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Abstract facilitate the reasoning process. Furthermore, this process
Tracking and comparing psychotherapeutic data is strongly supported by task-specific interaction methods.

derived from questionnaires involves a large )
number of highly structured, time-oriented pa- 2 Medical Problem

rameters. Descriptive and other statistical meth-  Gravi++ is intended to analyze questionnaires of girls with
ods are only suited for partial analysis. There-  eating disorders (Anorexia Nervosa (AN)). At the Depart-
fore, we invented a spring-based interactive In-  ment of Child and Adolescent Neuropsychiatry, Medical
formation Visualization method for analysing University of Vienna, a study is taking place, in which al-
these data more in-depth. With our method the  ternative therapeutic processes (cognitive behavioral ther-
user is able to find new predictors for a positive apy) of anorexic girls are compared. The psychologists
or negative course of the therapy due to the com-  and physicians who are working with the girls need to ex-
bination of various visualization and interaction p|0re the data in an experimenta| way in order to derive
methods. time-oriented quantitative and qualitative information on
the states of the patients. The important features of the
1 Introduction involved data structures are their data types, complexity

Visualization tools have been used in the medical domairhighly structured), and temporal dimensions.

for a long time. The majority of methods and tools was pata Characteristics

developed for the field of scientific visualization, for exam- Every patient, their parents, and their therapists have to
ple 3D volume visualization tasks or computer tomography,nqwer an extensive set of questionnaires before, during

visualizations. In the field of medical treatment planning three-monthly), and after the therapy (each time 20 ques-
different kinds of data need to be explored in the reasoninéi nnaires per |c;atient four per parent and one per thera-

process, such as time-oriented patient data or the course gy Each questionnaire consists of about 40 questions.
the patient state. Information Visualization (InfoVis) tech- an additional challenge is that the questionnaires are not

niques can be used to support this exploration process angj gsked in the same interval. Some are even used only

promote a deeper level of understanding of the data and in5nce - After a normalization process the data derived from

formation under investigation. To complement them, taskypage questionnaires ranges from 0’ to ’6’. This range can

specific interaction methods have to be developed. mean 'yes’ to 'no’, but can also stand for nominal values
We are aiming for supporting a psychotherapeutic studyjyq 'feeling guilty after eating a meal’.

on anorexic girls where high dimensional, abstract, time- Example questions of different questionnaires are:

oriented medical data is collected. The analysis of theS%AMOSM: "To relax is™: (1) totally unimportant (2) unim-

data is a challenging process. One way to deal with thig,ortant (3) does not matter, (4) rather important to me, (5)
problem would be to apply statistical methods. However’extremely important to me.

these methods are limited to the presence of concrete hfaprFsE1: | treat myself to tranquility and recreation’: (1)
potheses and can hardly capture the complex process g (2) rather no, (3) rather yes, (4) yes.

therapeutic interventions. To overcome this limitation, WeEAiT13: | feel siék after eating’:, (0) never, (1) seldom, (2)
are investigating interactive information exploration teCh'sometimes, (3) often, (4) very often, (5) a’Iways. '

niquesr.] developed ) ) foVi hod Some questions are concatenated to so called predictors.
We have developed a new interactive InfoVis method,rpege predictors should give an idea about a specific status

called Gravi+#, to observe new interdependencies be-qf 5 natient and is used to predict the further development
tween various kinds of parameters. Gravi++ uses the capass the therapy.

bilities of the human perceptual system by displaying mov-" ¢ to|10wing predictors have been identified during our
ing icons on the screen following a spring-based model toanalysis: (1) Predictors for a negative therapeutic course

The name Gravi++ is a mixture of two metaphors. “Gravi” are 'lacking close friendships’, ‘comorbid personality dis-
stands for gravitation and the two summation signs stand for twgrder’, ’low self directedness’, 'lacking sincerity in answer-
magnetic plus poles. ing questionnaires because of highly social desirable an-
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Figure 1: General Principle: A person is attracted by thredrigure 2: Simple example of finding a cluster: All persons
guestions. The answer is modelled with an invisible springgave similar answers to the three questions. Therefore, a
The higher the question is answered, the stronger the springuster of all person’s icons can be seen.

puslis to the black disk. We plotted the springs to illustrate

this general principle. by the work of [McGinn and Picking, 2003 Anima-

tion is one way to effectively visualize temporal changes,
swering style’, and 'denying disease’; (2) Predictors forwhich is shown in[Nakakoji et al, 200]. Furthermore,
positive course are a 'decreasing depression score after hdff present another view of multidimensional data, we used
a year of cognitive behavioral therapy (CBT)’ or an 'in- Star Glyphs such as those presented in the XmdvTool
creasing value of feelings of pleasure by doing favoring ac{Ward, 1994.
tivities after 3 months of CBT".

The task of finding new predictors, like the ones men-4 Gravi++

tioned above, lead to the development of the new visualiza-

tion technique Gravi++. 4.1 Concept
The human perceptual system has a remarkable ability
3 Related Work to organize and locate things spatially, judge comparative

sizes, distinguish between a large range of colors and pat-
Different kinds of InfoVis methods were developed in theterns and perceive motidDlsenet al, 1993. Gravi++
last years. Important features of InfoVis methods are taries to utilize these human capabilities by positioning icons
support the exploration process of complex, heterogeneousn the screen. There are two kinds of icons representing (1)
data promoting a deeper level of understanding of the datpatients and (2) questions from the questionnaires respec-
and information and to foster new insights into the under-ively (compare Figure 3). Every patient is attracted by the
lying exploration process and the data themse[Ware, questions according to the answer she gave. This is mod-
2000; K. Card, 199p eled with a spring-based system. Every question is con-

Medical highly structured data, such as psychotheranected with every person by a spring. This is illustrated in
peutic data, impose an additional challenge due to theiFigure 1 showing a person who is attracted by three ques-
complexity and their temporal dimensions. Worm Plotstions.

[Matthews and Roze, 1997the Zoom Star solution The strength of the individual springs depends on the an-
[Noirhomme-Fraiture, 20Q2the TimeWheelTominskiet  swer the patient gave. This way, every persons’ icon posi-
al., 2003, the Table Len§Rao and Card, 1994 Stardi-  tion on the screen identifies how she answered the involved
nates[Lanzenbergeet al, 20031, and LinkVis[Lanzen-  questions. This leads to the formation of clusters of persons
bergeret al, 20034 are techniques that try to visualize who gave similar answers. Because of the fact that things
and explore such kinds of data. However, none of thes¢hat are close together are perceived as a group, the find-
techniques provide enough interaction possibilities to findng and differentiation of clusters is an easy task for the hu-
new interdependencies (such as predictors) and explom@an perceptual system according to the Gestalt ok

the data thoroughly. Furthermore, we are dealing with aka, 1934. In Figure 2 all persons gave similar answers
huge amount of highly structured time-oriented data, whichto the questions MFRS1, FAMOS14, and EAT13. There-
needs appropriate methods to analyze and to discover pébre, their icons form a cluster near EAT13. Furthermore,
terns. Therefore, we created Gravi++ with the help of thethis tells us, that all persons have answered EAT13 with a
following concepts. higher value than the other questions.

We were inspired by the outstanding idea of the Vibe The size of a person’s icon can be mapped to any addi-
System[Hendleyet al., 1999 to position document icons tional parameter (for example to the body mass index of the
according to the occurrence of keywords with a spring-patients) or to the attraction force. In the second case the
based system and adapted that idea for our core visualizaphere is larger if it is attracted by higher values. This fea-
tion. The idea for the different metaphors was inspiredture helps discriminating different icons that are attracted



by the same values with a different coefficient. For exam-

ple,

if a person has answered the questions one, two, and

three with answer number one, the icon is on the same place

as a person that has answered each question with answer

number five.
To visualize the changing values over time, Gravi++ uses
animation. The position of each person’s icon change over ®

time

allowing to trace, compare and analyze the changing

values. Alternatively the change over time can also be rep-
resented by traces. The size and path of the person’siconis
shown corresponding to all time steps or only to a restricted
subset like the previous and the next time step.

To visualize the exact values of each question, rings
around the question’s icon can be drawn. The ring size ®
corresponds with the attraction to the question. To avoid
overlapping rings with the same value, they are put closely

side
In

by side.
addition, Star GlyphgWard, 1994 can be shown,

dragging a question around. This feature is called 'live
preview'.

e Change the influence of a questiseestrength; in

which communicate the exact values. The edges of the Star ®
Glyph are connected with the corresponding question rings e

and

both are drawn in the same color as the person icon.

This helps the user to identify the corresponding person.
Missing data is handled by the system in two ways. If

a person has no questions answered at a specific time step,

the icon of the person is transparent. If a value of the size of
a person’s icon is missing, the icon is shown with a special
marking.

Gravi++ is intended for a restricted parameter space. The
more questions are selected, the smaller is the influence of
a single question on the position of the person’s icons. Fur-
thermore, too many person icons lead to clutter because of
overlapping icons. To select a suitable subset of parame-
ters, we have implemented a list-based overview visualizaGeneral Interactions

tion.

The main aim of the visualization is to derive predic-

tors.

In the following, different kinds of interactions are

explained to support that task.

4.2

Interactions with Gravi++

Gravi++'s main intention is to provide functionalities to get

new

insights into the data, like finding clusters or similari-

ties in the movement over time. Furthermore, icons that are
drifting apart can give important clues regarding the data.
For this purpose Gravi++ provides a set of interactions.

All interactions can be classified in three categories: (1)
interactions on question’s icons, (2) interactions on per-
son’s icons, and (3) general interactions. In the following
these categories are explained in detail.

Interactions on Question’s Icons

Add or remove a question.

Change the position of a questiofihe position can be
changed either freely or arranged on a circle. Further-

more, the user can choose to evenly space the distance
between the questions on the circle. When changin
the position of the questions, the corresponding po

subsection 4.3): This enables the user to emphasize
the influence of a chosen question.

Add complementary questioy executing this op-
tion on a question, a new question with complemen-
tary values is created.

Highlighting a question:By highlighting a question,
only the highlighted question’s rings are shown. If no
guestion is highlighted, all rings are shown.

Hide question iconsAll question icons can be hidden
to reduce clutter and facilitate the analysis of traces or
the Star Glyph.

Interactions on Person’s Icons

Add or remove a person’s icon.

Change the parameter representing the sphere size:
You can map the parameters of a single question, the
power of attraction, or an increasing size over time to
the sphere size.

e Change the speed of movemeAdjust how fast the

person icons are moving to their destination.

Hide person iconsAll person icons can be hidden to
reduce clutter and facilitate the analysis of traces or
Star Glyphs.

e Show traces:The user has the option to show traces

ranging over all time steps or only a restricted subset.

Save and load current settings and visualizatidhe
position of all elements and all settings can be saved
for later analysis or logging purpose.

Show Star Glyph:The user can superimpose a Star
Glyph of the currently displayed data set to clarify the
actual values. The corners of the Star Glyph corre-
spond to the positions of the questions.

Inverse Star GlyphThe edges of the Star Glyph are
painted either to the center of the visualization or out-
wards.

Next and previous time step functioithis changes
the time parameter to the next or previous one.

Direct selection of time stepsthe user can directly
choose the time step on a time line or in a list.

Highlighting: Persons and questions can be high-
lighted.

Show grid: The user may fade in a grid in the back-
ground. This helps judging distances and sizes.

91.3 Algorithm

sitions of the person’s icons change simultaneouslyAs we explained the idea and concept of Gravi++ in section
With this feature the user can interactively change4.1, now we present the algorithm for positioning the per-

the positions of the questions to find new clusters orson’s icons. To calculate the exact position of each person,
other interesting visual structures. The traces and théhe following iterative algorithm is used:

Star Glyph also change their form automatically whenFor every persondo:
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Figure 3: Typical application case with Gravi++.

1. Calculate the force from each questjofor each axis The data exchange between these two modules is imple-

(in our case for the x and y axis): mented by drag and drop. You can simply drag a person or
xforce; = Z;L:O strength; - value;; - f(x) guestion to Gravi++ and explore it further. Both modules
yforce; = Z?:o strength; - valueg; - f(y) support linking and brushing.

wherestrength; stands for the manually set strength  Gravi++ was implemented with different metaphors
multiplicator of the questiorj (can be altered in the whlch can be exchanged. In the first of the cur_rently two
user interface and ranges from 0 = no attraction to implemented metaphors the persons are symbolized by iron
= an arbitrary value)ualue;; stands for the answer of ss_pheres thatlare attracted by magnets standing for the ques-
personi to questionj. f(z) and f(y) stands for the tions. _The C|rcle_s aro_und the magnets stand for the mag-
attraction over the distance for each axis. Currenﬂy,netm fields and visualize the concrete answers. The second
we use a linear function that grows stronger over theNetaphor shows the persons as people and maps the ques-
distance:f (z) = z; — dzy, f(y) = y; — dys. tions to paintings in an art exhibition. Here the metaphor is
Herez; andy; stand for the coordinates of the ques- explained by persons who are attracted by beautiful paint-
tion j anddx; anddy; stand for the coordinates of the 'NYS. The person moves closer to those paintings she likes.
person. The circles around the images stand for how much the per-
] ) son likes the image or not. Other metaphors can be imple-
2. Move one step leftif force; < —A orone step right  mented by exchanging the icons representing persons and
if z force; > A. Move one step up if force; < —A  questions.

or one step down ifj force; > A. A stands forthe  The persons are color-coded with twelve distinct colors

minimal threshold. as Colin Ware proposed [Ware, 200. To enable the user
3. If a step in any direction was done in step 2, goto steg® recognize icons that lie on top of each other, all icons
1. are drawn slightly transparent. To control the time steps, a
time line was implemented showing the current time step

4.4 Implementation and providing the “video-like” controlplay, rewind, stop,

go to first/last frame, go to next/previous franieool tips
Gravi++ was implemented as a prototype during the in2visgive complete information on the data item pointed at with
project. The prototype was implemented in Macromediathe mouse.
Flash MX 2004 because of its rapid visual development |n Figure 3 you can see a screenshot of a typical applica-
possibility. tion case.
The system consists of two visualizations that work
closely together. There is an overview visualization . : ;
(ListVis), to select a subset of a large data set. This subseFf Example: How to Find a Predictor
can then be analyzed with the main visualization Gravi++ Predictors allow to assess the development of parameters
after a certain treatment step had been performed. There-
?Interactive Information Visualization: Exploring and Sup- fore, we have to analyse the differences in the first answers
porting Human Reasoning Processes and compare them with the differences over all timesteps.
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Figure 4: The left-hand screenshot shows four questions and no discernable pattern in the traces. The right-hand screenshot
shows the same questions ordered differently with two easyly distinguishable clusters in the traces.

This can be done by watching the animations over time or
analysing the plotted traces of the persons’s icons. Further-
more, the change over all timesteps can also show some
sort of pattern that indicates a new predictor.

Experimenting sessions with our partners of the Depart-
ment of Child and Adolescent Neuropsychiatry identified
the following steps to find predictors. We will illustrate
these steps using an example of our dataset consisting of
nine patients and 73 questions in six time steps:

tions before positioning (with no identifyable cluster-
ing of the traces) and on the right screenshot after-
wards (with two identifyable clusters of light and dark
traces).

5. By moving through the timesteps we can see that the
randomly located persons in the first timestep, com-
pose two clusters in the second and all later timesteps.
Therefore, we can conclude that high values of BDI
and the inverted ASW after three months therapy pre-
dict a bad outcome of the therapy, whereas high values
of MR EVA and MR SOC predict a good outcome.
Furthermore, we verify this claim by watching the
movement over all remaining timesteps. In our exam-
ple the persons with a positive therapy outcome still
move further to the pole with MR EVA and the MR
SOC and the persons with a negative outcome to the
other pole. This means we can conclude that low BDI

1. We choose the questionnaires ASW (inverteBpPI4,
MR EVA®, MR SOC and all persons from the
overview visualization and add them to Gravi++.

2. With the enabled option “Full Traces” we can analyse
the traced paths of the persons over time.

3. By moving around the questions we try to find clus-
ters of traces. In our example we have nine differ-

ent persons. They are color coded the following way:

The icons and traces with dark grey shades had not
a favourable outcome in the therapy. The icons and
traces with light grey shades had a positive therapy
progress. This means we have to find clusters of
evenly coloured traces.

. By positioning MR EVA and MR SOC on the one side

values and high MR EVA, MR SOC, and ASW values
could be a predictor for a positive therapy outcome.
This is confirmed by the clinical impression that pa-
tients who repsond more rapidly to the primary ther-
apeutic goals (enjoying pleasure and being in a good
mood), have a better outcome.

Benefits and Limitations

and ASW (inverted) and BDI on the other side we

can build two clusters of light and dark traces. In the The visual elements of Gravi++ use several advantages
left screenshot on Figure 4 you can see the four quesrom a cognitive perspectivik. Card, 1999. Especially,
S ——— i i the interactive manipulation can help the user get new in-
_"ASW: The Self-Efficacy Scale Index is a summary of the testsjghts through the data. This can be used to formulate and
items assessing self-esteem and strategies to cope with d'ﬁ'cuﬁest a hypothesis on the data e.g., to find a new predic-
situations independently. . __tor. The combination of different visualization techniques,
deprBeEsl,-ioLhe Beck-Depression-Index describes the severity ofj o gya Glyph, traces, an overview visualization, and the
y Gravi++ core itself increases the possibilities to find new

*MR EVA: The Marburg Inventory Index specifies the feeling > € . . T o
of pleasure in hedonistic l?ehavior. y P g insights. What is special about Gravi++ is the combination

MR SOC: The Sense of Coherence Scale Index indicates th@f these advantages and its orientation on medical data.
intensity of comprehensibility, manageability and meaningfulness Nevertheless, some problems and shortcomings of
as the internal psychological mechanism mediating the effects ofsravi++ are still not solved. Incomplete data leads to in-
external stressors and resources on psychological dysfunction. comparable person icon positions because there is no at-



traction from questions that were not answered. A solutiorfLanzenbergeet al., 2003& Monika Lanzenberger, Silvia
to this problem could be to use the value from the last time Miksch, Susanne Ohmann, and Christian Popow. Ap-
step, to use an average value, or a default value. A restric- plying Information Visualization Techniques to Capture
tion of Gravi++ is the parameter space. Too many questions and Explore the Course of Cognitive Behavioral Ther-
lead to clutter and make the interactive change very diffi- apy. InProceedings of the 2003 ACM symposium on Ap-
cult. The impact of one question on the person’s position plied computing (SAC '03pages 268-274. ACM Press,
declines the more questions are shown. Furthermore, if too 2003.

many persons are analyzed, many icons would overlap ang g zenbergeet al, 20034 Monika Lanzenberger, Silvia
it would be difficult to interact with the representation. The Miksch, and Margit Pohl. The Stardinates - Visualiz-

values of the rings surrounding each question would be in- ing Highly Structured Data. IFroceedings of the Sev-

distinguishable. This happens because rings representing onih |nternational Conference on Information Visualiza-
the same value are not shown on top of each other but next tion (InfoVis '03) pages 47-52. IEEE Computer Soci-

to each other. The solution for such situations ist to use ety, 2003.

highlighting of subgroups for detailed exploration. .
[Matthews and Roze, 199 Geoffrey Matthews and Mike

: Roze. Worm Plots.Computer Graphics and Applica-
7 Conclusion and Future Work tions, IEEE 17(6):17-20, 1997,

We have presented an interactive InfoVis method, Ca”eqMcGinn and Picking, 2003John McGinn and Richard
Gravi++, which addresses the particular features of ab- Picking. The Ar,gument—as Metaphor in Decision-

stract, highly structured data which are acquired during o ying Visualisation. volume Seventh International
cognitive behavioral treatment (CBT) of anorexia ner- Conference on Information Visualization (InfoVis '03),

vosa in adolescent girls. This data is difficult to explore . .
by descriptive and other statistical methods. Because of pages 596-599. IEEE Computer Society, 2003.

Gravi++'s various visualization and interaction techniquesiNakakojiet al, 200J Kumiyo  Nakakoji, Akio

it is an appropriate method for finding new predictors in  Takashima, and Ysuhiro Yamamoto. Cognitive

the data. Our cooperating psychologists see various appli- Effects of Animated Visualization in Exploratory Visual

cation areas for this InfoVis technique within their clinical ~Data Analysis. Fifth International Conference on

study of anorexic girls. Information Visualisation, IEEE Computing Society
In the next step we plan an in depth user interface study (InfoVis '01) pages 77-84, 2001.

with about 20 participants. Afterwards, a large number[Noirhomme-Fraiture, 2002M. Noirhomme-Fraiture. Vi-
of subjects will be involved in a study, that will compare  sualization of Large Data Sets: The Zoom Star Solution.
Gravi++ with traditional InfoVis methods like Parallel Co-  |nternational Electronic Journal of Symbolic Data Anal-
ordinates[Inselberg and Dimsdale, 1900 Furthermore, ysis 0(0), 2002.
we will compare these methods with supervised machin .

. . L Olsenet al, 1993 Kai A. Olsen, Robert R. Korfhage,
learning and exploratory data analysis to get new |nS|ghti Kenneth M. Sochats, Michael B. Spring, and James G.

on the impact on the human reasoning process. Williams. Visualization of a Document Collection:The

VIBE System. Inf. Process. Managge.29(1):69-81,
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