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Summary
Background: Healthcare processes, especially those belonging to the clinical domain, are acknowl-
edged as complex and characterized by the dynamic nature of the diagnosis, the variability of the 
decisions made by experts driven by their experiences, the local constraints, the patient’s needs, the 
uncertainty of the patient’s response, and the indeterminacy of patient’s compliance to treatment. 
Also, the multiple actors involved in patient’s care need clear and transparent communication to 
ensure care coordination.
Objectives: In this paper, we propose a methodology to model healthcare processes in order to 
break out complexity and provide transparency.
Methods: The model is grounded on a set of requirements that make the healthcare domain 
unique with respect to other knowledge domains. The modeling methodology is based on three 
main phases: the study of the environmental context, the conceptual modeling, and the logical mo-
deling. 
Results: The proposed methodology was validated by applying it to the case study of the rehabili-
tation process of stroke patients in the specific setting of a specialized rehabilitation center. The re-
sulting model was used to define the specifications of a software artifact for the digital adminis-
tration and collection of assessment tests that was also implemented. 
Conclusions: Despite being only an example, our case study showed the ability of process model-
ing to answer the actual needs in healthcare practices. Independently from the medical domain in 
which the modeling effort is done, the proposed methodology is useful to create high-quality mod-
els, and to detect and take into account relevant and tricky situations that can occur during process 
execution.
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1. Introduction
Healthcare processes are acknowledged as complex [1, 2] and need transparency [3] of all the pro-
cess elements (structures, actors, i.e., all of the process participants [4], roles, activities, and con-
straints) to achieve their implementation.

Healthcare process modeling is considered a possible solution to break out complexity and pro-
vide transparency. Indeed, healthcare process modeling is regarded as the basis for:
a) establishing shared protocols for patient’s care;
b)  facilitating the compliance to shared protocols, thus limiting problems due to incomplete com-

munication or misunderstandings among different actors;
c) monitoring deviances, redundancies, and failures of the protocols, thus early identifying prob-

lems that could lead to un-prevented errors; and
d)  understanding the information flow, thus identifying requirements and specifications for infor-

mation system re-engineering and interoperability [5].

For example, the lack of interaction and understanding among humans or among systems is a major 
problem in the context of preventable medical errors producing damages and high economic costs 
in many hospitals [6–8]: partial or untimely information exchange, and misunderstanding among 
heterogeneous actors can cause delays and difficulties in following shared protocols. Process model-
ing is able to track and describe cooperative work [8], thus helping to overcome the information gap 
among different actors.

The importance of process modeling in healthcare is also implied by a recent statement of the 
American Medical Association (AMA) [9], pointing out the eight priorities to improve electronic 
health records (EHRs) usability. The AMA believes that supporting team-based care through per-
forming work as necessary and to the extent their licensure and privilege permit as well as by dy-
namically allocating and delegating works is one of these priorities [9]. Process modeling, by repre-
senting and clarifying the actors, their roles, and their actions and resources, have a primary role in 
achieving this priority. Similarly, promoting care coordination by automatically tracking referrals 
and consultations and offering product modularity and configurability are listed as great priorities 
to let EHRs follow the patient’s progresses [9]. Process modeling, by tracking the information flow 
throughout the process, and by identifying its core phases, is a fundamental support in the design of 
Information Technology (IT) systems supporting care coordination and providing modular sol-
utions. The modeling approach can be also beneficial in ensuring the integration and interoperabil-
ity among heterogeneous information systems [10–12]: the application of standard-based solutions 
is facilitated by a reliable description of the process underlying the information exchange.

All together, these considerations highlight the need of robust methodologies to design and im-
plement process modeling in healthcare. The aim of the paper was to provide a design methodology 
specific to healthcare processes and apply it to an exemplar stroke rehabilitation.

2. Requirements characterizing the medical domain
The healthcare domain is recognized as highly complex and extremely variable [2]. The character-
istics of the healthcare domain make it unique, and need to be carefully considered when modeling 
healthcare processes [2]. Clinical knowledge, clinical information, clinical data, variability, time, pa-
tient-centeredness, multiple stakeholders, and patient safety are altogether recognized as the hall-
mark of healthcare domain [2]. When modeling healthcare processes, the above characteristics be-
come requirements for the modeling approach [13–15]. Moreover, both clinical processes and or-
ganizational processes introduce a dynamic nature of activities strongly requiring adequate model-
ing methodologies [8, 14, 16].

Organizational processes mainly deal with business aspects in healthcare organizations. Clinical 
processes instead deal with clinical decision-making and involve the professional judgment and ex-
perience, the uncertainty due to patient’s response, and the compliance to treatment. Moreover, 
healthcare processes, as for example medication prescription, often require that the clinical and or-
ganizational domains interact and cooperate within the same macro-process [17].
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▶ Table 1 and ▶ Table 2 summarize the main complexity areas of both clinical and organizational
processes. For each of them sources of complexity (i.e., sub-areas) are specified that become require-
ments for the modeling effort. A pre-condition to select the proper clinical pathway is the patient’s 
diagnosis.

Medical decision-making, also known as clinical problem solving [18], is the basis of clinical pro-
cesses, acting in all the phases of care (prevention, diagnosis, treatment, and rehabilitation). Deci-
sion-making usually relies on the healthcare profession’s medical knowledge, even though the notion 
of shared decision making (including patient’s participation) has emerged in the last years [19]. In 
addition, medical decision-making depends on the patient’s response to treatment and on the need 
to adapt the intervention based on patient’s characteristics (personalization of care). Medical know-
ledge is a general term including evidence-based medicine, guidelines, and international recommen-
dations, as well as the clinician’s personal experience [20] that builds on personal skills and learning 
curves, local practices within the specific clinical environment, and on the evidence that is built 
upon the everyday practice. Apart from the need to include guidelines and recommendations [21], 
the evolving nature of medical evidence-based knowledge requires that models should deal with dy-
namic evolution. The notion of evolution has been defined by Reichert mainly in terms of organiz-
ational processes and infrastructural standards as the ability of a process to change when the busi-
ness process evolves [22]. The concept should be enriched by the notion of dynamic, meaning that 
the model has to face process variants and deviations, too. Such variants and deviations are due to 
relevant discoveries in the clinical context, as well as to the personal evaluations from clinicians who 
may customize the pathways suggested by guidelines and recommendations [21–23]. Therefore, op-
tional activities, corrective measures and exceptions are more frequent and less predictable in clini-
cal pathways than in non-medical processes [24]. The personal experience that drives medical deci-
sions introduces also the big challenge of the translation of such experience into the process model.

Graphical modeling languages provide a shared and understandable way to represent processes 
and can be used to facilitate context analysis and to translate experiences into models [19, 20, 22]. 
Moreover, process mining techniques – a methodology to identify and reconstruct process models 
starting from event logs – can be successfully applied to discover hidden clinical pathways based on 
intrinsic knowledge, and to translate them in sharable knowledge [25, 26].

In healthcare, local practices may differ from clinical center to clinical center, implying that the 
general meta-model, valid for the whole domain, should be instantiated including local constraints 
(from habits to available resources/infrastructures). This is arranged through flexibility [27, 28]. 
Flexibility also helps when the modeling effort is devoted to process optimization and requires 
changes in everyday practices. In fact, a flexible model can decrease the resistance to changes as well 
as the learning curve of the new process settings introducing smoother implementation steps [29].

Major complexity issues in the evaluation of the patient’s response to treatment are the expected 
response time, the patient’s compliance, the expected outcomes, and the feedbacks reported by pa-
tients on the treatment/therapy. So, patient’s response to treatment is a critical decision-making in-
fluencing factor that introduces uncertainty. Whereas patient’s compliance depends mainly on pa-
tient’s engagement and education, response time depends on patient’s clinical condition or on the 
therapy per se, thus introducing possible undetermined waits in the model execution until the re-
sponse is reached (indeterminacy). The definition of outcome measures is crucial since the model 
should be able to monitor possible risky situations: outcome measures can be hence used as verifi-
cation points producing alarms/alerts. The current patient centric approach to care considers the 
patient as an active actor in every medical process. The patient is hence often demanded to provide a 
feedback on therapy (patient-reported outcome measures, [30]). This introduces another type of un-
certainty due to the level of patient literacy and empowerment that can affect the overall reliability of 
the patient-reported feedback [31].

Finally, personalization of care refers to the need to adapt the general evidence-based or experi-
ence-based behaviors to the patient’s specific conditions. This could bring to both the need of adap-
tation (already defined as flexibility) and to the generation of exceptions that the model should be 
able to manage [8].

Organizational processes deal with business management, at the system or infrastructural levels 
and at the actor level. Healthcare processes have however some specific features also within the or-
ganizational domain that become requirements for the modeling effort (▶ Table 2). At the infra-
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structural level, since one of the main issues in healthcare IT is the heterogeneity of available systems 
[10, 23], interoperability and adaptation have to be introduced into the model through the com-
pliance with technological and health-oriented standards [10, 30].

From the organizational viewpoint, the need to deal with numerous actors becomes increasingly 
important [2, 8]. The model should, therefore, include the management of responsibilities (an action 
can be performed by many actors, but only one is responsible for it), introduce privacy and security 
constraints to ensure the protection of healthcare data, and integrate dictionaries and standard ter-
minologies to deal with heterogeneous actors [32, 33].

Hence, modeling healthcare processes is more complex than modeling non-medical processes. 
Medical processes are characterized by uncertainties, unpredictability, evolution, higher variability 
and difficult generalization [19, 24, 32, 33] that the design methodology needs to address.

3. The Design Methodology for Healthcare Processes
 Modeling

Provided the complexity of the domain, healthcare process modeling needs to start with an in-depth 
analysis of the environmental context (phase 1, ▶ Figure 1). This step requires the involvement of
healthcare and organizational/administrative professionals within the hospital organization, as 
wrong domain assumptions [58] or management errors [59] can produce unwanted consequences. 
After that, the process designer, that is the responsible for process modeling, proceeds with the defi-
nition of the conceptual model (phase 2, ▶ Figure 1) of the process and its mapping to a logical
model (phase 3, ▶ Figure 1) [21, 22]. Every phase may include, in turn, some internal sub-steps.

For a good design, the modeled process should be predictable, repeatable, distributed, automat-
able, and feasible. Predictable means that the behavior of the process is clearly defined a priori and 
structured. Repeatable means that, under the same conditions, every process instance will evolve ac-
cording to a shared process model, and will experience the same behavior. Distributed means that 
the process can be distributed among different execution and organization units. Automatable 
means that the process can be supported by automation for what concerns timing, schedules and 
task execution. Finally, feasible means that the process involves applications that can be easily imple-
mented [23]. 

3.1 The Context analysis
The analysis of the environmental context (phase 1) includes the identification of the available 
sources of information (such as recommendations, clinical guidelines, local practices) for a full 
understanding of the domain of interest (Domain Analysis), the selection of the formal notation, 
and the definition of all the most relevant and critical aspects, especially as reported by healthcare 
professionals, that the model should be able to manage (Perceiving Significant Issues, in ▶ Figure 1).

Healthcare and organizational/administrative professionals within the hospital are the domain 
experts, knowing how processes are enacted in practice. These professionals are however unfamiliar 
with formal notations. Conversely, model designers are experts of the process representation by for-
mal notations. The use of a graphical modeling language to design and visualize the process model 
has a twofold goal: designers produce a high-level and abstract schema, which does not consider the 
implementation issues; and process participants, that are not expert in business analysis, are facili-
tated in understanding the process representation and in providing useful feedbacks and evalu-
ations. Therefore, graphical modeling languages may provide a powerful mean to improve the 
healthcare professionals/analysts communication and interaction.

The Business Process Model and Notation (BPMN) language is useful to describe the sequence of 
activities, that is the normal flow of execution, as well as the resources and the actors, that are the ex-
ecuting units which can be involved in the execution of the process [60, 61]. Each actor is reported 
in a separate swimlane and all the tasks within the same swimlane require the same executing actor. 
BPMN graphs are often used to describe the care pathways [60, 61], but the use of these diagrams 
alone [62] limits the potential of process modeling on improving healthcare delivery [63].
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However, to cover more facets of the process model than those captured by a BPMN graph, other 
diagrams and representations are needed. Indeed, the Unified Modeling Language (UML) graphical 
notation offers activity diagrams that are the equivalent of BPNM graphs, but also provides other 
views on the process that can be used to detail different dynamic and static aspects. BPMN and 
UML 2.0 activity diagrams have been recently compared by three different evaluation criteria [64]: 
the ability to be immediately understandable to the reader, the adequacy of the graphical syntax to 
represent business processes, and the ease of mapping to an executable language for business pro-
cesses. For the first two evaluation criteria, BPMN and UML 2.0 activity diagrams were considered 
comparable. For the third issue, BPMN diagrams can be automatically mapped to a Business Pro-
cess Execution Language, while UML 2.0 activity diagrams could not. This disadvantage of UML 2.0 
activity diagrams did not prevent the use of UML in our study. Additionally, UML comes with more 
diagrams providing the reader with a much rich description of the entire application domain [47, 
65–67]. Among UML diagrams, we mention here:
• the use case diagrams which describe the behavior of a system by the user view allowing to educe

high level system requirements;
• the class diagrams which describe the structure of the information model managed by the process

in terms of classes (i.e., entities of the real world represented by their characteristics), as well as
that of the external databases references by the process;

• the sequence diagrams which describe the dynamic interactions among objects (i.e., instances of
classes) highlighting the temporal flow of messages exchanged. These diagrams can be used to
describe specific scenario including cyclic behaviors or exceptions.

As a consequence, we opted for UML.

3.2 The Conceptual Modeling
The conceptual modeling phase (phase 2) is composed by pre-modeling, modeling, and expert vali-
dation. Pre-modeling identifies all the goals to be achieved, as well as the interactions with any exter-
nal information system (EIS) and the technological infrastructures. The Modeling sub-step de-
scribes the functional aspects, the organizational aspects, and the business aspects formally. First, 
functional aspects include the activities, objects, and data managed by the healthcare process; abnor-
mal situations that may occur during the execution of a process; transactions and compensations to 
be adopted would an activity fail. The organizational aspects describe the actors, roles, skills, author-
izations over activities and managed information. Finally, the business aspects describe the goals of 
the healthcare process. Generally, activity centric modeling exploiting a top-down approach is the 
most used and efficient modeling strategy [23]. This strategy implies that modeling starts from a 
high level view of the process, and then refines all the details of every module and component, in-
creasing the specification towards the identification of basic activities.

The expert validation is needed to strongly check that the designed healthcare process corre-
sponds to the needs and to the practices the domain experts (i.e., healthcare and organizational/ad-
ministrative professionals) are familiar with. The validation of the model includes two main phases. 
First, the analyst has to assess if the designed model is syntactically correct in order to validate it as a 
starting point for the logical modeling towards the software implementation. Then, the experts of 
the domain have to check if the model is semantically correct by means of an iterative approach 
based on interviews and/or focus groups. The analyst has to meet groups of domain experts (process 
participants), grouped by type (i.e., only doctors, only therapists and then nurses...), to validate the 
flow of information in the simplest activities of the process; then a final focus group including one 
representative per each type of process participant is required to test the whole model. An iterative 
refinement of the model is performed until no further request comes from the domain experts. Only 
when the iterative refinement approach is finished and a total agreement between experts and ana-
lysts is reached, the model can be considered as final and used as specifications for the software sys-
tem.
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3.3 The Logical Modeling

The logical modeling (phase 3) aims at translating all the conceptual issues resulting from the con-
ceptual model to the execution language of the process execution environment. In fact, every execu-
tion environment comes with its own executable language, and the conceptual model must be trans-
lated accordingly. In this phase, the process designers and implementers interact with the health IT 
professionals working within or for the hospital organization. The final product, i.e., the process rep-
resented by the execution language, may become a module of the Hospital Information System 
(HIS).

4. Case Study
To translate into practice the methodological approach previously described, we chose the process of 
stroke rehabilitation, as an exemplary case. Specifically, within stroke rehabilitation, we tested the 
sub-process of patient progress assessment/evaluation and its integration within the HIS. The case 
study referred to a real environmental setting, the Physical Medicine and Rehabilitation Unit, Fon-
dazione Salvatore Maugeri, Research Institute of Lissone, Italy. It offered specialized rehabilitation to 
about 72 patients a day, having 54 inpatient beds. Every year about 70 stroke patients were treated. 
The staff included 6 medical doctors specialized in Physical Medicine and Rehabilitation, 1 psychol-
ogist, 13 physiotherapists, 1 occupational therapist, and 18 nurses. The modeling effort aimed to:
• establish a shared protocol for the patient’s progression assessment/evaluation;
• facilitate the compliance to a shared protocol, limiting problems due to incomplete information

sharing/exchanging or misunderstandings among different healthcare professionals (increased
transparency);

• monitor deviances from the protocol, redundancies, and failures, thus early identifying problems
on the rehabilitation process.

This case study presented all the typical complexity areas identified in Section 2 concerning the 
clinical processes, as detailed in ▶ Table 3.

4.1 Phase 1: Environmental Context
The first sub-step was the domain analysis. The main international guidelines on cardiovascular pa-
tients who suffered from a stroke were identified. The main source of evidence was the National 
Guidelines Clearinghouse [68], where clinical guidelines from Australia [69], United States of 
America [70], Scotland [71], and Canada [72] were found and used as evidence-based general rec-
ommendations. Also, elder versions of the above mentioned guidelines were considered, to have a 
sharper picture of the process evolution (▶ Table 3).

Once the guidelines have been read and understood, the process was defined to comply with the 
environment of the specialized rehabilitation center (local practices, ▶ Table 3). Thus, textual and
graphical clinical pathways used locally were collected and the multidisciplinary rehabilitation team 
was separately interviewed to gather the requirements, roles, and responsibilities and to identify the 
main activities of the process. These interviews allowed the analyst to understand and correctly 
identify all the relevant issues of the environmental context through a model (▶ Figure 1). Inter-
views’ results showed that the main critical issue was the heterogeneous and unstructured collection 
of patient’s data that turned into difficulties in data retrieval thus slowing the assessment and evalu-
ation process. Also, patient-reported outcomes measures were collected only on paper-based sheets 
thus preventing their efficient inclusion in the decision-making process.

The modeling aim was then focused to define the specifications of a new software module for the 
digital administration and collection of assessment tests to be integrated in the HIS. The graphical 
UML language was selected as formal notation to simplify the communication between the domain 
experts and the analysts of the process (R4 in ▶ Table 1) [45].
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4.2 Phase 2: Conceptual Modeling

The process designer produced a first high level model of the whole rehabilitation process (Pre-Mo-
deling in ▶ Figure 1) followed by a more detailed one focused only on the assessment of stroke pa-
tients (Modeling in ▶ Figure 1); the last sub-step was the validation of the model by the domain ex-
perts.

Pre-Modeling
The process participants, along with their main roles were identified and represented using a UML 
use case diagram (▶ Figure 2). Although different medical specialists were involved in the rehabili-
tation process, a specialist in physical medicine (the Doctor in ▶ Figure 2) held the major responsi-
bility and was the decision-maker in all process phases. The therapist could be a physiotherapist, a 
speech or an occupational therapist, and the main task was to perform and supervise the prescribed 
rehabilitation cycle and to partly help the doctor in the evaluation of patient recovery. The nurses 
participated in patient enrollment and discharge. The patient was actively involved in both the reha-
bilitation cycle and the evaluation of his/her recovery.
▶ Figure 3 depicts the high-level UML activity diagram of the process, highlighting the workflow

of the main process phases. The first activity was the patient enrollment. It aimed at creating the 
electronic medical record of the patient in the specialized rehabilitation center and at collecting all 
the information needed to define the care process. Once the doctor prescribed the rehabilitation 
program, the rehabilitation cycle started. Then, depending on the results of the monitoring, the doc-
tor had to decide whether the rehabilitation plan was still valid or needed to be modified. The pro-
cess finished when all the rehabilitation objectives were reached, and the patient was discharged.

A more detailed description of the process phases can be found in [45].

Modeling
The modeling step started from the previously collected information and produced a conceptual 
model of the specific sub-process according to the adopted formal notation. The sub-process of 
monitoring patient recovery included the following macro tasks: accessing the software (login), se-
lecting the clinical scale, filling in the clinical scale, the data storage, the data query and the vali-
dation of the clinical scale after filling in to check the validity of the responses. The use case diagram 
in ▶ Figure 4 represents, for each macro task (use case), the actors involved in the execution.

The schema of a relational database for filling in the clinical scales was defined using the UML 
class diagram reported in ▶ Figure 5. For each class all the attributes are reported, while methods are
not shown for sake of clarity. For each association between classes the name and the cardinality are 
specified.

A crucial and complex issue was the interaction between the new software artifact, the rehabili-
tation process, and the HIS. The UML activity diagram in ▶ Figure 6 describes the integration of the
administration of assessment tests within the activities of the rehabilitation process, starting from 
the initial visit and ending with the patient discharge. The main actors involved (reported as head-
ings of the swimlanes) were the patient, the therapist, the doctor and the HIS. Once the rehabili-
tation was prescribed, the patient underwent the first assessment (using the software at the admis-
sion) and the rehabilitation cycle started. Every time an assessment was performed, it consisted of 
two parallel activities in which both the therapist and the doctor had to use the software to assess the 
patient using the clinical scales they were responsible for. The data record was shared among the dif-
ferent actors but the software provided a filtered data access depending on the authenticated actor. 
The grey rectangle in ▶ Figure 6 is described later, because it was introduced as a result of the feed-
back provided by the domain experts during model validation. 

Expert Validation
In our use case, the analyst designed the modeled diagrams and tested their correctness and integ-
rity from the syntactic viewpoint. Then, the validated conceptual model was assessed by the staff of 
the rehabilitation center. One process participant per each actor type took part to this phase. They 
first evaluated the general adherence of the conceptual model to the process requirements (▶ Table
3); then they assessed the shared protocol described in the model. Each actor gave a positive score 
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both to the adherence and feasibility of the conceptual model. All the expected exceptions were well 
represented. The main lack found was that the model did not took into the proper account the possi-
bility to assess patients included in the randomized clinical trials (RCT) active in the rehabilitation 
center. The model was then updated according to this feedback (▶ Figure 6, grey rectangle). Patients
eligible for and enrolled in one of the RCT active in the hospital, followed the clinical study protocol 
that included at least the pre-assessment test, the treatment, and then the post-assessment test (again 
using the novel software). Once the clinical study was finished, the prescription was updated and the 
patient could keep going with the rehabilitation cycle till the rehabilitation goals were reached. In 
this case, the software was used again to assess the patient at discharge. Thus, in the usual rehabili-
tation delivery, the software was used only at admission and discharge, whereas, if the patient was 
enrolled in a clinical study, the software system was also used for the assessment required by the 
RCT protocol. The impact of this deviance affected also the class diagram and in particular the Ad-
ministration time attribute of the Clinical Scale class.

4.3 Phase 3: Logical Modeling
The logical modeling (phase 3) consisted of mapping the conceptual model to a target executable 
language. It aimed at translating all the conceptual statements to an executable programming lan-
guage, so that the instances of the process model could be enacted by suitable software systems. In 
our case study we designed and developed a software system including a relational database and a 
graphical user interface used to collect and/or display the results of the clinical assessment. Micro-
soft Access was chosen as the relational Database Management System (DBMS) and the Structured 
Query Language (SQL) was adopted for the logical design of the database. While this choice is not 
the only possible solution, starting from the same conceptual model other logical implementations 
could be developed.

The final product was presented in [45] and deployed to the rehabilitation center. The rehabili-
tation team already performed the functional testing of the software and approved the Alpha release 
of it. A so-called Beta testing phase of the new deployed software is foreseen before a complete inte-
gration in the local rehabilitation process.

5. Conclusions
The methodology we have here described through the case study of stroke rehabilitation showed the 
capability of process modeling to answer actual needs in the clinical practice of the specialized reha-
bilitation center analyzed. The exemplary modeling effort provided a tool that increased the interac-
tions among actors and the transparency of the actions related to the rehabilitation process, thus 
answering one of the priorities put forward by the AMA [9]. In fact, all the actors both involved in 
the modeling effort and later included in its validation took advantage of the graphical represen-
tation of the process, and were able to identify their personal activities in it. Moreover, the graphical 
modeling tool transparently represented all the activities related to rehabilitation, as well as the inter-
actions among actors during the different phases. In this way, all the interactions among the users 
occurred according to a shared and fully understood protocol (i.e., the model). Dangling situations, 
expected anomalies, and deadlock were monitored, detected, and properly managed by the process 
model itself.

For similar reasons, the modeling effort also optimized team-based care [9]: having a shared and 
precise definition of roles and related privileges/actions would improve team working and dele-
gation, timeliness included. The model described how each actor can perform the actions that 
require his/her role, thus clarifying the responsibilities and boundaries for each participant involved 
in the rehabilitation process. In addition, the model was designed to properly monitor also deadlines 
and delays, thus ensuring a control on the timeliness of care. After a proper field validation, the soft-
ware developed using the model as specification definition [2], would contribute to improve the 
continuity of care. The latter is another priority highlighted by the AMA [9]. Then, the software 
would simplify information collection and retrieval, also avoiding multiple data entry by different 
actors. The introduction of the software system would also facilitate the outcome analysis and would 
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improve the control of the patients’ clinical pathway in the rehabilitation center. This allows a more 
efficacious monitoring of patient’s care pathway and a better coordinated work between the units in-
volved, having a more timely access to the data collected for the patient.

The modeling effort used as requirement analysis can be extended to clinical scales and assess-
ment measures used in other rehabilitation processes, a part from stroke rehabilitation, facilitating 
the improvement of other hospital processes. Moreover, the high-level definition of the process 
phases provides a way to identify software modules needed in each phase, thus helping in achieving, 
especially from the non-technical users’ viewpoint, a sharper picture of the software product modu-
larity [9], to guide the choice/implementation of better hospital information systems and Electronic 
Health Records (EHRs). The modeling effort was also able to clearly represent the information ex-
changed among phases, actors, and actions.

Finally, the case study here reported can be enriched by including a more detailed description of 
all the exceptions that can occur during process execution, and through the definition of check 
points through which raise alerts in the case of deviations from the shared protocol.

The methodology here proposed can be used to guide process modeling, independently from the 
specific medical domain in which the modeling effort is done. The methodology benefits not only 
during information system design (or even re-engineering), but also during clinical pathway design, 
analysis, and validation. Major advantages are in managing the complexity of the process, as well as 
ensuring transparency of activities among the involved actors. Future studies should evaluate the 
implementation of process models describing the clinical behavior and the actual patient outcomes 
to provide evidence of their cost-effectiveness. As for the patient outcomes, some metrics such as the 
length of stay, the health-related quality of life, and the functional independence should be used to 
assess process quality. For instance, an approach to evaluate the training intervention for imple-
menting the process is the Kirkpatrick’s Hierarchy [73]. It includes four levels, reaction, behavior, 
learning, and results. Particularly, the results level means that the expectations about introducing the 
model have been thoroughly satisfied.

Clinical Relevance Statement
Process modeling gives the methodological basis for quality improvement in medicine because it is 
able to break out complexity and provide transparency to medical processes. Indeed, modeling 
healthcare processes can

1. help in establishing shared protocols for patient’s care; thus facilitating the adherence to the
shared protocols and guidelines, and limiting problems due to incomplete communication or
misunderstandings among different actors;

2. increase patient’s safety by means of a continuous monitoring of deviances from the protocols, re-
dundancies, and failures, thus early identifying problems that could lead to un-prevented errors;

3. provide to all of the actors involved a fully understanding of the information flow, thus identify-
ing requirements and specifications for information system re-engineering and interoperability;

4. detecting process weaknesses thus designing corrective measures;
5. optimizing the use of resources.
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Fig. 1 The design methodology includes 3 main phases, each including sub-steps.

Fig. 2 Pre Modeling: UML Use case diagram of the stroke rehabilitation process.
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Fig. 4 Modeling: UML Use case diagram for filling in the clinical scales.
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Fig. 6 Modeling: UML Activity diagram finalized according to the domain expert feedback suggesting to include 
patients involved in RCTs. The enrollment of the patient is a pre-condition, and occurred before the definition of reha-
bilitation program (Figure 3).
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Table 2 Modeling requirements to represent the characteristic features of the organizational domain; R=require-
ments.

Organizational process 
complexity areas

Systems and infrastructures

Actors

Sub-area

Compliance with standards

Introduction of local IT infra-
structural constraints

Comparisons between differ-
ent organizational systems 
(also to model system port-
ability)

Related actions, multiple 
profiles executing the same 
task

Data access

Domain knowledge of the 
specific actor

Modeling requirement to 
represent the sub-area

R12: Manage adaptivity and dy-
namic evolution (the model should 
include changes without losing in-
formation) 

R13: Implement interoperability

R3: Manage flexibility (from meta-
model to local context)

R14: Introduce metrics

R15: Assign responsibilities

R16: Define privacy and security 
constraints

R17: Integrate dictionaries and 
standard terminologies

Ref.

[37, 42, 51, 
52]

[10]

[41, 43]

[54]

[53-56]

[10, 23]

[57]

Table 3 Description of the case study process in the light of the complexity areas characterizing clinical processes.

Clinical pro-
cess com-
plexity area

Medical know-
ledge

Sub-area

Evidence based 
medicine, 
guidelines, rec-
ommendations

Local practices

Clinician per-
sonal experi-
ence, habits 
and skills

Case study instantiation

National Guidelines Clearinghouse [68], 
where clinical guidelines from Australia [69], 
United States of America[70], Scotland [71], 
and Canada [72] were the main evidence-
based recommendations used.

Earlier versions of the guidelines were also 
considered in the model, since patients may 
have started the rehabilitation process before 
the last version of the guidelines/recommen-
dation was issued.

Textual and graphical clinical pathways were 
developed locally and used as main refer-
ence.

The personal habits, expertise, and informa-
tion needs of the different actors (clinician, 
nurse, and therapist) were considered in the 
model.

Effect on the model

The selected guidelines were 
the base of the pre-modeling 
meta-model and were included 
as general constraints to be 
followed in the protocol defini-
tion.

Each guideline was labeled 
with the validity date, and the 
specific task in the evaluation 
process was connected to the 
date.

The local pathways were re-
mapped on the guidelines.

All the process participants 
were interviewed during con-
text analysis to define all the 
information processed so that 
it could be included in the 
model.
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Clinical pro-
cess com-
plexity area

Response to 
treatment

Personaliz-
ation of care

Sub-area

Learning by 
practice

Building evi-
dence from 
practice

Time frame – 
short-term or 
long-term re-
sponse

Compliance – 
depending on 
patient’s en-
gagement

Expected out-
comes

Patient feed-
back to res-
hape therapy – 
depending on 
patient’s em-
powerment 
and education

Patient-centric 
approach – 
treatment defi-
nition consider-
ing patients 
preferences 
and history

Treatment 
adaptation con-
sidering occur-
ring changes

Case study instantiation

There are established and sometimes sub-op-
timal behaviors (e.g., clinical scales recorded 
in paper-based patient’s diaries) that the mo-
deling methodology can highlight and that 
can be improved by implementing a new 
software module.

To evaluate the compliance to guidelines, the 
model included structured and organized infor-
mation, that can be collected for secondary use.

Rehabilitation is usually characterized by 
long-term response with an alternate out-
come.

All the rehabilitation exercises conducted not 
in constant presence of the therapist can be 
ineffective due to patient’s misunderstanding 
of the indications or exercise descriptions. This 
problem becomes crucial when the therapist 
has to teach hoe therapy to the patient.

Outcomes are essentially clinical scales 
evaluating functions during activities of daily 
life, independence quality of life and mental 
state. Both the outcomes measures reported 
in the recommendations and the ones used 
locally were considered in the model.

Psychometric questionnaires to report di-
rectly the patients’ feedback about how they 
feel or about a specific function they need to 
rehabilitate were considered in the model.

Likert scales scoring directly how the patients 
perceive their status before and after therapy 
(i.e., the general perceived effect, GPE) were 
included in the model.

There are some patient-dependent cautions 
to be considered during the rehabilitation of 
specific functions, e.g., required aids or level 
of assistance... that should be considered in 
the model.

There are some patient dependent cautions 
to be considered in the definition of treat-
ment duration and schedule e.g., patient 
ability to be focused to the training, patient 
resistance and strength.

Consider possible interactions between the 
patient comorbidities and the chosen treat-
ment, that may become evident after clinical 
pathway definition.

Effect on the model

The model should represent the 
actual practices without intro-
ducing changes that imply spe-
cific training. It should be vali-
dated with the process partici-
pants before the release.

The model included the collec-
tion of logs.

The model allowed a variable 
waiting time between two ac-
tions (e.g., introducing a control 
on outcomes and not on time) 
and the possibility to map differ-
ent responses (e.g., using forks) 
to map different behaviors.

The model considered that 
some activities need to be re-
peated and included the man-
agement of educational infor-
mation for the patient at home 
(i.e., booklets).

The model included the organ-
ization and the electronic col-
lection of the outcome vari-
ables. A data structure for the 
outcome measures used locally 
was defined.

Patient-reported outcome 
measures were integrated in 
the software to collect clinical 
scales.

GPE was integrated in the soft-
ware to collect clinical scales.

The possibility to carry out the 
same treatment using different 
aids or different level of assist-
ance was modeled in the treat-
ment class.

A dynamic setting of treatment 
duration and schedule was in-
cluded.

The possibility to manage dis-
covered interactions as alter-
native pathways in current 
treatment was included.

Table 3 Continued
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