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Abstract.
This paper presents an interactive visualization for medical treatment plans

that are formulated in the plan representation language Asbru.
So far, most attention of the protocol-based care communitywas focused

towards formal guideline representation and authoring partly supported by
graphical tools. The intention of this work is to go the opposite way and com-
municate the logic of a computerized treatment plan to physicians, nursing-,
and other medical personnel visually.

The visualization is based on the idea offlow-chart algorithmswidely used
in medical education and practice. This concept has been extended in order
to cope with the powerful and expressive guideline representation language
Asbru. Furthermore, a number of interactive navigational and overview exten-
sions are used to intuitively support the understanding of the logic of plans.

The user-centered development approach applied for these interactive vi-
sualization methods has been guided by user input gathered via a user study,
design reviews, and prototype evaluations as described in this document.

1 Introduction

Various researchers have put a great deal of work in their efforts on supporting protocol-
based care by the means of information technology. The high-level goals of this efforts are to
support planning, executing, and analyzing treatment plans1 to increase the quality of care.

Most of the work has been dedicated to the extremely difficulttask of capturing all aspects
of a medical treatment plan into a guideline representationlanguage. The real world domain
medicine incorporates a series of complex aspects like timeconstraints, temporal uncertain-
ties, intentions, plan conditions, and so forth, information systems have to deal with. This
task of modeling medical knowledge and guidelines has been solved by several approaches
as theAsgaard projectwith its guideline representation languageAsbru[17,29].

The next step is to make use of this formalized medical knowledge by executing plans,
monitoring data, actions, and plans, data abstraction, andmany other kinds of (semi-) auto-
matic knowledge & information processing.

But all that is only one side of the story. As important as the task of feeding real world
information into a computer system in a structured and meaningful way and processing it, is

1Throughout this paper, the expressionsclinical guideline, guideline, treatment plan, protocol, andplanwill
be used interchangeably.



presenting and communicating this information to human domain experts, in our case physi-
cians, nursing-, and other medical personnel. This presentation and communication has to be
done in a clear, simple, and comprehensible way, preferablyfamiliar to the end users in order
to keep the learning effort as low as possible.

This work is aimed towards visualizing the logic of a treatment plan (plan composition,
execution sequence, control structures, annotations, ...). We left out the important aspect time
in this representation in the first place because incorporating this additional parameter would
lead to a too complex visualization not familiar to domain experts. The parameter time in
relation to plans is visualized in a separate, coupled view described in [1].

The following section introduces the main features of the guideline representation language
Asbru. Section 3 contains a compilation and assessment of relatedwork and following that,
we present the user study we conducted along with its resultsto supplement the starting point
for our development. Our solution of an interactive visualization environment is presented
and discussed in Section 5. Information about the implemented prototype and its evaluation
is given in the following section. Finally, we sum up our findings and provide an outlook onto
future work in Section 7.

2 The Guideline Representation Language Asbru

Asbruis a time-oriented, intention-based, skeletal plan-specification representation language
that is used in theAsgaardProject2 to represent clinical guidelines and protocols in XML.
Asbrucan be used to express clinical protocols as skeletal plans [9] that can be instantiated
for every patient (for an example see Fig. 1). It was designedspecific to the set of plan-
management tasks [16].Asbruenables the designer to represent both the prescribed actions
of a skeletal plan and the knowledge roles required by the various problem-solving methods
performing the intertwined supporting subtasks. The majorfeatures ofAsbruare that

• prescribed actions and states can be continuous;

• intentions, conditions, and world states are temporal patterns;

• uncertainty in both temporal scopes and parameters can be flexibly expressed by bound-
ing intervals;

• plans might be executed in sequence, all plans or some plans in parallel, all plans or
some plans in a particular order or unordered, or periodically;

• particular conditions are defined to monitor the plan’s execution; and

• explicit intentions and preferences can be stated for each plan separately.

We will explain the structure and concepts used inAsbruin more detail in Section 5.

2In Norse mythology,Asgaardwas the home of the gods. It was located in the heavens and was accessible
only over the rainbow bridge, calledAsbru (or Bifrost) (For more information about theAsgaardproject see
http://www.asgaard.tuwien.ac.at).



2.1 Example

Figure 1 shows parts of anAsbruplan for artificial ventilation of newborn infants. The guide-
line is represented in XML and contains domain definitions and a set of plans. Theventilation
plan consists of conditions and the plan body including a sequential execution of theinitial
planandcontrolled ventilation plan.

Since the plan is represented in XML, it is basically human readable. But understanding a
plan in such a representation needs a lot of training, semantic and syntactic knowledge about
the representation language, is cumbersome, and surely notsuited for physicians. Therefore,
this formal representation needs to be translated into a form familiar to domain experts in
order to be able to communicate the logic of a computerized treatment plan.

2.2 Basic Visualization Requirements

Visualizing the logic ofAsbruplans imposes four fundamental problem characteristics onthe
representation that have to be considered:

• logical sequences

• hierarchical decomposition

• flexible execution order (sequential, parallel, unordered, any-order)

• state characteristics of conditions

Our research for related work in medical treatment planning, information visualization,
medicine, and commercial medical software products was grounded on looking for graphical
representations that are able to visualize the listed characteristics. The results of this research
are presented in the following section.

3 Related Work

3.1 Medical Treatment Planning

Flow-chart Algorithms. The most widely used visual representation of clinical guidelines
are so-calledflow-chart algorithmsalso known asclinical algorithm maps[11]. A standard
for this kind of flow-chart representation has been proposedby theCommittee on Standard-
ization of Clinical Algorithmsof theSociety for Medical Decision Making[31]:

“However, since algorithmic logic is wired implicitly intoa protocol, it is difficult to
learn an algorithm from a protocol. By contrast, flow-chart algorithms, or clinical algorithm
maps, are uniquely suited for explicitly communicating conditional logic and have therefore
become the main format for representing a clinical algorithm clearly and succinctly.”[31]
The proposed standard includes a small number of different symbols and some rules on how
to use them (see Fig. 2). One additional feature to standardflow-chartsareannotationsthat
include further details i.e. citations to supporting literature, or clarifications for the rationale
of decisions.

A big advantage of using flow-charts is that they are well known among physicians and
require minimal additional learning effort. A drawback of basic flow-chart representations is
their immense space consumption if more complex situationsare depicted where overview
is lost easily. Furthermore, flow-charts cannot be used to represent concurrent tasks or the
complex conditions used inAsbru. Clinical algorithm maps were intended to be used on paper



<?xml version="1.0" encoding="UTF-8"?>
<!DOCTYPE plan-library SYSTEM "asbru_7_3.dtd">
<plan-library>

<domain-defs>
<domain name="controlled_ventilation_domain">

...
</domain>

</domain-defs>
<plans>

<plan-group>
<plan name="ventilation_plan">

<intentions> ... </intentions>
<conditions>

<complete-condition>
<constraint-combination type="and">

<parameter-proposition parameter-name="FiO2">
<value-description type="less-or-equal">

<numerical-constant value="40"/>
</value-description>

...
</constraint-combination>

</complete-condition>
<abort-condition>

<constraint-combination type="or">
<parameter-proposition parameter-name="FiO2">

<value-description type="greater-than">
<numerical-constant value="90"/>

</value-description>
...

</constraint-combination>
</abort-condition>

</conditions>
<plan-body>

<subplans type="sequentially">
...
<plan-activation>

<plan-schema name="initial_plan"/>
</plan-activation>
<plan-activation>

<plan-schema name="controlled_ventilation_plan"/>
</plan-activation>

</subplans>
</plan-body>

</plan>
...
<plan name="controlled_ventilation_plan">

<plan-body>
<subplans type="parallel">

...
<plan-activation>

<plan-schema name="handle_PCO2_plan"/>
</plan-activation>
<plan-activation>

<plan-schema name="handle_tcSaO2_low_plan"/>
</plan-activation>
<plan-activation>

<plan-schema name="handle_tcSaO2_high_plan"/>
</plan-activation>

</subplans>
</plan-body>

</plan>
...

</plan-group>
</plans>

</plan-library>

Figure 1: An example of Asbru 7.3 code: Parts of a clinical treatment plan for artificial ventilation of
newborn infants.



Figure 2: Clinical algorithm map [31].

and have never been enriched by computer support as for example navigation or versatile
annotation possibilities.

Visualizing Logical Sequences.Other possibilities to visualize logical sequences away from
flow-charts areStructograms[18], PERT charts, Petri nets, andState Transition Diagrams.
These techniques focus on other purposes and some of them aremore powerful and expressive
than flow-charts. But none of them offers a notion for depicting hierarchical decomposition,
flexible execution order, and the state characteristic of conditions together in their basic forms
as needed for representingAsbruplans in their basic forms.

Visualizing Hierarchical Data. The most popular technique for visualizing hierarchical data
areTrees. A further technique for that matter areTreemaps[12] introducing an additional
dimension by proportional space assignment. But these 2D techniques have no notion to
depict logical sequences, concurrency, or states.

AsbruView [13–15] is a graphical tool that supports authoring and manipulation ofAsbru
plans.AsbruViewutilizes metaphors of running tracks and traffic control to communicate
important concepts and uses glyphs to depict the complex time annotations used inAsbru. The
interface consists basically of two major parts, respectively views: One captures the topology
of plans, whereas the second one shows the temporal dimension of plans. The intention of
AsbruViewis to support plan creation and manipulation but neither to communicate the logic
of an Asbruplan during execution or analysis of a plan nor for educational reasons as our
work is aiming towards.

Other Scientific Projects. Further scientific work [4, 25, 32] on visual representations fo-
cused on patient data over time or plan execution over time. Other research projects deal-
ing with protocol-based care includeGLARE[10], GUIDE [26], Protéǵe [30], GLIF [20],
PROforma[8], andGASTON[6]. (A comprehensive overview of related protocol-based care
projects can be found at [21] and [34].)



Only some of the available projects dealing with protocol-based care provide graphical
tools at all. The just listed ones include such graphical tools, but most of them only for
authoring plans. They use a flowchart- or workflow-like presentation depicting the elements
used in their formal representation. A more detailed examination of the quoted projects can
be found in [1].

These tools make authoring clinical protocols easier especially for non computer scien-
tists but they use a not very familiar graphical representation and mix state and flow-chart
characteristics within a single diagram. Thus, understanding this representation and using it
for plan authoring requires a considerable amount of learning effort.

Authoring clinical guidelines and communicating completeprotocols to domain experts
are two rather different tasks with different goals. For guideline authoring, first of all one
can assume a more thorough knowledge of the user in the computer domain and a higher
threshold towards acceptable learning effort is likely. Interms of aid for achieving the goal
of a completely specified guideline, the user has to have an overview of what elements are
available for constructing it as well as means for data inputhave to be provided. Moreover,
mechanisms for preventing mistakes in the authoring process should be present. This is in
contrast to the goal of communicating the logic of a treatment plan where the presentation
of and navigation within guidelines is paramount along withproviding easy access to linked
information and in depth explanations.

3.2 Commercial Medical Software.

A very high portion of the offered commercial software products in medicine deal with ad-
ministrative issues such as Patient Data Management or billing. Only very few include any
visualization parts and even less offer functionality for aiding treatment planning.

We examined a number of non-administrative software products that use graphical repre-
sentations:IntelliVue [22] (Philips Medical Systems) formerly known asCareVue(Hewlett-
Packard),Chart+ [23] (Picis),Visual Care[24] (Picis),QCare[5] (Critical Care Company),
Coronary Risk Profile (CRP)(Wellsource) [33],SOAPware(Docs, Inc.) [7] andClicks Medi-
cal Information System[27] (Roshtov Software Ind. Ltd.). We investigated medicalsoftware
products having graphical representation in general (not only focused on protocol-based care)
for the reason of compiling a set of graphical representations most commonly used and fa-
miliar to most physicians.

All of the examined products are rather data-centric and themost popular form of data rep-
resentation is using tables where numerical respectively textual data is organized in spread-
sheets. None of the listed products offered a way of visualizing treatment planning logic at all.

We think that besides this research of related work on a scientific basis and examining
commercial products it is absolutely necessary to involve end-users from the very begin-
ning because only this measure can ensure the incorporationof the users’ valuable experi-
ence, knowledge, and desires, thus increasing quality and acceptance dramatically. This user-
centric development was begun by carrying out a user study asdescribed in the following
section.

4 User Study to Acquire Physicians’ Needs

A step of major importance for requirement analysis in our development process was to con-
duct a user study [19] with eight physicians to gain deeper insights into the medical domain,



work practices, application of guidelines in daily work, users’ needs, expectations, and imag-
inations.

Most of the interviewed physicians work at different departments for critically ill patients
at the General Hospital of Vienna (AKH Wien). The AKH Wien is auniversity clinic which
means that employed physicians also work scientifically. Conducting an interview took on
average about 45 minutes and lead to interesting, but not toosurprising results and insights.
(Detailed results and interview guidelines can be found in [1].)

Fundamental issues for the interviewed physicians were rather practical ones. Most im-
portantly the system has to save time – no one would use a system if it would take more time
as working without it. Another major issue is that learning effort for using the system has to
be minimal. The system should be intuitive, simple, and clearly structured without complex
menu structures or functions.

It became apparent that clinical guidelines are generally depicted by a special form of
flow-charts as proposed in [31] and are widely known. Relatively unknown to our interview
partners were Structograms, and Glyphs as for example Chernhoff Faces.

When summarizing and evaluating the results of our user study the following desired
fundamental characteristics can be recognized: a simple and transparent structure, intuitive
interaction (easy to learn and comprehend), a cleaned up interface, a high level of applica-
tion safety (undo where possible), time saving (allowing quick and effective work), fast, and
flexible.

5 Visualizing the Logic of an Asbru Plan

As our research showed, there are no graphical methods suiting our needs available for com-
municating the logic of computerized medical treatment plans to domain experts. Related
projects and information visualization methods do not offer applicable concepts to represent
Asbruplans. Weighing up the results of the conducted research in combination with the key
aspects from the end users’ point of view delivered by our user study lead to the decision of
usingclinical algorithm mapsas basis for our visualization. We extended this concept and
added a number of interactive features to enable intuitive access to the logic of treatment
plans formulated inAsbru:

5.1 Asbru Prerequisites

In the following, a simplified description of the structure of Asbru3 plans is extracted:

• An Asbruplan may contain the following conditions:

– filter precondition: Only if this condition evaluates totrue, the plan gets exe-
cuted.

– abort condition: If this condition evaluates totrue, the whole plan aborts. This
condition is valid and checked all throughout plan execution and is getting for-
warded to subplans.

– complete condition: If and only if the elements within the plan body are com-
pleted as intended and the complete condition evaluates totrue, the plan can com-
plete successfully.

3This work is using a subset of Asbru calledAsbru Light+.



• An Asbruplan has a plan-body containingsingle-stepsthat are executed in one of the
following execution sequences:

– sequentially:The contained steps are processed one after the other in the given
order.

– parallel: All steps get initialized at the beginning and are processedin parallel.

– any-order: Same assequentiallyexcept that the execution order is arbitrary.

– unordered: The contained steps can be executed in any arbitrary way.

• A single-stepis one of the following:

– Variable assignment:An expression is getting assigned to a plan variable.

– If-Then-Else: If the condition of the construct evaluates totrue, thethen-branch
otherwise theelse-branchgets executed if present.

– Ask: An external, typically user entered value is assigned to thespecified param-
eter.

– Plan activation: The specified plan gets activated.

5.2 Plan Step Elements

The used visual plan step elements are based on the elements of the flowchart-like represen-
tation of theCommittee on Standardization of Clinical Algorithms[31].

(a) Plan. (b) User-performed plan. (c) Ask.

(d) Cyclical plan. (e) If-Then-Else. (f) Variable assignment.

Figure 3: Plan step elements.

We added oneplan elementand a number of symbols for depicting parts of theAsbru
language that could not be visualized by the elements of the proposal (see Fig. 3 for an
overview):

• Plansrespectivelyplan activations are represented by a rounded rectangle filled with
the plan color4 (see Fig. 3(a)). In case of being acyclical plan, an additional roundabout

4A distinct color is assigned to each plan, making it easier todistinguish plans from other elements and
helping to recognize them in other parts of the representation.



icon as well as the repeat specification in textual form are presented within the rectangle
(see Fig. 3(d)). Furthermore, a physician icon appears within the element if the plan is
user performed (see Fig. 3(b)).

• Variable assignmentsare represented by a rectangle containing the assignment textu-
ally (see Fig. 3(f)).

• If-Then-Else constructs are shown as hexagons having the condition displayed textu-
ally (see Fig. 3(e)). Thethen-branchof the construct is always connected via an arrow
originating at the right top of the element, and theelse-branchvia an arrow originating
at the bottom of the element. The branches are labelled by theword “yes” (then-branch)
respectively “no” (else-branch) right next to their connecting arrow lines.

• Ask steps of a plan are represented by a rectangle including a question mark (“?”)
symbol and the text “Ask” followed by the parameter to be entered into the system (see
Fig. 3(c)).

5.3 Anatomy of a Plan

Using the elements just presented, we are able to visualize the single steps within the plan
body of anAsbruplan. For depicting the conditions and the execution order of the plan steps,
an enclosing frame was created, containing the following parts (see Fig. 4).

Figure 4: Basic structure and execution sequence symbols.

The topmost bar is filled with the plan color and contains thetitle of the plan.
Below the plan title, theabort condition is shown. It is represented by a red bar having a

stop sign iconat the left side. Right besides this icon, theabort conditionis printed textually.
This condition has the following semantics: If the condition evaluates totrue, the current plan
gets aborted. Furthermore, this condition is valid and checked during the entire execution of
all steps in theplan body.

The green bar at the bottom of the plan represents thecomplete condition. It has acheck-
ered finish flag iconat its left and contains thecomplete conditiontextually. The semantics



of this condition is: If and only if this condition evaluatesto true, the plan can complete
successfully.

The biggest part of the representation is dedicated to theplan bodyof the depicted plan
along with an icon on top showing the execution order of the elements enclosed. Theexecu-
tion sequence indicatorhas four possible symbols (see Fig. 4).

The rest of the plan body area contains plan elements as described in the last section. If
the execution order of the elements issequentially, the elements are additionally connected
by arrows.

Note: The filter precondition is not represented by a special element but by using anIf-
Then-Elseelement prior to the related plan element.

5.4 Navigation & Interaction

Regardless of the fact that the static form of the visualization as described so far contains a lot
of information and may also be useful in a printed form, adding interactive features increases
the user experience much more.

One used element for that purpose not mentioned so far is thesmall gray triangle at plan
elements and plan titles (see Fig. 5). This triangle indicates if an element has subelements
(triangle pointing to the right) and if the subelements are currently expanded (triangle point-
ing to the bottom). In case an element has no subelements, no triangle is shown at all. By
clicking a triangle pointing to the right, the element is getting expanded, which means nav-
igating down in the hierarchy. When clicking a triangle pointing to the bottom, the element
is getting collapsed, which means navigating up in the hierarchy. The use of those triangles
is intuitive and based on their application in file system viewers as for example theFinderof
the MacintoshTM system.

Furthermore, the elements of the representation can be dragged and resized in case the
applied automatic layout is not delivering the desired results.

5.5 Annotations

Annotations and notes are a vital part of graphical representations for clinical guidelines
[11,31]. These annotations may include references to literature, web links, precise definition
of terms, parameter descriptions, clarifications for the rationale of decisions, and more. We
present this kind of information as “Tool Tips” when the mouse is hovering over the related
part of the graphical representation or as small additionalwindows triggered by clicking in
case Tool Tips are not suitable to represent certain chunks of information (ie. graphics, web
links, long documents).

5.6 Focus + Context

Losing track of the actual position within a plan is quite easy when just using the visualization
presented so far.

The first utility overcoming this problem is theOverview + Detail display. It shows a
small tree-like representation of the whole plan, marking the current view position (see Fig. 5,
right column). ThisOverview displayis only shown on demand (triggered by the user) for
not overloading or cluttering the screen.

The second utility avoiding to get lost within a plan is theFisheye display(see Fig. 5, left
column) whereas the current (sub)plan represents the focuswhich is displayed in full detail.



The surrounding (context) elements are shrunk and displayed with less detail. In contrast
to theOverview + Detail displaywhere only positional information is shown, surrounding
context information is presented without gaps in more detail. Furthermore, smooth, animated
transitions are used for fisheye navigation in order to not confuse the user when changing the
focus.

In principle, Asbruplans can be seen ashierarchically clustered networks. Schaffer et
al. examined visualization techniques for that kind of systems [28] and show that theFisheye
displayis particularly useful but for certain purposes (i.e. examining a specific problem within
a selected node),full zoomis more appropriate. Therefore, we use a button for togglingthe
Fisheyevs.Full zoomdisplay.

5.7 Example

Figure 5 shows examples of our graphical representation. Itdepicts theAsbruplan for artifi-
cial ventilation of newborn infants as presented in XML in Fig. 1. The left column of figures
shows a full navigational sequence when using theFisheye display: Ventilation Plan (top
plan level) → Controlled Ventilation→ Handle tcSaO2 low. In the right column the same
sequence is shown whenOverview + Detail displayis used.

5.8 Design Evaluation

When having completed the first “release” version of the conceptual design, we conducted
an evaluation session for getting early feedback regardingour design. This early evaluation
process was very valuable and reduced the risk of investing time and effort for might going
in the wrong direction.

The evaluation was done by two experts: one person is a visualization expert having
experience with medical software development and the otherone is a physician (medical
expert) having visualization knowledge.

The result of the evaluation was very positive, validated our concept, and showed that
we were working in the right direction. Only some minor issues of the design were objected
which led to an improvement of the design.

5.9 Discussion

The flowchart-like representation of so-calledclinical algorithms[31] is well known among
physicians, because it is used frequently in literature andis part of the education of physicians
as our user study proved.

Asbru is too powerful to be translated completely into a flow-chartrepresentation. The
main difficulty in that sense is the state machine characteristic regarding plan conditions.
Therefore, the most accurate visualization forAsbruplans would probably be State Transition
Diagrams. But this type of visualization is not well known, requires relatively high learning
effort and might not be accepted by physicians.

Furthermore, our user study showed that minimal learning effort and ease of understand-
ing are essential and most important, given that the tool should not be limited to specialists
or academic purposes only.

Based on these arguments we decided to use a flowchart-like representation. We are fully
aware that the used visualization is not accurately representing how anAsbruplan is going to
be executed. But we think that the mental model we are trying to create by this visualization
is close enough to the actual execution model being at the same time familiar and easy to



Figure 5: Visualization of the Asbru plan for artificial ventilation of newborn infants (see Fig. 1) –
Fisheye Navigation (left column) vs. Overview+Detail Navigation (right column).



understand. An absolutely accurate representation would require a much more complicated
and cluttered visualization but only show subtle differences in the used model.

6 Prototype

In order to proof our concept and give as well as get a better impression especially of inter-
action issues, we implemented a Java prototype. For displaying the flowchart-like part of our
representation to depict plan step elements, we use the graph drawing frameworkJGraph [2,
3]. This is a flexible, small, and powerful package using the Model-View-Controller paradigm
and is structured analogous to the standardSwingcomponentjavax.swing.JTree.

6.1 Prototype Evaluation

A scenario-based, qualitative prototype evaluation was carried out by conducting interviews
with physicians working in intensive care units. Five of theeight physicians who already
participated in the user study at the beginning of this work (see Section 4) took part in the
evaluation. The interviews consisted of the four main parts: Introduction, Prototype Presen-
tation, Prototype Testing, and Feedback/Questionnaire [1].

The feedback regarding our design and prototype given by theinterviewed physicians
was generally very positive. All of them considered the overall structure clear, simple and not
overloaded. The graphical representations, and symbols have been judged to be intuitive and
clear, keeping the learning effort relatively low. Detailed information about the evaluation
process and its results can be found in [1].

7 Conclusion and Future Work

That visualizing the logic of clinical guidelines is usefulto support understanding and ex-
ploration of protocols has already been proposed and provedyears ago [11, 31].Flow-chart
algorithmsare most widely used in medical education and practice for that matter. This form
of representation is clear, simple, and easily graspable – thus served as basis for our visual
representation. But it cannot be applied directly to represent Asbru plans because it does not
provide a notion for representing hierarchical decomposition, flexible execution order, and
state characteristics of conditions. Therefore, we extended this visualization by introducing
new element types, an execution order indicator, and an enclosing frame containing the plan
conditions. We have examined and proven the usefulness of our approach performing a 3-step
evaluation process including user study, design evaluation, and prototype evaluation.

The use of software in contrast to paper allows us to support the process of exploring and
understanding treatment plans at a higher level. It enablesa meaningful navigation, providing
annotations on demand for not overwhelming the viewer, and keeping orientation by using
Focus + Context techniques, thus increasing the flexibilityin working with treatment plans.

An additional value besides communicating plans to domain experts became apparent
during development: The visualization of plans helps to spot problems, bugs, and ambiguities
in the formal plan representation which are hard to see and detect otherwise. Furthermore,
the visualization serves as an important basis for the communication between medical domain
experts and computer scientists.

Moreover, we applied a user-centric approach when developing our visual representation:
We involved the end-users from the very beginning by carrying out a user study and evalu-
ated our design as well as our prototype thoroughly. This increases the quality of design, the



user acceptance, and serves as an indicator of the maturity of development. We fulfilled the
fundamental user requirements as listed in Section 4 by using a well known graphical rep-
resentation as basis and introducing a cleaned up interfacethat has a simple and transparent
structure with only a handful of different visual elements which are easy to learn and com-
prehend. The interaction is carried out intuitively by applying well known techniques from
standard software supported by different Focus + Context techniques for keeping an overview.
The most important user requirement of being time-saving isachieved by combining intuitive
navigation and rich information presentation including annotations and linked documents in
a structured way. This is in contrast to working with paper-based treatment protocols that are
often a mix of text, tables, and graphics, scattered over various pages, making it hard to keep
an overview and conceive the logic of a guideline.

Some more effort has to be put into actually implementing thefull set of introduced
design concepts. The most important measure for that matteris to directly abstract the visual
representation from Asbru plan files. Furthermore, Focus + Context techniques have to be
implemented and rich annotation display possibilities should be integrated. A better layout
algorithm for plan step elements has to be found as well including a smart aggregation of
nodes if appropriate.

Besides that, the software environment should be enriched by smart lookup of plans avail-
able on the system, within a network, or even over the internet.
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