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Abstract. The paper presents PRoDoC, an Electronic Document System that allows users
to navigate documental artifacts according to predefined process maps. In fact in PRoDoOC,
process models are to be considered as maps that users willingly take as guide for their
decisions and actions, rather than scripts prescribed from above. The main tenet of this re-
search is that, by integrating documents and processes, documental practices and related
work practices could better align to intended models of action. The underlying concept is
the result of a long empirical research in the healthcare domain, where we have deployed
PrODOC as an innovative and process-oriented Electronic Patient Record. The user partic-
ipation in the phase of document definition and clinical processes modeling is central in our
approach and it is illustrated in three scenarios of the software informal validation that we
present in this paper.

1 Health records: a challenging domain

The healthcare domain is the marketing target of many vendors that propose systems
of various kinds to support different phases or activities of the healthcare process.
Some of these systems receive a good acceptance since they mainly deal with ad-
ministrative aspects, e.g., reimbursement accounts, or with quite streamlined and
standardized activities, e.g., laboratory examinations. Other systems encounter a
stronger opposition since they involve aspects of the clinical care that deal with sub-
tle nuances of clinical work: among these systems there is still the Electronic Patient
Record (EPR). EPR introduction in the hospitals is still rare and in any case prob-
lematic (Heeks et al., 1999; Hartswood et al., 2003; Berg and Winthereik, 2003;



Koppel et al., 2005). This was also manifest during our interactions with several
practitioners working in hospitals that were at different stages of introduction of
EPR systems. We noticed a diffuse sense of frustration in these clinicians towards
this process, which in many cases was almost out of their control. In fact, deci-
sions about the digitization of patient records (PRs) were often governed either by
external forces, like the bargaining power of influent vendors, or by internal strate-
gies, which were aimed at a uniform adoption of the same system across different
departments to improve cost control and resource management.

Obviously, for us as external researchers, these processes were out of our influ-
ence. We had nice conversations with the practitioners about a matter that they must
have had at heart, and we met their open availability to validate some of our ideas on
small prototypes and mock-ups in sort of “loud thinking” users sessions. This gave
us the motivation to capitalize the wealth of experience gained with practitioners
and try to address the point whether a really innovative EPR could be possible. We
agreed with practitioners that innovativeness was all about the challenge of fulfill-
ing their primary needs (i.e., care and its account) without requiring them to distort
their usual practices and saddle themselves with the low-level integration with the
hospital information system. We decided to face this challenge since we believed
that our outcome would at least provide practitioners with a tool that they could ex-
ploit in their interaction with the hospital management and the ICT vendors to spur
them towards real innovativeness. This paper is a first step in this direction: after
discussing critical aspects of existing EPRs, it gives the basic tenets and describes
the current version of our outcome, a prototype called PRODOC, together with an
account of its ongoing validation.

2 Current EPRs: a critical view

Our empirical research about the introduction of EPRs in four hospitals in North-
ern Italy highlighted three main critical areas that deeply influenced the design of
ProDoOC:

First: Standard EPRs provide their users with a sequence of electronic forms
that reflect how information has been modeled to deploy the underlying database:
i.e., in terms of domain entities and corresponding relations. These aggregate views
propose layouts of “assembled squares” where practitioners can read or write clini-
cal data according to predefined schema. Moreover, these forms are linked together
according to a business logic that, in general, has nothing to do with the paper forms
that are in use before the EPR’s introduction and with the practices that doctors have
built around them. Several studies (e.g., (Harper et al., 1997; Fitzpatrick, 2000))
pointed to the advantages of the paper-based forms over the electronic ones but the
focus was more on the affordance of the paper medium rather than to the internal
structure of these forms. Indeed, we believe that how doctors organize information
in their records (a task that is facilitated in paper-based forms) is crucial: in fact, we
observed that the structure of a document/record/chart is usually the outcome of a
long-lasting process where the results of consolidated work practices and conven-



tions have been stratified. In particular, this structure is able to let tacit knowledge be
evoked by the mutual position of information or by specific graphic cues or textual
annotations that are easily juxtaposed beside or around it. All this rich combination
of tacit, implicit and explicit knowledge is mainly lost when EPR is digitalized: the
consequence is that practitioners are requested to abandon the practices on which
they usually base the effectiveness of the care process, and to behave according to
something that is out of their experience: i.e., the business workflow logic of the
EPR.

Second: The business logic of EPRs are usually invariant with respect to the
specific care processes that doctors are able to tailor to specific diseases and to how
patients react to their interventions. These processes can be implicit medical knowl-
edge, or made explicit in what is usually called a Clinical Pathway (CP) (Sloan and
Guinane, 1999); the whole body of these processes is a sort of procedural knowl-
edge that in any case clinicians retain and exploit to articulate their actions and those
of the practitioners involved in the same clinical case. Generally, in current EPRs
there is very little or no support towards these disease-related and patient-centered
processes: and no wonder there is not. In fact clinical processes are defined, up-
dated and dismissed not only according to medical evidences and guidelines but
also according to very local drivers, like available resources, staff, level of educa-
tion, available equipment, and even hospital topology (Lenz et al., 2007). Therefore,
in the more positive case, the burden to “remember and follow” the intended path-
way is left on the shoulders of practitioners; in the more negative case, they have the
additional burden to cope with a contrasting logic embedded in the EPR.

Third: In specialist literature, doctors themselves propose the CP as an ef-
fective tool to decrease undesired practice variability and improve clinical perfor-
mance (Campbell et al., 1998). We also, in Cabitza et al. (2008), observed the
practice of adding the sheets of a reference CP into the record folder of a patient
with a specific disease. In those settings, and especially when the CP is the outcome
of a bottom-up collaborative effort , the integration of CPs — however represented —
and the EPR is advocated to improve appropriateness and to aptly respond the in-
creasing demands for patient safety, better risk management and reduced costs. In
fact, studies have shown that IT applications can increase pathway compliance, if
they embed pathways in routine work, and more precisely in routine documenta-
tion (Lenz et al., 2007). To this aim, a traditional approach is that of conceiving a
set of electronic checklists that allow doctors to check the compliance of their prac-
tice against the pathway (Blaser et al., 2007). Yet this approach, even if mitigated
by the principle of “charting by exception” proposed by Short (Short, 1997), usually
results in documental overhead because clinicians end up by reporting more about
the pathway than according to the pathway. As discussed by Berg (1999), clinical
reporting follows clinical work closely and clinical work is influenced by how and
when clinicians report it since they rely on the record to coordinate with each other.
Even when EPRs acknowledge this mutual influence, they embed processes that are
interpreted as “yet other” workflow models and scripts by “engines” that govern
what tasks the application can allow users to perform, or as the outcomes of domain



knowledge representations by inference engines oriented to planning and decision
making (Smart and Roux; Quaglini et al.; Aigner and Miksch, 2006).

3 Innovative EPRs: the basic tenets

To overcome the above limits, we identified basic tenets that we adopted for our
proposal and express in what follows as they were formulated in frank terms by
practitioners:

“Let me keep my folders!”: from their introduction at the end of the 19th cen-
tury, paper based PRs have evolved in very well organized bundles of documents,
charts and records. What to software engineers could seem confused folders are
actually sets of sheets that are grouped together according to their contents, to the
time span they refer to and to the phase of the care process they are associated
to (Cabitza et al., 2005). Doctors see this whole information not as a static “folder”
but rather as a “web of artifacts” (Bardram and Bossen, 2005) whose ad-hoc and
often unpredictable organization allows for different levels of aggregation and re-
trieval; this flexible folder allows doctors to continuously re-arrange its sheets so
that, e.g., the peculiar proximity of pieces of information can facilitate peripheral
readings that profitably complement data that are on current focus; or it can allow
for a comprehensive view of data according to different criteria, like time intervals
or basic indicators of patient’s condition (Fitzpatrick, 2004). In the EPR design,
this means that the “folder” metaphor by which to gather and present clinical data
must be preserved against the omnipresent metaphor of the “dashboard”, borrowed
by other information-intensive domains.

“Let me do what I do on paper”: our observational study confirmed that prac-
titioners appreciate the possibility to keep browsing and skimming clinical data as
they were used to with paper-based bundles as well as to add extemporary and infor-
mal annotations (Hardstone et al., 2004; Bringay et al., 2006) to the basic structure
of documents: more specifically, practitioners claimed that such flexible annotations
are a natural means to promote awareness and to evoke tacit knowledge pertinent
to the annotated information. Practitioners also appreciated the possibility to cus-
tomize, tailor and design their own forms according to their local needs as they were
used to with paper-based forms, which they usually could compose and print locally.
These continuous improvements always require a formal validation by the hospital
management but they are on ordinary agenda if doctors comply with the core data
set that has been defined at organizational level. Conversely, modifying an EPR
requires much more than mere negotiation with the management since it always
requires modifying the EPR DBMS and often even its internal business logic.

“Integrate data and processes but don’t mix’em up”: usually documents and
processes are seen as independent units or, better yet, able to characterize a work
domain at different levels. However, clinicians told us that when a representation
of an organizational process is concerned with the clinical dimension of hospital
work, they should be seen as simple maps, rather than “scripts” (Schmidt, 1997)
of an application logic that prescribes and steers clinical behaviors. The term map



suggests that these representations can be used to provide a sort of loose “topology”
that can promote awareness of the unfolding of the illness trajectory, of what activity
is currently being performed and of what doctors should do next to coordinate with
each other in a seamless way. The process can then be seen as a alternative way to
organize data in terms of when they have to be produced and to what aim. Therefore,
to improve awareness and coordination, clinicians suggested that there is no need
to build a comprehensive model of the care process, whereas it suffices to make the
crucial input/output relations between activities and specific documents (or parts of
them) clearly explicit (Cabitza et al., 2007). Moreover, in the healthcare domain,
process maintainability is a pressing requirement, as we reported in Cabitza et al.
(2008) since strict standardization from above built into electronic systems is bound
to fail (Berg, 1997); indeed, for clinical pathway to be effective aids in guiding
practice, doctors must be able to continuously update and maintain them, according
to both local practices, new scientific evidences and agreed guidelines based on
consensus within a particular discipline.

4 The basic design choices

In order to build a prototype fulfilling the above basic tenets, we had to make choices
and tradeoffs about how to represent documents and processes. To this aim, we
made a survey of the main solutions reported in the literature and collected exam-
ples from the hospitals we have been in contact with in the last years. In regard
to how represent clinical processes, the most used formalisms are extensions and
customizations of the flowchart notation. In a minority of cases, the representation
is based on matrixes, or time-grids, describing activities and responsibilities. More
often, protocol-based care is formalized in terms of hierarchical networks of compo-
nent tasks, that unfold over time, like Asbru (Shahar et al., 1998), GLIF (Boxwala
et al., 2004) and PROforma (Sutton and Fox, 2003) (just to cite the most used).
An alternative approach takes a declarative point of view, e.g., the declarative lan-
guage CIGDec (Mulyar et al., 2008), to increase the flexibility of process execu-
tion: in fact, activities can be modeled without causal relations and possible prece-
dences between them can be expressed in terms of additional constraints. In this rich
panorama, our choice was to combine the advantages of an explicit representation
of the relationships among activities with the flexibility resulting from releasing this
representation from the engine that is usually associated to procedural languages.
This suggested us to adopt the Business Process Modeling Notation! (BPMN), a
standard notation close to flowcharts, since we observed it is familiar to most of the
healthcare practitioners for historical reasons

In regard to how represent document structures, we adopted an approach that
is common to other applications (see, e.g., Morrison and Blackwell (2009)) that

! The Business Process Modeling Notation is a graphical representation developed by the Busi-

ness Process Management Initiative (BPMI) and currently maintained by the Object Management
Group.



try to mimic the look-and-feel of paper-based chart quite closely. More than this,
our solution aims to provide an interaction mode that makes the definition of doc-
ument templates as natural as possible for the practitioners. This solution invites
practitioners to see documents as just topological arrangements of data fields or
“document constituents” that we call didgets (more details will be given in the Sec-
tion 6.1). Our point is that avoiding any explicit representation of the relations be-
tween these constituents allows for a great level of flexibility in presence of changes
in the forms’ layout as well as of the insertion/deletion of new pieces of information.
This choice has had a strong impact on how to realize the clinical data repository
behind our EPR: in fact, its structure is dynamically derived from the pieces of
information contained in the document templates by adopting a multidimensional
approach (Pedersen and Jensen, 2001).
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Figure 1. The main page of PRODOC (the Timeline is minimized).

5 PRODOC: description of the user interface

In this section, we outline the main functionalities of PRODOC (PROcess-oriented
DOCumentation) a web-based prototype of EPR aimed at supporting clinicians in
integrating clinical pathways into their records. First, we describe the main page
that PRODOC displays once a doctor has selected an activity from the list of current
CPs that are active on a particular admitted patient. This page is divided in two main
sections (see Figure 1): the upper pane is called Process Panel and provides pro-
cess overview and navigation functionalities. The lower pane is called Data Panel
and provides user with access to data through paper-looking documents (currently,
they are PDF forms). In its current version, the Data Panel provides also annotation



functionalities through the rich command palette provided by the Acrobat platform.
The Process Panel can be reduced (or minimized) so as to give users a full-screen
of the Data Panel: this can be particularly useful if PRODOC is used on a tablet or
ePaper PC; in fact, this full screen view allows to simulate the traditional interac-
tion with paper-based artifacts in all those settings where this is considered a plus
by practitioners. Above the two main panels, PRODOC encompasses also a small
textual section, which reports the main patient personal data, the navigation trail and
information on the current user.

5.1 The Process Panel

The Process Panel allows users to have a quick glance of the process map, to assess
and set the current state of the clinical process, and consult the process history. To
this aim, the panel is divided into three sections (see Figure 2). Two of these sec-
tions, the Process Map and the Activities are fixed, while the third, the Timeline,
is collapsable as the whole Process Panel.

The Process Map is a window where a portion of the graphical BPMN-based
representation of the current CP is displayed. The map is automatically centered
around either the active activity or the activity currently on focus (i.e., the activ-
ity that the user has selected to view the associated documentation) but it is also
draggable, so that users can examine different regions of the process schema. The
process map is an active map: this means that the diagram elements depicted therein
are active links that make an activity on focus and its associated documentation be
displayed in the Data Panel. PRODOC also provides a zoom function (the magnify-
ing glass icon depicted in Figure 2) that allows to enlarge the map and see it in full.
In the current prototype, the active activity is highlighted in green, while the activity
on focus (when this does not coincide with the former) is colored in yellow. The
Process Map works in combination with the Activities section.

The Activities section reports textual information about i) what the current ac-
tivity in the process is (and its criticality); ii) what activity/ies follow/s the current
one (and their criticality); iii) what activity is currently on focus: its documents are
currently displayed by the Data Panel. In regard to the current activity, users can
suspend it, by pressing the Pause button. Since the current prototype does not
handle parallelism within the same CP, two activities of the same CP can not be
active at the same time. Therefore, if an activity is temporarily suspended, also the
overall CP is suspended and an event of temporary exit from the CP is generated.
When the CP is suspended, it enters a sort of unspecified activity where users can get
access to (and use) all the patient documentation, The suspension lasts until either
a new activity is started or the current activity is resumed. When a user means to
terminate an entire process and exit the CP, she can select and make one of the end
event elements (depicted in the process map) active.

User can select any activity to put it on focus in order to read or write the associ-
ated documents. Once an activity has been put on focus (through either the Process
Map or the Next Activity link) users can activate it by pressing the P 1ay button, to
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Figure 2. Process Panel with the Timeline open.

tell the system this is the activity they are currently involved in. In so doing, the sys-
tem automatically terminates the current activity, makes the activity on focus active
and updates the next activity links accordingly. If the activity that the user activates
does not directly follow the current process activity (i.e., it is not one of the next
activities), the system generates a deviation event that is recorded to be displayed in
the TimeLine.

PRODOC does not pose significant constraints to user action and optionally can
ask users to provide a written justification if they start a new activity without fol-
lowing the order indicated in the clinical pathway. This request can be set as either
mandatory or optional by the responsible of the CP (i.e., usually who led the task
force supposed to design and maintain the CP from the available guidelines) accord-
ing to local conventions and if this indication is deemed useful to provide doctors of
next shifts with the context to understand past decisions; in our specific case, the CP
responsible proposed this functionality as a way to foster feedback from doctors on
the extent the clinical pathway at hand is useful and reliable in their daily practice.

The Timeline is a section at the bottom of the Process Panel that can be ex-
panded and collapsed at need every time doctors need to get a visual representation
of when relevant events occured and during what activity. The timeline displays
both the process history, i.e., the sequence of CP activities that doctors have actually
performed till the present moment, and any relevant event that has occurred during
the patient stay that far. When users open the Timeline, it is centered on the present
time if the process is still in progress, or on the end of the healthcare episode, if the
patient has been already discharged. When the Timeline is updated, PRODOC dis-
plays unobtrusive pop-up messages, so that users can determine whether to refresh
the timeline by pushing a specific Refresh icon. In the Timeline, activities are



depicted as a succession of colored bars, while events as dots of different shape and
color according to their predefined type (e.g., changes in the record, report arrivals,
deviations in the CP trajectory). Users can scroll the timeline along the horizontal
axis by two graduated scales to explore the process history with different time gran-
ularity: the former scale is divided in monthly intervals and allows for a quick shift
upon the time axis; the latter one splits the timeline according to days and hours
and allows for more accurate movements. When a user clicks on an activity bar,
PrRODOC shows a pop-up balloon that reports the start time of the activity, the jus-
tification given for its activation (if any), its end time (if already performed) and a
direct link to the associated documentation and contextual content. This latter func-
tionality means that doctors have got a sort of “time machine” by which to see the
record’s content at the selected time: pages accessed through the timeline panel are
displayed in the Data Panel as usual but are read-only unless the activity on focus is
the current one. In regard to the relevant events displayed in the timeline, the current
implementation of PRODOC considers three event types:

e data events (green spots), which are pinpointed into the timeline whenever

users insert new data in the Data Panel (i.e., save the content at sheet level);

e annotation events (blue spots), which inform users of when their colleagues
have annotated a document.

e deviation events (red spots), which are displayed either when users start an
activity that does not follow the current one in the CP map; when users write
on a document that is not associated with the current activity; or when users
suspend a CP.

If a user selects either a data or an annotation event, PRODOC displays a balloon

where exact time of document saving and the author identity are indicated, as well
as a direct link to the saved/annotated document.

5.2 The Data Panel

Below the Process Panel, users can see the Data Panel (see Figure 3) in which
PrRODOC embeds the set of the only documents associated with the activity cur-
rently on focus. If, conversely, the user has to consult the whole documentation
during a specific activity, she can get access to all the sheets regarding a single pa-
tient, by pressing the Display All icon (the first from the left in the command
bar depicted in Figure 3); PRODOC displays the whole documentation for a specific
patient also after the user has temporarily suspended the CP.

In the Data Panel, users can read and write the forms that are progressively com-
piled during the patient stay. Usually each activity has some document templates
and sheets associated; users can swap from sheet to sheet pertaining to different
templates by means of tabs, so as to mimic how they are used to in the case of
paper-based folders. When users complete a sheet, they can have PRODOC gener-
ate a new sheet for each template by selecting the New Sheet icon (the second
from the left in Figure 3). By affinity with the typical constraints of the healthcare
domain where each inscription is a legal report, inserted data cannot be changed nor
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Figure 3. The Data Panel displaying an annotated form.

erased. Inscriptions can be stricken-through and new data can be juxtaposed beside
the obsolete (or just wrong) ones as they would on paper?.

Sheets are opened in read-only mode. The user that has accessed a sheet first
can also turn on the edit mode (third icon from the left) and get a lock on the doc-
ument for a particular patient. In this way, her colleagues can still consult the sheet
in read-only mode but cannot edit it till she has released the lock by either saving
the last changes or discarding them. The Data Panel provides user also with versa-
tile annotation capabilities. Since, in the current version of the PRODOC prototype,
templates are PDF forms (primarily for their strong resemblance with paper-based
forms and the familiarity that generic users have with this format), each sheet is an-
notatable with the rich palette of drawing markups provided by the Adobe Acrobat
platform: users can then add textual comments, either by keyboard or by the free-
hand pencil tool; they can draw oval, circles and rectangles around portions of text
or pictures and mark arrows, in a very similar way as they use to do on the paper-
based record with pencil inscriptions, sketches or with post-it notes, in order to
communicate with their colleagues, drop a note to recall in the next shifts (Bringay
et al., 2006) and unobtrusively promote collaboration awareness and coordination.
Each annotation is registered as a separate event, characterized in terms of time and
author, and it is consequently reported in the Timeline; even more noteworthy, as
soon as a user adds a note into a sheet, this event is immediately notified to all the
users that have the same sheet open, so as to facilitate synchronous communication
and make actors aware of any change in the documents that they are reading.

The main point to retain here is that PRODOC can be used in three different

2 This constraint can be easily relaxed if PRODOC is to be used in different documental domains.



operating modes: either as a sheer electronic record where any artifact is accessible
with no order constraint, if users minimize and disregard the process panel; as an
interactive process map, if users have to use another third-party or legacy EPR and
still want to keep trace of the current activity in the context of the adopted CP; or
as an integrated tool that enables process-oriented document navigation and event-
based information retrieval. In the next section, we illustrate the main functionalities
of PRODOC in the context of three scenarios, by which we undertook the informal
validation of the current prototype.

6 Participatory discussion through use scenarios

From the beginning, we realized that an effective evaluation of PRODOC could not
be conducted in a laboratory setting. In fact, PRODOC has been designed to support
the ongoing recording of (clinical) acts and the articulation of activities unfolding
around this general task. Therefore, a true validation of PRODOC would require a
long-term deployment and an analysis of the impact of the system on both clinical
and documental practices. On the other hand, to gain an initial feedback on the
effectiveness of the main functionalities of PRODOC, we undertook an informal
validation according to a qualitative approach that encompasses the involvement of
a small user panel. To this aim, we have so far conducted informal evaluations
with clinicians in the context of three simplified use cases: one case regarding the
definition of the patient record templates (to be displayed in the Data Panel); another
case regarding the definition of clinical pathways (to display in the Process Panel);
and one case regarding their combined use in a realistic clinical scenario.

These use scenarios were reviewed and personally experienced by selected prac-
titioners during individual user sessions, lasting approximately forty-five minutes:
a specially instrumented version of the PRODOC prototype was deployed in the
hospital library so as to monitor the browsing activity, command selection and soft-
ware events triggered by users during application execution. For our user panel,
we invited the head doctor, a senior doctor that the former invited for his past ex-
perience with EPRs, the head nurse and one of her most experiences colleagues to
use the system following the three scenarios as a sort of loose plot. The evaluation
methodology we used was based primarily on usage logs and user feedback gath-
ered in approximately one-hour long semi-structured interviews taken immediately
after the user sessions. These interviews were used to support our understanding of
the usage logs, to acquire feedback about how the tool was perceived and keep track
of relevant suggestions. This first round of evaluation sessions, although informal,
allowed us to gain insights into how PRODOC would be understood and used by
clinicians to get access to their daily documentation and comply with the specifi-
cations of clinical pathways. In what follows, we will run through the scenarios
we proposed to the user panel and will interpose the main remarks of the involved
users while describing in some further detail the main functionalities of PRODOC’s
current implementation.



6.1 Document schema definition

Before PRODOC can be used, its users have to create both the process schema and
the document templates it will use. This phase of preliminary definition is an impor-
tant part of the innovative approach of PRODOC to process-oriented documentation.
In fact, on the one hand, we wanted users be as much independent as possible in cre-
ating their own processes (i.e., clinical pathways) and correlating them to their own
records. On the other hand, PRODOC also proposes a strong document-centered
approach to data, i.e., we wanted users come back to thinking of data as elements
of specific and “tangible” documents, rather than aggregated elements taken from
underlying databases and gathered together in sort of virtual views.

To this aim, we invited our user panel to use an editor by which to re-build their
own document templates and make them as similar as possible to the paper-based
charts they were currently using. This was something that two practitioners we
involved were already used to: in fact, they were members of the large group of
hospital representatives that was supposed to compose (and maintain) the templates
of the hospital patient record, have these validated by the hospital management,
convert the validated templates into PDF files and then share them to their ward
colleagues, so that these could print the blank charts at need to progressively feed
their paper-based folders. The template editor we provided to the user panel was an
augmented version of a very popular word processor, already used at the hospital:
we developed a Visual Basic application that, while the word processor is open on
a new document, displays a sort of small floating panel from which users can select
the proper didgets to insert in the document. We called didget a documental widget,
that is, a coherent set of data fields that is convenient to gather together at a certain
level of description. Following the scenario, the user panel was invited to drag a
patient didget from the editor palette and drop it on top of a chart template in order
to add the usual patient data (e.g., name, surname, date of birth) in the chart header;
users could also choose a prescription didget (which encompasses fields for the drug
name, dose, the scheduled administration time, etc.) to create a new row for the table
of the drug prescription form. We explained that didgets can be any element of a
typical form: either simple input fields, or set of fields, multi-line text areas, check
boxes, drop-down lists or combo boxes, according to the minimum data set that
key users, domain experts and system analysts had collaboratively identified from
the domain and document analysis. The user panel saw that the same didgets could
appear in more templates and, obviously, in more instances of a single template, i.e.,
in more sheets. In this latter case, a didget could be local, if the data associated with
it are not to be replicated in other sheets; or global, if the data must be replicated in
each occurrence of the same didget all over the record.

Seeing document templates as containers of didgets, and the task of document
editing as that of positioning didgets in a blank page was not a practice that fitted
the habitual practices of our panel easily and immediately. Yet, at the end, the
concept of didget was received quite warmly: users understood its scalability from
a single text input field, e.g., a body temperature field, to a complex record, e.g.,
the matrix of a fluid balance charts, that is a “field macro”, as it was suggestively



called by the head doctor, which could be reused in every record and chart where
those data need to be reported and consulted. On the other hand, users realized
that the document structure, i.e., how data are displayed in a record, and data fields
could be decoupled. The senior doctor told us that he worked for a couple of years
in a hospital ward where doctors had been using an EPR for years: he told us that
after only few days from the first deployment he and some colleagues of his noticed
that the body weight field was in the wrong page of the software application, i.e.,
associated to a preliminary phase of patient admittance where clinical data were
not collected; and that the same field was not replicated in another page where it
could have been useful to calcolate drug dosages. He told us that they asked the
software vendor to change the user interface accordingly and that when he moved to
the NICU, a couple of years later, they were still waiting for this patch. He told us
this anecdote since he realized that in PRODOC he could have used a regular word
processor and changed the user interface just by moving (or importing) a didget in
a regular document. If this didget had not been anticipated by analysts, it could
just have been added to the underlying DBMS as just another dimension related to
the patient. In more general terms, the capability of changing the user interface of
ProDoOC (i.e., what is embedded in the Data Panel) at need and according to very
local, specific and ad-hoc needs by just creating new document templates was seen
as a clear plus of our approach.

6.2 Process schema definition

Once users had created the templates of their record, we told them that it was time
to create their first pathway and correlate its activities with (not necessarily exclu-
sive) sets of templates. In order to create a computational specification of a clinical
pathway, we provided users with a graphical process editor that we chose because
it is freeware and has got a very user-friendly graphical interface: BizAgi Process
Modeler by BizAgi. This editor allows to create process diagrams in the BPMN
standard format by simply dragging and dropping iconic elements: boxes for activ-
ities, diamonds for decisional branching points, circle for events and oriented arcs
for flow relations. We invited the users to characterize the pathway elements by
specifying their criticality (i.e., either importance or prescriptiveness) and that with
this editor users could specify in terms of an extended property of either activities
or flows. To associate activities with the set of templates that could be considered as
either input or output of the related tasks, we instructed users to employ the BPMN
constructs “association” and “artifact”. Due to the still semi-automatic integration
between BizAgi and PRODOC, users had to write the name (URI) of the templates
related to each task as a property of the artifact construct. For the next versions of
the tool, they advocated a visual mechanism of template importing similar to the
didget floating panel. While our panel showed it was proficient at modeling a path-
way in terms of activities and branching points, it required some time in getting a
clear comprehension of when and how to use the BPMN construct “event”. This is
an additional feature with respect to traditional flow-charts, but users acknowledged
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Figure 4. The clinical pathway doctors designed for meningitis cases.

its aptness to report either time- or data-related aspects of CP (e.g., “when the report
becomes available”, “after twelve hours™).

In the scenario, after that users have diagrammed a pathway and indicated the
relationship between tasks and documents, the editor then automatically exports the
process specifications to PRODOC, in terms of both process map (as a raster image)
and computational representation (as an XPDL? file). These resources are then used

by PRODOC to enable the document navigation according to the process model.

6.3 Using PRODOC in a clinical scenario

After the two scenarios of process and template definition, we asked clinicians to
consider PRODOC as their official patient record and fancy themselves involved in
the management of a patient with a suspicion of meningitis. The corresponding CP,
drawn by means of the editor mentioned in Section 6.2, is shown in Figure 4.

The user panel had to imagine a situation in which an infant, JD, was admitted
in their pediatric ward with a meningitis suspicion formulated by the Emergency
Department (ED) on the basis of clinical signs. The responsible physician of the
ED had opened PRODOC and associated a Hospital Stay meta-process to JD so as
to fill in the first pages of the corresponding patient record. A meta-process is just
like a regular process but it can also contain sub-processes: i.e., activities that can
be further characterized in terms of other processes. In this case, the Hospital Stay
is a hospital process that encompasses very general activities in strict sequential
order: the Patient Admission, the Patient Treatment and the Patient Discharge; the
Patient Treatment task, in turn, can be associated with several other sub-processes,
i.e., instances of different Clinical Pathways (CPs) by which doctors can manage
the health problem identified in the Admission phase till discharge.

3 XML Process Definition Language, standard developed by the Workflow Management Coali-
tion (WfMC) to interchange process definitions between different management tools.



In the Hospital Stay process, the first activity is an Admission, and this is re-
lated to the document templates where the hospital Triage records the admission,
identifies the patient and reports a first set of possible diagnoses. According to the
Triage evaluation, JD is transferred to the pediatric ward. The admitting pediatri-
cian opens PRODOC, selects the JD record, puts the Admission activity on focus and
then consults the associated Triage documentation; after that, she starts the Treat-
ment activity. When a subprocess task is selected (i.e., in this case, Treatment),
ProODoOC prompts for the selection of a subprocess that specifies the general task:
in this case, the pediatrician decides to associate JD with the specific CP that the
hospital published to cope with admitted cases of suspected meningitis.

In regard to this first part of the scenario, the user panel appreciated that a patient
could be associated with several processes (and hence CPs) in parallel: although
they acknowledged that they associate more CP to the same patient quite seldom,
this would regard a number of complex cases when a patient is transferred from a
facility to another for either complications or further investigations while she is still
under the partial responsibility of the former facility: an equivocal situation that
is usually difficult to manage when it is not clear who can do what. Practitioners
also appreciated that a general pathway could include more specific processes: in-
deed, they claimed that a number of their pathways were quite “abstract” and with
activities that often should need to be further characterized in terms of standard
procedures, detailed diet regimens or more refined treatment protocols. Yet, at this
point, the first of the main shortcomings of the current PRODOC emerged. In fact,
the user panel was agreed that even if a patient is managed according to multiple
pathways, a number of sheets from her patient record must be shared across these
pathways, since they could be read and written in activities of any CP: the possibil-
ity to use the Display All icon (mentioned in Section 5.2) to see all the sheets
related (through their father templates) to the running metaprocess (and to all its
child processes) was considered a too complicated “trick”.

Next in the scenario, the pediatrician consults the graphical map of the menin-
gitis CP in the main page and that reminds her of what to do first when coping with
such a case. The first activities mentioned in the CP are the First Assessment, which
regards reporting the anamnesis and the findings of the clinical examination, and the
Test Prescription.

Three users proceeded in this order and activated First Assessment by clicking
the P1ay button. The senior doctor said that often, according to subjective impres-
sions, diagnostic tests should come first in order to gather sound evidences for the
correctness of the Triage diagnosis. In this case, users observed that the pediatrician
could put Test Prescription on focus and then activate it. The point highlighted by
the user panel was that PRODOC does not impose a strict order or restriction on
when to use a particular document, such as it could happen in a workflow manage-
ment system; rather, it only suggests users what set of documents they could need
while they are performing a specific task, it gives them the possibility to create new
sheets, or to open those already existent to accomplish a specific process activity.
When the head nurse opened the Test Prescription form, she noticed that the pa-



tient’s details in the header were already filled in: in fact, those data were coming
from the global didget “Patient’s Details” of the Admission form that was compiled
in the first activity. Every new sheet from a template that has got that didget will
have those data replicated with no additional effort from the practitioners.

When the pediatrician selects the activity Blood and Urine Tests Prescription
without passing through the First Assessment, the timeline records the event as a
deviation from the CP. The Test Prescription activity is associated with a Meningi-
tis Test Prescription document template. The pediatrician marks the tests that she
needs for the meningitis diagnosis (e.g., blood count, PCR and glycemia) and then
saves the sheet. When the sheet is saved, PRODOC stores the data in the underlying
database and records corresponding data events in the process history (timeline).
Afterwards a nurse consults the Meningitis Test Prescription sheet, takes the blood
samples and marks the checkbox “specimen taken” in the Prescription sheet.

After we had illustrated the part of the scenario involving the nurse, the head
physician and head nurse noted that it would be important to explicitly distinguish
what different roles are involved in a particular task. This was the second main
shortcoming of PRODOC reported in the user sessions. In fact, role management is
still preliminary in PRODOC, which currently only distinguishes between the “re-
sponsible” of the CP and simple performers. While the latter ones can change any
document related to the CP, only the owner can create new process instances, termi-
nate and activate activities or suspend a CP, i.e., change the CP status. As a matter
of fact, roles can be easily represented in the process map by exploiting the BPMN
elements “pool” and “lane”, used to represent different participants in a process
and to organize activities within pools, respectively. Users said that this knowledge
about “who can do what” had to be reflected in PRODOC, in terms of transparent
management of different read/write access permissions to documents according to
the role associated to the user currently logged in®.

Coming back to the scenario, while doctors are waiting for the lab to analyze
the specimens and issue the report, a pediatrician can decide to prescribe an anti-
inflammatory drug. This task is not represented in the CP schema because it rep-
resents an exceptional decision that really depends on the particular conditions of
the patient. Obviously, a CP schema cannot include all the possible exceptions that
may occur during a treatment (even if it should consider the most important ones
and those that usually lead to aborting it). As a consequence, PRODOC allows for
writing additional documentation that is not related to any activity of the CP. In the
scenario, the pediatrician pauses the CP (pressing the Pause button beside the cur-
rent activity) and creates a new Therapy Prescription sheet to order the drug. This
Therapy Prescription sheet will be listed under all the activities that are associated
to the same document template. In the meanwhile, the laboratory has sent the test
report and this makes a doctor activate the Test Report Evaluation task. This task is
related to the Laboratory Test Report document template; consequently, PRODOC
lists all the Laboratory Test Report sheets that are related with the CP instance. At
this point, there is only one test report sheet that has been written by the lab. The

4 At the present moment, this feature is not implemented in PRODOC.



pediatrician selects it, reads it from within the Data Panel and select the next action
accordingly.

The evaluation activity can lead to either the decision of exiting the CP, because
the test results exclude the possibility of a meningitis infection (negative case); or
of carrying on with the next activity according to the CP schema (positive case). In
the negative case, the pediatrician selects the CP Exit event and activates it. At this
point, PRODOC proposes to provide a written justification for this decision and then
it will terminate the CP instance. Although PRODOC allows users to provide a justi-
fication for every deviation from the intended process, it requires a mandatory note
only whenever a CP is terminated, since this kind of event is highly critical, i.e.,
with important consequences for the patient progress. When a CP is terminated,
PRODOC comes back to the Treatment activity of the Hospital Stay meta-process
related to JD. At this point, the pediatricians can either keep using the whole docu-
mentation without the navigation aid of a CP map, create a new CP instance to cope
with what turned out is not a regular case of meningitis, or terminate the treatment
phase to trigger the administrative tasks of the Discharge phase for JD.

7  Conclusions

In this paper we have illustrated PRODOC, a system conceived: 1) To allow de-
signers build the interface of a documental systems starting from the interactions of
practitioners with their usual artifacts and not from the data model that makes these
interactions meaningful; ii) To support users in browsing and using these electronic
artifacts in the light of the work processes they wish to externalize. Our approach is
to support clinicians in leveraging process models for what they are intended to be,
i.e., as pathways, maps they can rely on to orientate themselves in a wild territory
of open choices and clear responsibilities. Since documental practices and working
practices are often intertwined and mutually supporting each other — as coopera-
tive work and articulation work usually are — the main tenet of our proposal is that
to make documents and processes more integrated can help making practices more
aligned to intended reference models of action, a point that at least for more struc-
tured models of patient record has been shown of some use Bossen (2006). To gain
proof of this tenet, we deployed a prototype in the hospital domain, where patients
are the resources being documented on personalized records, and Clinical Pathways
are the processes according to which doctors cure patients. That notwithstanding,
we believe the concept of PRODOC is applicable to any domain where documents
are used as records in order to document events, findings and interventions that
regard a specific resource within a practice that actors are supposed to align to a
specific protocol, procedure or process.

Irrespectively of where PRODOC can be used®, it fosters the externalization of
work processes to capture, also in a graphical and visual way, the links between the

> We are planning to deploy PRODOC also in the archeological domain, where the documents

under consideration are the excavation records and the resources under documentation are either the
stratigraphic units or found artifacts.



procedural aspects of practice and the inputs/outputs that each activity usually con-
sumes/produces. In this way, users can leverage visual active maps to page through
data and make apt use of their records. Moreover, if the integration with legacy
and organizational information systems is a necessary requirement, PRODOC can
be seen as a sort of process-oriented front-end to data that is architecturally “on top
of” the legacy system. This integration would then require that the legacy appli-
cation exposes its data to PRODOC in terms of well defined and bounded “pages”
(as in the case of web-based applications). If the underlying system does not have
a steady concept of “page”, PRODOC can provide “input forms” to the underlying
data management system. Unfortunately, modern document systems have complex
DBs inside and usually do not expose them: electronic patient records make no
exception. This is for at least two reasons: first, document systems are generally
“jealous” of their data, due to justified requirements of data protection and security.
Second, the Active Server Pages (ASP) of a web-based document system gather and
show data according to the internal state of the application process (i.e., of its work-
flow or business logic). This means, for instance, that linking process activities to
the URLs of the document system’s pages would be useless, even if the navigation
system on top of the document system could pass it lots of parameters.

The moral here is that document systems (e.g., EPRs) have their inner workflow,
and this is a priori different from, and often irreducible to, the case-specific process
that users can adopt in PRODOC. For this reason, and to provide the proof of the
PRODOC concept with respect to the tenets illustrated in Section 3, the current pro-
totype embeds an electronic patient record that closely mimics paper-based charts
and lets users define and update their process maps in a decoupled manner from
document templates. Due to its innovative characteristics, we are now validating
PRODOC in a set of informal user sessions from which we gained the first set of
findings we report in Section 6. As output of these user sessions, we are considering
to improve the interaction design of the user interface, and to extend PRODOC in
terms of multi-role and profile management, as well of capabilities of transparent
sheet sharing between different concurrent processes.
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