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Abstract

The literature suggests that increasing stakeholder engagement has a positive impact on projects
using discrete-event simulation in healthcare. This suggests projects should strive to involve the
stakeholders in as much of the project as possible, through facilitated workshops. A notable gap
in stakeholder involvement is the model coding stage, in which a conceptual model is turned
into a discrete-event simulation model running on a computer. This paper investigates how and
under what circumstances model coding might also be conducted in facilitated workshops, in
particular through the use of the Business Process Model and Notation (BPMN) modelling
standard. This work arose from a series of modelling projects with two hospitals, one in Italy
and the other in the UK.

The paper describes how BPMN can contribute, with a case in which model coding was
achieved in a facilitated workshop and a second in which it was not but which highlights further
barriers to this in some contexts. These barriers arise from the detail necessary for requisite
modelling regarding i) the level of complexity of the model and ii) challenges in data access and
analysis to populate the model. The relationship between the technical capabilities of tools
available and the impact of these barriers is also discussed.

We believe this is the first time that discrete-event simulation model coding in a facilitated
workshop in healthcare has been described, and we provide a clear view of the further barriers.
To indicate when facilitated model coding is currently achievable, we suggest a contextual
matrix.

Keywords: OR in health services, Simulation, Facilitated modelling, BPMN.
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1. Introduction

Discrete-event simulation (DES) has a long history in healthcare, appearing over
half a century ago, and interest in it has been increasing since the 1990s due to the
increased availability of computer technology (Pitt, Monks, Crowe, & Vasilakis, 2016;
Robinson, Radnor, Burgess, & Worthington, 2012). Objectives in applying simulation
in health projects include process cost and time reduction, risk reduction in new or
changed processes, and better understanding of healthcare pathways among their
stakeholders.

DES in healthcare is particularly challenging since healthcare systems have
complex behaviour and involve many stakeholders with a plurality of opinions and
objectives (Franco & Montibeller, 2010; Pitt et al., 2016; Proudlove, Black, & Fletcher,
2007; Robinson et al., 2012; Tako & Kotiadis, 2015). The apparent lack of success in
implementing simulation studies in healthcare (Pitt et al., 2016) has prompted authors to
reflect on domain-specific barriers to DES projects, particularly obtaining and retaining
stakeholder engagement (Brailsford, 2005; Taylor, Eldabi, Riley, Paul, & Pidd, 2009).
Robinson, Worthington, Burgess, and Radnor (2014) emphasise that, to meet project
objectives in the healthcare domain, a simulation project should engage stakeholders
throughout its lifecycle, with the modeller working as or with a group facilitator. They
consider the current limits to such ‘fully-facilitated’ DES modelling, which aims to
involve stakeholders during all stages of a simulation study (Brailsford, Bolt, Connell,
Klein, & Patel, 2009; Robinson et al., 2014). DES generally requires complex models,
detailed data and very specialised software, which require specialist modellers and
considerable time for the ‘model coding’ stage (computer model generation, data entry
and verification (Robinson, 2014)). This hinders stakeholder engagement and so is the
classic ‘anathema’ to fully-facilitated modelling.

To the best of our knowledge, there are only two sets of studies that have
proposed approaches towards achieving fully-facilitated DES modelling in healthcare:
the PartiSim framework (Tako & Kotiadis, 2015), and SimLean (Robinson et al., 2012).
These are built around a series of facilitated workshops with stakeholders. However
neither has produced what could be described as fully-facilitated modelling because
stakeholders have not been involved during all the stages of a simulation project. In
particular model coding is performed by a modeller in between workshops, rather than
as part of the flow of facilitated-mode sessions with the stakeholders. Robinson et al.
(2014) highlight that this has yet to be achieved: facilitated-mode model coding is the
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last gap in achieving fully-facilitated DES. To address this they suggest the possibilities
of a seamless software environment suitable to support facilitated process mapping and
DES modelling, and building simpler models.

This paper investigates the extent to which Business Process Model and
Notation (BPMN) can provide such an environment, and in what problem-complexity
contexts. After reviewing the literature (section 2), our first contribution is to propose an
approach using BPMN to support model coding during facilitated stakeholder
workshops and so with the potential to take DES approaches like PartiSim and SimLean
a step closer to being fully facilitated like the *soft” and problem structuring methods
end of the Operational Research (OR) “spectrum’ (section 3). The second contribution is
two case studies (three DES projects) in healthcare (section 4), enabling us to reflect on
the advantages and current practical limitations of using BMPN in a DES project
(section 5). From this reflection we develop a contextual matrix, with model complexity
and data-analysis complexity as two dimensions, to suggest to researchers and
practitioners in what problem contexts BPMN currently makes fully facilitated DES a
possibility.

2. Simulation modelling in healthcare

Literature reviews (Brailsford, Harper, Patel, & Pitt, 2009; Fone et al., 2003;
Katsaliaki & Mustafee, 2011) trace the long history of DES modelling in healthcare,
and its potential to help demonstrate and understand problems with patient flow systems
and test potential service improvements is well known (Pitt et al., 2016; Proudlove et
al., 2007).

Attempts to apply DES in healthcare generally face the same barriers as can OR in
any domain: poor management support, scepticism towards methods adopted from other
sectors (e.g. manufacturing), high workload of stakeholders (e.g. clinicians), lack of
reliable data and reluctance to change (Brailsford, Bolt, et al., 2009; Harper & Pitt,
2004; Jahangirian, Taylor, Eatock, Stergioulas, & Taylor, 2015; Lowery et al., 1994).
Although the analysis by Brailsford, Harper, et al. (2009) suggests the low rate of
‘success’ in projects proceeding beyond conceptualised models to implementation of
recommendations is not notably lower than for healthcare applications of other OR
techniques, many OR academics specialising in DES have conducted projects in this
sector which has prompted much consideration of whether healthcare may be a

particularly difficult application area. A survey of DES modellers found perceptions of
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greater difficultly in technical aspects (including data collection/access, complex/hard-
to-elicit  structure, messier problems) and stakeholder engagement (e.g.
incentive/resistance to change, resistance to simulation results, limited time) (Tako &
Robinson, 2015). Increasing stakeholder engagement has been a particular focus
(Brailsford, 2005; Brailsford, Bolt, et al., 2009; Harper & Pitt, 2004; Jahangirian et al.,
2015; Taylor et al., 2009) with a growing literature on overcoming barriers to this
through facilitated DES modelling.

2.1 Facilitation in DES in healthcare

Franco and Montibeller (2010) contrast expert versus facilitated modes in OR
engagements. They point out that modellers are generally more comfortable with the
former, working on producing ‘objective’ and ‘optimal’ solutions without the
clients/stakeholders present. However, they argue that facilitated modelling can lead to
a better quality of model, promote debate and understanding of the possible changes to
processes and so, it is hoped, to greater commitment to implementation of the
recommendations. Tako and Kotiadis (2012) pick out OR approaches that have
particularly strongly adopted this facilitated approach: problem structuring, decision
analysis and system dynamics simulation. Many of the real-world-systems which are
the subject of healthcare modelling have similar characteristics to those addressed by
these techniques, such as of ill-defined problems and systems, multiple objectives and
diverse sources of power and influence across stakeholder groups, requiring a high level
of engagement and consensus for hope of implementation. Therefore the current trend
in the extensive literature on DES in healthcare is to emphasise the importance of
striving for a facilitated modelling approach.

The DES community has drawn on the extensive work on facilitation in system
dynamics in developing facilitated approaches to DES (Tako & Kotiadis, 2012). The
system dynamics literature appears ambiguous on how much of the process is
conducted in facilitated mode, in particular the building of a computer model (cf. model
coding). Vennix (1999) and others use the term Group Model-Building, defined as
“approaches that involve the client in the system dynamics model building process, be it
in the conceptualisation and/or formalisation and simulation of the model” (p.392,
emphasis added). Similarly, whilst some cases claim “the construction of models with
full participation of the decision makers” (Reagan-Cirincione, Schuman, Richardson, &

Dorf, 1991, p.52), later reflections on these projects comment that they frequently
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involved “having the facilitation and modelling team work through the night”
(Andersen, Vennix, Richardson, & Rouwette, 2007, p.692), so presumably without the
stakeholders and so in expert mode. Having said this, the work on facilitated modelling
in system dynamics is significantly ahead of that in DES for two reasons. Firstly, the
system dynamics community has de facto standards for developing models, i.e. causal-
loop and stock-and-flow diagrams, which provide a common language across the
community. Secondly, it is relatively straightforward to transform a stock-and-flow
diagram into a set of partial differential equations that can be executed computationally.
All leading system dynamics software provides a facility to automate generation of the
equations (model code). In DES there is not a corresponding de facto standard, and
model coding is more challenging.

Two recent streams of work have proposed facilitated DES modelling approaches
in healthcare: the PartiSim framework and the SimLean suite of tools. PartiSim started
with a focus on conceptual modelling (Kotiadis, Tako, & Vasilakis, 2014) but now
considers the whole project lifecycle with a six-stage conceptual framework that aims to
help the modelling team involve stakeholders in facilitated simulation studies through
combining DES and soft OR approaches (Tako & Kaotiadis, 2015). SimLean uses DES
to support facilitated-group, lean-based, improvement projects in healthcare, with three
modes: Educate, to illustrate lean principles; Facilitate, for rapid but approximate
models to support lean improvement workshops (also known as rapid improvement or
kaizen events); and Evaluate, for detailed models built subsequently to predict the
consequences of ideas suggested in an improvement workshop (Robinson et al., 2012;
Robinson et al., 2014).

In addition Baril, Gascon, Miller, and C6té (2016) used a detailed DES built over
three months of a typically-long (e.g. nine-month) lean six sigma project, along with
pre-prepared data-analysis, to support evaluation of change ideas during a hospital
kaizen event. Neither the process mapping (conducted four months before the event) nor
the DES is built in group-facilitation mode, and the process is deliberately only called
‘participatory’. Adamides and Karacapilidis (2006) have prototyped a collaborative
software tool for gathering and sharing information from stakeholders, though this is
text-based and they don’t suggest that building the process maps or a potential DES
model could be done live with stakeholders.

None of these studies presents a fully-facilitated DES approach, because not every

stage, in particular the model coding, is conducted in facilitated mode with stakeholders.
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In the model coding stage the conceptual model (i.e. a description of the model) is
developed into a DES by means of computer programming, spreadsheets or simulation
software (Robinson, 2014). This is typically demanding on time and technical expertise.
Though PartiSim encourages reduced data requirements through more social judgement
and envisages the possibility of data entry in facilitated mode, model coding is retained
as an expert-mode stage conducted away from stakeholders; Tako and Kotiadis (2015)
suggest that this does not diminish facilitation overall. The SimLean work, however, has
continued to strive for fully-facilitated DES and so has led to a series of suggestions
towards addressing the particular challenges of the model coding stage. To this end
Robinson et al. (2014) endorse the suggestions of Den Hengst, de Vreede, and
Maghnouji (2007): more-stakeholder-friendly DES software, eliciting and using
stakeholder-estimated data live in workshops and using pre-built model components.
Some use of these have been incorporated in SimLean Facilitate, but Robinson et al.
(2014) also call for two other developments towards fully-facilitated DES: i) a mindset
change to consider simpler (and rapidly-built) models to facilitate understanding and
discussion rather than aiming for predictive accuracy as a default, and ii) a technical
solution involving a software environment that enables a facilitator/modeller to capture
the conceptual model and perform model coding live with stakeholders. Including
model coding in facilitated sessions is also noted as a future challenge by Pessoa, Lins,
da Silva, and Fiszman (2015).

The PartiSim framework includes establishing whether a DES study is feasible
(Tako & Kaotiadis, 2015), whilst discussion of the SimLean work notes the link between
defining what can (and cannot) be modelled in a particular problem context and also the
feasibility of a technical solution to enable model coding live with stakeholders
(Robinson et al., 2014). These two ideas are connected and, in practice, governed by the
requirements of problem solving in a particular context. Phillips’ (1982; 1984) term
‘requisite modelling’ is useful here: considering what form of model would be ‘good
enough’ to help stakeholders address their problems and how this interacts with the

technical demands of model coding and the capabilities of modelling tools.

2.2 BPMN and simulation
BPMN is a widely-known 1SO standard notation for process modelling. It is
designed for process mapping in a way readily understandable and usable by both

modellers/analysts and stakeholders, providing a common language for diverse
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stakeholders (OMG, 2011) including healthcare professionals (Yaoa & Kumar, 2013).
BPMN is supported by major software vendors such as IBM, Oracle and SAP (Onggo,
2012) so is widely available, including in user-friendly freeware. Software
implementations support building hierarchies of processes. BPMN has been receiving
high levels of attention in business practice (Recker, 2010). BPMN allows a process
map to be directly and quickly imported and exported using common standards (e.g.
XPDL) (OMG, 2011; Onggo & Karpat, 2011). Therefore it is an appealing tool for use
in conceptual modelling (Onggo & Karpat, 2011).

Another standard, BPSim (WfMC, 2016), enables the automated generation of
DES model structure from BPMN process maps. Some tools such as Bizagi (Bizagi,
2016) use BPMN to build process maps and BPSim to run DES in the same software
environment, others such as Simul8 and Lanner’s L-SIM simulation server can use
BPSim to import BPMN process maps (Onggo & Karpat, 2011; Recker, 2010). The
automated production of a DES from a process map written in a business standard such
as BPMN narrows the conceptual gap between business process modelling and
simulation, which helps non-simulation-specialist stakeholders understand simulation
more easily. There are alternatives to BPMN, including UML (Unified Modeling
Language), though these other standards are designed with systems analysts in mind
rather than stakeholders and business analysts (Onggo, 2011), and BPMN has been
argued to be the best of the tool standards available for linking with simulation
(Wagner, 2014). Some limited use of BPMN plus DES has been made in healthcare
modelling (Bisogno, Calabrese, Gastaldi, & Levialdi Ghiron, 2016).

BPMN plus BPSim have the potential, therefore, to bridge from conceptual maps
to DES models through electronic maps and automated translation. Consideration of the
capabilities of these standards discussed in the literature suggests that this might be a
promising approach to investigate the potential for facilitated-mode model coding and
its natural interrelationship with requisite modelling and use of simpler models. This is
the last major obstacle to achieving fully-facilitated DES in healthcare, hitherto not

addressed in practice in the research literature (Robinson et al., 2014).

3. Methodology

The most fully-developed proposal for conducting facilitated DES projects is the
PartiSim framework (Tako & Kaotiadis, 2015). This suggests six stages: Initiate Study
(informal meetings), Define System (workshop 1), Specify Conceptual Model
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(workshop 2), Model Coding (expert mode), Experimentation (workshop 3), and
Implementation (workshop 4). In the literature this interruption in facilitated workshops
for the model coding stage is viewed as inevitable. It is suggested it will last for some
considerable time (two to three weeks is suggested), during which there is little contact
with stakeholders (though some liaison with the project champion for model
verification: checking the model is sufficiently accurate (Robinson et al., 2014; Tako &
Kotiadis, 2015)).

Our work started in 2013 and was influenced by the early Conceptual
Modelling/PartiSim work that focused on project setup and conceptual modelling (Tako
& Kotiadis, 2012). Thus we proposed an overall approach very similar to that proposed
in the PartiSim framework (Tako & Kotiadis, 2015). The only material difference being
incorporating BPMN, which has the potential to increase the scope of facilitation and
speed up the conceptual modelling - model coding - experimentation stages and
transitions. In particular, the aims of this research are: i) to investigate the extent to
which the use of BPMN within a facilitated DES process such as PartiSim can remove
or reduce the model coding interruption in facilitated-mode engagement with
stakeholders; and ii) what impact the problem-complexity context has.

Our proposed approach was to familiarise the stakeholders with BPMN and the
software environment very early in the process (Initiate Study and Define System), use
it to capture as much as possible of the Conceptual Model, in particular the flow
structure (i.e. a process map) and then (as ‘Model Coding’) use BPSim to generate the
DES from the BPMN, ready to populate with parameters and run. Thus we have a
proposed project approach whose duration is more dependent on stakeholder
availability than the requirement for a substantial break for (expert-mode) model
coding, and with the potential to conduct all stages in facilitated mode.

In more detail, our proposal was to use BPMN to provide a means to rapidly
build, modify and validate a process map in a user-friendly and straightforward
environment, recorded in a standard-format electronic file. When the process structure
has been agreed with stakeholders it can then be converted to a DES model through
automated translation within the same software package or ‘semi-automated’ translation
through import of BPMN to a separate DES package. The key benefit is that this is so
quick that it can be done as part of a stakeholder workshop. It also means that
verification (“the fidelity with which the conceptual model is converted into the
computer model” (Robinson, 2014, p.254)) of this aspect of the DES model is (just)
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dependent on the quality and assumptions in the automated translation, which should be
known to the modeller. The simulation structure created would have the same look and
feel as the electronic process map and be ready to populate with data (parameters). This
could be done with the stakeholders (in facilitated mode) if data are readily available,
derived from stakeholders’ estimates or pre-prepared, contributing to white-box
validation.

Depending on data and stakeholder availability, the same or another workshop
could proceed with running the model, demonstrating animated trials and statistics
generated from batches of trials. Decisions on requisite modelling would also impact
what type of validation is required following model coding, in particular traditional
statistical comparisons of predictive power between a base model and historical data
versus face validation, as more common in system dynamics simulation (Balci, 1998).
For black-box validation we propose the former could be done as part of a facilitated
workshop, and the later, particularly making use of animation in the DES, requires this
facilitated mode. Of course the validation process may reveal the need for changes to
the flow structure or data, leading to changes to the computer simulation model. The
ability to perform model coding live would be useful here too, since we could avoid
significant delay or disruption from detailed technical input from the modeller.
Facilitated experimentation with the model(s) would then involve modifying model
parameters and/or going back to the BPMN business process diagram to modify the
flow structure and generate alternative simulation models. Discussion about
implementation and debrief meetings would conclude the project cycle.

For the work described in this paper we used the Bizagi Modeler freeware (Bizagi,
2016), which has a very user-friendly interface and, as well as BPMN, also integrates
the BPSim DES standard. The next section describes investigations into the application

of this approach.

4. Case studies

The opportunity to investigate our proposed approach using BPMN within a
facilitated DES process arose from a project in 2013 with an Italian hospital (Case A),
and two projects at Salford Royal NHS Foundation Trust in the UK starting in February
2015 (case B Projects B1 and B2). The Italian hospital will remain anonymous for
confidentiality purposes. Salford Royal is a University Teaching Trust providing acute

and specialist tertiary hospital services. It is one of the most mature organisations in the

10
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NHS in quality improvement terms, with a relatively large and well-established

improvement team with strong senior management support. The researchers acted as the

modellers and, for Case A and Case B Project B2, also as facilitator). As researchers we

also kept a research logbook of notes and observations from meetings, backed-up by

audio recordings and on-going narrative reflections. An overview of the cases is given

in Table 1.

Project A Bl B2

Patient flow Orthopaedic Ageing and Complex Surgery and

system Outpatient Clinic Medicine (inpatients) Neurological Theatres
Location Italian hospital Salford Royal Salford Royal
Project Start Sept 2013 Feb 2015 May 2015

Project Investigate trade-off Investigate how to Investigate impact of
Objectives between staff reduce patient length of | theatre flow

utilisation and patient
waiting times; of
impact appointment
scheduling

stay and so increase
capacity

reconfiguration

Stakeholders

Head of clinic
(surgeon), surgeon,
nurse manager, nurse

2 senior doctors, junior
doctor, 3 nurse
managers, 2 Allied
Health Professions

3 senior nurse managers

Process- Facilitator /modeller Facilitator, modeller, Facilitator, modeller
support observer/ note-taker, (3
quality improvement
managers observing)
Project Establish goals and Establish potential projects, Champions and
initiation boundary of system stakeholders
meetings Walkthrough of the Discussion of flow mapping and modelling and
process demonstration and examples of BPMN and
Discussion of flow software with improvement team
mapping and Meeting with IT/Performance (data) function
modelling Establish goals and Establish goals and
Demonstration and boundary of system boundary of system
examples of BPMN Walkthrough of the Walkthrough of the
and software process process
Sketch of the flow Sketch of the flow
Potential barriers
identified: flow and
data complexity
Workshop 1 2-3 hours 2-3 hours 1-2 hours

Conceptual Model
Paper process map
Prototype BPMN
process map
Discussion and
validation

KPIs agreed, estimated
process times and
variability captured

Conceptual Model
Paper process map
Prototype BPMN
process map
Discussion and
validation

Barriers encountered:
1. BPMN and BPSim
not adequate alone

Conceptual Model
Paper process map
Prototype BPMN
process map
Discussion and
validation

Barriers encountered:
1. BPMN and BPSim
not adequate alone

11
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2. Complex and detailed | 2. Complex and detailed
data analysis required data required
(Manual) Not required Model Coding : BPMN | Requisite modelling not
Model Coding | (Automated) - Simul8 feasible/practicable
(modeller in structure (re-)building,
expert mode) data analysis
Very time-consuming
Workshop 2 2-3 hours 1-2 hours 1-2 hours
Model Coding: Discussion of (Discussion of
BPMN - BPSim modelling, validation alternative approaches)
Parameter entry and complexity of
Validation of system
simulation Barrier encountered:
Experimentation with | Attributes not in data
scenarios important
Identification of
desirable policies
(Discussion of
Implementation)
Workshop 3 n/a 1-2 hours n/a
Discussion of potential
Experimentation and
patient coding issues
Follow-up Clinic closed Debrief focus group
Debrief interviews
Table 1: Summary of cases and processes followed
4.1. Case A

The process analysed was the patient flow during the pre-operative visit to the
Italian hospital’s orthopaedic outpatient clinic prior to a surgical operation being
scheduled. The stakeholder team consisted of two surgeons (one being the head of the
clinic), the nurse manager and another nurse. With this small group the modeller also
acted as the facilitator. The stakeholders were very receptive to mapping and modelling.
Prior to our engagement they had done some limited process mapping using
PowerPoint and Excel. They were interested in taking this further, which gave us the
opportunity to test our approach.

The project took place during one week in September 2013. We organised two
Project Initiation meetings with the four stakeholders. These meetings established that
the stakeholders’ aim for the project was to investigate the trade-off between staff
KPIs), and how
appointment scheduling impacts on this, in order to consider adjusting the booking

utilisation rates and patient waiting times (the stakeholders’

policy. The boundary of the system was clear and that, as an outpatient clinic, it started

12
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and end every day empty, and the appropriate timeframe would be an 8-hour day. A
second meeting and two two-to-three-hour workshops were scheduled, to fit with the
stakeholders’ availability.

The second meeting included a walkthrough of the process to observe it in action,
confirming understanding of the flows and that there was little or no competition from
other processes for resources used by the orthopaedic outpatient clinic. It was
established that there were very little patient-flow-level historical data available, but that
the stakeholders would be satisfied with establishing the key areas and direction of
change likely to move performance towards their desired improvements. Hence, we
could establish what was requisite for the project to achieve the aim. The facilitator led
a discussion about how patient flows in the clinic could be modelled and potentially
improved, and briefly demonstrated the main features of BPMN and Bizagi, how to use
them to map processes and some previous applications in similar contexts.

The first workshop focused on conceptual mapping. The stakeholders described
the process and, with the facilitator, sketched a prototype process map of the patient
flow on paper. The facilitator/modeller then built the draft process map in BPMN using
the Bizagi software with the stakeholders present. Conceptual mapping and BPMN
model drawing took less than an hour of workshop time, and produced more discussion
and some live corrections, leading to a map the stakeholders agreed was valid. Other
information, such as the KPIs, timings of the clinic day, typical process times and
variability were elicited from the stakeholders. These were captured on paper (but could
have been added to the BPMN as text annotations).

In the second workshop, since BPMN and BPSim are both integrated in the Bizagi
software, the facilitator was able to start with the agreed electronic process map from
the first workshop and move seamlessly into simulation mode, entering the data and
running the model during the workshop. The simulation model was populated with
process and patient inter-arrival time distributions and parameters based on the
stakeholders’ estimates. Figure 1 shows the simulation screen in Bizagi. This retains the
standard BPMN notation (OMG, 2011): circles are events (including start and end
points) rounded rectangles are tasks (activities); diamonds are gateways (points where
paths branch or split to exclusive or parallel paths); dotted arrows are information flow.
Queues are implicitly added in the transition to DES and only evident when running a
simulation. The screen shows a dynamic display of numbers of items (patients)

completed, waiting times (numbers or bars can be displayed) and utilisation of

13
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resources. This simple animation enabled us to explain how the simulation works. It
was also adequate, together with the results from a batch of 50 trials, to convince the

stakeholders that the simulation model behaved like the real system (face validity).
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Figure 1: Simulation model example: pre-operative patient flow (Case A)

In the same (second) workshop, the facilitator was then able to experiment with
suggested scenarios, again interactively with the stakeholders present. The effects of
different booking scenarios and demand levels suggested by the stakeholders were
investigated. Types of booking policies to achieve a reasonable trade-off between
patient delays and staff utilisation were identified.

A later follow-up meeting with the stakeholders revealed that, though the
recommendations from the experimentation had been well-received and considered
feasible, major geological risk with the hospital site meant that a board-level decision
had been taken to close all inpatient facilities plus associated services such as this
orthopaedic outpatient clinic at the hospital, and merge them with those at another
hospital site in the group. Hence, implementation had not been possible, but the
researchers took the opportunity to conduct debrief interviews with the stakeholders

about their perceptions of the approach.

4.2. Case B

14
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After we succeeded with facilitated-mode model coding in the Italian hospital we
wanted to test whether we could replicate it in different healthcare environments.

Our Project Initiation at Salford Royal started with two meetings with senior
managers, including a project champion, followed by meetings with senior members of
the improvement team. Across the Trust there had been relatively little process mapping
activity, and a range of approaches had been used from box-and-arrow charts using
Word and PowerPoint, to Value Stream Mapping using Visio. The improvement team
expressed particular interest in identifying a standardised and practically-useful process
mapping approach and software tool with the potential to feed through to DES. The
senior general managers had a strong interest in analysing particular clinical pathways;
one of the directors commented that “it would be very useful to process map and
potentially simulate the planned re-organisation; | see the value of simulation to
provide powerful evidence.”

The first meetings with the senior managers and champion discussed potential
projects and stakeholders who could be involved. The projects chosen were the Ageing
and Complex Medicine emergency/unscheduled pathway and flows through the
operating theatre suites in the Surgery and Neurological division. Both these flows
tended to work at very high utilisation rates, which is typical in NHS inpatient pathways
and can cause blockages to the flow of patients and delay upstream processes. For
example, patients might be medically-fit to move to the next stage of their treatment
pathway, but have to wait for space, transport or support services, whilst still consuming
constrained resources (such as a cubicle or bed). Thus, in modelling terms, there are
‘dead’ states (queues) in which entities continue to consume the resource required by
the preceding activity tied to many activities. (Here we call these “back-end queues”).

The rest of this section describes these two projects.

4.2.1.Case B - Project B1: Ageing and Complex Medicine patient flow

In this project the stakeholders’ aim was to investigate how to reduce patient
length of stay and so increase treatment capacity. We scheduled three workshops with
improvement and pathway staff for: system definition and conceptual modelling; model
coding and experimentation; and further experimentation and discussion of
implementation. Many stakeholders participated: up to eight from the pathway (senior

and junior doctors, nurse managers and allied health professions) together with four
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quality improvement staff (as lead facilitator and observers). The researcher team was a
modeller and an observer/note-taker.

In the first workshop the experienced facilitator from the Trust’s quality
improvement team led discussion of the system and project aims, and the drawing and
exploration of a high-level process map using a ‘basic’ approach very common in the
NHS (post-it notes and rolls of brown paper, see Figure 2). The BPMN process map
was built and amended in parallel live by the modeller using the Bizagi software. There
IS a one-to-one correspondence between the flow elements of the paper and BPMN
models (a few examples are indicated by the double-headed arrows in Figure 2).
However, on the former the process-step post-its are rather obscured by the comments
capturing issues and suggestions. (We used differently coloured post-its to differentiate
process steps and comments to improve the clarity.) The maps show patients arriving at
the hospital via the Emergency Department (ED) or directly to the COPE (elderly care)
zone of the Emergency Assessment Unit. From there, they are discharged, transferred to

social care, or moved to an inpatient Ageing and Complex Medicine or other specialism

ward.
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Top left: Post-its high-level process map: (blue) J
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Top-right: BPMN (in Bizagi) high-level process [““"" l o l <> Q
map drawn during workshop : - 0
Right: ‘raw’ import to DES package (Simul8), ) P (@)
running with example data; the (red) bar in . ] O
front of the activity in the middle of the o <> J - <> = = O
bottom row is the default representation of . (@]
the size of the (implicit) queue during a %
simulation run. O

Figure 2: High-level process maps and import to DES (Project B1)

The next step in our approach is converting the process map written in BPMN to a
DES. However it became clear that there were features of the flow beyond the

capabilities of BPSim. Patient routing was complex and dependent on many
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characteristics of the patients. Multiple routing can be represented in BPMN by using
different pools or lanes to represent different token (entity) types, but this gets very
large and messy for more than a couple of variations; data- (attribute- or label-) based
routing is not handled. Also, as an inpatient system, warm-up time was required, but
this was not available in BPSim 1.0. (Subsequently BPSim 2.0, which does support
warm-up time, was released in July 2016 in beta version.) Further, the back-end queue
after many activities were an important feature of the patient flow, whereas queues in
BPSim are simple resource-free queues implicitly added in front of each activity drawn
in BPMN. Hence, we decided not to use BPSim (and so not to remain in Bizagi) for the
simulation but instead to use a ‘full’ DES package. So the structure of the simulation
model built as a process map in BPMN (here with Bizagi) was imported into a DES
package (in this case Simul8 via the XPDL format). Although the export and import are
fast, so could have been done in a workshop as had been planned, we realised that
coding important flow features unspecifiable in BPMN (e.g. back-end queue and data-
dependent routing) would require a considerable amount of time, and so expert-mode
coding was needed. Hence, although the conceptual modelling stage was achieved in
facilitated mode, a barrier to continuing this through model coding was encountered in
building the DES model structure. This arose from the complexity of the model
requisite to represent the real system being greater than the (current) capability of the
modelling standards and software.

We encountered another major challenge in modelling to a requisite level
regarding data availability. Since occupancy was very high at all stages of the patient
flow, the occurrence of blockages and delays in the real system were very sensitive to
variations and interactions in arrival and treatment rates; we required results from a
model of a system operating where the variation-utilisation trade-off curve, well-known
from queuing theory, is particularly steep. Thus accurate parameter data were needed.
Though historical data were available from the IT systems, a great deal of work was
required to reconstruct actual patient pathways, and this then revealed a huge amount of

variety in routes through the system.
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Figure 3: pathways variability (Project B1)

As shown in Figure 3, analysis of the 2,830 patients treated in one year (from
April 2014 to May 2015) revealed 618 pathways. When modelling capacity issues in
such a high-utilisation situation (e.g. high bed occupancy), and so a very sensitive
system, ignoring some of the patients or variation will have a big impact on the results.
For example, though 27 pathways would be a large number to consider in simulation
modelling, here the most frequent 27 only accounted for 60% of all the patients.

The complexity of data ‘wrangling’ and analysis required considerable time and
technical expertise. Consequently the stakeholders could not be involved in this: in this
case data-analysis complexity formed a second major barrier to conducting model
coding in facilitated mode, here in parallel with the model-complexity barrier.

The time required meant that the second workshop had to be postponed. The final
two workshops discussed both the complexity of the pathways and potential
experiments to test improvement ideas. It also became clear that there were attributes of
patients (condition and care-type before and after inpatient treatment) that were often
important in routing but not clearly coded in the available data. This was a further
challenge to modelling and validation. The implications of this limitation, and how it
might be captured in coding and so data analysis, were also discussed.

Although the facilitated-mode process mapping revealed some potential for the
reduction of the length of stay, and the BPMN maps provided useful structuring, the

barriers revealed (i.e. model complexity and data-analysis complexity) prevented
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facilitated-mode model coding, and in fact limited the practicality of producing requisite

results from DES.

4.2.2.Case B - Project B2: Surgery and Neurological patient flow

A major re-organisation of resource-configuration and patient flows through the
Surgery and Neurological division’s operating theatre suites was being planned. This
change was imminent, and senior management wished to understand the impact on
capacity. We started a project to potentially support this at the same time as the other
project (B1) was at the conceptual modelling stage. We aimed to test facilitated-mode
model coding here too. Project Initiation started with a meeting with division managers
and a champion for this project. A walkthrough of the process in action revealed that,
although apparently simple in terms of numbers of tasks, it was very complex in terms
of pathways and bottleneck resources since there was a lot of ad hoc reactive (‘fire-
fighting’) action by staff to squeeze patients through the very high-utilisation facilities.
Simulation appeared challenging, but we proceeded with a series of small workshops
with three key stakeholders (senior nurse managers) to map the process.

With BPMN (in Bizagi) we were able to draw, amend and validate the process
map in a set-up meeting and workshop with the stakeholders, tidying it visually in-
between. Figure 4 shows the BPMN process map including some additional information
capture (attached to tasks as associations with dotted lines) and a visual indication that
some tasks use the same physical resource (dashed lines). The pathway through the
theatre suites started with a pre-operation sub-process in which the surgical operation
day was planned. Patients then returned to the hospital to undergo the operation. From
reception they went to the waiting area and then to the surgical receiving area where
they were prepared for the operating theatre. After the operation, patients either returned
to the surgical Receiving Areas (where they might be competing for space with pre-
operation patients) or required care in more intensive wards. Patients then were either

discharged or admitted to an inpatient ward.
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Figure 4: Process map of the conceptual model (Case B — Project B2)

The Trust had not done any flow mapping of this system, and staff reacted very
positively to the BPMN process mapping. However this conceptual modelling phase
confirmed the challenges in requisite simulation of this system. In addition to resource-
dependent queues and reconstructing patient routing from the IT system, both similar to
the barriers to facilitated-mode model coding that were encountered in the other project
(B1), the flow ‘rules’ in Surgery and Neurology were very complex. Although this
process showed less variety in the number of pathways, the assembly of the elective
booking lists and the micro-level routing around the theatres (particularly through the
gender-split receiving areas before and after surgery) were highly contingent on staff
behaviour, flexing routing and amount and allocation of resources greatly to cope as
best they could with demand. This was complex and unpredictable behaviour,
influenced by system state, particular staff on duty etc. So, from experience with the
other project (B1), we could clearly expect the same model and data complexity
barriers. Therefore, though the conceptual modelling was useful to the staff, we judged
that facilitated-mode model coding would not be possible and it would not be
practicable with the time and resources available to produce a requisite model. Further,
the chaotic nature of the system calls into question whether requisite DES modelling
(i.e. to the level of accuracy required) should be attempted at all in a situation like this.
The final workshop time was used to discuss alternative approaches such as aggregate

capacity planning and templating.

5. Discussion
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In this section, we provide our reflections from the testing of the approach in the

two cases (three projects).

In section 2 we discussed the many barriers to modelling, and in particular DES,
in healthcare. In both our cases stakeholders in the Project Initiation meetings with
pathway stakeholders (managers and clinicians) we found high levels of interest and
cooperation, with support from senior managers. They were actively interested in the
potential of modelling tools and interacted well with the facilitator and modeller. Access
to reliable data has been noted in the literature as a general barrier (sect 2). In Case A
the lack of detailed patient flow data did not conflict with the requirements of requisite
modelling (section 4.1). In Case B (Salford Royal) we had excellent cooperation from
the IT support function so had good access to the Trust’s relatively powerful IT system.
Thus the main general environmental barriers to modelling as frequently described in
the literature were absent or weak.

The rest of this section focuses on learning from the cases about the contribution
BPMN can make to overcoming the barriers to DES in healthcare identified in the
literature. We also discuss future research to overcome the further barriers that projects
B1 and B2 highlighted, in order to continue to work towards achieving fully-facilitated

DES modelling in a wider range of contexts.
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5.1. To what extent can BPMN support facilitated-mode model coding?

Process mapping is a fundamental technique in understanding and improving
operational systems, and a number of paper-based, fairly free-form systems have been
developed (Slack, Brandon-Jones, & Johnston, 2013). In healthcare improvement work
process mapping is a common starting point for engaging staff working along a patient
pathway. These pathways are often long and complex, and a recommendation is to
approach mapping these through a hierarchy of processes and sub-processes (NHS
Institute for Innovation and Improvement, 2005).

In both our cases BPMN provided a quick and easy-to-use process mapping tool
producing straightforward visualisations that the stakeholders could understand
intuitively. Hierarchies of processes and sub-processes encourage detailed modelling as
and where it is considered worthwhile, and complexities like resource responsibilities
can be captured and represented through pools and lanes (e.g. Case A - Figure 1). The
stakeholders commented (Case A - translated for this case from lItalian):

“The BPMN model is easily readable and more understandable than a

flowchart or an Excel spreadsheet model. In comparison with an Excel

spreadsheet model, the BPMN diagram shows the process flow and
connections between the activities. Also, in comparison with a flowchart, the

BPMN model shows the person responsible for each activity.”

The value of these BPMN capabilities have also been noted in the literature (OMG,
2011; Onggo & Karpat, 2011).

In both our cases the stakeholders preferred to construct the map initially on
paper, as is often recommended to practitioners (e.g. Rother and Shook (2003)). It was
drawn and edited electronically with BPMN in parallel with this (Project B1) or straight
after (A and B2). Some of the rich accompanying information was captured with BPMN
text associations (e.g. Figure 4), but the volume of this in B1 (e.g. from the post-its in
Figure 2) proved impracticable to capture in BPMN during the workshop, and this
information is textual rather than potentially useful to the automated translation to DES.

Case B demonstrated that BPMN can be a useful tool for process mapping, even if
DES does not follow. It is starting to be used by analysts and practitioners to map
healthcare processes with stakeholders (Bochicchio, Bruno, & Longo, 2011; Vandborg
et al., 2012); and Pessba et al. (2015) use the BPMN palette in Bizagi as a tool for
drawing their DES activity cycle diagram for a project on surgical flows (though they

do not follow the conventions of BPMN and it appears that the model presented would
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not run as intended if translated into BPSim.) One of the ambitions of improvement
staff at Salford Royal was to widen and standardise the documentation of patient
pathways. A library of electronic process maps would be useful for targeting and
running both ‘simple’ waste-reduction (e.g. ‘lean’) projects and modelling analyses (e.g.
supported by simulation).

We argue, therefore, that using BPMN for process mapping (or full conceptual
modelling) provides a natural entry point for stakeholders to DES, addressing the
barriers highlighted in the literature of poor awareness of simulation, academics
proposing (over-)complex models, the communication gap between simulation and
stakeholder groups, and difficulties in understanding and working with simulation
(Brailsford, Bolt, et al., 2009; Harper & Pitt, 2004; Jahangirian et al., 2012; Jahangirian
et al., 2015; Lowery et al., 1994; Proudlove et al., 2007; Robinson & Pidd, 1998;
Robinson et al., 2014). Particularly so when the BPMN process map can then be rapidly
‘coded’ to a DES with the same visual structure:

*“... That simulation tool [i.e. BPMN in Bizagi] helps to visually understand

the process flow, even for people who do not have a technical background

and it is generally easy to use.”” (Case A stakeholder”)

In Case A the integrated use of the BPMN and BPSim standards (in Bizagi) successfully
provided the technical solution envisaged by Robinson et al. (2014): an environment for
group process mapping and seamless, “at the touch of a button’ transition through model
coding to DES, all during workshops with stakeholders.

This helped overcome the problem of simulation modelling being a time-
consuming activity (Jahangirian et al., 2015; Lowery, 1996; Robinson & Pidd, 1998).
This speed of modelling, and without the need for an interruption for expert-mode
model coding between workshops, enabled the presence of stakeholders throughout and
helped with the common problem of engaging diverse stakeholders over the stages of a
project (Brailsford, 2005; Jahangirian et al., 2015; Taylor et al., 2009).

Similarly, in Case A the rapid progress and continuing focus around a constant-
format model helped overcome the barrier of failure to meet project objectives and
unacceptable results for stakeholders (Harper & Pitt, 2004; Jahangirian et al., 2015;
Robinson & Pidd, 1998) by encouraging continuing emphasis on the problem, aims and
KPIs. As commented on in a Case A stakeholder debrief interview:

“The simulation tool [i.e. BPSim in Bizagi] also helps clinical staff to

understand the rate of their utilisation in the process. Indeed, it can be used
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by managers, but also as doctors and nurses we find it useful to see our

utilisation.”

The automated translation from BPMN and stakeholder presence throughout aided
model validation and reduced the risk of verification problems.

The capabilities of BPMN and BPSim proved adequate in Case A, so that the
issue of accommodating the complexity of healthcare problems (Brailsford, Bolt, et al.,
2009; Harper & Pitt, 2004; Jahangirian et al., 2012; Jahangirian et al., 2015) did not
become a barrier. However this was not so in Case B: we found that important flow
features could not be represented in BPMN, and so BPSim was also inadequate for
requisite DES modelling. Though BPSim has straightforward facilities to enter data
from or with stakeholders, this is not captured and fed through from the mapping
(BPMN) stage, and neither tool directly helps in situations in which detailed data
analysis is required. These issues will be discussed in the following sections.

Many software tools support BPMN, including freeware, so overcoming the
barrier of high costs of specialised software (Brailsford, 2005; Pitt et al., 2016). BPMN
is a standard modelling language that is non-software dependent. Hence, a model
represented using BPMN can be used by any simulation software that supports the
standard. This provides flexibility for users to choose a simulation package based on
their existing knowledge or value-for-money, and reduces training costs because once
users are familiar with BPMN, the knowledge is transferrable to any simulation
software that supports this standard. In Case B we imported the BPMN model into the
Simul8 DES software, though the capabilities of BPMN to represent flow features left
much work to do in Simul8.

Following Case B, the service improvement team at Salford Royal fed back that
“BPMN and Bizagi has become the tool of choice for process mapping”, providing
some evidence that it can partially address the lack of capability to conduct modelling
and simulation projects within health services noted by, for example, Pitt et al. (2016).
However, DES knowledge was, as usual, provided by us from outside the organisation
and transfer of this more-advanced capability, both technical and conceptual, remains a
future challenge, as found by Monks, Robinson, and Kotiadis (2016).

The literature identifies many specific barriers to DES in healthcare. Many of
these we found could be resolved through the use of BPMN, to some extent and in some
circumstances. However, despite the contribution we have argued that BPMN can make,

it is clear from Case B that BPMN and BPSim are not yet mature for representing many
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important features of some patient pathways (especially inpatient flows). System (and

so model) complexity and requirements for detailed data can remain as barriers.

5.2. Under what circumstances can facilitated-mode model coding be achieved in DES?

In Case A (section 4.1), we succeeded in achieving model coding in facilitated-
mode. We believe it is the first example in healthcare to be reported. This project was a
relatively straightforward modelling task involving a fairly standardised pathway and
queuing logic, and starting from an empty (cold) state. The simulation model was
populated by estimated data provided by stakeholders because there was no available
data from the hospital for the process analysed and this was requisite for model
validation and utility. This lack of data availability is not an unusual situation in
healthcare (Santibafiez, Chow, French, Puterman, & Tyldesley, 2009).

Stakeholders were engaged and committed to pursuing implementation of the
changes tested through the simulation project. However, a higher-level decision was
imposed to close all inpatient services and the associated orthopaedic outpatient clinic.
Thus, failure to carry on to the implementation stage was not due to a stakeholder
engagement barrier, but the project being ‘swept away’ by a very major reorganisation.
Despite lack of implementation, we have demonstrated that the model-coding gap in
facilitated mode stakeholder engagement emphasised in Robinson et al. (2014) can be
closed in some circumstances.

Attempting to replicate the same approach in the different circumstances of Case
B, we failed to achieve facilitated-mode model coding. The projects described in this
case (section 4.2) reveal that, even having overcome the barriers described in the
literature (section 2), further barriers may be encountered which limit stakeholder
engagement in model coding and so limit fully-facilitated DES modelling. These arise
from model complexity and data-analysis complexity in a problem situation. Figure 5

combines these to form a contextual matrix.

25



EJOR RR3 Paper 4.16.docx

Real World Requisite
System I:> Description of
(problem) System
Requisite Model of System
Low Data-Analysis Complexity High
|
§ I nproved data coding
~ Case A I ieval
|
Fully-facilitated approach | Partially-facilitated approach
z Possible Now l currently required:
'E | Expert-mode data analysis
= |
s L
2 1 Improved standards & software :
2 N ags
E Partially-facilitated approach | Partially-facilitated .approach
= . oo | currently required:
currently required: |
Expert-mode model structure
Expert-mode model structure | . .
buildi | building & data analysis
- uilding
%o | Case B
= |
1

Figure 5: Contextual matrix with barriers (dashed-lines) to fully-facilitated DES

e Model complexity arises from features necessary to represent. Moving a situation
towards the high-complexity end of the spectrum would be features such as
resource-consuming queues, multiple routing conditions, interacting pathways and
non-empty system starting conditions.

e Data-analysis complexity arises from the volume of work necessary to produce
the data required by a model. A need to use real historical data (rather than
judgements from the stakeholders) would move a project towards the high-
complexity end of the spectrum. Complexity and time delay would be exacerbated
by data extraction from a set of corporate databases and a need to clean, re-code

and/or reconstruct pathways from fragments (e.g. series of care episodes).

The location of the partition on each dimension is dependent on the capability of

the tools available. The two dotted arrows indicate expansion of the area for facilitated-
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mode model coding (and so fully-facilitated DES) if more capable tools become
available (see sections 5.3).

As Figure 5 also indicates, the assumptions about and abstractions from the real
world problem involved in conceptual modelling (Robinson, 2014) inform what would
be a requisite model (the simplest yet valid, credible and useful model). A complex
system does not always require a complex model, and detail should be added
parsimoniously (Pidd, 2004). Reflecting on our experience in the cases, and the
reminder from Robinson et al. (2014) that the healthcare DES community should
consider ‘simple’ models, reinforces the importance of exploring early in a project what
modelling is requisite for a particular problem situation.

Successful facilitated-mode model coding in Case A depended on the context: the
system (and so model) had relatively low complexity and the stakeholders required only
face validity and an understanding of what sort of changes to make, so estimated data
were adequate. In Case B Project B1, the deeper understanding we now have of the
model and data-analysis complexity barriers could have led us to consider the
implications of requisite modelling earlier and more thoroughly and, at minimum,
manage expectations and the process differently, realising the constraints of the very
considerable expert-mode work required. The barriers made the interruption for model
coding (as in PartiSim ((Tako & Kaotiadis, 2015)) inevitable. Starting in parallel, part-
way through Project B1, Project B2 benefited from this learning. Deeper consideration
of what would be requisite led us to realise that model coding in facilitated mode would
not be possible and requisite modelling would be impracticable. Bowers, Ghattas, and
Mould (2009) encountered this issue of expectations management from longer-than-
expected model development, and in one project they found it necessary to build a
complex model (which took longer than was available to meet the stakeholders’
objectives) in order to recognise what the critical elements for a simpler model would

have been.

5.3 Limitations and Further Work

There are, of course, limitations to the research reported here. We regret to be
adding to the list of non-implemented simulation projects, a record that does not appear
to be improving: large surveys suggested 92% non-implementation several decades ago
(Tunnicliffe Wilson, 1981) and around 94% more recently (Brailsford & Vissers, 2011).
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Both our cases were environments where the general barriers to engagement
reported in the literature (sections 2 and 5.1) were very low. Beyond that, the degree of
stakeholder engagement achieved leads us to believe that the barriers to implementation
specific to healthcare projects also previously reported had been overcome in Case A.
This was also the situation in Case B Project B1 until the further barriers, discussed in
sections 5.1 and 5.2, became apparent. That the central new contribution to this was
BPMN, acting as a way-in to conceptual modelling and a gateway to DES, is apparent
from its capabilities and the reactions of the stakeholders (section 5.1). The major
academic contribution is showing that this can close the model coding ‘gap’ in fully-
facilitated DES emphasised by Robinson et al. (2014) in some situations.

Though the projects described here could be seen as lying towards the extremes
on both contextual dimensions that we have identified (Figure 5), we believe they are
useful in starting to mark out the territory, and are representative of many such types of
situations DES modellers face in healthcare. Replication studies would be valuable to
attempt to explore the territory in between these extremes to refine the boundaries of
where fully-facilitated DES modelling may be possible under current constraints of
software tools and healthcare services’ approaches to data capture and storage.

We argued in section 5.2 that the feasibility of fully-facilitated DES depends on
what level of modelling is requisite; then, contingent on this, on the impact of model
and data complexity (Figure 5). Whether these form barriers in practice depends on the
capabilities of software tools available and the data systems in use.

On the model-complexity dimension, process flow features such as ‘back-end’
queues and attribute-based routing logic are common in inpatient pathways. Suggestions
to have available libraries of pre-coded higher-level DES components (Den Hengst et
al., 2007; Robinson et al., 2014) seem sensible, but this is not yet practicable in the
current version of the BPMN standard. Even with the limitations we have discussed,
simulation researchers argue that BPMN is the best option in comparison to other
standards (e.g. Wagner, 2014); hence BPMN provides a good starting point to using a
standard in conceptual modelling. Extension of the BPMN standard to enable easy
representation of such flow features could produce a more powerful process
mapping/conceptual modelling toolkit without, we would argue, it necessarily becoming
too complex for general ‘business analysts’, a fear Mathew and Mansharamani (2012)
suggest has led to reluctance to expand the BPMN standard. Future papers will discuss

the specification and implementation of extensions to the BPMN object set to enhance
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its capabilities for this type of application. Similarly, we suggest that the capability of
BPSim and links to fuller-capability DES engines should be strengthened for greater
control of features such as animation and results collection. Such developments are a
subject of our continuing work.

On the data-complexity dimension, the convolution of many patient pathways
(especially inpatients) in practice is exacerbated by a great variety among hospitals in
the organisation of treatment and its description in coding systems, plus fragmented
recording in and across data systems. In some projects it may be possible to anticipate
data needs, collecting and processing data before (any) workshop interactions (cf. some
lean rapid-improvement events such as the DES-supported initiative described by Baril
et al. (2016)). However, as in Case B, the full complexity of aspects like routing
decisions, and the limitations of information about this recorded in data systems, may
only become apparent during workshop discussions. There may also be lessons from the
manufacturing DES community in which the ‘input data management’ phase is
recognised as a key barrier, though concerns are more about the duration and cost of
simulation projects and desire to conduct real-time simulation (Barlas & Heavey, 2016)
than about enabling facilitated engagement with stakeholders. Work is underway by
academics and practitioners to develop standards and semantics to support integration of
DES with manufacturing data systems (e.g. Enterprise Resource Planning systems) or
automated data extraction (including via data mining and intermediate databases)
(Barlas & Heavey, 2016). Such an intermediate database system exists at Salford Royal,
potentially useful for live access to summary statistics during data entry and validation
in workshops for low-complexity systems.

At a deeper level, the discussion of our findings about modes of model coding
(sections 5.1 and 5.2) suggest further examination of when and how the requisite level
of model and data-analysis complexity might be established, in order to influence
project planning (including stakeholder expectation management and the design of
facilitated workshops) and DES model design and tool selection. Then, the issue could
arise of how to restrain modellers from the temptation to design or iterate to overly-
complex models and excessive data gathering and analysis (Brailsford, Bolt, et al.,
2009; Robinson et al., 2014). One approach might be to restricted access to very ‘high-
powered’ tools(!). Extending access to tools was part of the background to the interest
from Salford Royal (Case B). For problem areas as large and decentralised as the NHS

the modelling community must seek mechanisms to transfer capability. An easily-
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accessible tool (technically and financially) to support internally-facilitated process
mapping and conceptual modelling could open access to a broad base of users in large
and diverse organisations like hospitals, with particular systems picked out or
‘escalated’ to receive support from modellers with various types and levels of specialist

skills and tools.

6. Conclusions

This paper describes a DES modelling approach with which we achieved model
coding during a facilitated workshop in one healthcare case (Case A) but failed in a
second (Case B). This research demonstrates the particular potential of the use of the
BPMN business modelling standard, as part of a facilitated-modelling approach, in
helping overcome many of the barriers to DES in healthcare reported in the academic
literature. In particular we have demonstrated how BPMN can close the model-coding
gap in fully-facilitated DES in some situations. The unsuccessful case revealed model
complexity and data-analysis complexity as contextual barriers ‘beyond’ the barriers
previously literature has focused on. We have used these to propose a contextual matrix
(Figure 5) to indicate to academics and practitioners when a fully-facilitated modelling
approach can currently be achieved. Reflection on our experience also leads us to
propose giving more attention early on in a potential DES project to key features likely
to be necessary for requisite modelling. We suggest that this would help direct DES
resource and reduce the very large proportion of simulation studies reported in the
literature not to reach implementation.

We have added more evidence that BPMN is a process modelling standard that is
readily understandable by non-specialists and can help the different groups involved,
particularly frontline staff, quality improvement staff and OR analysts, work together.
The electronic link from non-software-specific conceptual maps to DES is a very
promising direction for engaging stakeholders and closing the model-coding gap.
However, we have demonstrated that, having been developed for other purposes,
BPMN currently (v2.0) lacks some features to represent complex (but fairly common)
features of healthcare pathways. Further, that its links with DES need further
development for such situations. These are subjects of our continuing work, which we
have started with conceptual recommendations demonstrations (Onggo, Proudlove,

D'Ambrogio, Calabrese, & Bisogno, in press).
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