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ABSTRACT

Tracking and especially comparing psychotherapeutic pro-
cesses is a complex task involving a large number of indi-
vidual and complexly related parameters. Therefore, de-
scriptive and classical statistical methods are only suited
for partial analyses. To overcome these limitations we in-
troduce LinkVis, a new Information Visualization (InfoVis)
tool used to visualize and evaluate psychotherapeutic pro-
cesses. LinkVis is developed and clinically tested on the
basis of Cognitive Behavioral Therapy treating anorectic
girls. The user gets new insight into the data under in-
vestigation due to the combination of three different visual-
ization techniques: scatterplots, Chernoff faces, and parallel
coordinates. LinkVis supports exploring of complex time-
dependent data in order to gain more information about
the psychotherapeutic process, especially when comparing
different patients and groups.
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1. INTRODUCTION

Psychotherapeutic processes are very challenging tasks and
these processes need sophisticated methods to analyze the
effectiveness, benefits, and limitations of various treatment
options and to compare the treatment courses. Such analy-
ses include a large amount of complex and time-dependent
data, that are difficult to explore by descriptive and classical
statistical methods. Therefore, in order to support the psy-
chotherapists in observing, evaluating, and comparing the
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therapeutic progress, we introduce LinkVis, a new tool for
visualizing complex psychotherapeutic plans and subplans
in relation to the planned interventions, their execution and
effects. The program aims at making the psychotherapeutic
process accessible and comparable in and between individ-
uals and groups at any given time point and according to
its content and time-based dimensions. Mainly using evalu-
ation data, our program is developed in parallel to a clinical
study of anorectic girls but should also be applicable to other
forms of psychotherapeutic research and quality control. In
the following the main challenges are sketched:

- to gain new insights into the therapeutic process, in our
project, by accompanying and comparing group and indi-
vidual Cognitive Behavioral Therapys;

- to structure data and therapeutic plans in order to facili-
tate the standardization of treatment modules;

- to guide the supervision process;

- to simplify information transfer using temporal abstrac-
tion, task specific visualization methods, and task specific
calculations;

- to support flexible calculation and visualization methods
in order to meet the changing demands and needs of the
users; and

- to create a bridge between text notes and formal represen-
tations.

In the next section, we illustrate the idea and approaches
of InfoVis and show their benefits and limitations. In sec-
tion 3, we explain the data used. The following two sections
describe the users, their intentions, and the tasks of the pro-
gram. Section 6 covers the visualization tool using a simple
example to illustrate its functionality. Finally, we give an
outline of the planned evaluation and formulate preliminary
conclusions.

RELATED WORK IN INFOVIS
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ter new insights into the underlying process [18, 19, 20]. In-
foVis is the use of computer-supported, interactive, visual
representations of abstract data in order to facilitate cogni-
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tion. It applies visual processing methods to abstract data
and information and is a kind of external cognition — using
resources in the world outside the mind in order to expand
what the mind can do. An enormous amount of work has
been done in the field of InfoVis in the last few years. The
methods used range from geometric techniques (e.g., scat-
terplots, hyperslice [21], parallel coordinates [8]), icon-based
techniques (e.g., Chernoff faces [2], stick figures [14]), pixel-
oriented techniques (e.g., recursive pattern techniques [10],
spiral- and axes-techniques [9]) to interactive visualizations
for hierarchical information (e.g., cone/cam tree [16]) and
graph-based techniques (e.g., curved line) or hybrid tech-
niques (arbitrary combinations of techniques mentioned).
In addition, distortion techniques e.g., perspective wall [11],
fisheye view [4] were explored. Most of these approaches [6,
7, 13, 15, 22] focus on large amounts of multi-dimensional
data. The challenges in designing visualization methods for
time-oriented psychotherapeutic data is, however, quite dif-
ferent. The visualization tool should display the derived
qualitative temporal patterns and important quantitative
time-oriented values in a task-specific way and provide more
information on a users’ request. Data preprocessing is nec-
essary for displaying the case- (or study-) relevant data as
comprehensively and intuitively as possible [1, 5], eventually
making necessary the reprocessing of the preprocessed data
(e.g., data abstraction). This will result in a recursive and
interactive concept [12].

3. DATA CLASSIFICATION

We distinguish between two kinds of data:

static data

It is requested only once and not changing over time (patient
identification (ID), name, date of birth (DOB), therapy set-
ting, patient history, begin of the disorder, diagnoses, type
of anorexia, comorbidities).

dynamic data

Questionnaire items, body measures, estimated progress,
etc. are collected throughout the study. These repeatedly
collected data reflect the therapeutic course. There are 25
different questionnaires for each patient, 10 for the parents,
and two for the therapists. As the various questionnaires are
used repeatedly because the patients state changes over time
(therapeutic process), this sums up to 150 questionnaires for
every single patient. Typical questionnaires contain about
40 questions. There are also short questionnaires consisting
of only three questions and a few large questionnaires with
about 110 questions.

More exactly we deal with numerical data (integer values,
usually 0-6), nominal data (clearly defined lists of attributes
like 3 types of anorexia), dates (e.g., DOB), and free text.
Numerical data are simple to handle and do not need to be
converted for visualization. Nominal data and dates have
to be converted into numerical values, and free text which
usually is not suitable for visualization can be used as back-
ground information that is displayed on the users’ request.
Numerical data from a technical point of view are simple
to handle but may be difficult to interpret. In such cases
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we have to analyze and define the way the therapist inter-
prets the data. Although the meaning of numerical data
is straight forward because ’0’ usually means 'Wrong’ or
’No’ and ’6’ means 'Right’ or 'Yes’, the interpretation of the
whole data series may be difficult because the values cannot
simply be compared if the questions and answers are differ-
ent or inconsistent. Especially the representation of nomi-
nal data by numerical values can be misleading because the
user tends to interpret numbers as ordinal numbers whereas
a category represented by 1’ does not have a direct rela-
tion to another category, e.g., ’3’. Although the study con-
tains many questionnaires, the amount of data per patient
is quite small compared to other data sets like ECG or EMG
monitoring data. Therefore, we use flat eXtendible Markup
Language (XML) files for data storage and implementation.
The universal format of XML is platform independent, easy
and flexible to handle, compatible with standard formats of
databases and sufficient for this kind of data. Every ques-
tionnaire is stored in a file and consists of pairs of data rep-
resenting the question numbers and the associated values or
text. The respective file names are created from the patient
ID, the date and a questionnaire acronym.

Medical data have to be most carefully protected against
misuse. Therefore, the whole system is password protected,
the data transmission from the client to the server is SSL
(Secure Socket Layer) encrypted, and identification data are
separately stored with limited accessibility.

4. USERS ..

Visualization tools are strongly related to the users and their
tasks. The tools offer specific possibilities and do not have
general purposes. They support the exploration and inves-
tigation of specific data. We therefore need to know the
intentions of the users.

LinkVis is used by two researchers (psychotherapists) ex-
ploring data based on a psychotherapeutic investigation.
They are experts in medicine and psychology and familiar
with computers. Their intention is to observe the therapeu-
tic course and compare the results of group and individual
therapy. Their most important goal is to help their patients,
however in addition, they want to develop a structured
method in order to analyze the questionnaires more thor-
oughly and to overcome the limitations of descriptive and
classical statistical methods (compare Section 1). There-
fore, they need to select and display interesting data sets
of various patients or patient groups, in order to find new
hypotheses (exploration) or to confirm or reject hypotheses
and to gain more insight into the therapeutic process. The
design of the user interface is therefore essential for support-
ing the data exploration and analyses tasks.

5. ... AND THEIR TASKS

As mentioned above, we see the tasks of the users as a basis
for implementing tools and methods. Shneiderman devel-
oped the ’Visual Information Seeking Mantra’ (‘overview
first, zoom and filter, then details on demand’ multiple
times) as a starting point for designing graphical user in-
terfaces and for improving the interactivity of InfoVis tech-
niques. Furthermore, he described a 'Task by Data Type



Taxonomy’ using seven data types and seven tasks [17].
Based on his approach, we identified four groups of tasks
containing 14 specific actions, which we describe in the fol-
lowing.

5.1 Choose, Combine, and Map Dimensions
Selecting dimensions for visualization

Sometimes the user has specific questions of the question-
naires in mind, but mostly she will scroll through the lists of
questions contained in the questionnaires. In order to build
a specific data set she can choose up to 10 questions. A se-
lected question is represented by one dimension of the visu-
alization tool. The user may choose a keyword for labelling
a specific question. Selecting dimensions is thus crucial for
further examining the data.

Combining and rating of questions

The user can build-up a dimension by combining several
questions, if she needs to consider more than 10 questions
at a time. Several questions can be rated according to their
effect on the aggregate value. The rating is based on a scale
from ’1’ to ’10’ with whole-numbered graduations, where
’10’ means that the value is included unaltered, ’9’ means
90 percent included, etc. Only ordinal values are suitable
for combining. However, combining and rating needs a thor-
ough knowledge of the data.

Rating of questions

Besides the rating of combined questions a dimension could
be rated as a whole. Some questionnaires address the pa-
tients and their parents, so it could be interesting to com-
pare their answers. If the user wants to focus on the ques-
tions which were answered differently, she can give the others
lower ratings. This results in attenuation of the variances of
the unimportant values. These values can be confused with
unaltered, low values. To prevent the user from misleading
interpretations such values have to be marked, for example
by color marking.

Mapping questions to visual attributes

After selecting a question, the user decides what visual at-
tributes should represent these questions or dimensions. The
user relates, for example, two questions with the axes of a
scatter plot in order to display two dimensions at a time.
She commits the axes of the parallel coordinates and the
attributes of the Chernoff face. The question / dimension is
labelled with a keyword for a later recall.

Defining the scales

The user defines the precision of the scale and the mini-
mum and maximum values. According to this the data is
displayed more or less in detail.

5.2 Exploration

Visualizing the therapeutic course of a patient

The user can gain important information by visualizing the
therapeutic progress of a specific patient by comparing the
state of the selected questions and looking for changes. Par-
allel coordinates and Chernoff faces seem to be convenient
to display changes over time efficiently.

270

Comparing family questionnaires

The user selects questions addressing patients and parents
in order to compare them. Patients with the diagnosis of
anorexia nervosa sometimes have the tendency to give so-
cially desired answers that do not match their real feelings.
That does not implicate that their answer is wrong and the
parents who answered the same questions differently are
right. Therefore, such differences merit further investiga-
tion.

Comparing the state of patients

Typically the user wants to compare the state of the pa-
tients based on the data set she selected. Another question
is to explore the influence of the group on the patients. This
may be clarified by displaying data of the group members
in parallel. If the user chooses Chernoff faces for visualiz-
ing patients states, the result cannot be predicted because
Chernoff faces do not necessarily express happy or unhappy
faces in relation to the patients state. In this case, parallel
coordinates are possibly more convenient,.

5.3 Comparing and Classifying

Comparing two different visualizations
If the data set is nearly identical, two different visualizations
can be compared by highlighting the differences.

Trends

Striking changes during the therapeutic course are an im-
portant information for the user, unchanged data are less
interesting. Then the selection of variables is supported by
a list of the questions sorted by their variance. In addi-
tion, users can select less than 10 dimensions for visualizing
trends.

Details and overview

Data can be displayed in various degrees of accuracy. The
standard arrangement consists of 10 dimensions every one
representing one question. The user can get an overview of
the data, if the details are blinded out. She can do this by
combining questions, or by displaying trends. If she wants
to get more details she opens the context menu of a visual-
ization attribute. This context menu offers access to every
detail of the patient data.

5.4 Handling Visualizations

Visualization history
As details are often difficult to remember, the user can label
specific visualizations by keywords for later recall.

Storing data sets

Some data sets are used very often. It is therefore useful to
provide standard views and enable the user to easily adapt
these standard views according to specific needs.

Undo changes
Every action of the user is stored for backup, enabling the
user to change or repeat actions later on.



6. LINKVIS — LINKING INFOVIS TECH-

NIQUES
For the implementation of LinkVis, four issues are very im-
portant: (1) users, (2) tasks, (3) data, and (4) Basic Vi-
sualization Interactions. We need to focus on the users in
order to understand their intentions and needs. We iden-
tified 14 tasks because it is the aim of the tool to support
the user carrying out such tasks. We deal with specific data
we described above. Finally, we apply the concept of 'Basic
Visualization Interactions’ as starting point [3] and use it as
formal background. This is a framework for characterizing
interactive visualization techniques. A Basic Visualization
Interaction is described by its input, output, and operation.
We distinguish three kinds of operations:

Graphical operations

can be divided into encode-data, set-graphical-value, and
manipulate-objects. These operations change graphical at-
tributes, change the mapping of graphical objects and data
or operate on the graphical object as a unit of manipula-
tion (e.g., zooming, coloring, ...) and affect the graphical
representations of data objects (graphical state).

Set operations

expand the underlying data by classifying information and
select data. These operations include creating, deleting,
summarizing, joining, intersecting sets, and so forth. A set
operation manipulates the data in order to create or alter
a selection of data to be visualized. It affects the control
state.

Data operations

affect the data state (database). Users can discover new
facts during analysis or as mentioned above create useful
classification information. It is useful to enrich the data
with such new information contents.

Changing a state can cause secondary effects to other states.
A set operation usually leads to a change of the graphical
state. The manipulation of the graphical state could cause a
modification of the control state and vice versa. An example
is the handling of a graphical object in order to select data.
Although there are some borderline cases which are difficult
to relate to this structure, this framework is a good starting
point for the implementation of LinkVis because it describes
possible actions of the user. So we divided the user interface
into three sections according to the three different types of
operations defined above. The graphical operation section
contains the visualization. In the set operation section the
user can access buttons and sliders in order to select the
data set. The database can be modified within the data
operation section.

We can relate the above defined tasks with this concept be-
cause, although the levels of the tasks are different, every
task contains such operations. Usually, there is one type of
interaction that optimally characterizes a task. So far we
did not define any tasks that modify the database itself. We
therefore distinguish two groups of operations.
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Graphical operations:
Map questions to visual attributes; define scales.

Set operations:

Select dimensions for visualization; combining and rating
of questions; visualizing the therapeutic course of a patient;
comparing family questionnaires; comparing the state of pa-
tients; visualization history; comparing two different visual-
izations; trends; details and overview; and storing data sets.

The task 'Undo changes’ is not a visualization interaction
and can therefore not be classified. It is not surprising that
the most of the tasks are set operations, but if we focus on
the manipulation of objects the border between graphical
and set operations is not really strict.

LinkVis is based on three different techniques: Chernoff
faces [2], scatter plots, and parallel coordinates [8]. These
techniques are well known in InfoVis. Our tool offers the
possibility to combine two of them. The user selects two
methods for displaying the data set synchronously. Every
technique offers advantages and disadvantages, moreover the
data can be interpreted differently. If the user sees different
aspects within the two visualizations, she will try to relate
them and find analogies and contrasts. This offers an in-
teresting potential for further exploration, especially to the
advanced user. To give an impression of the benefits of our
tool, we describe the techniques and their impact in detail
followed by an example.

Chernoff faces

This face can represent up to 10 dimensions, e.g., by the size
of eyes, slope of eyebrows, size and form of the mouth, and
so forth. We tend to see the face as a whole, so this tech-
nique is very effective in communicating relative values and
an overview. This kind of representation is based on the
metaphor of emotions because the faces communicate dif-
ferent moods: Visualizing specific data sets creates happy,
sorrowful, or angry faces. Interpretation of these faces may
cause certain problems. If the user wants to visualize the
state of a patient, the facial expression of the Chernoff face
could mislead the user by identifying every happy face with
a good state and every unhappy face with a bad state of
the patient. The facial expression basically depends on the
combination of questions selected by the user and the al-
location to facial attributes. The data, even the data set
of one patient could result in very different facial expres-
sions. However, the advanced user is able to get important
information at a glance comparing these faces easily and
perceiving relative values.

2D Scatter plots

This technique is well known and widely used. Two dimen-
sions / questions are represented by the values of the x- and
y-axis displayed as points or other symbols. In contrast to
the Chernoff faces, absolute values are easily recognized by
looking at the values on the axes, although the user will
detect clusters or data holes firstly. Scatter plots communi-
cate relative and absolute values effectively, but the number
of dimensions is limited. Since we reserve size, shape, and



Dimension | Facial Attribute | Axis/Scatter plot | Axis Parallel coord. [ Pat. A [ Pat. B [ Pat. C [ Pat. D
1 Pupils x/1 1 1 1 2 1
2 Eyebrows y/1 2 2 2 4 3
3 Mouth width x/2 3 2 3 3 3
4 Eye size v/2 4 3 2 3 4

Table 1: Data set of 4 patients based on 4 questions / dimensions. Question 1: Do you often feel angry about
your parents? Question 2: Do you feel strong and self-confident? Question 3: Do you like the way you look?
Question 4: Do you talk to your colleagues about private problems?

®»®®

) Pat.A ) Pat.B ) Pat.C (d) Pat.D

(a) x: Dimension 1 (Do you often feel angry
about your parents?) / y: Dimension 2 (Do you
feel strong and self-confident?)

Figure 1: Chernoff faces visualize the dimensions
and values of Table 1, each describes a patient.

color of the symbol to provide the user with additional in-
formation, we need five scatter plots in order to display 10
dimensions by spatial arrangement. The user can configure
grouping and size of the scatter plots, however, she tends to
see five expressions separately. Users can not get an impres-
sion of the whole. Therefore, the combination of Chernoff
faces and Scatter plots will provide additional information
because every technique presents the data differently.

(b) x: Dimension 3 (Do you like the way you
look?) / y: Dimension 4 (Do you talk to your
colleagues about private problems?)

Parallel coordinates

In contrast to the 2D scatter plots, this technique places all
axes vertically in parallel to each other. Thus we can dis-
play 10 dimensions on 10 axes. The data set is displayed
by one line per record. We can rapidly record clusters of
lines. Thus uncommon patterns will attract users attention.
Arrangement of the axes is important. In order to analyze a
record in detail, the line needs to be colored. Similar records
will result in partly overlapping lines. It could be a prob-
lem that identical records are represented by a single line,
and therefore, look like one record. Scatter plots cause the
same problem. In contrast to Chernoff faces and scatter
plots, parallel coordinates offer two important features: 10
dimensions can be combined in one graph. Similarly to the
Chernoff faces, this method provides the user with overview
information, but is not charged with the possibly confusing
metaphor of emotions, especially if applied to psychothera-
peutic data sets. In addition, the user can easily recognize
absolute values.

(c¢) x: Dimension 2 (Do you feel strong and
self-confident?) / y: Dimension 4 (Do you talk to
your colleagues about private problems?)

Figure 2: Scatter Plots visualize the dimensions and
values of Table 1.

Finally, we want to show an example based on four dimen-
sions / questions in order to ease interpretation. It works
the same way with 10 dimensions, but the user needs more
experience to understand the representations. The unused

attributes of the Chernoff face are shown, but do not rep- Figure 3: Parallel coordinates visualize the dimen-
resent any data. Table 1 shows a data set which represents sions and values of Table 1, axes 1 (left) to 4 (right):
four patients. The range of the values is '1’-’4’ and means Do you often feel angry about your parents? Do
"Never’, ’Sometimes’, "Mostly’, and *Everytime’. you feel strong and self-confident? Do you like the

way you look? Do you talk to your colleagues about
Every face of Figure 1 depicts the data set of a patient. private problems?
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The same data set is represented by scatter plots in Figure
2a and 2b and by the parallel coordinates (compare Figure
3). The dimensions are modified in Figure 2c¢ in order to
show the combination of ’Question 2’ and ’Question 4’. If
the user selects Chernoff faces and parallel coordinates, she
can compare the lines to the faces. As mentioned before
she needs to highlight a line in order to view the details.
The faces communicate an overview at the first glance, but
the user could have problems to recognize that the eye size
varies from ’Sometimes’ to 'Everytime’. In contrast this in-
formation is shown clearly on the second axis of the parallel
coordinates. On the other hand, the user sees easily the dif-
ferences of the eyebrows in the Chernoff faces. The changes
of the display caused by interactions of the user have an
important impact to the exploration of data. The data set
becomes more meaningful if the user examines the changes
interactively. Our example demonstrates that flexibility and
an interactive design of the user interface is very important
for visualization tools.

7. EVALUATION OF LINKVIS

We plan to explore the functionality of our system on the
basis of a clinical project visualizing the differences of group
and individual Cognitive Behavioral Therapy of anorectic
girls. The psychotherapists will select a couple of accepted
and common hypotheses in order to prove the functionality
of LinkVis. Thereafter, we plan to examine if LinkVis can
also be used for other kinds of psychotherapy.

8. CONCLUSION

We developed a funded basis for the implementation of
LinkVis which visualizes the course of psychotherapeutic
data. The combination of different InfoVis techniques offers
interesting potential for further explorations. Our project
is an ongoing process. Detailed evaluation is needed, but
first results indicate that LinkVis supports the exploration
process of the psychotherapists effectively.

The strengths of LinkVis is its ability and functionality to in-
teractively explore various dimensions of the complex time-
dependent data. LinkVis is especially oriented towards the
characteristics of the psychotherapeutic data used — namely
high-structured data instead of high-dimensional (complex
structure, but few instances) data. Therefore, the interac-
tive mapping and combining of data to visual components
supports to get more and new insights into the data under
investigation, which finally helps to overcome the limitation
of descriptive and classical statistical methods. On the other
hand, LinkVis is able to handle different tasks and users’ de-
mands and needs so that it guides the supervision process
sufficiently.
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