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Abstract.

This paper presents an interactive visualization for medieatment plans
that are formulated in the plan representation languageuAsb

So far, most attention of the protocol-based care commumity focused
towards formal guideline representation and authorindghpaupported by
graphical tools. The intention of this work is to go the oppmosay and com-
municate the logic of a computerized treatment plan to miess, nursing-,
and other medical personnel visually.

The visualization is based on the idedlofv-chart algorithmswidely used
in medical education and practice. This concept has beemaat in order
to cope with the powerful and expressive guideline reptasem language
Asbru. Furthermore, a number of interactive navigatiomal averview exten-
sions are used to intuitively support the understanding@fagic of plans.

The user-centered development approach applied for thes@adtive vi-
sualization methods has been guided by user input gathéaesl user study,
design reviews, and prototype evaluations as describddsmmocument.

1 Introduction

Various researchers have put a great deal of work in theartsfon supporting protocol-
based care by the means of information technology. The leigl-goals of this efforts are to
support planning, executing, and analyzing treatmentsplanincrease the quality of care.

Most of the work has been dedicated to the extremely difftegk of capturing all aspects
of a medical treatment plan into a guideline representdéinguage. The real world domain
medicine incorporates a series of complex aspects like ¢onstraints, temporal uncertain-
ties, intentions, plan conditions, and so forth, inforroatsystems have to deal with. This
task of modeling medical knowledge and guidelines has belked by several approaches
as theAsgaard projectvith its guideline representation languaggbru[17, 29].

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

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

! Throughout this paper, the expressiatisical guideling guideling treatment plapprotocol andplanwill
be used interchangeably.



presenting and communicating this information to human @araexperts, in our case physi-
cians, nursing-, and other medical personnel. This praientand communication has to be
done in a clear, simple, and comprehensible way, prefefabiifiar 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 treatringlan (plan composition,
execution sequence, control structures, annotationdjVe.left out the important aspect time
in this representation in the first place because incorpuay#his additional parameter would
lead to a too complex visualization not familiar to domaimpests. The parameter time in
relation to plans is visualized in a separate, coupled viescdbed in [1].

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

2 The Guideline Representation Language Asbru

Asbruis a time-oriented, intention-based, skeletal plan-spation representation language
that is used in thé\sgaardProject to represent clinical guidelines and protocols in XML.
Asbrucan be used to express clinical protocols as skeletal p@rthdt can be instantiated
for every patient (for an example see Fig. 1). It was desigsptific to the set of plan-
management tasks [L6Asbruenables the designer to represent both the prescribedhactio
of a skeletal plan and the knowledge roles required by thewsiproblem-solving methods
performing the intertwined supporting subtasks. The migatures ofAsbruare that

e prescribed actions and states can be continuous;
e intentions, conditions, and world states are temporaépat

e uncertainty in both temporal scopes and parameters cand@dylexpressed by bound-
ing intervals;

e plans might be executed in sequence, all plans or some pigoerallel, all plans or
some plans in a particular order or unordered, or periolgical

e particular conditions are defined to monitor the plan’s exien; and
e explicitintentions and preferences can be stated for elachgeparately.

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

2In Norse mythologyAsgaardwas the home of the gods. It was located in the heavens andosassible
only over the rainbow bridge, callefisbru (or Bifrost) (For more information about thasgaardproject see
http://ww. asgaard.tuw en. ac. at).



2.1 Example

Figure 1 shows parts of aksbruplan for artificial ventilation of newborn infants. The gaid
line is represented in XML and contains domain definitiond@set of plans. Theentilation
plan consists of conditions and the plan body including a sedgaiegtecution of thenitial
planandcontrolled ventilation plan

Since the plan is represented in XML, it is basically humaeble. But understanding a
plan in such a representation needs a lot of training, saecnamd syntactic knowledge about
the representation language, is cumbersome, and suresyitetl for physicians. Therefore,
this formal representation needs to be translated intora familiar to domain experts in
order to be able to communicate the logic of a computeriz=stiment plan.

2.2 Basic Visualization Requirements

Visualizing the logic ofAsbruplans imposes four fundamental problem characteristick®n
representation that have to be considered:

e |ogical sequences

¢ hierarchical decomposition

¢ flexible execution order (sequential, parallel, unordeegy-order)
e state characteristics of conditions

Our research for related work in medical treatment plannimigrmation visualization,
medicine, and commercial medical software products wasrgted on looking for graphical
representations that are able to visualize the listed cteratics. 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 glirtes
are so-calledlow-chart algorithmsalso known alinical algorithm mapq11]. A standard
for this kind of flow-chart representation has been propdsetihe Committee on Standard-
ization of Clinical Algorithmf the Society for Medical Decision Makir{@1]:

“However, since algorithmic logic is wired implicitly inta protocol, it is difficult to
learn an algorithm from a protocol. By contrast, flow-chalgarithms, or clinical algorithm
maps, are uniquely suited for explicitly communicatingdibanal logic and have therefore
become the main format for representing a clinical algamthklearly and succinctly[31]
The proposed standard includes a small number of diffesgnbels and some rules on how
to use them (see Fig. 2). One additional feature to starfttardchartsareannotationghat
include further details i.e. citations to supporting ke, or clarifications for the rationale
of decisions.

A big advantage of using flow-charts is that they are well kn@mong physicians and
require minimal additional learning effort. A drawback @fdic flow-chart representations is
their immense space consumption if more complex situa@wadepicted where overview
is lost easily. Furthermore, flow-charts cannot be used pgcesent concurrent tasks or the
complex conditions used isbru Clinical algorithm maps were intended to be used on paper



<?xm version="1.0" encodi ng="UTF-8"?>
<! DOCTYPE pl an-1ibrary SYSTEM "asbru_7_3.dtd">
<pl an-1ibrary>
<domai n- def s>
<domai n nane="controll ed_ventil ati on_domai n">

</ domai n>
</ domai n- def s>
<pl ans>
<pl an- gr oup>
<pl an nanme="ventil ation_plan">
<intentions> ... </intentions>
<condi ti ons>
<conpl et e-condi ti on>
<constrai nt - conbi nati on type="and">
<par anet er - proposi ti on paranet er - name="Fi Q2" >
<val ue-descri pti on type="1I ess-or-equal ">
<nuneri cal - constant val ue="40"/>
</ val ue- descri pti on>

</ constrai nt - conbi nati on>
</ conpl et e-condi ti on>
<abort-condition>
<constrai nt - conbi nati on type="or">
<par anet er - proposi ti on paranet er - name="Fi Q2" >
<val ue-descri ption type="greater-than">
<nuneri cal - constant val ue="90"/>
</ val ue- descri pti on>

</ constrai nt - conbi nati on>
</ abort-condition>
</ condi ti ons>
<pl an- body>
<subpl ans type="sequentiall y">

<pl an-activati on>
<pl an-schema name="initial _plan"/>

</ pl an-activation>

<pl an-activati on>
<pl an-schenma name="control | ed_ventilati on_plan"/>

</ pl an-activati on>

</ subpl ans>
</ pl an- body>
</ pl an>

<pl an nane="control |l ed_ventilation_plan">
<pl an- body>
<subpl ans type="parallel">

<pl an-activati on>
<pl an- schema name="handl e_PCO2_pl an"/ >
</ plan-activation>
<pl an-activati on>
<pl an- schena name="handl e_tcSa®_I| ow_pl an"/ >
</ plan-activation>
<pl an-activati on>
<pl an- schema nanme="handl e_tcSa®2_hi gh_pl an"/>
</ pl an-activation>
</ subpl ans>
</ pl an- body>
</ pl an>

</ pl an- gr oup>
</ pl ans>
</ pl an-1ibrary>

Figure 1: An example of Asbru 7.3 code: Parts of a clinicatimeent plan for artificial ventilation of
newborn infants.
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Figure 2: Clinical algorithm map [31].

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

Visualizing Logical SequencesOther possibilities to visualize logical sequences awamfr
flow-charts areStructogramg18], PERT chartsPetri nets andState Transition Diagrams
These techniques focus on other purposes and some of themose@owerful and expressive
than flow-charts. But none of them offers a notion for depigthierarchical decomposition,
flexible execution order, and the state characteristic nfltmns together in their basic forms
as needed for representiAgbruplans in their basic forms.

Visualizing Hierarchical Data. The most popular technique for visualizing hierarchicahda
are Trees A further technique for that matter afgeemapd12] introducing an additional
dimension by proportional space assignment. But these 2bnigues have no notion to
depict logical sequences, concurrency, or states.

AsbruView [13-15] is a graphical tool that supports authoring and maation of Asbru
plans.AsbruViewutilizes metaphors of running tracks and traffic control éanenunicate
important concepts and uses glyphs to depict the complexdaimotations used Asbru The
interface consists basically of two major parts, respebtiviews: One captures the topology
of plans, whereas the second one shows the temporal dinmeoisans. The intention of
AsbruViewis to support plan creation and manipulation but neitheotamunicate the logic
of an Asbruplan during execution or analysis of a plan nor for educaisaasons as our
work is aiming towards.

Other Scientific Projects. Further scientific work [4, 25, 32] on visual representasido-
cused on patient data over time or plan execution over tinlleeiQresearch projects deal-
ing with protocol-based care includeLARE[10], GUIDE [26], Protecge [30], GLIF [20],
PROformg8], andGASTONSG6]. (A comprehensive overview of related protocol-basakc
projects can be found at [21] and [34].)



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

These tools make authoring clinical protocols easier eajhedor non computer scien-
tists but they use a not very familiar graphical repres@maand mix state and flow-chart
characteristics within a single diagram. Thus, understanthis representation and using it
for plan authoring requires a considerable amount of leareffort.

Authoring clinical guidelines and communicating complptetocols to domain experts
are two rather different tasks with different goals. Fordgline authoring, first of all one
can assume a more thorough knowledge of the user in the cemganain and a higher
threshold towards acceptable learning effort is likelytdrms of aid for achieving the goal
of a completely specified guideline, the user has to have arview of what elements are
available for constructing it as well as means for data irffave to be provided. Moreover,
mechanisms for preventing mistakes in the authoring psoshksuld be present. This is in
contrast to the goal of communicating the logic of a treatinpd@in where the presentation
of and navigation within guidelines is paramount along vpitbviding easy access to linked
information and in depth explanations.

3.2 Commercial Medical Software.

A very high portion of the offered commercial software protiuin medicine deal with ad-
ministrative issues such as Patient Data Management a1goilDnly very few include any
visualization parts and even less offer functionality frirgg treatment planning.

We examined a number of non-administrative software prizcihat use graphical repre-
sentationsintelliVue [22] (Philips Medical Systems) formerly known &areVue(Hewlett-
Packard)Chart+ [23] (Picis), Visual Care[24] (Picis),QCare[5] (Critical Care Company),
Coronary Risk Profile (CRRWellsource) [33]SOAPwargDocs, Inc.) [7] ancClicks Medi-
cal Information Systerf27] (Roshtov Software Ind. Ltd.). We investigated medaftware
products having graphical representation in general (nigtfocused on protocol-based care)
for the reason of compiling a set of graphical represematimost commonly used and fa-
miliar to most physicians.

All of the examined products are rather data-centric andibst popular form of data rep-
resentation is using tables where numerical respectiesiyiél data is organized in spread-
sheets. None of the listed products offered a way of visugjizeatment planning logic at all.

We think that besides this research of related work on a sfieebasis and examining
commercial products it is absolutely necessary to involvé-esers from the very begin-
ning because only this measure can ensure the incorpo@itithe users’ valuable experi-
ence, knowledge, and desires, thus increasing quality eceptance dramatically. This user-
centric development was begun by carrying out a user studiessribed in the following
section.

4 User Study to Acquire Physicians’ Needs

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



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

Most of the interviewed physicians work at different depaents for critically ill patients
at the General Hospital of Vienna (AKH Wien). The AKH Wien isiaiversity clinic which
means that employed physicians also work scientificallypdioting an interview took on
average about 45 minutes and lead to interesting, but n&dungwising results and insights.
(Detailed results and interview guidelines can be found]n [

Fundamental issues for the interviewed physicians weberagiractical ones. Most im-
portantly the system has to save time — no one would use ansyfstavould take more time
as working without it. Another major issue is that learnirfige for using the system has to
be minimal. The system should be intuitive, simple, andrgfestructured without complex
menu structures or functions.

It became apparent that clinical guidelines are generafyiaed by a special form of
flow-charts as proposed in [31] and are widely known. Reddyivinknown to our interview
partners were Structograms, and Glyphs as for example Gb#fraces.

When summarizing and evaluating the results of our userystiue following desired
fundamental characteristics can be recognized: a simgldransparent structure, intuitive
interaction (easy to learn and comprehend), a cleaned adang, a high level of applica-
tion safety (undo where possible), time saving (allowingkand effective work), fast, and
flexible.

5 Visualizing the Logic of an Asbru Plan

As our research showed, there are no graphical methodsgoiir needs available for com-
municating the logic of computerized medical treatmentplto domain experts. Related
projects and information visualization methods do notradiigplicable concepts to represent
Asbruplans. Weighing up the results of the conducted researcbnbmation with the key
aspects from the end users’ point of view delivered by our s&ely 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 intuitteess to the logic of treatment
plans formulated iRsbru

5.1 Asbru Prerequisites

In the following, a simplified description of the structureAsbr? plans is extracted:
e An Asbruplan may contain the following conditions:

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

— abort condition: If this condition evaluates ttrue, the whole plan aborts. This
condition is valid and checked all throughout plan executiad 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 evaluatesgahe plan can com-
plete successfully.

3This work is using a subset of Asbru calladbru Light+



e An Asbruplan has a plan-body containisgngle-stepshat are executed in one of the
following execution sequences

— sequentially: The contained steps are processed one after the other iivédre g
order.

parallel: All steps get initialized at the beginning and are processgdrallel.
any-order: Same asequentiallyexcept that the execution order is arbitrary.

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

e A single-steps one of the following:

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

— If-Then-Else: If the condition of the construct evaluatesttoe, thethen-branch
otherwise theelse-branclyets executed if present.

— Ask: An external, typically user entered value is assigned tegeeified param-
eter.

— Plan activation: The specified plan gets activated.

5.2 Plan Step Elements

The used visual plan step elements are based on the elenfiémesflowchart-like represen-
tation of theCommittee on Standardization of Clinical Algorith{B4].

o
Plan @ User-performed 9 Ask parameter
plan H
(a) Plan. (b) User-performed plan. (c) Ask.
Cyclical Plan @ yes
@ repeat Variable Assignment(s)
specification no
(d) Cyclical plan. (e) If-Then-Else. (f) Variable assignment.

Figure 3: Plan step elements.

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

e Plansrespectivelyplan activations are represented by a rounded rectangle filled with
the plan colot (see Fig. 3(a)). In case of beingyclical plan, an additional roundabout

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



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

e Variable assignmentsare represented by a rectangle containing the assignnmxunt te
ally (see Fig. 3(f)).

¢ If-Then-Else constructs are shown as hexagons having the conditioragisgltextu-
ally (see Fig. 3(e)). Ththen-branchof the construct is always connected via an arrow
originating at the right top of the element, and &ige-branctvia an arrow originating
at the bottom of the element. The branches are labelled bydhg“yes” hen-branch
respectively “no” €lse-branchright next to their connecting arrow lines.

e Ask steps of a plan are represented by a rectangle including stigaanark (“?”)
symbol and the text “Ask” followed by the parameter to be srdento the system (see

Fig. 3(c)).

5.3 Anatomy of a Plan

Using the elements just presented, we are able to visudl&sihgle steps within the plan
body of anAsbruplan. For depicting the conditions and the execution orfléreplan steps,
an enclosing frame was created, containing the followintspaee Fig. 4).

Plan Name

B @ Abort Condition

¥ w

parallel

sequentially

Plan Body Elements

any-order unordered

Execution Sequence Indicator

‘-‘\’,-‘, Complete Condition

Figure 4: Basic structure and execution sequence symbols.

The topmost bar is filled with the plan color and containstithe of the plan.

Below the plan title, th@bort condition is shown. It is represented by a red bar having a
stop sign icorat the left side. Right besides this icon, @d@ort conditionis printed textually.
This condition has the following semantics: If the conditevaluates ttrue, the current plan
gets aborted. Furthermore, this condition is valid and kbeduring the entire execution of
all steps in theplan body

The green bar at the bottom of the plan representsdh®lete condition It has acheck-
ered finish flag icorat its left and contains theomplete conditiotextually. The semantics



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

The biggest part of the representation is dedicated t@ldre bodyof the depicted plan
along with an icon on top showing the execution order of tleeneints enclosed. Thexecu-
tion sequence indicatorhas four possible symbols (see Fig. 4).

The rest of the plan body area contains plan elements asiliesan the last section. If
the execution order of the elementssequentiallythe elements are additionally connected
by arrows.

Note: The filter precondition is not represented by a special element but by usin{f-an
Then-Elseelement prior to the related plan element.

5.4 Navigation & Interaction

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

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

Furthermore, the elements of the representation can begellagnd resized in case the
applied automatic layout is not delivering the desired ltesu

5.5 Annotations

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

5.6 Focus + Context

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

The first utility overcoming this problem is th@verview + Detail displaylt shows a
small tree-like representation of the whole plan, markireggdurrent view position (see Fig. 5,
right column). ThisOverview displays 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 isheye displaysee Fig. 5, left
column) whereas the current (sub)plan represents the fobich is displayed in full detail.



The surrounding (context) elements are shrunk and disglayth less detail. In contrast
to theOverview + Detail displaywhere only positional information is shown, surrounding
context information is presented without gaps in more tldtarthermore, smooth, animated
transitions are used for fisheye navigation in order to nofue the user when changing the
focus.

In principle, Asbruplans can be seen &serarchically clustered networksSchaffer et
al. examined visualization techniques for that kind of egst [28] and show that tHésheye
displayis particularly useful but for certain purposes (i.e. exaing a specific problem within
a selected nodejull zoomis more appropriate. Therefore, we use a button for togdhieg
Fisheyevs. Full zoomdisplay.

5.7 Example

Figure 5 shows examples of our graphical representatiategicts theAsbruplan for artifi-
cial ventilation of newborn infants as presented in XML igFL. The left column of figures
shows a full navigational sequence when using Fisheye displayVentilation Plan (top
plan level) — Controlled Ventilation — Handle tcSaO2 low. In the right column the same
sequence is shown whéwerview + Detail displays used.

5.8 Design Evaluation

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

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

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

5.9 Discussion

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

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

Furthermore, our user study showed that minimal learnif@tednd ease of understand-
ing are essential and most important, given that the toallshaot be limited to specialists
or academic purposes only.

Based on these arguments we decided to use a flowchartikesentation. We are fully
aware that the used visualization is not accurately reptegeghow anAsbruplan is going to
be executed. But we think that the mental model we are tryrgyeéate by this visualization
is close enough to the actual execution model being at the sane familiar and easy to
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understand. An absolutely accurate representation wegjdire a much more complicated
and cluttered visualization but only show subtle diffeeio the used model.

6 Prototype

In order to proof our concept and give as well as get a bettprassion especially of inter-
action issues, we implemented a Java prototype. For disygjdlye flowchart-like part of our
representation to depict plan step elements, we use thh drapiing frameworklGraph [2,
3]. This is a flexible, small, and powerful package using thael®l-View-Controller paradigm
and is structured analogous to the standarihgcomponeniavax.swing.JTree

6.1 Prototype Evaluation

A scenario-based, qualitative prototype evaluation wasethout by conducting interviews
with physicians working in intensive care units. Five of #ight physicians who already
participated in the user study at the beginning of this weee(Section 4) took part in the
evaluation. The interviews consisted of the four main pantsoduction, Prototype Presen-
tation, Prototype Testing, and Feedback/Questionnajre [1
The feedback regarding our design and prototype given byntieeviewed physicians

was generally very positive. All of them considered the allestructure clear, simple and not
overloaded. The graphical representations, and symbuwésteen judged to be intuitive and
clear, keeping the learning effort relatively low. Detdilmformation 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 usefol support understanding and ex-
ploration of protocols has already been proposed and prgeads ago [11, 31Flow-chart
algorithmsare most widely used in medical education and practice frrttatter. This form
of representation is clear, simple, and easily graspableis- served as basis for our visual
representation. But it cannot be applied directly to regpméssbru plans because it does not
provide a notion for representing hierarchical decompmsitflexible execution order, and
state characteristics of conditions. Therefore, we exadritlis visualization by introducing
new element types, an execution order indicator, and amsing frame containing the plan
conditions. We have examined and proven the usefulness apmuoach performing a 3-step
evaluation process including user study, design evaloatiod prototype evaluation.

The use of software in contrast to paper allows us to suppenptocess of exploring and
understanding treatment plans at a higher level. It enabtesaningful navigation, providing
annotations on demand for not overwhelming the viewer, a&ping orientation by using
Focus + Context techniques, thus increasing the flexibrityorking with treatment plans.

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

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



user acceptance, and serves as an indicator of the mattidgvelopment. We fulfilled the
fundamental user requirements as listed in Section 4 bygusiwell known graphical rep-
resentation as basis and introducing a cleaned up intettiatéas a simple and transparent
structure with only a handful of different visual elementsieh are easy to learn and com-
prehend. The interaction is carried out intuitively by appd well known techniques from
standard software supported by different Focus + Contehtigues for keeping an overview.
The most important user requirement of being time-saviagliseved by combining intuitive
navigation and rich information presentation includingatations and linked documents in
a structured way. This is in contrast to working with papasdxd treatment protocols that are
often a mix of text, tables, and graphics, scattered oveowsipages, making it hard to keep
an overview and conceive the logic of a guideline.

Some more effort has to be put into actually implementingftieset of introduced
design concepts. The most important measure for that matiedirectly abstract the visual
representation from Asbru plan files. Furthermore, Focutit€xt techniques have to be
implemented and rich annotation display possibilitiesutthdoe integrated. A better layout
algorithm for plan step elements has to be found as well dofya smart aggregation of
nodes if appropriate.

Besides that, the software environment should be enrichedart lookup of plans avail-
able on the system, within a network, or even over the interne
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