laws [2] such shapes are perceived intuitively.
mally. Our novel interactive visualization technique called Like Glpyhs a number of Stardinates are displayed next to
the Stardinates combines features of parallel coordinateseach other in order to extract one dimension. Typically meta
and Glyphs and seems more appropriate for this kind of dimensions like time or other dimensions of special inter-
data. We use linking and brushing [1] to enable the user est are extracted this way to make the visualization more
to explore the data efficiently. In contrast to already exist- understandable as we will show in the application beneath
ing methods, like Star Glyphs [9] applied in the XmdvTool (compare Figure 1). Generally, the search for multivariate
[11], Star Plots [4] and wheel charts, several data recordsrelations in n-dimensional data is transformed into a 2-D
are depicted as lines within one Stardinate and several Starpattern recognition problem. Large shapes indicate high
dinates are placed next to each other like Glyphs. In the values, small shapes imply low values.
following we describe this visualization technique in more  The record line is characterized by color, saturation,

detail. brightness, sharpness, thickness and mode (dotted, etc.) of
line. This is the basis for selecting and filtering data by

3 The Stardinates the user. To provide the user with detailed information ev-
ery record line offers context information on demand if the

31 Data Characteristics user focuses on it. In contrast to the parallel coordinates

equal values cannot be recognized by straight lines. In or-
der to ease the recognition we use a reference line which
connects equal values on the axes on demand. The user can
display, move, or hide the reference line according to her or
his needs.
In order to enable the user to explore the data interac-
ely, the visualization tool needs to offer direct interaction
techniques based on the users’ tasks and combined with im-
mediate respond times.

In the following we specify the Stardinates in detail by
mathematical definitions for the axes, the data lines (record
(ﬁnes) and its vertices (data points).

Generally, InfoVis deals with the visualization of differ-
ent types of data from different sources with no inherent
spatial meaning. Every visualization is optimized for some
types of data. Therefore, we want to give a short descrip-
tion of the data the Stardinates can handle. The Stardinate%v
are suitable for ordinal and nominal values. On the one
hand the complexity of the data structure could be very high
since every axis of one Stardinate can depict another dimen-
sion. On the other hand the amount of data (frequency) and
the parameter space is restricted because of the glyph-siz
of the Stardinates. If the number of lines or values is too
high, the shapes of the Stardinates lack of expressiveness so Lo )
that they are hardly distinguished. We tested the Stardinates? Formal Description of the Stardinates
with up to 20 axes considered as the maximum of axes of
one Stardinate. Therefore, this method is not suitable for ~ The number of the axes of one Stardinate is derived from
high frequency data. This data classification correspondsthe number of dimensions of the visualized data. So we
to the characteristics of the data we derived from a clinical define the axes by:
study based on questionnaires, in particular, psychothera-
peutic data. The values which represents the answers in

the questionnaires usually range from '0’ to '6’, '14’ is the Tiseoo@n With n €N and 3 <n < nmee (1)

maximum. nmaz. AS Mmentioned above an upper limit for the num-
ber of dimensions ta,,,,., < 20 seems useful.

3.2 TheMethod The similarity the Stardinates and the polar coordinates

is obvious. From a geometrical point of view the axes of the

We use axes; to x,,) to represent the various dimen- Stardinates are placed on the coordinate lines which em-
sions of our data. The axes are arranged in a circle. Eachanate from the pole of the polar coordinates radially. We
Stardinate consists of a number of axes with scales and lastart withxz; at twelve o’clock position and then place the
bels. The data values are displayed as points on the scalegest of the axes clockwise. So we describe the angle for
In order to emphasize the data points, two data points oneach axis by:
adjacent axes are connected by a line. So one data record
is displayed by a line with its vertices on the axes, we call

this record line. This results in the typical star-shape which  ®z, = 5

2
2_(1f_1)-77r VEeN, 1<k < nma (2)



The axes have a specific length according to the size of

la,s,; Qiven byg, ; ; within the range ofp, ; ; :

the window dedicated to one Stardinate. Based on the size

of the windowwindow, (width),window, (height) we de-
fine the length of the axis by:

l= % - min(windows , window,)

@)

The coefficient% results from the ideal case =

4,6,8,...whenthe center (pole) of the Stardinate is placed

at ; windows ) in the center of the window. If

n=3,5,7,...the lower space is used inefficiently because

window,
2

the lower axes are inclined and therefore, do not need the

same vertical space like straight axes. But this is nearly ir-
relevant whem > 7 because then it converges rapidly to
the ideal case. In the center of the windévof size of the
window is reserved for labels etc. That means we shift each
axis out fori of the axis length. Together with tHe of the
axis we get the total size dg? The reciprocal value gives
us the length of the axis in relation to the size of the window.
Finally, we derive the definition of the axes by:

l 71
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Next we define the data points and the lines connecting
the points on adjacent axes. Therefore, we specify mini-
mum and maximum scale values for each axi$:,in
minimum scale value on axis; andx; ., analog.

To display the value of a specific data record (data record
a) we need to calculate the position in polar coordinates.
So our inputd, ; is a value of the dimensiohof the data
and results in the poinD, ; which is displayed on the axis
x;. In our definition we distinguish the negative and the

Ty - andy,, from (2)

positive sections of the scale in order to enable the user to

select different scales or different min/max values for every
axis.

We derive the position of the point at the coordinates:

Da,i(Qa,i; @zl) =
(da,i — X m1',n) -l

Ti max —

D, (Tfm + 3@9&,) )

Ti min
with 74, = & analog to (4)

The data points of one record on adjacent axgesnd
x; are connected by a line. For the values/df ; on axis
z; and D, ; on axisz; we define the liné, ; ; connecting
these two points:

D(l,i)DaJ’ Wlth 1 S ’L S n

1+1
and j—{ )

(6)
(7)

ifi<n-—1

ifi=mn

Qa,i,j =
Oa,i " Oa,j Sil’l((px]. — SOT,) (8)
Qa,i " SIN(Pasij = Pu.) = Caj * SIPaij = Pa,)
Yz = Pa,i,j > Pz if ¢ <J
Pa,ij = P _ (9)
Pz = Pa,i,j > -5 if 2 > i

In only one case the value ofs higher than the value of
j. That happens when comparing the axjswith ;.

Equation (8) describing the data line is undefined if the
denominator is '0’. By an indirect proof we can show that
this never happens if we stick to the formulas above (hint:
n > 3 andry;,, > 0). Thus, the definition of the line con-
necting two data points of the Stardinates is proved to be
valid.

This mathematical definition describes how Stardinates
are constructed and provides us with a good starting point
for the implementation of a Stardinates tool.

5 Interacting with the Stardinates

From a technical point of view we classify users’ inter-
action with the visual representation by the object of inter-
action. We think this is a good basis for both, the imple-
mentation and the concept of the user interface. The user
could (a) manipulate the axes, (b) the record line, (c) one
Stardinate or (d) all Stardinate at once. Manipulation of
one object could cause manipulations of the dependent ob-
jects. Examples for (a) manipulating an axis are: Adding or
excluding dimensions respectively the corresponding axes;
Arranging axes; Changing the orientation of an axis; Defin-
ing the scales and minimum and maximum values; Using
sliders attached to the axes in order to filter interesting data;
(b) Manipulating a record line means: Highlighting or fad-
ing out one or more record lines by filtering; Linking and
brushing (selecting record lines in one Stardinate causes the
highlighting of the corresponding record lines in the other
Stardinates automatically); Comparing with the reference
line. Every manipulation of an axis results in mutations
of record lines. (c) Examples for handling one Stardinate:
Magnifying and Zooming out. Finally, (d) the configura-
tion of the Stardinates includes the space per Stardinate (see
(3)); The color, thickness, and mode of the record lines (de-
scribed in (8)) and axes; Saving of interesting bundles of
dimensions; Comparing or saving of visualizations.

6 Application

We use the Stardinates to visualize psychotherapeutic
data derived from a clinical study on anorectic girls. In
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Figure 1. Mock-up of the Stardinates tool.

close cooperation with two psychologists we are develop- understand the data users need experience in psychology.

ing a visualization tool which aims to Support the evalua- During the next two years the therapies of 60 patients
tion and analysis of the therapeutic progress with focus on || be evaluated. For quantitative analysis applicable tech-
the differences of group and individual therapy. Above we niques based on statistic methods already exist. Since the
show a mock-up of this tool. The clinical study works with  psychologists plan to pay detailed attention to qualitative
questionnaires—about 150 per patient. Each questionnairegxploration and analysis they need new techniques. Visual-
consists of about 40 questions. Since some questionnairegzation offers excellent opportunities for efficient perception
are used several times, we reduce the number of dimen-and recognition of relevant information because it makes
sions respectively. This results in about 1000 dimensions yse of our special visual abilities, e.g. pre-attentiveness. In

per patient and is described as highly structured data. Thethjs case visualization has crucial advantages over text or
guestions have unique abbreviations which can be used aggples.

labels of the axes. The huge amount of questions makes

X X ) x In the following we show a mock-up (Figure 1) which
up a number of dimensions to be visualized. We have de-

consists of two Stardinates. Each visualizes the state of

fi]r:ehd meaningful bundd_les of que_?'tions WhhiCh show the sftart]te seven patients according to five dimensions / questions. The
of the patients according to significant characteristics ofthe ;+ stardinate deals with self-gratification abilities of the

ailment and the therapeutic progress, e.g. depression, Iosﬁatients. The other one depicts data of weight / eating
of weight, self-confidence, social context, eating disorder, disorders. Both show data from Jan. 20th. One record
etc. So far 7 patients have started with individual therapy. line—patient id. 7 is marked in both Stardinates. This is

The data derived from these questionnaires main]y well-known as IInkIng and erShing. Sur6|y, the Stardinates
ranges from the value '0’ to '6’ which is a scale from 'No’  are not intended as static images. Interacting with them is
to 'Yes' and is classified as ordinal data. The granularity of absolutely necessary in order to build hypotheses and get
the data varies. Some of the questions have negative polarmore insight into the data under investigation. However,
ity, therefore, their axes are flipped in order to fitin one Star- this mock-up gives an impression of our technique. Each
dinate together with questions with positive polarity. Anal- axis has its own scale and minimum and maximum values
ysis and exploration of these data needs targeted interactiorfirawn from the questionnaires. To normalize the parameter
which implies knowledge on the underlying questionnaires Space the user can change this scales adequately.
and their meanings. The Stardinates support the user by in- The Stardinate on 'Self-Gratification’ is based on the fol-
tuitive distinguishable shapes, however, in order to really lowing questions:



FAMOS14: 'To relax is’: (1) totally unimportant (2) unim-  missing values. However, this does not seem to be the best
portant, (3) does not matter (4) rather important to (5) ex- solution.

tremely important to me. To mention two other restrictions: The parameter space
FAMOS23: 'To do something just for me is’: analog. and the number of axes is limited. The number of Star-
FAMOS37: 'To treat oneself to something is’: analog. dinates itself is also limited, because it is not possible to
MRFSF1: 'l treat myself to tranquillity and recreation’: (1) compare hundreds of Stardinates efficiently.
no, (2) rather no, (3) rather yes, (4) yes. However, the Stardinates offer also many benefits. Visu-
MRFSF2: 'l pay close attention to my body’: analog. alizations have several advantages [3] from a cognitive point
The axes starting in twelve o’ clock represents these ques-of view. Stardinates seem to support some of these cogni-
tions. tive mechanisms in a fairly efficient manner. They represent
The Stardinate on "Weight / Eating Disorder’ is based on some Gestalt principles very well, especially the principles
the following questions: of Closure and 'RPagnanz’. As a consequence, Stardinates
BDIR: loss in appetite’: (0) no, (1) rather no, (3) rather yes, form very distinct and memorable patterns which make ab-
(4) yes. straction and aggregation much easier. They also support
BDIS: ’loss in weight’: analog. perceptual inferences because the meaning of the elements
EAT13: 'l feel sick after eating’: (0) never, (1) seldom, (2) of Stardinates are intuitively fairly clear. In contrast to that,
sometimes, (3) often, (4) very often, (5) always. Glyphs, for example, require much more effort to learn the
EAT5: 'l avoid to eat when i am hungry’: analog. meaning of the elements of visualization. The possibility to
EAT9: 'l look out for the calories of my food': analog. manipulate the data and interact with the form of represen-

The data result in easily perceivable shapes which needdation forms another considerable advantage of Stardinates.
to be interpreted. Since we use five axes here, the datavianipulating representations enables users to produce vi-
record of each patient is depicted as a pentagon. The Starsualizations which are specifically tailored to their needs.
dinate on self-gratification shows that patient id. 7 has In many cases, such representations are more meaningful
high values, compared to other patients the highest valuesfor the users and better adapted to help users to solve their
at FAMOS23, MRFSF1, and MRFSF2. The values of the problems. The interactivity of Stardinates also helps users
other axes are also in the upper area. This means that thigo formulate and test hypotheses, thus gaining deeper in-
patients has — especially compared to other patients of thissights into the subject at hand. Stardinates share some of
study — in principle the attempt and possibly the ability of these advantages with other methods of visualization. What
self gratification because she rates them with high priority. is perhaps unique about Stardinates is the combination of
However, the interpretation of the Stardinate about weight these advantages.
and eating disorders is more complicated. The patients rates
BDIS and EATS5 very high, the other axes show_ thellow- 8 Conclusion and Future Work
est value of '0". In contrast to other patients, patient id. 7
has low values at EAT9 and BDIR. That means that calo-
ries are not important to her and she did not feel the loss

of appetite but lost weight. This corresponds with her an- i d K led | ticular ti ented and hiahl
swer about avoiding food although she feels hungry. These lon and knowledge. n particular ime-oriented and highly
structured data, which contain of a complex data structure,

conclusions are a first step into the analysis of the state ofb t onl few inst d i loration tech
this patient. So far we do not have more data, but it would ut-on yv":‘/ er:/v ins ancest, gee .stpeC| ![C e>|<pfo$1 'on tic d-
be very interesting to show the changes over time by other 'quesS. Ve have presented an interactive Infovis method,

Stardinates positioned beneath. Moreover, other meaning_caIIed Stardinates, which addresses the particular features

ful bundles of dimensions offer additional opportunities for of ?I_L:‘Ch hlg?I)II struct;xiﬁd ds?taa. tes is illustrated with
informed interpretations. e usefulness of the Stardinates is illustrated with psy-

chotherapeutic data collected in a clinical study on anorec-

. ) tic girls. That study provides complex and time-dependent

7 Shortcomings and Benefits data, which are difficult to explore by descriptive and clas-
sical statistical methods.

Some problems and shortcomings of the Stardinates are As demonstrated in Figure 1, the study of Stardinates
not solved so far. Similarly to the parallel coordinates showed promising results and the cooperating psycholo-
record lines with equal values cover each other. So the usemists see various application areas for this InfoVis technique
can not see, if a line represents one ore more data recordswithin their clinical study of anorectic girls. Therefore, in
Another problem occurs if the data are incomplete. This the next step we plan detailed user testing. We will do a
could happen easily with data derived from questionnaires. study with 60 subjects to compare the effectiveness of the
A possible approach is to add an extra point on the scale forStardinates with other visualization techniques. Addition-

Collecting data is a time consuming task and asks for
sophisticated exploration techniques to gain more informa-
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