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ABSTRACT
Building a simulation model of a complex system requires significant investment
of expertise, time, and expense. In order for an organisation to realise the greatest
return on this investment, it is advantageous to re-use a model or extend the sim-
ulation model’s life-cycle to maximise learning generated from it. Existing studies
typically end after a ‘single loop’ of the simulation life-cycle, with the computer
model produced at the end of it suitable for addressing the initial requirements
of stakeholders. Here we explore how to further extend the modelling life-cycle by
adding a ‘second loop’ in which an existing simulation model is introduced to a new
group of stakeholders and then enhanced to capture additional features of the sys-
tem that are of interest to this new group, but were not identified as requirements
by the first group. Developed from real-world experience working with the large
train operator Eurostar International Limited, we present details of our proposed
methodological framework and highlight the tangible benefits of adding a second
loop to the simulation life-cycle. We discuss the roles of modellers and stakeholders
in the two loops of the life-cycle and compare and contrast the relationship between
the two parties in each.
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1. Introduction

Simulation model development is known to be a highly iterative process (Balci, 1994;
Robinson, 2013; Willemain, 1995). As the modeller progresses through the simulation
life-cycle loop (i.e., conceptual modelling, model coding, experimentation, and imple-
mentation) and begins to test out the model, the modeller may be required to repeat
some or all of these steps (Robinson, 2004). Existing studies typically end after a full
loop of the life-cycle, with the computer model produced at the end of it suitable for
addressing the initial requirements of stakeholders. In large, complex organisations,
inevitably not all stakeholders can be involved in the modelling process. Furthermore,
stakeholder needs and interests often change over time. In this study, we examine the
value of performing two complete loops of the simulation development life-cycle with
two different groups of stakeholders in order to extend the lifetime of a simulation
model.

By way of example, we discuss a study undertaken in collaboration with Eurostar
International Limited (EIL), the high speed rail company connecting London with
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continental Europe. Due to growth in demand in recent years, EIL has on occasion seen
significant congestion at security screening and boarder controls within its terminals
and the formation of long passengers queues. A number of initiatives are underway at
EIL to address this issue. We discuss one such project in which a team of academics
worked in partnership with EIL to develop simulation models of each main terminal.
These models were developed with input from key stakeholders at EIL, including both
frontline staff and senior management, to explore new ideas and test proposed changes
to terminal layouts and or operational procedures prior to implementation.

We focus specifically on development of a hybrid simulation model of EIL’s St Pan-
cras International Station, located in central London. This hybrid model, developed
in AnyLogic (2019), was originally designed to simulate passenger flows at the Lon-
don terminal and assist with identifying and mitigating bottlenecks in the system. Its
development began following a facilitated workshop to identify EIL stakeholder re-
quirements. The model was subsequently extended by engaging a new group of stake-
holders for the purpose of trialling the combined use of email messaging and dynamic
adjustments to check-in opening times in order to actively control peaks in passenger
arrival rates and reduce queuing.

In previous work (Jones, Kotiadis, & O’Hanley, 2019), we provided an overview of
a hybrid model of EIL’s St Pancras International Station and highlighted some of the
challenges of engaging new stakeholders with an existing model and the benefits of do-
ing so. Details of the model’s design and empirical results can be found therein. In the
current study, we provide methodological details of developing this hybrid simulation
model in collaboration with stakeholders and then extending it by performing a second
loop of the simulation life-cycle with a new group of stakeholders. A methodology for
performing a second loop of the simulation life-cycle with a new set of stakeholders is,
to the best of our knowledge, not present within the existing literature.

The work here contributes to the simulation life-cycle literature and practical un-
derstanding of the modelling process by proposing a methodology for extending a
model’s life-cycle via a second loop. The study also contributes to the stakeholder
facilitation and hybrid simulation literature through a discussion of the advantages a
hybrid simulation model can provide in terms of facilitating stakeholder engagement
in the simulation life-cycle. Further, our study contributes to the conceptual mod-
elling literature by demonstrating how Hierarchical Process Modelling, a method for
modelling complex systems using hierarchical process decomposition (Davis, MacDon-
ald, & White, 2010; Hall, Blockley, & Davis, 1998; Jones, Sooriyabandara, Yearworth,
Doufexi, & Wilson, 2016; Marashi & Davis, 2007; Marashi, Davis, & Hall, 2008), can
be used as a problem structuring method (PSM) to support conceptual model devel-
opment and experimental design. Of note, this study is among the few focused on the
simulation life-cycle applied outside the healthcare sector.

The remainder of the article is organised as follows. First, we discuss relevant back-
ground literature (Section 2). Next, we provide a high-level overview of our methodol-
ogy (Section 3) before discussing in detail our methodology for engaging stakeholders
in the first and second loops of the simulation life-cycle using the case of EIL as an
example application (Sections 4). We then identify key challenges of each loop of the
simulation life-cycle, comparing the roles of the modeller versus stakeholders, as well
as the importance of PSMs and stakeholder facilitation (Section 5). We end by offering
a few concluding remarks (Section 6).
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2. Literature Review

2.1. The Simulation Life-Cycle and Model Re-use

There is an extensive literature describing and categorising the various steps under-
taken as part of a simulation study (Balci, 2012; Banks, Carson, Nelson, & Nicol, 2010;
Hoover & Perry, 1989; Kreutzer, 1986; Law, 2007; Nance, 1994; Pidd, 1988; Robinson,
2004; Sargent, 2001). These frameworks for the so called simulation life-cycle primar-
ily vary in their level of granularity. For example, the framework of Pidd (1988) has
just three stages, but, Kreutzer (1986) divides his into nine. However, the process is
generally very similar in each. Robinson (2004) depicts a life-cycle with four stages: 1)
conceptual modelling, 2) model coding, 3) experimentation, and 4) solution implemen-
tation. He goes on to elaborate how the first two steps of the life-cycle loop consist of
a series of substeps (description, conceptual model, design, coding). For the purposes
of the present study, we will rely on the life-cycle description of Robinson (2004).

Model re-use has also received significant attention in the literature (Arons & Boer,
2001; Balci, Arthur, & Nance, 2008; Balci & Ormsby, 2007; Bell, Mustafee, De Ce-
sare, Lycett, & Taylor, 2006; Brown & Powers, 2000; Fletcher, Halsall, Huxham, &
Worthington, 2007; Gunal & Pidd, 2006; Hurrion, 1976; Kaylani et al., 2008; Malak
& Paredis, 2004; Paul & Taylor, 2002; Pidd, 1992; Pidd & Carvalho, 2006; Pierce &
Drevna, 1992; Sinreich & Marmor, 2004; Spiegel, Reynolds, & Brogan, 2005). Re-use
can provide a range of benefits, such as enhancing study feasibility and efficiency by
reducing the time and cost involved. Time saved, in turn, can instead be used to extend
the scope of the project (e.g., simulating more scenarios). On the other hand, while
the time and cost implications of developing a simulation model from scratch can be
off-putting for many organisations, various authors suggest that time spent developing
a model is an important factor in generating learning (Monks, Robinson, & Kotiadis,
2009). The process of model development is key to understanding the problem and,
to an extent, solving it (Robinson, 2004). Although new stakeholders involved with
extending a simulation model may not achieve the same level of learning due to lack of
time spent developing the original simulation model (Monks et al., 2009), this can be
ameliorated to some degree through structured engagement (e.g., live demonstrations,
facilitated discussion, and follow-on presentations).

Our current work relates to model re-use by taking an existing model and extending
it by adding a second loop of the simulation life-cycle. Our specific example involves
extending a hybrid simulation model. Hybrid simulation, in which a single conceptual
model is coded using more than one simulation paradigm (Brailsford, 2015; Brailsford,
Eldabi, Kunc, Mustafee, & Osorio, 2018; Mustafee et al., 2017), has gained popular-
ity in recent years. Hybrid models that blend agent-based modelling (ABM) with
discrete-event simulation (DES), such as the one presented in Jones et al. (2019), are
most prevalent in the service industry (Brailsford, 2014) because, as Siebers, Macal,
Garnett, Buxton, and Pidd (2010) remarks, the application of ABM is often appropri-
ate “when the goal is modelling the behaviours of individuals in a diverse population”.
There are a few examples of hybrid simulation being used to model passenger move-
ments in the transport industry. Bakar, Fauzan, Majid, Allegra, and Fakhreldin (2018),
Majid, Fakhreldin, and Zamli (2016) and Félix and Reis (2016), for example, consider
passenger movements in airport terminals through security controls using hybrid DES
and ABM simulations. Independently, each study concludes that a hybrid approach
provides a closer match to the real world compared to any single simulation paradigm.

It would appear that the simulation life-cycle and model re-use literature has not
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kept pace with the growth of hybrid simulation. All of the previously mentioned studies
on the modelling life-cycle and model re-use consider a single simulation paradigm;
none reference hybrid models. It has been noted that the increased likeness to the real
world associated with hybrid simulation can facilitate greater stakeholder engagement
with the model (Jahangirian, Borsci, Shah, & Taylor, 2015). The potential benefits
this might provide throughout the simulation life-cycle has not been addressed in the
existing literature.

2.2. Problem Structuring Methods and Facilitation

Stakeholder involvement throughout the simulation life-cycle is generally considered
vital to the success of a simulation study (Eldabi, Paul, & Young, 2007; Fone et
al., 2003; Gunal & Pidd, 2005; Jun, Jacobson, & Swisher, 1999; Lowery et al., 1994;
Wilson, 1981). Neglecting to engage stakeholders in the life-cycle of a simulation study
will likely lead to findings not being acted upon (Brailsford & Vissers, 2011; Fone et
al., 2003; Young, Eatock, Jahangirian, Naseer, & Lilford, 2009). At the same time,
involving all relevant decision makers in a large organisation throughout every step
may simply be unrealistic.

Various studies have explored the advantages of engaging stakeholders in the mod-
elling process (Kotiadis, Tako, & Vasilakis, 2014; Robinson, Worthington, Burgess, &
Radnor, 2014). Tako and Kotiadis (2015) present a framework for involving stakehold-
ers throughout the simulation life-cycle using facilitated workshops and problem struc-
turing methods (PSMs). Most studies typically end after the first loop of the life-cycle.
The desired outcome at the end of this is the delivery of a computer model suitable for
addressing the initial requirement of stakeholders. Little work exists about exploring
the possibility of extending the modelling life-cycle to capture changing stakeholder
requirements or including new requirements based on input from a different group of
stakeholders.

PSMs have evolved considerably over the past decades (Mingers & Rosenhead,
2001). PSMs contrast sharply with traditional ‘hard’ operational research (OR) tech-
niques (Mingers & Rosenhead, 2004). Their aim is to provide a structured approach
to dealing with unstructured problems involving multiple actors and perspectives, of-
ten involving conflicting interest, significant uncertainty, and factors which are not
easily quantifiable. To achieve this, they must be able to account for alternative per-
spectives, be accessible to the actors involved to facilitate genuine participation, be
flexible and iterative, and allow local rather than global improvements. Common PSMs
(see Franco and Montibeller (2010); Kotiadis and Mingers (2006); Mingers (2001a))
include soft systems methodology (SSM), strategic options development and analysis
(SODA), strategic choice analysis (SCA), drama theory, group model building (GMB),
and multi-criteria decision analysis (MCDA). These methods provide subjective prob-
lem analysis, incorporating many views, and aid researcher-client engagement in the
modelling process (Franco & Montibeller, 2010). Of the methods described by Franco
and Montibeller (2010), SSM appears to be the most frequently used in DES studies
(e.g., Kotiadis and Mingers (2006); Tako and Kotiadis (2015)). GMB is traditionally
linked to system dynamics (SD) models (Andersen & Richardson, 1997; Peck, 1998;
Richardson & Andersen, 1995) but the afore mentioned SSM+DES studies take inspi-
ration from this literature in developing their methodologies.

The need for increased transparency in the modelling process is identified as one
of the key challenges in the adoption of PSMs (Checkland, 2006; Eden & Ackermann,
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2006; Rouwette, Vennix, & Felling, 2009; Westcombe, Alberto Franco, & Shaw, 2006).
PSMs produce models, however, these are not usually intended to lead to prescriptive,
let alone optimal solutions. Rather, they are intended primarily to facilitate nego-
tiation and agreement. The model plays a key role in enabling negotiation among
stakeholders and finding agreement through debate and the emergence of shared un-
derstanding. PSMs apply formal methodologies to construct models whilst ensuring
there is sufficient ambiguity to enable participants to consider and change their views
(Eden & Ackermann, 2006). The resultant model of a PSM is a transitional object
designed to capture stakeholders understanding of the system in question (Eden &
Sims, 1979). It is a natural extension to take the model and understanding derived
from a PSM and develop this into some sort of simulation model.

In the study that follows, HPM is used. HPM was developed as a method for mod-
elling complex systems using hierarchical process decomposition (Davis et al., 2010;
Hall et al., 1998; Jones et al., 2016; Marashi & Davis, 2007; Marashi et al., 2008). The
method produces a tri-valued representation of process performance based on inter-
val numbers, thereby allowing for explicit representation of process performance and
uncertainty. The value of HPM has been demonstrated through application to numer-
ous complex socio-technical systems problems in areas as broad as flood defence sys-
tems, oil exploration projects, telecommunications research investment planning, asset
management, and performance management (Davis & Hall, 2003; Davis, MacDonald,
& Marashi, 2007; Hall et al., 1998; Jones et al., 2016; Marashi & Davis, 2007). The
methodology is closely related to ‘purposeful activity modelling’ that is central to SSM
(Checkland, 2000; Mingers, 2011). In short, HPM begins by focusing on a top-level
(transformational) process. Then, by repeatedly questioning ‘how’ this process works
or can be achieved, the top-level process is decomposed into a set of sub-processes and
a model consisting of several layer emerges. This simple language game continues until
hitting upon specific actions or unresolved issues. For presentation purposes, the dia-
gram is illustrated as a hierarchy in which sub-processes are considered conceptually
to be contained within the above level. The higher level processes can be though of as
consisting of each lower level processes on the basis of a “part-of” relationship. The
final model provides a representation of all known processes that make up the top-level
process (Jones et al., 2016). To our knowledge, there are no existing examples of HPM
being used in combination with simulation modelling.

To successfully use PSMs, the modelling team needs facilitation skills to effectively
enable stakeholders to engage with the model building process and reach agreement
(Ackermann, 1996; Andersen & Richardson, 1997; Richardson & Andersen, 1995). The
modelling team must demonstrate both process skills and content skills. Sufficient
expertise in the chosen PSM is also essential. Often, the modelling team must cycle
between different stages of the PSM to best address the group’s needs, as opposed to
simply following a linear process (Eden & Ackermann, 2006). This allows the modellers
to seamlessly assist the group in developing a conceptual model. It is worth pointing
out, however, that discussion in the literature of PSMs and effective facilitation is
limited exclusively to a single life-cycle loop and does not cover cases when the life-
cycle is extended or models are re-used.

Multi-methodological approaches have been widely investigated (Jackson, 1999;
Midgley, 1997; Pidd, 2004; White & Tacket, 1997), although sometimes under differ-
ent names (e.g., coherent pluralism, creative design of methods, pragmatic pluralism,
complementarity). The authors of these studies argue that significant benefits can be
realised by combining different methodologies together, primarily for their ability to
tackle complex problems from a range of perspectives, which can generate new insights
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(Mingers, 2001b). While combining several PSMs together is relatively unproblematic,
combining PSMs with more traditional hard OR techniques, such as simulation, is
known to be more challenging (Munro & Mingers, 2002).

3. Problem Overview

Here we present details of the process of engaging stakeholders and extending the life-
time of simulation model by iterating through the simulation life-cycle a second time.
Our multi-methodological approach combines traditional ‘hard’ OR with ‘soft’ meth-
ods for incorporating stakeholder involvement in the simulation life-cycle (Robinson,
2004). In particular, we rely a number of prescribed stakeholder activities to ensure
proper engagement throughout two different loops of the simulation life-cycle.

In both life-cycle loops, the simulation model was translated into a computer model
(i.e., model code and post model coding) and followed by extensive experimentation
with the model. Specific details of the model and summary results can be found in
Jones et al. (2019). That study mainly focused he ‘hard’ technical details of EIL’s
station and solutions to address passenger throughput problems. Here we present the
‘soft’ challenge faced by EIL around stakeholder agreement on the source of the prob-
lem and reaching a set of proposed actions. Our discussion focuses on the stakeholder
engagement activities of each life-cycle loop. Below we provide a summary of the
stakeholder engagement problem.

3.1. Stakeholder Engagement

EIL’s challenge can be summarised by what Rittel and Webber (1973) describe as
a ‘wicked problem’. While highly cited and influential across many disciplines, the
principles introduced by Rittel and Webber (1973) are captured succinctly in the
more recent work of Mingers (2011) in a way that is relevant to managing complex
systems. The following embellishes Mingers’ definition with characteristics of the EIL
problem context to illustrate the relevant point:

(1) Stakeholders in the problematic situation have different worldviews. Improving
the management and operation of such a complex system as EIL’s terminals re-
quires both a shared understanding and shared commitment to action through a
process of deliberation that is likely to start with disparate and possibly conflict-
ing views. For example, those stakeholders responsible for customer experience
likely see the problems associated with station throughput differently from those
responsible for revenue management. Further, front-line staff may have ideas on
actions that could be taken to improve the throughput, however, these will be
heavily influenced by their individual experience and the impact they will have
on their role and will likely be very different from the views of their managers
who maintain a wider system perspective.

(2) There is no clear definition of the problem from the stakeholders. Although the
long queues of passengers are clear to all, the differing priorities of EIL stake-
holders (those mentioned and several others) in the system makes them view the
situation differently, hence, making defining exactly what the problem is and its
true source, highly ambiguous. As an example, the security contractor may see
a risk of failing to maintain security standards when faced with the pressure to
deal with such high numbers of passengers, while station staff see the problem as
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having to manage frustrated passengers and revenue management see the prob-
lem as having to compensate passengers who missed their train as a result of the
queues.

(3) The objectives of any interventions require agreement that is difficult to obtain.
The existence of multiple different priorities poses a significant challenge for EIL
stakeholders to agree where best to direct effort to and improve the situation.
However, agreement must be obtained in order to implement effective action.
For example, the station managers need the buy-in of front-line staff in order to
effectively implement any process changes. Similarly, although revenue manage-
ment may see an opportunity to increase profits, customer experience personnel
may worry about the long term impact on the organisation’s reputation. When
evidence of the long term impacts of a decision like this is unclear, considering it
against short term gains presents a topic of debate for senior leaders representing
these respective parts of EIL.

Further, different groups of stakeholders involved in the problem, although un-
der contract from EIL, come from other organisations (e.g., the security provider,
UK and French boarder control). The structure and culture of these organisa-
tions differs from EIL and they are influenced by other organisations and factors
(i.e., government and auditors). Although regular communication exist between
all of these parties, the set of different worldviews and interpretations of the
problem make agreeing on actions difficult.

(4) Definitions of success for interventions require agreement between stakeholders.
In parallel with defining the problem, defining a measure of success is equally
challenging. As mentioned, some of EIL’s stakeholder priorities conflict and in
order to satisfy one, inevitably, others must lose out.

(5) The problematic situation is characterised by high levels of uncertainty. Each
group of stakeholders may identify a preferred course of action, but it is likely
even they will recognise risks with this choice. Other groups of stakeholders are
likely to view the risks as greater than the rewards and so oppose the actions.
Disruptive events always lurk to disrupt the best-laid plans of EIL’s station
teams. Being aware of the vast range of possible disruptions is central to selecting
among possible interventions.

A shared understanding among all stakeholder of each group’s worldviews, preferred
actions, and associated uncertainty is key to addressing the problem situation. To help
address this, EIL began in late 2018 a collaborative research project with the authors of
this study to bring new expertise in simulation modelling into the business in an effort
inform its operational and strategic planning processes. Over the course of a year, one
of the academic team (WJ) worked on a daily basis with EIL staff to develop a number
of bespoke simulation models, including detailed models of individual stations.

3.2. Simulation Life-Cycle Loops

The first and second loops of our study follow the life-cycle structure of Robinson
(2013). Fig. 1 provides an overview of the two simulation life-cycle loops we completed.
In this study, we focus on step one of each life-cycle loop, conceptual modelling and
the process of engaging stakeholders in this activity.

We adopt a similar approach to Tako and Kotiadis (2015) by engaging stakeholders
throughout the life-cycle. This involves using structured workshops to initiate engage-
ment with stakeholders, aiding conceptual model development and ensuring that they
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First Loop

Second Loop

Implementation: Experimental 
findings were feedback to 
stakeholders. Findings generated 
new knowledge and actions to 
reduce queuing and increase 
passenger throughput.

Model Coding: Built a hybrid 

discrete event and agent-based 

simulation model using AnyLogic.

Experimentation: Performed numerous 

experiments relating to cases of interest 

raised by stakeholders in the initial 

workshop.

Conceptual Modelling: Developed a 

conceptual model with key stakeholders 

during a workshop. The workshop 

facilitated a subjective exploration of the 

problem situation and enable the 

modellers to engage with participants in 

the modelling process.

Conceptual Modelling: Extended the 

conceptual model by engaging a new 

group of stakeholders in a second 

workshop. The workshop focused on 

exploring the potential impacts of a new 

system, called the new dynamic arrival 

tool (DAT), for managing early passenger 

arrival notifications.Implementation: Experimental 

findings were fed back to 

participants in the second 

workshop. This increased 

understanding of how to maximise 

the benefits of DAT and led to 

additional features being added to 

the tool.

Model Coding: Modified the 

existing simulation model to 

capture additional elements of the 

extended conceptual model.

Experimentation: Performed numerous 

experiments involving DAT and the use 

of information provided by participants 

in the second workshop.

Figure 1. A high-level summary of the methodology used in this study. Shown are the sequence of steps for

the first and second simulation life-cycle loops.
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are willing to act on simulation findings later on (Brailsford & Vissers, 2011; Fone et
al., 2003; Young et al., 2009). The basic aim of these workshops was to explore sub-
jectively the problem situation (i.e., by incorporating many different viewpoints) and
enable the modellers to engage jointly with workshop participants in the modelling
process (Franco & Montibeller, 2010). More specific objectives of these workshop were
several fold. The first was to define the system to be modelled and identify its bound-
aries. Second was to decompose the system into its constituent processes and activities
and map their interconnections within the system. From this, a simulation model can
then be proposed (Tako & Kotiadis, 2015). Third, workshops are useful in identifying
areas for further exploration using simulation and opportunities for a simulation study
to add value.

Tako and Kotiadis (2015) suggest using Soft Systems Methodology (SSM) as a tool
to collaboratively develop a conceptual model with stakeholders. Here we use Hier-
archical Process Modelling (HPM) as an alternative (see Section 4.1). The modelling
team had experience using this technique and judged the situation a good opportunity
to experiment using HPM as part of the simulation development process. There is ex-
tensive literature on defining PSM characteristics (e.g., Ackermann (2012); Yearworth
and White (2014)) and evidence demonstrating they are well suited to dealing with
wicked problems in many domains (e.g., Davis et al. (2010); Jones et al. (2016)). Some
studies even claim that problem structuring is an essential activity in relation to plan-
ning within complex systems (Yearworth et al., 2015). The current study considers
the key properties of a PSM as articulated by the ‘generic constitutive’ definition of
Yearworth and White (2014). HPM was used as a structured way to support concep-
tual model development by mapping the system and different processes involved and
identify possible changes to improve the system.

For any highly complex and evolving real-world system, it is unrealistic to expect
one will be able to capture all of its features and requirements in a single loop of the
simulation life-cycle. Invariably, stakeholder requirements and features of the system
that are considered important may change over time as the system or the environment
change. To address this, a second loop of the simulation development life-cycle may
be required to extend an existing simulation model.

As a case in point, we explained in Jones et al. (2019) how additional requirements
for EIL’s London simulation model came to be known after the initial model was built
by involving a second group of stakeholders. We described how, from a technical per-
spective, the simulation model was extended to capture additional requirements, in
particular a proposed ‘dynamic arrival tool’ (DAT) that would allow EIL to modify
arrival time information on passenger tickets in order to shift/extend the passenger
arrival distribution ahead of any train. We presented experimental results of model ex-
tensions and explained the impact of those on the DAT implementation. Here, we give
details about how the first and second groups of stakeholders were engaged through
structured workshops and how this was used to develop an initial and then an extended
conceptual model.

4. Methodological Approach

4.1. First Loop Workshop

A two-hour workshop was held with 12 key stakeholders involved in the operation of
EIL’s London terminal. Participants included station and service managers, terminal
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duty managers (TDMs), and front line staff. The group also included representatives
of the strategy, communications, and customer care teams. The aim of the workshop
was to facilitate a subjective exploration of the source of congestion and queues at
the London terminal and enable the modellers to engage jointly with the EIL repre-
sentatives in developing a conceptual model. Main objectives of the workshop were to
define the London terminal system and its boundaries. This is an essential first step
in conceptual model development (Tako & Kotiadis, 2015). Additional objectives were
to decompose the system into its constituent processes and activities and map their
interconnections. The modelling team wanted to understand from the stakeholders the
range of issues that occurred in the station and their thoughts on how the operation
could be improved.

Led by two facilitators and supported by two assistants responsible for timekeeping
and note-taking, the workshop consisted of five distinct parts (see Tab. 1). The work-
shop was highly interactive, with the stakeholders involved doing the majority of the
talking and facilitators providing guidance as necessary. Throughout, simple presen-
tations with images and open-ended questions were used to prompt group discussion.
Below, we elaborate on the different parts of the workshop.

Part 1: Introduction

The lead facilitator provided an introduction. This included practicalities of the ses-
sion (i.e., personal introductions and format of the workshop), but the main objective
of the introduction was to ‘set the scene’ and ensure participants were comfortable
with sharing ideas and felt confident their contributions would be valued. The facil-
itator pitched the idea that EIL (as a whole) is a complex system of systems whose
purpose is to carry customers between destinations. To run smoothly, those systems
need to work in harmony. If any system or part struggles, the other systems and parts
must support it. Further, the facilitator suggested that the London terminal itself is
a very complicated system and all the participants attending the workshop are an
integral part of that system. The facilitator specifically highlighted the importance of
the roles of each participant within the organisation. The facilitator highlighted the
problem of long passenger queues sometimes experienced in the terminal, emphasising
that queues are a result of the system struggling to cope with the demands put on it,
rather than the fault of any particular person or group.

The facilitator concluded the introduction by explaining the aim of the workshop
was to explore and understand what “we” (i.e., the group of participants and facilita-
tors) could do to ensure the part of the system we have control over (i.e., the terminal)
performs as best as possible, even when there are factors outside our control and parts
of the wider EIL system may be struggling.

Part 2: Initial group discussion focusing on frustrations

Table 1. Overview of the workshop for the first simulation life-cycle loop.

Part Description Time (mins)
1 Introduction 20
2 Initial discussion focusing on

frustrations
20

3 Continued discussion focusing
on improvements

20

4 Group activity — HPM 50
5 Wrap up 10
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A structured brainstorming session was conducted to gather perspectives on frus-
trations stakeholders have with the current system. The session further helped set the
tone of the workshop, encouraging honest discussion on the challenges faced by stake-
holders and EIL and promoting the sharing of ideas. This followed preset format. For
five minutes, the group was asked to brainstorm individually on a specific question and
write his/her ideas on post-it notes. Afterwards, the facilitator led a five-minute group
discussion in which participants shared their ideas. This was subsequently repeated
with a second question. This time, for variety, participants were asked to brainstorm
in pairs. Then, as previous, ideas were shared. Each time ideas were shared, a second
facilitator collected the post-it notes and collated them on a display board. Common
themes were identified and related post-it notes grouped together.

Part 3: Continued group discussion focusing changes

The structured brainstorming approach was repeated, but facilitators moved the
focus of the discussion to possible changes (i.e., interventions) that could be made
to improve the system. Facilitators variously assigned participants into pairs or small
groups and ensured that participants worked with different people each time. Again,
ideas were collected and displayed and common themes identified.

Part 4: Facilitated model building

This stage of the workshop was divided up as follows. For approximately 10 minutes,
facilitators explained what HPM is and how it works (see more below). Then, for 25
minutes participants worked in two different groups to develop an HPM, followed by
10 minutes for the groups to give feedback on the models they had developed and
another five minutes of discussion on how the models they had produced aligned with
wider EIL objectives.

HPM was employed in this study as a tool for managing the complexity of prob-
lem structuring and to understand how EIL’s transformational process of ‘improving
customer experience on busy days in the short- and long-term’ could be achieved.
Workshop attendees were divided into two groups, with one group looking at short-
term improvements, the other long-term improvements. Implementation of short- and
long-term improvements are core elements of EIL’s overarching business strategy and
better understanding of them necessarily impacts on decisions about where best to
focus effort and resources. The facilitators explained, citing examples from other ap-
plications, how the HPM methodology works. Within each group, workshop partic-
ipants were asked to apply HPM for the transformational process they were tasked
with analysing. A facilitator was on hand for each group throughout the activity to
answer any questions the participants had regarding the modelling process. Further, if
progress of model development slowed, the facilitators would prompt the participants
by asking questions that encouraged further decomposition of specific processes in or-
der to produce a more detailed model. Fig. 2 shows an example of a partially complete
HPM for EIL’s transformational process of ‘improving customer experience on busy
days in the short-term’.

The HPM models produced out of the group model building session aided in under-
standing of what improved customer experience in the terminal might encompass and
the actions on which this might depend. The models evolved through several iterations
and continued discussion with the group. At various points, individuals would propose
additions to the model and the group would debate them.

After 25 minutes, the groups had both produced detailed models and where satisfied
that their models captured all the main ideas and issues they believed were relevant.
A representative of each group presented their model to the rest of the workshop par-
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Figure 2. Partially complete hierarchical process model (HPM) produced by EIL workshop participants.
Higher level processes can be viewed as consisting of lower level processes on the basis of a “part-of” relationship.

ticipants and there was an opportunity for the other participants and facilitators to
make comments. All workshop participants agreed that both models decomposed the
top-level transformational process well and that the resulting models were represen-
tative of both the system and the possible actions that could be taken to actualise
improvements.

As a final activity of the workshop, participants were asked to look again at their
HPMs and extend the models by adding a layer above the specified transformational
process. The statements they produced represented how the workshop participants
understood their system model addressed the wider organisation’s objectives.

Part 5: Wrap up

The facilitators thanked the participants for their contributions, outlined next steps
of the project, and provided a rough timeline. The facilitators emphasised the impor-
tance of workshop participants being involved throughout the project. In particular,
their continued involvement with and feedback on the development of the simulation
model were essential for the project’s success.

4.2. Analysis of First Loop Workshop Findings

For the transformational statement ‘Improving customer experience on busy days in
the short-term’, the groups final HPM broke the highest level statement into three
statements representing the three main forces driving improved customer experience:
‘perfecting ways of working’, ‘improved throughput’, and ‘reducing customer anxiety’.
These were further broken down into lower level processes until the high-level require-
ments could be linked to specific actions or unresolved issues. Fig. 2 provides a reduced
version of the full model, which grew to include twenty actions in the lowest level. For
the transformational statement ‘Improving customer experience on busy days in the
long-term’, the groups final model broke the highest level statement into five state-
ments (results not shown). This was further expanded to twelve actions in the lowest
layer. The full HPM diagrams cannot be published for confidentiality reasons.

The process models produced from the workshop helped define the system and
its boundaries from the perspective of key stakeholders. The links drawn between
processes captured in the model expressed the stakeholders’ understanding of how
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Table 2. Overview of the workshop for the second simulation life-cycle loop.

Part Description Time (mins)
1 Introduction 10
2 Discussion on influencing pas-

senger arrival times to min-
imise queues

30

3 Group activity. TDMs asked
to demonstrat on real timeta-
bles how they would modify
passenger arrival times.

30

4 Explanation of existing simu-
lation model and discussion of
proposed extensions

20

5 Wrap up 10

parts of the system or actions influenced the system as a whole. Capturing stakholders’
shared vision of the system was key to developing an underpinning conceptual model,
which could later be translated into a simulation model by the modelling team (Tako
& Kotiadis, 2015). After the workshop, the HPMs were reproduced electronically and
shared with the workshop participants along with an e-mail again thanking them for
their contributions. Participants were invited to contact the modellers at any time
with further questions or to raise issues/ideas they feel should be captured by the
modelling process.

4.3. Second Loop Workshop

After an initial model was developed and a full loop of the simulation life-cycle com-
pleted, a second workshop was held with eight TDMs to explore the possibility of
extending that model to evaluate the impact of the proposed new DAT. Also present
were two representatives of the software team that developed the DAT and two mem-
bers of EIL’s operations staff who manage it. Within this group, just one of the TDMs
had been present in the first loop workshop. The group’s objective was to develop a
conceptual model (Robinson, 2013) that incorporated the potential effects of the new
DAT system. Two facilitators led the workshop, which consisted of five parts. The
different parts of the workshop are summarised in Tab. 2 and discussed in more detail
below.

Part 1: Introduction

The lead facilitator briefly outlined the workshop format before moving on to in-
troduce DAT. Participants in the workshop were already aware of the tool, however,
the facilitators were keen to reiterate why it was being introduced and how it could
benefit the business (specifically, clearer instructions to passengers at lower cost).

Part 2: Group discussion

The facilitators led a group discussion. The TDMs gave shared opinions on the
effectiveness of encouraging passengers to arrive early (EIL already did this via SMS
(text message), a system which the DAT intended to replace) in terms of passenger
behaviour, queue lengths in the terminal, passenger satisfaction, potential problems
that might arise, and so on. They further indicated the factors that influence their
choice of days and particular services to target passengers with these notifications.
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A structured brainstorming approach was used asking TDMs to note their ideas on
post-it notes, which were then shared and collated into similar themes (like in the
workshop of the first loop).

The facilitators then moved the discussion to the TDMs’ experience of the current
SMS system. They were asked to explain what impact they thought it had on the
system. Here, an open discussion format was used in which TDMs took turns to share
their thoughts with the group. In brief, TDMs were in agreement that it is beneficial
to notify some passengers to arrive early on busy days, however, they admitted that
sometimes it seemed to have no tangible benefit and that it probably was not being
used to maximum effect.

Part 3: Facilitated group activity

The participants were subsequently divided into three groups. A sample day’s
timetable with service times, corresponding passenger numbers, and profile informa-
tion, in a format familiar to all participants who deal with this sort of data each day,
was given to each group. The sample was representative of a high passenger volume
day, with the number of passengers similar to those EIL would expect on the busy
days of the year. The groups were invited to mark-up the timetables indicating which
departure times and corresponding groups of passengers they would like to notify to
arrive earlier than the typical 45 to 60 minutes and by how much (i.e., 60-75 or 75-
90 minutes ahead of the scheduled departure). Finally, they were questioned if and
by how much they would modify check-in times. Interestingly, each group applied
different strategies for this task, applying notifications to different services and pro-
viding conflicting justifications. A fuller discussion of workshop findings is provided in
Section 4.4.

Part 4: Simulation explanation

The facilitators proposed the idea that due to the highly congested timetable and
many possible options for changes, adjusting the passenger arrival times to minimise
queue length is very difficult. Adjusting the arrival information for any service changes
the behaviour of those passengers and has a ripple effect throughout the full day’s
timetable.

The existing simulation model, which did not incorporate the existing SMS system
or DAT, was presented to workshop participants along with the original HPMs (see
Fig. 2) produced in the first life-cycle loop. The facilitator explained the advantages of
the simulation methodology employed, how it had been utilised to support EIL so far,
and how the scope of the work could be extended to capture the proposed DAT systems
and its impact on passenger arrival times. The modeller/lead facilitator discussed with
the group how this additional extension might fit into the HPM models. The modeller
explained that, further to some additional model development, the timetables marked-
up by the groups during the workshop could be captured in the model and simulated,
including the impacts of the passenger profile, to test the impact of early passenger
arrival notifications.

One of the key objectives of explaining simulation was to create buy-in from the
stakeholders and build trust in the model, such that TDMs would be willing to trust
findings and act on them. We discuss the process of developing buy-in in greater depth
in Section 5.

Part 5: Wrap up

The facilitators thanked the participants for their contributions to the workshop,
outlined next steps of the project, and provided a rough timeline. Like in the first loop
workshop, the facilitators emphasised that the modelling team wanted to maintain
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the involvement of workshop participants throughout the second phase of the project
and how their feedback on the extended simulation model would be essential for the
project’s success.

4.4. Analysis of Second Loop Workshop Findings

TDMs were in general agreement that notifying passengers to arrive early did have
an impact on the systems and that this could be used as a tool to reduce queues.
Notifications encouraged the majority of passengers to arrive earlier, however, they
recognised that some passengers did not change their behaviour. Notably, each TDM
had a different approach to notifying passengers to arrive early. At the workshop,
different services from the sample timetables were selected for early arrival notifications
and different justifications were given for their choices. Where as some TDMs only
considered the spacing between train departure times and passenger numbers, others
considered a broader set of factors such as how the mix of business and leisure travellers
varies throughout the day, connections from other transport links, and other external
events. It was observed that TDMs could see added value from the simulation model
developed in first life-cycle loop and the potential of simulation to support a smoother
introduction of the new DAT. The conceptual model from the first loop of the life-cycle
was extended to capture this new feature.

4.5. Summary of Engagement Process

The workshops described above gave the modellers the adequate information to de-
velop a conceptual model and in turn develop that into a simulation model. Further,
in both life-cycle loops, experimentation with the model led to actions being taken
by the relevant stakeholders (Jones et al., 2019). This suggests that the engagement
activities described generated the necessary confidence in the model for stakeholders
to trust its outputs as valid (Law, 2009) and, in turn, act on those results (Brailsford
& Vissers, 2011; Fone et al., 2003; Young et al., 2009).

5. Discussion

In our previous work, we presented a simulation model of EIL’s London terminal and
explained how it was extended using a second life-cycle loop (Jones et al., 2019). We
presented empirical results demonstrating how TDMs could reduce terminal queues
using DAT.

The key contribution of our current study is to the understanding of the modelling
process and the simulation life-cycle literature by presenting methodological details
of how an existing simulation can be extended by performing a second loop of the
simulation life-cycle with a new group of stakeholders. Further, the study contributes
to the conceptual modelling literature by demonstrating the effective use of HPM as
a PSM to support conceptual model development and experimental design.

Below, we highlight important learning from our experience, contrasting the dif-
ferences between the first and second life-cycle loops as regards the role of modeller,
stakeholders, facilitation, and PSMs. We go on to discuss in further depth key findings
from this study relating to the modelling process as well as demonstrate how EIL
stakeholders were effectively engaged in both life-cycle loops. We also highlight some
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Figure 3. A comparison of key stakeholder attributes and modelling benefits between the two life-cycle loops.

opportunities for future research.

5.1. Comparison of the First and Second Life-cycle Loops

The role of stakeholders and modeller(s) was similar for both loops of the simulation
life-cycle (see Tabs. 3 and 4). Yet, there were some notable differences. In both loops,
significant effort was required by the modelling team to design, plan, and facilitate
the initial workshops for engaging stakeholders in the initial development and sub-
sequent extension of the conceptual model. The level of effort was comparable for
both loops. For the ‘second loop’, however, having already modelled the system in
some detail, the modelling team had familiarity with the system. Unlike the individ-
ual stakeholders, who mostly had specific expertise in the specific part of the system
relevant to them, the modelling team had developed a more holistic perspective of
the system. This changed the dynamic of the interaction between modeller and stake-
holder in the second loop. Whereas in the first loop the modelling team worked with
the system experts (i.e., stakeholders) to develop an appropriate conceptual model, in
the second loop the modelling team partially shared the role of system expert when
engaging with stakeholders to extend the conceptual model. Figure 3 displays some
of the key differences between the two life-cycle loops. Note ‘Evidence of modelling
value to stakeholders’ is greater in loop two, as an existing model could be presented
to stakeholders. Further, although both life-cycle loops generated significant value, in
our study the ‘ratio of value generated vs modelling effort’ was also higher in loop two
as the effort involved was lower than the first loop and the process provided insight
into a high value question and the knowledge and actions generated had immediate
high impact.

Developing a simulation model of complex system usually requires a significant
investment of time and expertise. Due to the scale and complexity of the model devel-
oped for EIL, the original model took many weeks to code. For the second loop, having
already built a fully functional simulation model, the primary modeller knew exactly
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Table 3. Comparison of the roles of stakeholders and modeller(s) in the first and second life-cycle loops of

this study.
First Loop Second Loop

Stakeholders role Modeller(s) role Stakeholders role Modeller(s) role

C
o
n
c
e
p
tu

a
l
M

o
d
e
ll
in

g Work collabora-

tively with the

modeller(s) to de-
fine the boundaries

of the system to

be modelled, its
component parts,

and the relation-

ships between those
component parts.

Engage stakeholders

and facilitate concep-

tual model development.
Involves organising work-

shops and activities to

capture stakeholders’ un-
derstanding of the system

and to provide a bridge

between the real world
and computer model to

be produced.

As the first loop, work

collaboratively with the

modeller(s), but, now the
objective is to revise the

system boundary of the

existing model and to
identify new component

parts or details not in-

cluded in the first version
of the model and to fur-

ther define the relation-

ships between those new
components of the model

with existing parts.

Re-engage stakeholders

and facilitate extension

of the existing concep-
tual model. Again, this

involves organising work-

shops and activities.
Now, having developed

a unique, holistic under-

standing of the system
through developing an

initial model, the mod-

eller(s) may propose
workshop activities more

specific to capturing
the new requirements of

stakeholders.

M
o
d
e
l
C
o
d
in

g Backroom activity,

stakeholders are not
directly involved.

Code the conceptual

model into a computer
model. Developing a simu-

lation model of a complex

system typically requires
a significant investment

of time and expertise. For

this study, the simulation
model took several weeks

to build due to the scale

and complexity of EIL’s
London terminal.

As the first loop, this re-

mains a backroom activ-
ity, stakeholders do not

need to be directly in-

volved. However, it is im-
portant for the stakehold-

ers to engage and un-

derstand why the origi-
nal model was not suit-

able for capturing the sce-

nario of interest and why
the changes that are made

to the model make it suit-

able.

Edit the existing model

code to capture the ex-
tended conceptual model.

Having already built the

first version of the sim-
ulation model, the mod-

eller(s) will already know

the design and struc-
ture of the model. As

such, the time and ef-

fort involved with modify-
ing the code will (likely)

be significantly less than

the first loop. For this
study, changes to the

London simulation model
were made in less than a

week.

E
x
p
e
r
im

e
n
ta

ti
o
n Identify scenarios

of interest that
can be investigated

using simulation.

Work with the
modeller(s) to un-

derstand (as best

as possible) the
modelling / experi-

mentation approach

and what can be
learned from it.

Support stakeholders

with identifying scenar-
ios to be investigated

and devise experiments

that can appropriately
address scenarios iden-

tified by stakeholders.

Many scenarios may be
identified from the initial

conceptual modelling

workshops. Additional
scenarios can/should be

identified by maintaining

engagement with stake-
holders throughout the
simulation life-cycle.

Undertaking a second

loop was likely prompted
by recognising a particular

scenarios of interest that

can be investigated using
simulation, not captured

by the original model.

Once the model has been
sufficiently extended to

capture this, as the first

loop, the stakeholders
must Work with the mod-

eller(s) to understand (as

best as possible) the mod-
elling/experimentation
approach and what can

be learned from it.

Devise and perform ex-

periments that can ap-
propriately address sce-

narios identified by stake-

holders. Further, present
the experimental method-

ology to stakeholders such

that they are satisfied the
problem has been investi-

gated robustly and accept

experimental findings.

Im
p
le
m

e
n
ta

ti
o
n Work collabora-

tively with the

modeller(s) to agree

feasible actions
based on simulation

findings.

Present experimental find-
ings in a way that is

clear and understandable

to a non-technical audi-
ence. Propose actions or

identify areas where ac-
tions should be developed
to address identified is-

sues.

Same as the first loop. Same as the first loop.
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Table 4. Comparison of the roles of PSMs and facilitation in the first and second life-cycle loops of this study.
First Loop Second Loop

PSMs Facilitation PSMs Facilitation
C
o
n
c
e
p
tu

a
l
M

o
d
e
ll
in

g A vital activity

for engaging stake-
holders. Structured

brainstorming

(e.g., using HPM)
helps formulate

a shared concep-
tual model by

defining the scope

and boundaries
of the simulation

study, dependencies

among different
parts of the sys-

tem, and exploring

options to improve
the system.

Facilitation skills are es-

sential to create stake-
holder buy-in, enable ef-

fective group model build-

ing, and help stakehold-
ers to reach agreement

regarding the boundaries
and component parts of

the conceptual model.

Again, a vital activity

for engaging stakeholders
(possibly a new group).

Here, presentation of the

conceptual model devel-
oped in the first loop

and use of more situa-
tion specific brainstorm-

ing activities may be help-

ful to extend the concep-
tual model and capture

additional features.

Similar to the first loop.

Here, Facilitation skills
are essential to create

stakeholder buy-in for the

existing model, enable ef-
fective group model build-

ing, and help stakeholders
to reach agreement on

the revised boundaries

and component parts of
the conceptual model.

Demonstration of the

value added by the sim-
ulation in the first loop

can be especially helpful

to encourage stakeholder
buy-in.

M
o
d
e
l
C
o
d
in

g PSMs will directly

inform the concep-

tual model. PSM
findings may also

directly or indi-

rectly influence how
to structure and de-

sign the computer
model.

Model coding is largely a

backroom activity, which

stakeholders will not
directly be involved in.

However, the modeller(s)

should facilitate ongoing
stakeholder engagement

and transparency, to
create further buy-in, by

providing an explanation,

pitched at a level stake-
holders can understand,

of how the conceptual

model will be converted
into simulation model.

This should include ex-

planation of the basics of
the chosen paradigm(s).

PSMs in the second loop

help the modeller(s) to

understand how to ex-
tend the existing concep-

tual model. Changes to

the model code must re-
flect the revised concep-

tual model. The extent
of the coding required

will depend on what ex-

tensions will be added.
Assuming the modeller(s)

had collaborated closely

with stakeholders during
the first loop, this is likely

to be less than building

the initial model.

Again, model coding is

largely a backroom ac-

tivity, which stakehold-
ers will not directly be

involved in, but, again

the modellers should en-
sure ongoing engagement.

It is important that the
stakeholders have an un-

derstanding of what has

been changed/added to
the model as a result of

the second loop and why

this will impact the simu-
lation results produced.

E
x
p
e
r
im

e
n
ta

ti
o
n Experimentation

should focus around

areas identified as
being important

to stakeholders.
Many of these will
likely arise during

PSM activities and
conceptual model

development. Some

may be explicitly
requested by stake-

holders. Others

may be discussed
only briefly during

PSM activities,

but should still be
recorded by the

modeller(s) and

examined later.

Facilitation should en-

courage stakeholders to

share suggestions for
potential scenarios for

experimentation. Fa-
cilitators must educate
stakeholders in what is

possible with simulation
so as to encourage useful

suggestions. Facilitators

must also relay results
back to stakeholders in

language that they can

understand.

Experimentation should

focus around relevant

changes made by stake-
holders to the original

conceptual model and
understand their implica-
tions.

Facilitation is needed to

draw out from stakehold-

ers what they expect the
implications of any newly

added features to the
model will be. Further,
the modeller(s) must work

stakeholders so they un-
derstand how and why the

experiments being con-

ducted are best suited to
exploring this and present

results back to them in

language that they can
understand.

Im
p
le
m

e
n
ta

ti
o
n If the above steps

have been followed,
actions proposed

will likely relate
back to the process

model developed
and ideas captured

in earlier PSM
activities.

At this stage of the life-
cycle, facilitation is re-
quired to engage stake-

holders with simulation
findings and work collabo-

ratively to propose actions
that can make a positive

impact.

Results of earlier activi-
ties involving PSMs can
be referred to by the mod-

eller(s) to explain to stake-
holders how points they

had raised have been ad-
dressed.

As in the first loop, fa-
cilitation is required to
engage stakeholders with

simulation findings and
work collaboratively to

propose actions that can
make a positive impact.
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the design and structure of the model. Although significant changes to the model code
were required, total time and effort involved was much less than in the first loop. All
modifications were made in less than a week.

PSMs and facilitation played important roles in both loops of the life-cycle, but again
there were some notable differences. Initially, HPM, the PSM of choice for the current
study, was used primarily to map the system. In the second loop, group discussion and
activities designed to extend the conceptual model were much more focused. The HPM
models developed in the first loop could be shown to the second group of stakeholder
to explain why the existing model had been developed in the manner it was. This
helped not only to bridge the gap between the real system and the computer model,
but also clarified to stakeholders where their proposed extensions fit within the wider
system model. Similarly, facilitation was equally important in both life-cycle loops,
particularly in the development of a conceptual model, but serving in different ways. In
the first life-cycle loop, the role of facilitators was mainly to extract from stakeholders
their understanding of the system and devise a model that could capture this. In
the second loop, the facilitators had to be more focused on convincing a new group of
stakeholders that the existing model, which they did not help develop, was appropriate
for investigating the issues and concerns specific to them.

Throughout the both loops, the simulation study was pitched to stakeholders as
an ongoing process with their involvement key to ensuring actionable findings were
generated. Emphasis was placed on the notion that developing a model is primarily
a means for exploring a problem systematically and an opportunity for learning, as
opposed to a tool for precise forecasting (Epstein, 2008). Facilitators explained that
a simulation model produces new insights, which can, in turn, help inform design
choices and operational decisions prior to implementation (Robinson, 2004) by testing
proposals in a risk-free environment. It was acknowledged by the modelling team
that building a simulation requires time and expertise (Robinson, 2004) and is an
iterative process (Balci, 1994; Robinson, 2013; Willemain, 1995). They also pointed
out that any model, including simulation, has limitations that must be recognised and
that the quality of model outputs are dependent on having reliable input data. This
transparency throughout the process promoted validation as an integral part of the
simulation development life-cycle, rather than a task undertaken after the model has
been built (Law, 2009). Clarifying where and why assumptions were made and, in
turn, their impact, was key to ensuring stakeholders judged the model as valid for
investigating the system of interest. Ensuring this understanding among stakeholders
is a primary reason for engaging them via workshops.

The existing literature observes that a member of the modelling team may need
to explicitly make stakeholders aware of the learning that has been achieved (Nis-
bett & Wilson, 1977; Robinson, 2004; Rouwette et al., 2009), which may, in turn,
help them propose actions. In the context of DES modelling, Monks, Robinson, and
Kotiadis (2016) and Gogi, Tako, and Robinson (2016) explored how insight and learn-
ing generated from involvement in simulation studies impacts stakeholder behaviour.
Thompson, Howick, and Belton (2016) investigate a similar concept in an SD context.
Behavioural changes resulting from learning, a common theme in the growing Be-
havioural OR literature (Franco & Hämäläinen, 2016), were evident in our study with
new insights generated leading to changes in priorities and specific actions. During
stakeholder feedback in the first life-cycle loop, the importance of processes identified
in the lowest layer of the HPM (Fig. 2) were ranked and specific actions proposed in re-
lation to each process. Stakeholders subsequently adjusted their priorities and adopted
a number of recommended actions, thus successfully completing the first life-cycle loop
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and showing that they considered the model valid. While feeding back to TDMs in
the second life-cycle loop, the modeller explained how increased congestion may arise
when early arrival notifications and check-in opening times are not coordinated. TDMs
agreed that this may be a key factor in causing long queues in the station, indicat-
ing that they also considered the findings of the simulation study valid. Furthermore,
extensive scenario testing beyond that specifically requested by TDMs (in the initial
workshop) demonstrated to them that the problem had been investigated thoroughly
and enhanced their confidence in the model’s validity. The TDMs’ implementation of
specific actions, based on results produced by the simulation model (e.g., requesting
the DAT development team include additional functionality proposed by the modeller)
underlines the models validity and successful completion of the second life-cycle loop.
The study had the additional benefit of making stakeholders aware of simulation as a
tool for addressing future problems.

5.2. The Modelling Process and Stakeholder Engagement

The framework presented in this study differs from other frameworks for engaging
stakeholders in simulation studies, notably PartiSim (Tako & Kotiadis, 2015). Firstly,
here we used HPM rather than SSM (an arguably simpler and quicker method) as a
problem structuring technique to engage stakeholders. A key difference is that whereas
PartiSim presents a framework to engage stakeholders to produce a model, the frame-
work we present encourages ongoing engagement with stakeholders by promoting mod-
elling to become an integral part of an organisation’s planning processes. Partisim (or
parts of it) could be embedded within each loop, however, more research is needed to
establish this. Similar challenges were faced throughout both life-cycle loops in ensur-
ing stakeholders’ willingness to act upon simulation findings to those identified by other
authors (Brailsford & Vissers, 2011; Fone et al., 2003; Young et al., 2009): 1) develop-
ing buy-in; 2) engaging stakeholders throughout the modelling process; and completing
the ‘loop’ by 3) validating the model. In this study, closely involving stakeholders in
the model development process was key to enabling discussion and the emergence of a
shared understanding of the system and how it was captured within the model (Eden
& Ackermann, 2006). Equally important, it gave stakeholders a sense of responsibility
for the simulation study and its success. The HPM model developed helped define the
system’s boundaries and relationships among its component parts. In the second life-
cycle loop, the HPM models produced by the first group of stakeholders were shown
to the second group for their comment. This helped ensure transparency in the mod-
elling process between modeller and stakeholders, something identified as one of the
key challenges for the future of PSMs (Checkland, 2006; Eden & Ackermann, 2006;
Rouwette et al., 2009; Westcombe et al., 2006). HPM is a simple process to understand
and engage with and proved to be a very suitable methodology for this study. Although
it worked well here, there may be other situations where HPM has limitations (e.g.,
when stakeholders really struggle to articulate processes or explain how the system of
interest works and can be improved). There is clear opportunity for future studies to
experiment with using HPM and other PSMs as part of the conceptual modelling to
compare the advantages and disadvantages of each.

Figure 4 illustrates stakeholders’ views of the model at the end of the first/beginning
of the second life-cycle loop. Those stakeholders involved in the first loop could see
how the model captured the topics discussed in the initial workshop. When presented
with the model in the second loop workshop, the new group of stakeholders could
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Figure 4. A highly simplified illustration of the EIL London terminal hybrid simulation model structure and

stakeholder views at the end of the first life-cycle loop / beginning of the second life-cycle loop.

understand how the proposed changes could help with the question of interest.
A key finding that emerged when introducing the simulation model to workshop par-

ticipants in the second loop was that using a hybrid approach was useful for both com-
municating the model’s design to stakeholders and getting their buy-in (Jahangirian et
al., 2015). The model was designed such that ABM components captured agent (pas-
senger) characteristics and interactions, while DES components captured the processes
(security/border controls) the agents went through. Jones, Kotiadis, and O’Hanley
(2020) identified that stakeholders were able to engage with models developed parsi-
moniously (Vandekerckhove, Matzke, & Wagenmakers, 2015) when they were experts
in the sub-system being modelled, whereas when stakeholders had less expertise in the
system, a highly descriptive modelling approach (Edmonds & Moss, 2005) was easier
for them to engage with and found to promote validity of the model. EIL stakeholders
in this study had high levels of system expertise. Study participants could see from
the model that as the profile of passengers changed, interaction time with checks and
permissible routes through the system also changed. Although this could be captured
using a purely DES approach (Brailsford (2014) notes many hybrid ABM and DES
models could be purely DES), presenting a model which captured passengers as au-
tonomous agents, via an ABM approach, more closely reflected the reality stakeholders
were familiar with, thus making it easier for them to engage with. Jahangirian et al.
(2015) note that adopting a hybrid approach can help reduce the “communication gap”
between simulation practitioners and stakeholders by facilitating the development of
models that are easily recognisable to non experts as representations of the system of
interest.

It is commonly acknowledged that simulation offers a high impact means of visu-
alising and communicating ideas which can aid stakeholders to reach consensus when
testing a range of theories (Robinson, 2004). Our experience reinforces the observa-
tion that designing hybrid models in a way that aids understanding of the resulting
simulation tool can further encourage stakeholder engagement. Additionally, the so-
phisticated visualisation capabilities within AnyLogic (2019) helped to easily demon-
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strate the model and the benefits it brings to an audience with no prior experience
of simulation. In the second loop, for example, providing stakeholders with successful
cases of how the model provided benefits to EIL during the first loop further convinced
workshop participants of its potential value.

5.3. Limitations and Future Research

Our study demonstrates that it is possible to engage a new group of stakeholders for the
purpose of extending an existing simulation model when stakeholders have expertise in
the system that the model captures and the model is designed such that stakeholders
can understand the abstraction (Jones et al., 2020). If presenting a less obviously
representative model of a system to a group of stakeholders with less expertise in that
system, modellers may not find stakeholders so willing to accept the model’s validity.
Additional studies are needed to confirm this.

In our example, the additional expertise of the second group of stakeholders in-
creased the model’s value. The existing literature provides little evidence of model
extension via the input of additional stakeholders as in our study and perhaps this
shows that EIL’s case is rare. It has been noted that models are both “frame and
picture” (Matos, Houston, Blum, & Carreira, 2001), capturing not only what the
modellers and stakeholders can see, but also their way of seeing it. Any model is con-
ceptualised as a response to a particular need and the resultant model being suitable
for addressing that need, but not necessarily appropriate for exploring others, even
if related to the same system. Often new problems require a new model. EIL’s case
is rare in that there emerged an appropriate application to which the model could
be extended (i.e., DAT). It is maybe equally rare then that the appropriate expertise
to extend a model’s value can found in a new group of stakeholders (as opposed to
the original group). Future research should seek to identify opportunities where new
groups of stakeholders are able to add value to existing simulation models.

Hybrid simulation continues to grow as an area of reseach interest (Brailsford et al.,
2018). This study is one of very few to discuss engaging stakeholders in the develop-
ment process of a hybrid model and, to the best of our knowledge, the only study to
discuss extending a hybrid model via a second life-cycle loop. The model in this study
combines DES and ABM. The framework presented takes inspiration from frameworks
such as Kotiadis and Mingers (2006) and Tako and Kotiadis (2015), which consider
DES modelling. These frameworks and the one we propose also reflect on best practice
from the SD literature (Andersen & Richardson, 1997; Peck, 1998; Richardson & An-
dersen, 1995), however, further research is required to understand if the methodology
we propose is suitable for other forms of hybrid modelling. Future studies should ex-
periment with more techniques for engaging stakeholders in hybrid modelling (besides
HPM) and investigate other methods for conducting additional life-cycle loops.

Of course, this study is limited in that it presents just one example of first and
second loop workshops, each lasting a relatively short amount of time (two hours).
However, this is the reality most modellers have to deal with. At EIL, arranging a
time to bring a group of key stakeholders together, each of whom has a demanding job
within the organisation, was by itself a significant logistical challenge. Accordingly,
there is significant interest within the modelling community to understand how to
maximise the value of limited opportunities to bring key stakeholders together. Our
study contributes to this literature by developing understanding of best practice for
the delivery of stakeholder facilitated workshops. Further studies should consider and
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improve upon our methodology.

6. Conclusion

Our study contributes to the simulation life-cycle literature by demonstrating how an
existing simulation can be extended by iterating a second time through the simulation
life-cycle with input from a new group of stakeholders. For the current study, this sec-
ond iteration helped to interrogate the potential benefits EIL’s new dynamic arrival
tool (DAT) for managing early customer arrival notifications and make recommenda-
tions for how to improve the use of DAT through better coordination with check-in
opening times. This study further contributes to the conceptual modelling literature
by demonstrating how HPM can be used in problem structuring to support conceptual
model development and experimental design.

Monks et al. (2009) note that one of the main benefits of simulation is the learning
that is generated through the process of model development. Based on our experience,
further iterations of the simulation life-cycle, while carefully maintaining stakeholder
engagement throughout, provided additional learning opportunities and incrementally
improved EIL’s understanding of the system and, hence, improve its performance.
Due to the time, expertise, and expense of modelling complex systems (Robinson,
2004), iteratively extending a model in this way should enable other organisations to
maximise their return on investment from undertaking a simulation study.
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