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Abstract

Purpose – Lean Thinking is an operationmanagement discipline which aims to identify, map and analyse the
activities forming a process to detect “value waste” and outline themost effective flow of activities to execute in
sequence. Processmapping is often developed in lean projects through the use of the Value StreamMap (VSM).
Like many other management tools, the VSM adopts a static and non-systemic perspective in the
representation of an organizational process. This may result in the implementation of Lean projects
inconsistent with the overall organizational long-term strategy, thus leading to dysfunctional performance. In
order to overcome this limit, the paper suggests combining VSM with System Dynamics (SD) modelling.
Design/methodology/approach – The paper is based on a review of the literature on VSM. This review is
matched with an analysis of SD modelling principles aimed at explaining the practical and theoretical
contribution of this approach to operation and strategic management practices. An illustrative case study is
then provided to explore the practical implications of the proposed approach.
Findings – Our results show that SD modelling provides robust methodological support to VSM and Lean
Thinking due to its inner characteristics, namely: simulation, systemic view, explicit link between system
structure and behaviour and effective visual representation.
Originality/value – This research proposes a novel approach to design VSMs aimed at fostering a strategic
perspective in Lean Thinking applications. Such an approach connects two fields of research and practice – i.e.
VSM and SD modelling – which have traditionally been kept separated or, at least, partially combined for
specific organizational sub-systems, thereby neglecting a broader strategic view of the entire process system.

Keywords Lean thinking, Value Stream Map, Strategic management, Operation management, System

dynamics, Case study

Paper type Research paper

1. Introduction and research objectives
LeanThinking is anOperationManagement discipline conceptualized byWomack et al. (1990)
through the exploration of the Japanese manufacturing system, being first applied by Toyota
Motor Company under the leadership of Taiichi Ohno (see Ohno, 1988; Womack et al., 1990).
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Lean Thinking aims at enhancing organizational performance and value creation through the
reduction (or elimination) of anywasteful activity, wherebywaste is defined as “anything does
not add value to the customer” (Holden, 2011, p. 265). As argued by Bianchi et al. (2018), the
“lean” attribute characterizes an agile, less-structured and more pragmatic approach to apply
Thinkingmethods to operationmanagement, process analysis and performancemanagement.

Early applications of Lean Thinking have been developed in the automotive industry, as
well as in other manufacturing sectors. Subsequently, many experiences reported successful
results of applying the Lean principles to service sectors, such as healthcare, banks, tourism,
public services, etc. (Julien and Tjahjono, 2009; Curatolo et al., 2014; Balocco et al., 2019;
Barnab�e et al., 2019). Despite the wide diffusion of Lean Thinking worldwide, one of the main
issues outlined by the literaturewith respect to its successful adoption is the difficulty to foster
a strategic approach to its effective implementation and usage within organizations (see
among others Garnett et al., 1998; Hines et al., 2004; Karim and Arif-Uz-Zaman, 2013; Shamah,
2013; Radnor and Osborne, 2013). As for example, this is the case of complex organizational
systems in which multiple processes are interconnected, thereby creating numerous overlaps
among their underlying operations and associated organizational units, and Lean applications
are exclusively implemented to focus on improving one single process (or operation), thus
resulting non-effective. Such pitfalls are not attributable to the Lean Thinking approach itself,
rather to its current forms of implementation (Hines et al., 2004; Radnor and Osborne, 2013).

The key momentum of any Lean Thinking application is related to the identification,
mapping and analysis of those operations forming the process to detect “value waste” and
outline the most effective flow of activities to execute in sequence. Process mapping is often
developed in Lean projects through the use of the Value Stream Map (VSM). This is a
technique to analyse, (re)design andmanage the flow ofmaterials and information required to
generate and offer a final product (or service) to customers (Rother and Shook, 1998;
Pavnaskar et al., 2003; El-Haik and Al-Aomar, 2006; Serrano Lasa et al., 2008).

The adoption of a VSM implies the “as is” representation of the analysed process, and the
consequent identification of those solutions to reduce or eliminate valuewaste in order to design
a new and improved process “to be” implemented. The effects of the emerging solutions are
usually assessed once these are effectively implemented. However, implementing these
solutions could be quite expensive in terms of time, money and organizational efforts. In
addition, although the implemented actions may produce the expected results in terms of
efficiency and productivity, not necessarily such results will meet the long-term goals of the
organization (Wolstenholme, 2006). This might be the case of the so-called unintended
consequences – i.e. when, despite a number of reported short-term improvements, the
implemented action leads to an overall dysfunctional performance in the long-run or, similarly,
when implemented solutions are only applied to a limited number of organizational units, thus
worsening the strategic coordination alongside the overall value creation chain (Meyer and
Gupta, 1994; Smith, 1995; Marr, 2006; Melnyk et al., 2013). An example of these unintended
consequences can be found in a manufacturing firm whose sales department enhances the
process leading to an increase in its market demand (e.g. by introducing remarkable
promotional campaigns or discounts). Other conditions being equal, this event can be
considered as a successful driver for the business, its competitiveness and viability. However, in
case thismarket demand increase overcomes the actual production capacity of the firm (i.e. new
customer orders cannot be fulfilled in due time), this will be likely to cause significant delays in
the shipment of products, thus compromising the creation of value for customers, as well as
their satisfaction and fidelity in the long term. Another example can be often observed in the
healthcare sector whenever the improved productivity of a specific service (e.g. laboratory
analysis) fosters its demandeven for patientswho donot need those treatments, thusworsening
the overall outcomes in terms of quality of care produced by the healthcare provider. Both
examples describe circumstances that emphasize the emergence of framing complex
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organizational structures according to a systemic perspective that involves the adoption of
effective operationmanagement tools oriented tomanage critical trade-offs in time (i.e. short- vs.
long-termperformance) and space (i.e. aligning outputs among interacting organizational units).

With the intent to overcome the above limits,methodological support can be found in the use
of simulation techniques that have proven to boost decision-making processes and operation
management by deepening the understanding of how the organizational system functions and
behaves by virtue of alternative strategic solutions (Sterman, 2014; Bianchi, 2016; Cosenz and
Noto, 2016, 2018a; El-Haik and Al-Aomar, 2006; El-Gafy and Abdelhamid, 2008). When
implementing real changes oriented to reduce value waste is too costly, simulation becomes a
valuable tool to experiment and discover how complex organizational systemswork andwhere
high leverage points may lie (Davis et al., 2007; Sterman, 2014). Although there have been
previous attempts to combine Lean Thinking and VSM with simulation techniques in the
literature (see among others McDonald et al., 2002; El-Gafy andAbdelhamid, 2008; Solding and
Gullander, 2009; Xie and Peng, 2012; Erikshammar et al., 2013; Cavdur et al., 2019; Stadnicka
and Litwin, 2019), none of these focused on the potential use of simulation as methodological
support to foster a strategic perspective in the implementation of Lean Thinking practices.

With the aim to fill this gap, the paper proposes to combine the Lean Thinking with
System Dynamics (SD) simulation modelling.

SD is a methodological approach – developed during the 1950s by JayWright Forrester –
to depict, model and simulate dynamic social systems characterized by complexity, i.e. in
which multiple organizational variables interact aiming to produce a given set of outputs
(Forrester, 1958; Sterman, 2000; Gr€oßler et al., 2008; Bianchi, 2016). Such an approach has been
widely used to support strategic management in organizations at both the operational and
strategic level (see among others Gr€oßler et al., 2008; Bianchi, 2016; Cosenz and Noto, 2016).

From the combination between SD and VSM originates the Dynamic Value Stream Map
(DVSM) as a tool to strengthen the link between operation and strategicmanagement through
the adoption of a systemic view of organizational processes and the use of simulation for
experimentation. In this perspective, the core purpose of this research is to understand how
SD modelling can provide effective methodological support to Lean Thinking, thereby
improving organizational process management and associated value creation.

For the above purpose, the research process begins with the review of the literature on
Lean Thinking and the VSMwith a focus on those extant approaches using simulation-based
techniques for developing VSM. This review is combined with an analysis of SD modelling
principles aimed at explaining the practical and theoretical contribution of this approach to
operational and strategic management practices.

Building on this literature review, the paper proposes and illustrates the DVSM approach as
a lean systemic method to support strategic management in operations. Then, following a
qualitative perspective, the emerging approach is tested on a case study to offer an illustrative
example of DVSM design. A case study strategy is particularly valuable to address theory-
building researchand, potentially, to demonstrate that existing researchdoesnot properly address
the investigated propositions (Eisenhardt and Graebner, 2007). In this context, the case study
researchmethod is likely to limit potential bias and enrich the analysis (Furnari, 2015; Cosenz et al.,
2020), thus offering useful insights on how to frame VSM elements into a systemic structure.

In the last section of the paper, the case study results enable to discuss the main
advantages and limitations of the proposed approach in comparison with the methodological
gaps found in the literature. Eventually, the paper outlines critical implications for theory and
practice and concludes with future research perspectives.

2. Framing Lean Thinking principles and Value Stream Mapping
In 1990, Womack et al. published the book “The machine that changed the World”. In this
book, which represents the theoretical grounds of the discipline, they theorized Lean
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Thinking through the exploration of the Toyota productionmodel. Since then, LeanThinking
has been widely applied to multiple manufacturing sectors, and later on, to services.

Lean Thinking delimits an area of scientific interest which embraces a wide range of
stand-alone management practices, such as total quality management (TQM), just-in-time
production (JIT), 5S techniques, visual control and so on. These practices are aimed at
providing opportunities for supporting or improving performance, as well as involving all
organizational levels towards the achievement of common goals according to a more
effective, efficient and straightforward perspective (Camacho-Mi~nano et al., 2013).

The Lean Thinking approach builds on five key pillars aiming to reduce value wastes in
the production/supply processes. Waste is defined as “anything does not add value to the
customer” (Holden, 2011, p. 265); therefore, reducing wastes is seen as the way to improve
efficiency, profitability but, more importantly, to improve customer value (Bashin and
Burcher, 2006). The five key pillars of Lean Thinking are (Ohno, 1988; Womack et al., 1990;
Womack and Jones, 1996) as follows:

(1) Identify value and waste from the customer perspective;

(2) Identify and map all the activities required in the production/supply process
analysed;

(3) Make the product flow continuous – i.e. create a flow of activities to execute in
sequence so that it can be offered to the customers without value waste, interruptions
or delays;

(4) Establish a pull logic – i.e. it is the customer that pulls the value from the next
upstream activity, making the process exclusively demand-driven;

(5) Pursue continuous improvements by introducing small and continuous
enhancements to progressively remove non-value-added activities.

As mentioned in the introduction of this paper, the key momentum of every Lean project is
related to the process mapping. This is usually carried out through the adoption of VSM
(Pavnaskar et al., 2003; El-Haik and Al-Aomar, 2006). The VSM technique was presented as
an innovative graphic technique to help practitioners redesign production systems (Serrano
Lasa et al., 2008).

VSM is a graphical chart describing a process through the use of specific symbols
identifying activities, material and information flows and other elements characterizing a
specific process. The aim of the VSM is to synthetically illustrate the current status of a
process “as is”, to identify value wastes and to reform the process by envisaging solutions
oriented to reduce or eliminate those detected wastes (Rother and Shook, 1998; El-Haik and
Al-Aomar, 2006). Figure 1 shows the VSM general framework.

Particularly, the use of VSM provides the display of the activities taking place throughout
the production/supply process, the time each of them takes and those activities that add value
as well as those that add no value for the customer (Serrano Lasa et al., 2008; Michael et al.,
2013; Suarez-Barraza et al., 2016). Thus, it permits the identification of potential causes of
waste as well as process improvements, while recognizing that not all identified processes
adding no value can be eliminated from the process (Cookson et al., 2011). By means of VSM,
information is analysed identifying opportunities for improvement, selecting those to be
considered in the design and implementation of the future value chain maps. Subsequently,
the emerging results are reviewed, and the outputs of the new map are determined (Michael
et al., 2013).

According to the literature (Rother and Shook, 1998; Pavnaskar et al., 2003; Serrano Lasa
et al., 2008) themain strengths of VSM are the following: (1) a graphical interface thatmakes it
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The VSM framework
(Norton and
Fearne, 2009)
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easier to frame the relationships betweenmaterial and information flows; (2) the use of a wide
perspective for each product/service line reflecting the production system inefficiencies; (3) a
common language for the working team oriented to unify concepts and techniques into a
single tool; (4) a fertile ground for starting a strategic action plan improvement.

The main limits of the VSM approach are related to the exclusive focus on single product/
service processes and the difficulty to experiment with potential solutions (Solding and
Gullander, 2009). In fact, these may be tested and evaluated only once effectively put in place.
However, some of the undertaken solutions may be costly to implement and do not
necessarily lead to the expected results due to the rise of unintended consequences related to
the complexity of the system under observation (Sterman, 2000). Therefore, as suggested by
the strategic management literature focusing on strategy design tools (e.g. Business Models,
Balanced Scorecards), simulation models and associated scenario analysis may better
support the understanding of the potential effects and implications that designed solutions
involve upon the different drivers of organizational performance, before their real
implementation (Bianchi and Montemaggiore, 2008; Barnab�e, 2011; Bianchi, 2016; Cosenz
and Noto, 2016, 2018b).

Both research and practice report several attempts to combine VSM and simulation
techniques (see among others McDonald et al., 2002; El-Gafy and Abdelhamid, 2008; Solding
and Gullander, 2009; Shararah et al., 2010, 2011; Xie and Peng, 2012; Abo Hamad et al., 2012;
Robinson et al., 2012; Erikshammar et al., 2013; Tobail et al., 2013; Swallmeh et al., 2014; Do�gan
and Unutulmaz, 2016; Cavdur et al., 2019; Stadnicka and Litwin, 2019). Particularly, the
simulation techniques adopted by this stream of research include discrete event simulation
(DES), SD and agent-based modelling (ABM). DES has been the most adopted technique for
simulating VSMs (Erikshammar et al., 2013), thus providing a valuable tool enabling to
replicate the performance trend of an existing organizational system quite realistically. As for
its limits, DES requires the collection of a large set of data to result in rigorous and effective
analysis. As such, it is likely to neglect the qualitative aspects of the process (e.g. intangibles)
which, although difficult to quantify, significantly affect the performance of complex systems
(El-Gafy and Abdelhamid, 2008; Wolstenholme, 1999). This limit can be overcome by using
ABM or SD modelling (El-Gafy and Abdelhamid, 2008; Xie and Peng, 2012). Both methods
apply computer simulation techniques for investigating complex social systems. However,
they differ in terms of basic modelling principles since ABM focuses on the “agent”, while SD
on the “feedback structures” (Schieritz and Milling, 2003; Wolstenholme, 1999). According to
recent research in the strategic management field, the focus on feedback loops and
underlying causal relationships provides a powerful strategic perspective to understand the
structure and associated performance behaviour of an organizational system (Bianchi, 2016;
Cosenz and Noto, 2016, 2018b; Torres et al., 2017; Kunc and O’Brien, 2017). Applied to the
operation management field, this perspective may allow decision-makers to overcome the
exclusive focus on single processes, thus fostering a broader holistic view aimed to pursue a
sustainable development into the entire production system (Poles, 2013; Stadnicka and
Litwin, 2019). Nevertheless, previous applications of SD to VSM are mainly focussed on the
analysis of manufacturing processes that neglects such a strategic perspective leading to
manage trade-offs in time and space, as characterized by Bianchi (2016).

3. An overview of system dynamics modelling
SD is a methodological approach developed by Jay Wright Forrester for modelling and
simulating complex physical and social systems and experimenting with the models to
design strategies for management and change (Forrester, 1958). It provides a systemic
perspective and a set of conceptual tools that enable one to frame the structure and behaviour
of complex, non-linear, multi-loop feedback systems (Forrester, 1958; Meadows, 1980;
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Sterman, 2000). Complexity characterizes those organizational systems in which multiple
variables interact – through linear and non-linear causal interdependencies – in order to
produce outputs and results over a given period of time (Sterman, 2000).

In particular, SD is a valuable tool for analysing the dynamic tendencies of complex
systems – i.e. what kind of behavioural patterns they may generate over time. The main
assumption of the SD paradigm is that these patterns arise from the causal structure of the
system under observation, seen as a closed boundary, i.e. embodying all main relevant
variables related to the phenomenon being investigated. This perspective allows the analyst
to build closed chains of causal relationships, known as “feedback loop”. SD models are thus
made up of several feedback loops linked to each other that contribute to explaining and
describing how and why the organizational system behaves according to certain reported
trends. The underlying principle is that, if the process structure determines the system
behaviour and the system behaviour determines the organization performance (Davidsen,
1991; Sterman, 2000), then the key to develop sustainable strategies to improve performance
is understanding the relationship between processes, structures and behaviours and
managing the leverage points (Ghaffarzadegan et al., 2011).

To represent complex and dynamic systems, SD models adopt a graphical syntax in
which flow (rate) and stock (level) variables can be distinguished and combined into stock-
and-flow diagrams (Gr€oßler et al., 2008). By quantifying variables and causal linkages
between variables, a system of differential equations is created that can be simulated by
numerical algorithms (Sterman, 2000). An SD simulation model is calibrated by comparing
model output with empirical data and, in case of discrepancies or inconsistencies, refining the
model and input parameters where adequate data do not exist. Once the simulationmodel has
been developed, calibrated and tested whether it realistically behaves, inputs are modified to
conduct “what if” analyses of how short- and long-term results would change in response to
alternative strategy scenarios (Kunc and O’Brien, 2017; Torres et al., 2017).

The visual representation of systems offered by these models proves to be a valuable tool
for understanding complex issues in organizational settings (Gr€oßler et al., 2008). Differently
from other simulation approaches, SD models make explicit – even at the visual level – the
structures that generate a certain system behaviour. This characteristic is particularly
relevant when focusing on strategic management processes since it allows one to explore the
causal dynamics related to the development and deployment of organization’s strategic
resources (Morecroft, 2007; Warren, 2008; Bianchi, 2016).

By virtue of its model building processes allowing scholars and professionals to deal with
feedback loops, accumulation and depletion processes and delays that commonly
characterize value creation and delivery in every organization, SD has been widely and
successfully applied to operationmanagement (Gr€oßler et al., 2008; Mingers andWhite, 2010).

In addition to the support that SD provides to operation management research and
applications, it is worth to remark that SD has also been extensively used in strategic
management studies (see among others Morecroft, 1984, 1999, 2007; Warren, 1999, 2008;
Cosenz and Noto, 2016; Bianchi, 2016). In this field, SD proved to be a useful method to
understand the process of accumulation and depletion of strategic resources, as well as to
design performance indicators consistent with organizational strategies and desired goals
(Kunc and Morecroft, 2009; Bianchi, 2016; Kunc and O’Brien, 2017; Torres et al., 2017).

The characteristics outlined above suggest us that SD has the potential to foster the link
between operationmanagement and strategy design and implementation as remarked by the
mainstream literature.

4. Combining Value Stream Mapping and system dynamics
The DVSM combines VSM and SD modelling to foster a strategic perspective in Lean
Thinking applications. To do that, DVSM leverages on the strengths of both approaches.
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In particular, DVSM embraces the systemic and dynamic view of SD in order to overcome
theVSM’s static perspective, aswell as the lack of a systemic view pointed out by Solding and
Gullander (2009) andXie and Peng (2012). The static perspective is intended as the inability to
understand how potential solutions – especially when many of them are designed and
implemented simultaneously – affect the analysed process in terms of value waste reduction
and performance improvement in the short, medium and long term (Stadnicka and Litwin,
2019). The lack of a systemic view in the process analysis refers to the exclusive focus on
single product/service processes allowed by traditional VSM practices. For example, it may
happen that improving the efficiency of a specific process, although requiring a significant
effort, does not produce an equivalent impact on the overall organizational performance due
to the constraints existing beyond the boundaries of the analysed process (Sterman, 2000;
Wolstenholme, 2006).

Thus, DVSMborrows the simulation attribute from the SDmethodology to allow decision-
makers to experiment with the analysed process and test potential solutions aimed at
improving its performance over time (El-Gafy and Abdelhamid, 2008; Stadnicka and Litwin,
2019). Simulation is indeed an effective practice to overcome the static perspective of VSM
and discover how complex systems work when real experimentation is too slow or too costly
(Sterman, 2014). Although several simulation approaches may support experimentation, SD
modelling simulation better comply with the aim of fostering strategic management in Lean
Thinking since, as remarked by Davies et al. (2007), it is an adequate approach to investigate
how the inputs to a system of interconnected causal loops, stocks and flows – that is the case
of a complex operational process – produce system outcomes.

As for the lack of a systemic view, the DVSM requires modellers to widen the boundaries
of the analysis (Sterman, 2002), thus including the feedbackmechanisms existing between the
processes and the overall system performance. The adoption of a systemic view in managing
organizational performance also entails the design of key performance indicators to measure
the process performance and how this contributes to pursuing organizational goals (Bianchi,
2016). Both the design of indicators to monitor the process performance and the
implementation of emerging solutions form a key momentum of every Lean application
(Susilawati et al., 2013; Camacho-Mi~nano et al., 2013). However, as many scientists claim
(Meyer and Gupta, 1994; Smith, 1995; Marr, 2006; Melnyk et al., 2013), the use of performance
indicators may lead to the rise of unintended consequences whenever their design is not
supported by a robust methodological perspective (e.g. compliance-based vs performance-
based indicators, evaluation of specific sub-system results to the detriment of others, lack of
long-term orientation). In the specific case of executing actions for process improvement,
unintended consequencesmay show up when designed indicators delimit their scope to foster
sub-optimal performance or organizational myopia. These methodological shortcomings are
overcome by DVSM through the adoption of a systemic view – whose scope embraces all
organizational sub-systems – that, according to Bianchi (2012, 2016), is pivotal to design key
performance indicators consistent with the pursuit of the global organizational strategy over
time. The systemic perspective adopted by the DVSM was extensively used to support the
design and implementation of performance indicators aimed at measuring organizational
performance in complex systems (Sterman, 2000; Morecroft, 2007; Bianchi, 2016; Oladimeji
et al., 2020). This is due to its modelling characteristics that can help improve the deficiencies
of static performance measures as it can model cause and effect relationships and dynamic
behaviours over time (Forrester, 1958; Sterman, 2000).

The strengths of DVSM are mainly referred to its effective visual representation which
facilitates decision-makers and other key-actors to understand how the process works, the
time delays between interdependent operations, the process bottlenecks, the activities that
add value for the customers and those failing to do so. Due to this, DVSM models adapt SD
visual representation to VSM schemas. In this combined approach, SD provides a consistent
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graphical representation of the elements of a process (i.e. stock and flows) when compared
with “traditional”VSM. In particular, process activities can bemodelled as stocks, while flows
capture the accumulation and consumption processes of those resources required to carry out
a given activity over time. As such, stocks and associated flows enable to depict and frame the
overall production process. Namely, once an activity is completed, the resulting semi-finished
product – or, more generally, the intermediate output – flows into the following activity up to
the end of the process that, usually, consists in an exchange with the external environment
(e.g. a final product sold to customers).

Figure 2 shows how to model process activities through DVSM modelling.
Thus, DVSM maintains the visual power of VSM and allows decision-makers and other

stakeholders to understand how the process works, identify value wastes, design and test
strategic solutions aimed to improve its performance over time.

In the next section, an illustrative case of DSVM is developed to explore and discuss the
potential advantages and risks associated with the use of such a combined approach.

5. The dynamic Value Stream Map: an illustrative case
In this section, an illustrative case of how to apply the DVSM is developed. The case focuses
on an ambulatory care process within a healthcare organization. The choice of focusing on a
healthcare organization is justified by the need to experiment with the proposed tool in
a complex context (Bertolini et al., 2011). This case was proposed and analysed during a
training course for health professionals and managers.

The first step in the adoption of the DVSM consists in modelling the current situation of
the process being analysed. This is an ambulatory care process in which patients need to
receive a specialist visit. In the process “as is”, all patients arrive at the clinic for receiving
cares in a close period of time. Once they get to the clinic, they got registered, one by one, by a
staff member. During the registration, they fill in the administrative documentation which is
then delivered to the administrative office. The second phase of the clinical process is nurse
evaluation. Once they have been evaluated by the nurse, patients are conducted to the
laboratory to collect their urines. These are then carried by the patient to the specific
laboratory which executes the examination. Once exams are ready, patients are visited by the
medical doctor. If needed, patients receive a medicine prescription which will be provided by
the clinic pharmacy. After this phase, patients are discharged. During each phase, the
professionals in charge need to interact with the administrative office to collect the
documentation produced during the previous care phases. In the meanwhile, the accounting
department prepares the documentation required to issue the invoice (on average 200 euros

Activity 1 Activity 2

Time to perform
activity 1

Resources, eg
Human resources

Flow 1

Figure 2.
DVSM representation
of process activities
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per treatment) which is ready once the medical doctors and pharmacy deliver the specific
pieces of information.

This “as is” process is represented in the DVSM portrayed in Figure 3.
As one may notice, the VSM modelled through SD reports on the bottom part the clinical

process according to a “pull logic” (i.e. the patient perspective) distinguishing the various
phases through which the patients should flow. In the top side of the figure, it is reported the
off-line of the process which, in this case, corresponds to the administrative process that
complements the clinical one.

By simulating the process, we notice that in 150 minutes the clinic is able to manage three
patients (the ones managed to finish the clinical process), over a demand of five people,
collecting about 600 euros of revenues Figure 4 and 5.

Two indicators are computed to represent the process performance. These are: (1) the
average time of the process, which is equal to 92 minutes and (2) the average waiting time for
patients to get registered which is about 8 minutes.

The solutions proposed to improve this process were collected by the health professionals
and managers during the training course. These are: planning the visits so as to reduce the
waiting time for the visits; asking the patients to come with their urines already collected to
eliminate one of the process phases; investing in ICTs and informatization to reduce the time
related to the interaction with the administrative office during each phase.

The DVSM “To be” is reported in Figure 6.
Simulation allows us to test these solutions before their actual implementation. The

number of patients completing the clinical procedure is five compared to three reported in the
previous process. Consequently, the revenues collected amounts to about 1.000 euro. For
what concerns the identified performance indicators, the process time is reduced from
92minutes to 65. Moreover, the average waiting time before starting the process is now lower
than 1 minute, while in the previous scenario was equal to 8 minutes Figures 7 and 8.

Through the simulation of this process, we may notice that the proposed solutions enable
the improvement in terms of both end-results (i.e. number of patients processed and revenues
collected) and performance indicators (i.e. average process time and average waiting time to
start the process). The simulation thus supports to experiment operational results before
implementing solutions in the real world.

As previously argued, SD models may also empower a strategic view of processes
performance (Cosenz and Noto, 2016; Bianchi, 2016). In particular, by conceiving the
simulated process as a part of a wider system (i.e. the organization) in which the achieved
outputs foster the process inputs in the medium/long term, it is also possible to undertake
strategic actions.

In the previous analysis, we focused on the relationship between the process efficiency
and quality and the revenues, demonstrating that the proposed solutions can increase
revenues through the process improvement. If we adopt a wider view, we may assume that
the improvement of the performance indicators fosters the demand of patients that are more
satisfied with their care experience. Through the word-of-mouth effect, this will generate a
positive effect on the total revenues collected. However, an increase in the demand for the
service may negatively affect the process efficiency and quality perceived by the patients if
the supply is not improved accordingly. Therefore, the healthcare organization is called to
re-invest part of the increase in revenues to improve the process itself. Figure 9 shows the
functioning of the system. In particular, the model consists of two feedback loops. A
reinforcing loop (process efficiency and quality→ service demand→ revenues→ resources)
portrays the virtuous circle that fosters the growth of the organizational system. On the
other hand, the balancing loop (process efficiency and quality→ service demand) mitigates
this growth accounting for the effect of the service demand on the process efficiency and
quality.
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Figure 3.
The DVSM “As is”
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Adding this insight into the DVSM may allow us to explore also strategic initiatives. For
example, with the intent to consider an expected growth in the service demand, the healthcare
organization may experiment to invest the revenues in an increase of the medical staff (which
is in charge of the longest phase of the process).

The dotted line in Figure 10 represents the strategic relationships that close the loops
described in Figure 9. The result is an increase in examined patients and, as a result,
additional revenues to be reinvested in the process. Once the process is improved in order to
meet the increase in care demand, future additional revenues could also be invested in hiring
other staff positions, thus leveraging on the other performance driver, i.e. the average waiting
time for registration. Through this model, it is possible to experiment with the amount of
additional revenues to invest in the process and to test the related parameters and
sensitiveness. Eventually, as Figure 10 shows, the model uses the same graphical
representation of VSM, thereby maintaining its visual strength.

6. Discussion
VSM is a powerful tool to foster process innovation and operation management within an
organization (Rother and Shook, 1998; Serrano Lasa et al., 2008; Karim and Arif-Uz-Zaman,
2013). In particular, it aims to provide a graphical representation of a specific organizational
process forming a consistent ground to promote possible improvements.
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Among the weaknesses of VSM, the literature identifies the lack of a dynamic and systemic
view of the processes which may represent a barrier to the adoption of a strategic perspective
for the organization. In order to overcome this limit, this paper proposes to combine the VSM
with SD modelling. This last is suggested by the authors because it is characterized by four
key features that make it suitable to foster a strategic view in the design and use of VSM.
First, SD allows one to simulate a system behaviour and to experiment with the model
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potential process improvements, thus addressing the lack of a dynamic view previously
mentioned. Second, SDmodels conceive complex systems as a closed chain of feedback loops.
This pushes the business analyst to adopt a systemic view of the process so as to include all
the relevant variables in the analysis. Third, SD modelling enables to link the structural
characteristics of a system with its behaviours. Moreover, SD modelling representation is
highly adaptable to traditional VSM visual schemas and, thus, maintains its visual strength
oriented to facilitate a shared understanding of the system among decision-makers and other
stakeholders.

SD makes VSM “dynamic” through the mean of simulation. As in flight-simulator games,
decision-makers may simulate the outputs of proposed changes aimed to improve the
processes so as to assess whether their implementation would produce the expected results
over time. In fact, in complex processes, it is not possible to estimate and quantify the results
of proposed improvements before their real implementation. However, in some cases, such an
implementation may be too costly in terms of time and money, and thus decision-makers
assume the risk that the benefits coming from one or more changes do not cover the effort of
their implementation (Sterman, 2014). Simulation supports decision-makers in undertaking
this kind of decisions by quantifying the expected results of potential improvement-oriented
solutions. In the case reported in Section 4, the ambulatory care process analysedwas initially
mapped adapting SD modelling to the traditional VSM representation and simulating its
performance. Through this representation and the emerging simulation, it was possible to
identify potential solutions for improvement. The DVSM “as is” was then modified to
experiment with these solutions, and a new DVSM “to be” was built and simulated. By
comparing the simulations coming from the twomodels, it was possible to envisage a positive
result in term of process performance measured through key performance indicators
identified.

At the same time, the SD approach also fosters a systemic view of the process since it asks
the analyst to “challenge the clouds” (Sterman, 2002) – i.e. to shift the boundaries of a system
until all the key characteristics of the analysed environment influencing the system
behaviour are analysed. Therefore, in addition to considering the elements characterizing the
process performance, DVSM includes all those variables which link the process performance
to the key variables of the organizational system. This supports a strategic view of the
analysed process. Such a systemic view is also key to support the design of performance
measures consistent with the overall organizational goals (Bianchi, 2016; Cosenz and Noto,
2016) and to assess whether the used ones may spur dysfunctional performance such as sub-
optimization or myopia (Smith, 1995).

For example, in the illustrative case developed, it emerged the need to include in the
analysis the effects of the adopted performance indicators on the service demand to check
whether their improvement would produce poor performance results in the long run. In fact,
the improved performance would possibly lead to an increase in the service demand
which, in turn, would make again the process non-efficient and non-effective in order to
satisfy the needs of the potential users. The DVSM was thus reviewed to include this
strategic issue which wasmodelled by “closing the loop” between the results produced by the
process performance (i.e. the outputs) and alternative use of its strategic resources (i.e. the
inputs).

The DVSM approach also supports the adoption of a systemic view compared to
traditional VSM since allowing analysts to map and simulate multiple organizational
processes to explore how these influence each other and support the achievement of the
organization’s strategic goals. This feature distinguishes SD from other simulation-based
approaches. In fact, as supported by Repenning (2002), the SD approach can reveal the
outcomes of the interactions among multiple underlying organizational processes, especially
as they unfold over time.
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Eventually, SD graphical representation is highly adaptable to VSM. Although the visual
characteristics of management tools may be perceived as less important than other
characteristics, both operation management literature (Parry and Turner, 2006; Serrano Lasa
et al., 2008; Tezel et al., 2016) and management control one (Busco and Quattrone, 2015)
confirm its role in supporting processes understanding, organizational change,
communication and people’s motivation. Thus, maintaining the visual strength of VSM is
a key feature that simulation techniques should guarantee to effectively support its
improvement.

Limits of DVSM are related to the inner characteristics of SD. This is indeed a
methodology aimed at comprehending the overall dynamic behaviour of a system, rather
than performing a precise quantitative prediction (Meadows, 1980).When simulating specific
organizational processes in which precise computation of parameters is required, this
characteristic may represent a limit. In these cases, a solution could be represented by the
combination of SDwith other simulation techniques, such as DES. However, it is important to
manage the trade-off between the additional computational effort, and the benefit in terms of
model output that may be achieved.

7. Implications for practice
The implications for practice emerging from the study refer to two main areas: (1) the
possibility to experiment with the models and (2) the definition of performance indicators
consistent with the overall organizational strategy.

According to Grosser and Jovy (2016), SD simulation allows experimenting with multiple
strategic settings limiting inaccurate management decision, identifying overlooked factors
and patterns that could turn out to be relevant in the future. In complex and dynamic
organizational settings, the consequence of mistakes can be fatal for business survival. More
subtly, inmany organizational systems, the local and distal, and short- and long-term impacts
of decisions differ: what works here and nowmay harm the organization elsewhere and later
(Repenning and Sterman, 2002; Sterman, 2014). Simulations offer a resolution to this issue
since it can compress or expand time and space, allowing decision-makers to simulatemonths
or years in the life of an organization in a few minutes. Simulation becomes the only way to
discover how complex systemswork andwhere high leverage points may lie (Sterman, 2014).

The definition of performance indicators is a complex task highly debated in the literature
(Melnyk et al., 2013). On the one hand, performance measures help in guiding organizations
towards desired end-results; on the other hand, poorly defined performance measure may
drive towards dysfunctional performance. According to Bianchi (2012) the adoption of a
systemic view through the use of SD supports decision-makers in defining measures that
foster sustainable organizational performance. Practitioners may thus benefit from the
adoption of DVSM when designing performance measures aimed at assessing processes
performance.

8. Implications for theory
The contribution to theory resulting from this study is related to the introduction of a new
combined approach, i.e. DVSM, aimed at tackling the gap between operations and
organizational strategy. Both SD and Lean Thinking have in common the aim of improving
thinking for change and both play important roles to foster organizational performance.
Although distinct in their sphere of application, as supported by Wolstenholme (2006), they
can be easily combined to achieve more than either alone. In fact, on the one hand, the
adoption of Lean Thinking pursues the improvement of processes, organizational well-being
and the creation of value for user; on the other hand, SD ensures that the proposed changes
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are aligned with the organizational strategy and become sustainable in the long-term (Poles,
2013). SD has been identified as an adequate method to support Lean Thinking in fostering a
strategic approach due to its characteristics, namely simulation, systemic view, explicit link
between systems structure and behaviour and effective visual representation. While in the
analysis we focused on the combination between SD and a specific tool of Lean Thinking, i.e.
VSM, further analysismay suggest extending such an approach to other tools and techniques
proper of Lean Thinking and operation management.

The limitations of this research are mainly related to the focus on a single case study
which limits the possibility of generalizing the results. In fact, although the illustrative case
focused on a complex case (i.e. a healthcare ambulatory process), comparisons with other
cases and other sectors were not tackled. Thus, further research perspectivesmay investigate
other DVSM applications by analysing multiple experiences or cases from different contexts
and industries (e.g. manufacturing, other services). Further researches may be aimed at
combining SDwithDES inVSMapplication to improve the simulation results and explore the
trade-off between analytical efforts and corresponding benefits. Moreover, additional
research perspectives can be oriented to explore how SD may foster the adoption of a
strategic perspective when combined with other Lean Thinking and operation management
practices.
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