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ABSTRACT

Motivation — This research deals with the identification of collective production of a safe
radiotherapy treatment and its potential assistance through computer-supported
environments. It takes place at the beginning of a four years design project involving
software companies and and scientific and clinical institutions.

Research approach — This work presents an exploratory analysis of cooperation between the
four professionals involved in the production of radiotherapy treatment. Our general
research objective is to investigate how to support managed safety in the design of a
computer-supported cooperative environment. Uses and functions of cooperative tools have
been outlined through observations and the “think aloud” technique.

Findings/Design — We identify three types of cooperation tools (computer-based tools,
including an existing workflow, unformal verbal exchanges, and the patient body) involved
in the production of a safe treatment. Their main functions are : to produce shareable data
between professionals, to share the progress in the construction of a treatment and to share
procedures and work practices.

Research limitations/Implications — This paper aims at contributing to the articulation of
two research approaches: CSCW and safety in healthcare.

Originality/Value — Our study reveals informal strategies that participate to a “managed”
healthcare safety performed by professionals.

Take away message — Our work may contribute to transform the initial technocentric
approach of the design project into a more anthropocentric design project and flexible CSCW
tool.

Keywords:  Healthcare safety, managed safety, participatory design, radiotherapy,
computer-supported cooperative work.
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INTRODUCTION

This research deals with collective production afesadiotherapy treatment and its potential
assistance through computer-supported environmBatdiotherapy exposes tumour cells to
ionizing radiation in order to prevent their preli&tion and to destroy them. Approximately

1.900.000 patients are concerned with radiotheesgmh year in Europe. It represents about
60% of cancer patients. This technique is verycilifit insofar as 40% of treated patients can
be cured. However, it remains risky and unmanaggda ican have huge health impacts, as
revealed by the Zaragoza accident in 1990 in Spaiby the Epinal accident in France in

2005 (Cook, Nemeth & Dekker, 2008; Peiffert, Simoi&hwege, 2007).

The development and administration of a safe rhdmijpy treatment requires the
participation of four types of professionals promglitheir own area of expertise: radiation
oncologists, medical physicists, dosimetrists aadiagraphers. Thus, radiotherapy may be
regarded as the outcome of a cooperative activityhich all the professionals are in charge
of the safety of care.

In order to support cooperative work and to impreagety, the treatment process tends to be
automated by computers systems. This study talkee @h this context as it is integrated in a
large design project involving software design conigs as well as scientific and clinical
institutions. The objective of this project is testgn a computer platform including a set of
software applications. It aims at providing a tedbgiral answer to healthcare safety by
supporting data workflow and more particularly gsgionals’ coordination.

In this frame, our research addresses a pragnsatie idealing with ergonomics contribution
to design specifications and a theoretical isswuimg with ergonomics participation in the
design of healthcare safety in computer supponetit@ments. By environments we mean,
not only the software itself but also the organdsel context in which it will take place. In
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this context, this communication deals with expiona identification of cooperative tools
used by professionals to produce a safe care iatheapy.

THEORETICAL BACKGROUND

Cooperation in radiotherapy

Radiation treatment is distributed in time, spacd &etween the different professionals.
Professionals cooperate to produce a safe treatmeart asynchronous way (Nascimento,
Falzon, Thellier & Jeffroy, 2008; Munoz, 2010). Theork consists in the definition of three
main parameters that are essential to producesdreatment (Munoz, 2010):
« the radiation dose. Professionals have to defie€'appropriate” radiation dose that will be
administrated to the patient ;
« the anatomical target area to be irradiated, rdeio to provide the patient with the
appropriate dose “at the appropriate place” ; e mim@ment of the treatment, in order to
provide the patient with the appropriate dose atappropriate place at “the right time”.
To reach these goals, the treatment process isvges®ed, in time and space, into five steps
(treatment planning, simulation, contouring of tla@ea to be irradiated, treatment
implementation, and medical follow-up) involving ttigferent professionals:
* radiation oncologists initiate the treatment asaby prescribing the specific plan for
treatment of a patient (numbers of sessions, typadiationtechniques...);
* radiographers acquire anatomical data of theeptitiThese data are essential for the
simulation of the future treatment. Indeed, thimwdation aims to define the position
to be adopted by the patient during the treatnmaptementation in order to ensure the
precision of irradiation (the “appropriate placerameter);
» these area are determined by radiation oncologishe contouring phase and a
dosimetrists precisely fixed the irradiation doed &nizing parameters;
» once the treatment is stabilized and validateddulyation oncologists and medical
physicists, it is implemented to the patient by ogdaphers;
* the patient is followed-up by oncologist durinigj the treatment (from five to 30
days)

Tools supporting cooperation in radiotherapy: a focus on workflow system

Compared to synchronous cooperation, temporal ypress relatively low in this type of
cooperative work (Nascimento & Falzon, 2008). Coneatly, coordination between
professionals can be achieved trough written orprder-based asynchronous tools. Patient
“paper” medical records circulating between prafassls according to the treatment phase is
one of the example of such asynchronous mediaBeside these “classical” coordination
methods, software tools oriented to group work oizgtion or automation have been
developed in such medical context. The design ofsthfeware platform in which we are
involved takes place in this perspective as itgrates several tools addressing: (1) a specific
profession, such as automated positioning (addmgssadiographers) of the patient or
automated verification of the irradiation dose (fioedical physicists or dosimetrists), or (2)
cooperation between professionals such as electrmeidical record file and a workflow
management software.

In our study, we will focus on workflow system askay tool for computer-supported
cooperation. The aim of workflow tools is to suppibie progress in the design of treatments
between different phases of the process. Workflgstesns describe and automate some
procedural steps and exchanges (data, files...)hinae to be performed by professionals -
such as transition between steps - or provide psafeals with information they need to
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perform their tasks. The goal of such tools in e#ftkrapy is to control and to followup the
elaboration of a treatment. Figure 1 presents acpt®ed model of the processing chain
structured by workflow system in radiotherapy. B¢ £nd of each phase, the validation of the
concerned actor allows the system to advance tméRe step. Information is automatically
transferred from a computerized workstation to heoin order to prevent the risk of error
associated with manual entry of treatment paramméRwsenwald, 2002).

These tools are presented as essential to mamageniplexity of the treatment and to ensure
safety. They aim at preventing “errors” due to claation difficulties, and contribute to

manage patient data in a safe way. However, segenalerns regarding this objective can be
outlined in an ergonomics perspective.

Figure 1.Modelization of the radiation treatmentlinded on a workflow system

Radiation Medical physicists

Radiographers oncoliiil Doshme vl Radiographers
5 — s — Radiation oncologists =) , T T
an::aqtmnical Defining the volume Calculating ity Validatine the the tmatrrt:nt
o to be irradiated tng TPy

Fig. 1. Modelization of the treatment chain

From a technocentric perspective to the identification of managed safety
strategies

Despite the claims that workflow systems may reabgist cooperation and are essential to
promote safety in healthcare, an issue for ergooc®ns to integrate models of human and
work activity in the design of such tools. Indedlde project we are concerned with was
initially centered on errors prevention in treatinelaboration in a technocentric perspective
of safety production in healthcare. Human was amred as non-reliable and a “zero risk

target” was supposed to be reached thanks to aeaise of control automatically performed

by software (Reason, 1990).

However, such a perspective is limited to a présctimodel of the treatment chain and does
not take into account the daily “managed safetylembively performed by professionals to
cope with two objectives that may be contradicta@ysuring safety and implementing the
treatment (Morel, Amalberti &Chauvin, 2008; Nascit®e 2009; Nacsimento &Falzon,
2008). “Managed safety” mainly occurs throughinfatmegulations and requires flexibility
of systems in order for professionals to cope witforeseen events (Mller & Rahm, 2000),
such as collective culture of safety shared bygssibnals (Nascimento, 2009).

In this perspective, moving from a technocentricrapph of safety in healthcare to an
approach taking into account “managed safety” meguio identify informal regulations and
strategies daily performed by professionals in reairk settings. As production of
radiotherapy treatment is a cooperative activigentification of strategies dealing with
coordination, cognitive synchronization and thealepment of situation awareness (related
to action, situation and social context) may bepafticular interest. Here, we consider
situation awareness as an updated representator&fsituations that requires information
about the context of production of work. In coopes work, situation awareness helps
operators to adjust their own activity to a patacisituation. Thus, it promotes coordination
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and support collaborative work (Schmidt, 2002; Gl&r& al.,, 2003; Detienne, 2006;
Barcellini, Détienne, & Burkhardt, 2010).

RESEARCH OBJECTIVES

Our general research objective is to investigate toosupport managed safety in the design
of a computer supported cooperative environmeat,hiow to design an environments that
take into account Human and their activities asey klement for enabling collective
production of safety. This objective articulatectmain fields of research:
* the collective production of safety. In the comity
of some authors’ works such as Amalberti’'s, Morelisd Nascimento’s, we aim at
understanding the collective production of safatyd more particularly the conditions
of development of a collective safety culture.
» automation and safety. Radiotherapy is a morermaoe automated domain. In this
context, we aim at better understand the links betwautomation and safety, and the
role of Human in automated safety management.
To do so, we need to identify cooperative strategierformed by professionals to manage
safety and their links with cooperative tools. histsense, the questions addressed by this
communication are exploratory and concern:
 the identification of tools used by profession&is cooperation all along the
treatment chain and their functions linked in pmafar to coordination and
development of situation awareness;
« the identification of the specific use and fuoos of an existing workflow system
compared toother tools.

METHODOLOGY

Fields of research

Considering our research objectives, a key metlogicdl issue is the real work analysis on
fields oriented to the identification of collectiygroduction of safety. Consequently, we
conduct our research in the most important radrafhe center in France, which is a
department of a Parisian cancer institute. Thiserestinvolved both in the research about
mechanisms of emergence and progression of caaruin the treatment of patients.

The technical equipment of the radiotherapy unituides two simulation stations and seven
treatment stations. Simulation stations aim at miedl patient positioning before the
administration of the treatment, which is made m@atment stations. Each treatment station
receives from 10 to 40 patients per day. NearlypBtfessionals from different specialties
work on this technical platform. Moreover, this @anhas developed its own workflow
system, which is essential for our research.

Analysis of cooperation tools

We conducted around 35 hours of work observationstlerstand the radiotherapy
treatment, during planning, contouring and treatnmaptementation.

During 12 hours analyses, we systematically qugntif

« the types of tools used by professionals to cadpdcomputer tool; paper tool; verbal
communication; patient as a physical support).

« the tasks performed by professionals when ugiagdols.



Analysis of the workflow

The workflow developed by the information systemepatment of the cancer institute
manages patient data file transfers between piofeds. Workflow system has both an
individual and shared functions: the individual ftioo is available on personal computers
and highlights the files that have to be treatedth®y concerned professional; the shared
function - materialized by a shared board availabl¢he dosimetry room - highlights the
global state of patient files and their coverage.ahalyse uses and functions of the shared
board, the researcher was positioned beside itiaed the “think aloud” technique (Bisseret,
Sebillotte & Falzon, 1999). This technique helps@acessing the cognitive activity performed
by professionals while using this workflow systéiie requested the operators who stopped
to view the shared workflow board. We asked therhitak aloud while they were consulting
the shared board: "Looking at this picture say wyai're thinking about, what are your
associations of ideas, your deductions?". 16 psudaals were interviewed corresponding to
20 interactions and 8 hours of observations. Adlititerviews were recorded and qualitatively
treated by extracting and by categorizing the ®perbalized by operators.

RESULTS

Our analysis reveals that professionals use setygra$ of cooperative supports to implement
the treatment: verbal exchanges, computer-basesl itoalhich the workflow, paper tools and
the patient him/herself. In the following we wilidt described globally the enhanced “real”
workflow model revealed by these analyses to féatedy on the functions of the cooperative
tools for professionals.

Enhanced workflow model: a multiplicity of tools supporting cooperation all

along the chain

This section presents the findings regarding thehd2rs of systematic analyses about the
tools utilisation. Our findings about cooperatiaols highlight a more complex system than
the model presented by the existing workflow tdag(re 1). Figure 2 represents this model
by integrating the diversity of cooperation tooktweeen the different professions to perform
safe radiation treatments.

adiograp Radiation Mediral physicists adiograp
: ”m —= oncologss i~ = Radiationoncologsts ==p R“ ink -
aAI::((ln'l?al @y, Defining the vohure Calrulsting Sy Validating the therapy b tmam:xrthg
y
dat e prE———y
Y i S—4 A
Computer tools
Paper tools
Patient-related tools
Verbal exchanges
Existing
Workflow tool




Fig 2. Model of the mediated cooperation suppoditydised between the different
professions.

In 12 hours of systematic observation we have nddd uses of tools. Informal
communications are the most used strategies to ecatp as they represent 45% of
mobilisation of cooperative tools revealed duringr oobservations (158 from 347
mobilisations of tools observed). These commurocatiare mainly verbal exchanges and can
be telephonic or face-to-face. Computer tools aee decond most important strategies of
cooperation, representing around 38% of uses (188 847 mobilisations of tools observed).

There are 17 different computer tools used by pmémals such as the workflow tool,
planning applications, software dedicated to eaehtinent machine, software managing the
data of treatment.... Among these computer suppadskflow represents only 12% of uses,
i.e. 4% of mobilization of all cooperative toolsagr tools represent 15% of mobilization of
cooperative tools (50 from 347 mobilisations of toobserved).

The patient paper file is the most important papet mobilized among all paper tools. It

represents around 10% of all support mobilizeds dtient paper file contains information

about each phase of treatment, by printed documpittsires about patient position on the
treatment table, copies about dosimetry calculafidns patient paper file is used in parallel

to the software tool for managing the data of attrent. Another example of paper tools is a
notebook allowing physicists and radiographersammunicate about the files to verify and

validate data before treatment. This notebook aamadded by manual annotations, post-its
etc....

Finally, patient-related tools are a specific supmd cooperation, and represent 2% of the
mobilized tools (50 from 347 mobilisations of toalbserved). Patient positioning is a key
parameter that determines the precision of irraxhabf the tumor area (the “appropriate
place” parameter described above).

Professionals must ensure the reproducibility dfepé positioning through treatment sessions
in order to reach the target area and to avoidtaskchieve healthy organs near this area. To
achieve this reproducibility, individualized positing tools or “retention tools” are
developed. Those artifacts determine the positiothe patient when lying on the treatment
table. On the surface of these tools, radiograpivete annotations regarding the patient and
the use of the tools. This positioning informatisriransferred from the simulation station to
the treatment station.

Moreover, in order to reproduce the spatial positbthe target area to be irradiated all along
the treatment (the appropriate place), professsonahke marks on patients’ skin. These
marks constitute additional information for the wahrcibility of patient positioning. These
elements show that in real situations the workfltvl is not the single reference for
cooperation: there are collective uses of a sesugfports to produce a safe treatment.
Radiation professionals develop multiple ways tohexge in order to conceive a treatment
and to share about the work situation.

The issue treated in the following section concédires functions of this set of tools for

professionals and the specificity of two coopemativols which are of particular concerns: the
existing workflow tool and the patient, which igerestingly a non-technological tool.

7



Functions covered by cooperative tool

Three mains functions of cooperative tools
Three functions related to the use of cooperatdsthave been identified: (1) updating the
knowledge concerning the production of the treatnséatus, (2) producing of useful data for
other professionals about a specific treatment(@8pdharing practices between professionals.
The main function of cooperative tools is the updaftthe “system status”. It represents 61%
(217/347) of uses of all cooperative tools. A pssfenal consults a tool in order to obtain
information that allows him/her to develop and updhis/her representation of the work
situation. Some examples of data that allows psidesls to actualize their knowledge about
the situation and orient their activities are:

* the name of the radiographer concerned by amufte;

* the number of files that have to be validategbysicists;

* the size of the patient;

* the appropriate moment to meet an operator;

* the status of a current file.

Cooperative tools are also used and updated inr dadgroduce useful data for other
professional about a specific treatment. Theseulidata can be consulted asynchronously by
at least one other type of professional. These tegdaf all cooperative tools correspond to
19% (67/347) of uses revealed. For instance, ragpbgers at the simulation step use marks
on the patient's skin, or photo of the patientthar notification of ways of retention to assist
and cooperate with radiographers at the treatntatios.
Finally, cooperative tools, and essentially verbathanges, are used to share practices
between professionals (19% of use). This functefers to the mobilization of a support to
define the way of reaching a goal, or the way dlizeng certain tasks. This kind of
information concerns mainly the definition of prdoees of action e.qg.:

* the procedure to approve a file;

* the solution to implement in case of error obanputer application;

* the rules defining the radiation beams, accordmghe anatomical regions to be

irradiated;

* the procedure to obtain some type of expenddblaent.

The results concerning the collective sharing atahange of procedures have been presented
to the interlocutors of the Parisian Institut durangrorkshop.

Their reaction was: "we know how and where to fimdrmation, but we prefer to ask and to
exchange verbally". This shows the importance ofhexges to share procedures and
practices to achieve a safe treatment.

Existing workflow tool to support coordination and to prevent the late
administration of a treatment
This section presents the findings regarding thenkt aloud” technique about the shared
workflow board. As represented in Figure 3, thresmiunctions of the shared functionality
of the existing workflow tool have been identified.
» the evaluation of the overall charge shared hyfgssionals and their individual
charge. The information mediated by the shareddballows professionals to have
information about their colleagues’ activity andoab their advancements in the
treatment of a file, as illustrated by verbatimraérviewees:
“...and | said to myself that next week there willdbéot of work. Lots of files have
been not validated.” (Physicist);



« the evaluation of the emergency to treat a padidile:
“l look after the priorities, in particular, thisreatment starts in early next week, so we
will absolutely have to validate it today.” (Physit);

* to organize their own individual activity, in piaular the information about the
beginning of a treatment is an important critetiostart the treatment of a file:

“...we see that there is a metastasis for tomorrow!'lEstart doing that. | will look
for the medical record file in the box then I'lagtby doing that and then | continue
after to the breast (cancer) that | have in progré¢Dosimetrist).

Evaluation onthe Organization of the

e Workflow —* individual activity
UVEIL all Stale ul e

system l N
\—/

Taking information on a
particular file

l

Emergency the
processing in afile

Figure 3. Main functions of the existing workflolased tool

Functions of the shared board help coordinationvéen professionals, which is crucial to
produce a safe treatment. Indeed, thanks to tlenation provided by the shared board,
some professionals may mobilize colleagues whocansidered to be late and may impact
the safe production of a treatment. Thus, the shl@ard allows the group to develop
strategies to anticipate and to prevent degradadhtgins. Indeed, the beginning of a
treatment is planned in advance.

The delay of achievement of a phase by a profesiotetermines the time allocated to the
following ones in the treatment chain to achieve gt phases. If an profesionnal of the
chain doesn’t have enough time to accomplish histhgks, a “degraded” situation in the
treatment of a file (i.e. the elaboration of a tmeent) could appear, and so a possible factor
leading to production of errors. If delays are acolated, the treatment will not be ready
when it is due to and its administration shouldlbiyed. It has implications for the safety of
care regarding the "right time" parameters defifmda safe treatment. We show that the
existing workflow tool is used as a mean to prevanbrs by professionals, however another
interesting tools is used specifically by radiogeshto cooperate: the patient body.

DISCUSION AND PERSPECTIVES

This study is a first exploratory work focusing thre identification of cooperation tools used
in radiotherapy. We show that workflow tool is nibe only resource used by professionals
but that there are a multiplicity of tools used pduce collective safety. Professionals
mobilize these tools to produce shareable dataafmpecific treatment, but not only.
Cooperative tools are used to share the prograse iconstruction of a treatment and to share



procedures and work practices. Transmitting andirsfpahis kind of information, through
cooperative tools, supports the construction and upeate of the collective situational
awareness. Situation awareness is a critical dondior success in the integration and in the
coordination of activities in collaborative work of8nidt, 2002, Carroll et al., 2003).
Moreover, updating the situation awareness thamkedperative tools can be considered as a
basis for coordination within the group, which galhe production of a safe care.

One of the collective tools, the current workflogol, provides the information concerning
the beginning of the treatment which gives a shaeedporal reference and determines the
degree of emergency in processing the treatmentdierent members of the group may
share the same data concerning the temporal psognethe treatment. The information
shown by this tool participates in the coordinati@mtween different professionals involved in
the treatment chain. Situation awareness facititéte temporal management of treatments.
This tool allows the coordination and the developtm&# some non-prescribed strategies in
order

to avoid delays all along the treatment productbain. The group develops strategies to
anticipate situations in order to respect the ha@go of the treatment and to preserve
sufficient time for the task of each member of thain. They address the safety criterion of
patient care: "right time".

Several perspectives of this work can be developedhighlight the important role of
professionals in the daily management of the vditahaking into account constraints and
specific strategies of each profession. The airthus to enrich the design of the computer
tool with the results of the real work analysis;liding informal strategies. The goal is to
design a computer tool that supports not only tleelgction of the radiotherapical care, but
also that allows operators the production of sabetigide the prescribed areas.

One first perspective concerns complementary aisalgadiotherapy work. Indeed, the
situation involves different types of professionalad specificities of each of them may be
explored regarding cooperation strategies. In feisse, we conducted a first study about
radiographers cooperation at each ends of the cofMimoz et al.,, to appear). Another
perspective should be to analyse more finely thedigiposition of dosimetrists who appears
to be essential in the management of delay as rtinayilize “late” professionals. Finally,
another perspective is to identify variability thmbfessionals have to cope with in order to
integrate different levels of flexibility to the fi@tion of the computer environments.
Highlighting informal strategies used to managealality can led to take into account in the
design process both “managed” safety (Nascimer®09;2Morel, Amalberti & Chauvin,
2008) and constrained safety (procedures, norims)atter being the only one included in the
existing workflow tool. Those perspectives leadas general theoretical question related to
participation to the design process of a safe caermupported environment in radiotherapy.
This raises a theoretical question about the didion of tasks and information between
operators and the technological environments aeditlks between automated approach and
healthcare safety. Finally, an approach taking adcount the whole system in radiotherapy
would have to consider the active participatiorthaf patient in his/her care (Pernet &Mollo,
to appear).
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