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1. Introduction

"Systems that work do not just happen - they have to be planned, designed and built" [Elliot and Deasley
2007].

In healthcare, the ultimate goal of every system is rather simple - better health for all [WHO 2008].
However, consistently translating this goal into actual experience for patients continues to be a challenge
in most countries. In the English National Health Service (NHS), tremendous progress has been made
over the past 68 years of its existence but there remain significant challenges to providing care that is
consistently safe and of acceptable quality. Munkombwe, in a review, reports that Adverse Events (AEs)
have been linked to direct medical costs and lead to an average of 6 to 8.5 extra days of stay in hospital
which translate into additional cost of about £2 billion a year for the NHS. Hospital Associated
Infections (HAI) occuring to surgery patients alone have also been estimated to cost the NHS £363
million annually, not to mention the harm and loss to patients and their families. [Munkombwe 2010].
More recently, the discovery of systematic failures in some parts of the system [Francis 2013],
[Department of Health 2014] has raised serious concerns for all stakeholders. These challenges,
however, are not unique to the NHS.

Similar challenges are known to face the health system in the United States of America as well. At the
turn of the millennium, it was revealed that the healthcare provided to the poeople of America, in
significant number of cases, was not only unsafe but also of deplorable quality. Between the care that
patients received and what was considered possible based on available knowledge and technology was
not just a gap but a chasm. It was revealed that about 98,000 Americans died annually as a result of
avoidable errors in the health system. These were enough to make quality and patient safety part of the
major goals of the health system [Kohn et al. 2000], [Institute of Medicine (U.S.A) 2001].

These realities, combined with a continuously growing demand for healthcare and an equally growing
need to reduce the cost of healthcare is leading health providers, funders, and other stakeholders to look
for solutions from outside healthcare. The fundamental question seems to be, "how do we design better
care delivery systems"? It is generally argued that what healthcare needs is the application of tools and
techniques that work in engineering and industry [Gorunescu et al. 2002], [Young et al. 2004],
[Jahangirian et al. 2010]. These, undoubtedly, have yielded significant results in cost savings and care
improvements.

The use of various industry tools and techniques in healthcare is not new. Techniques such as queueing
theory [Fomundam and Herrmann 2007], simulation modelling [Jahangirian et al. 2010], [Bensley
2012], statistical process control [Tsacle and Aly 1996], and many more have been applied to various
parts of healthcare for several decades. What remains lacking in the healthcare literature is the
exploration of a holistic systems design approach to healthcare and what it will take for this to result in
systems that work.
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We review the relevant academic health service design and delivery literature and make three important
observations likely to contribute to the current challenges to designing systems that work in healthcare:
e An increasing diversity of systems modelling techniques aimed at improving healthcare
delivery,
e A significant lack of a holistic systems design approach and
e The absence of a consistent diagramming language that can facilitate that improvement.
In this paper we argue that the application of systems engineering to healthcare must invovle an
emphasis on systems design and requires a diagrammatic language that engenders shared understanding,
communication and problem solving amonst stakeholders.
In presenting this work to the design community, it is especially hoped that this question of the role of
design in improving healthcare, will stimulate discussion amongst design researchers and practitioners
in order to draw insights that will inform further research.

2. Background

The delivery of high quality patient-centred care continues to be a challenge even in developed countries
[Commonwealth Fund 2013], [Care Quality Commission 2014], [Agency for Health Research and
Quality 2015]. Evidence from the literature suggests a growing intereest in Systems Engineering for
addressing the challenges facing healthcare delivery. In the USA, the publication of two key reports by
the Institute of Medicine (IOM) — To err is human [Kohn et al. 2000] and Crossing the Quality Chasm
[Institute of Medicine (U.S.A) 2001] — demonstrated the deteriorating state of patient safety and the
glaring divergence between the care that was possible and the care that patients were receiving in 2000
and 2001 respectively. The revelation, amongst others, that more than 98,000 Americans died annually
as a result of avoidable failures in the healthcare system were enough to place quality of health care
firmly at centre stage since 2000. Several reports, initiatives and models have been produced since then
but the most relevant to this study is "Building a Better Delivery System" [Reid et al. 2005] published
in 2005 and was a culmination of a joint NAE/IOM study. This report launched the "New
Engineering/Health Care Partnership". Valdez et al. [2010] identified thirteen major reports that echoed
the essence of this new partnership by 2010 and found that the report also heightened the interest of
many in solving problems in health care delivery using industrial and systems engineering tools. In a
more recent effort, the President’s Council of Advisors on Science and Technology (PCAST) was even
more optimistic than ten years ago in recommending systems engineering as the way to a better health
care system in the USA [Cassel CK and Saunders RS 2014]. In this report to the President, the advisors
outlined a set of actions, with selected examples, that government needs to take to speed up progress in
the use of systems engineering in health care. It seems therefore apparent that in America, there is a
growing sense that systems engineering is what is needed to address the challenges of the health care
system. Similar arguments and partnerships exits in the UK though not as strategic [ Young et al. 2004],
[Jahangirian et al. 2010].

Succeses in industrial systems have always been great attractions to healthcare but "Systems that work
do not just happen - they have to be planned, designed and built" [Elliot and Deasley 2007]. This may
seem an obvious statement but the non-trivial question that logically ensues is this — how do you design
a system that works? The extent to which rigorous design is valued and practiced in an organisation or
sector makes a significant difference to quality and performance. Several success stories exist in
industry. One example is the transformation of the software industry from what it was in the 1960s to
what it is today through the use of an engineering approach (see brief discussion in section 4). It is
generally agreed that, that software/engineering partnership is what transformed the industry. It may be
too early to predict a similar transformation for the healthcare industry through this new emphasis on
systems engineering but we believe it appropriate at this point to critically examine what it will take for
this partnership to have the expected impact on patient experience consistently.

3. A brief history of diagramming in industry

The ad hoc use of diagrams and drawings is an inherent part of the thinking and communication
processes of every scientific discipline. In mathematics and physics, for example, diagrams play
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important conceptual roles, whilst in engineering and architecture, diagrams and formal drawings play
a central role in communicating how both conceptual and real-life systems function.

The first known record of the use of diagrams in analysing the productivity and efficiency of processes
was by Gilbreth and Gilbreth in 1921 [Patrishkoff 2013]. Gilbreth and Gilbreth presented the use of
flow charts as the "first steps in finding the one best way to do work" at the 1921 annual meeting of the
American Society for Mechanical Engineers (ASME). In that paper, they argued that "every detail of a
process is more or less affected by every other detail; therefore the entire process must be presented in
such form that it can be visualized all at once before any changes are made in any of its subdivisions"
[Gilbreth and Gilbreth 1921]. The authors presented in detail, the symbols and the standardization
required to make the use of flow charts effective in analysing work processes in any field. The work was
based on several years of observation and working with numerous organisations.

Since then, the use of several variants of flow charts may be found in several fields including healthcare
but often without the rigor with which it was first intended. It is currently difficult to identify one specific
field or industry sector that is solely responsible for the development and the effective use of diagrams,
however, it may be found from the literature that the fields of software and systems engineering have,
by far, attained the most disciplined and systematic use of diagrams as applied to processes for designing
complex software and systems. Such systematic approach and disciplined use of diagrams is what this
research aims to understand in relation to healthcare systems.

4. Diagrams in software and systems engineering

The first use of the term ‘software engineering’ in 1968 by F.L. Bauer was quoted by Ludewig [1996]:
"The whole trouble comes from the fact that there is so much tinkering with software. It is not made in
a clean fabricated process, which it should be. What we need, is software engineering." That was the
time of what is often referred to as the "Software Crisis"[Naur and Randell 1969]. Software projects of
this era were known to be full of error, often hugely over budget, overrun on due date with backlogs of
waiting applications [Demarco 1995]. A situation akin to the current challenges facing healthcare
delivery in the NHS. F.L. Bauer became the chair of the first conference on Software Engineering in
1968, funded by the NATO Science Committee [Naur and Randell 1969].

This led to significant work, by both researchers and software developers, resulting in several methods
and diagramming languages for structuring, organising, designing and engineering software in the 1970s
and 1980s [Endres 1996]. By the early 1990s, most of these languages appeared to be converging in
terms of their objectives and semantics. As a result, in 1995 the Software Industry undertook to integrate
the existing languages into one language — The Unified Modelling Language (UML) [del Aguila et al.
2014]. UML is currently the industry standard in terms of diagrammatic modelling for software systems
and parts of it have also been used in other fields including healthcare.

One of the earliest Software Engineering tools, Structured Analysis Design Technique (SADT)[Ross
1977], developed in the 1970s was adopted and extended into a series of diagramming languages -
Integrated Definition (IDEF) - employed by the US Air Force [Knowledge Based Systems, Inc. 2010].
Like the software industry, the US Air Force adopted the SADT tool in order to help address "the need
for better analysis and communication techniques for people involved in improving manufacturing
productivity" [NIST 1993]. The IDEF series (IDEFO, IDEF1, IDEFIx ...) became the modelling
language for diagramming in Systems Engineering and is still in use, but with the development of UML,
the Systems Modelling Language (SysML) has also emerged as the industry standard in the field of
Systems Engineering. SysML mainly reuses many of the diagramming types in UML, modifies some of
them and introduces a few new ones [Object Management Group 2011].

Two things are noticeable after reviewing this background. The first is that most of the tools developed
in software and systems engineering were developed for use by people with expertise that are not usually
found in those who design and manage healthcare systems. Hence our preliminary and anecdotal
analysis of the current practice of diagramming in healthcare shows that several of these industry driven
tools have found their way into healthcare and are employed in an unstructured manner. Secondly, it
seems that these developments were more driven by industry than by academia. This means that people
who already understood how software development works undertook the task of developing new ‘tools
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for the trade’. Hence we argue that it is important that in applying diagramming methods to healthcare,
modellers and analysts must seek to develop a good understanding of how healthcare works as a system.

5. Diagrammatic representation and reasoning

Diagrammatic models or representations of all forms are primarily tools for reasoning and
communication mainly between humans but sometimes machines. For this reason a huge body of work
exists that has, for centuries, examined the semiotic elements and cognitive aspects diagrammatic
communications and languages. Gurr [1999] identified that, like other systems of communication,
diagrammatic communication also involves studies in semantics, syntactics and pragmatics. However,
he found that significant amount of the literature has focused more on the semantics and syntactics of
diagrams and less on the pragmatics. Similarly, Blackwell [2011] noted that the study of diagrammatic
reasoning has focused predominantly on computational models of diagram use rather than study of
human performance in using diagrams. With these observations, one may begin to understand why the
several diagramming methods often taken from engineering into healthcare seem ineffective in
supporting good service design. There is a significant lack of consistency in the use of diagrams in
healthcare with a prolifiration of different techiniques all of which have their roots in industry. As
Tversky [2011] has argued, good design of a diagrammatic language must take into account the
information-processing habits and limitations of human users. This is why in this paper, we argue for
the need for a healthcare-specific diagrammatic language.

6. The state-of-the-art in Healthcare

We have discussed the systems challenges to healthcare and the value of systems engineering and for
that matter diagramming in industry and its potential for healthcare. In this section we focus on
presenting a review of the state-of-the-art in the use of diagramming in healthcare from a research
perspective. We are excluding an examination of the current practice in order to keep this paper within
the limit required for the proceedings. Figure 1 below summarise the mothodology that was followed in
identifying the most relevant studies.

A full analysis of the literature is presented in the appendix. The results, however, show that no study
that seeks to apply diagrammatic modelling to healthcare approaches the subject from a holistic systems
design perspecitve. The important implication of this observation is that though diagrammatic modelling
is often applied to healthcare in the context of "systems engineering" most studies do not conceptualise
a whole system even emplicitly.

SEARCH & 1st FILTER

Web of Science
(300)
2nd FILTER SCAN SORT REVIEW ANALYSE
Into:
Scopus Filtering based on Title, Abstracts 1. Focus :Zr; )Diagvams Those that focus Looking at aims,
(114) relevance of tile and Ct 2. Use Diagrams (21) on setting, diagram
(417) (132) 3. focus on Simulation (24) type and Findings
@®)
Rejected
Others (285) Rejected
3) Including 87 with (84)
full text not found

Figure 1. Review methodology
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6.1 A prolifiration of diagramming methods

The 23 academic sources reviewed in this paper, addressed 35 different diagrammatic methods including
UML Classs diagrams, UML Activity diagrams, Flowcharts and Swimlanes. Of all the methods
identified, Flowcharts appeared to be the most used but even that was employed in only 5 studies. UML
Activity diagrams appeared in three studies and nine other methods appeared in only two studies. All
the remaining methods identified appeared in only one study each. Clearly, there is a wide range of
diagramming tools being used in the efforts to improve healthcare delivery but it is evident that they are
all tools developed in industry and exported into healthcare. Based on these observatinos we question if
this trend of a growing diversity of diagramming tools employed in healthcare is helpful for designing
better delivery systems in heathcare. We suggest it is not.

6.2 A lack of holistic systems approach

Further examination of the academic sources reviewed shows that almost all the studies had a primary
focus on processes. As we will argue in section 7, a systems view of healthcare must involve much more
that the processes. We acknowledge that most studies may be constrained by their objectives and may
justify a focus on limited aspects of the system but our argument is that if we are going to make progress
in designing better delivery systems, then we need to seek to understand how healthcare works as a
system and have the language for describing it.

6.3 Design in healthcare

Unlike the industry sector that employs thousands of design and systems engineers, the vast majority of
the people who design healthcare systems and services have little or no formal training in the design or
engineering of systems. This is consistent with reports that the NHS is significantly behind in the
practice of design [DoH 2003]. It is for this reason that a language for describing healthare sysetms has
to be right for healhcare practitioners and stakeholders. A diagrammatic language for healthcare has to
be designed to be simple, intuitive, transparent and should facilitate a holistic systems design approach.

7. The case for diagrams in Healthcare

To date, there has been no focused development with respect to the use of diagrams in healthcare, though
the use of diagrams is common place. And to our knowledge, no study exists that has focused on the
development of a healthcare-specific diagramming method. Nevertheless, it is known that the type of
diagrams used to describe elements of a system in healthcare has important implications for the outcome
of specific healthcare design projects. In a recent study by Collingan colleagues [Colligan et al. 2010],
it was found that the layout and type of process map used in service design influences healthcare
practitioners’ perception of quality and safety problems in a process. Jun et al. sought to develop a
framework to guide healthcare practitioners’ decision about when to use different types of the available
diagramming tools [Jun et al. 2009]. Within the NHS, years of work has been done on process mapping
and analysis involving the use of flow charts, however, there has been no significant focus on the role
of the diagramming language and a systematic use of it [NHS Institute 2013].

We propose a conceptual diagrammatic model of healthcare that adopts a holistic view of the system.
This is a high level of conceptualisation and will require further development. The goal is to begin to
conceptualise healthcare in a way that is relevant at multiple levels and which allows emphasis to be
placed on various aspects of the system as required. The proposed model is shown in Figure 2.
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Figure 2. A proposed conceptual diagrammatic model of healthcare

7.1 A holistic systems view of healthcare

In developing Figure 2, we sort to identify the major elements of a healthcare system that can be
represented at different levels of abstraction and the relationships between them should be. The nine
elements are laid out so as to reflect the logical progression of design decisions to be considered in
designing and operating a delivery system in a systematic manner. At the patient level we identify the
the person, people or population as central to the system. They may have conditions and also have
corresponding goals. Treating or managing the conditions and goals require the sytem level elements -
Staff, processes, data/information, interventions and resources. The next level, which is the system
environment shows that those elements required to manage the patient's condition and goals can be
significantly constrained by several factors within the system's environment.The basic argument is that,
it any of these key elements are ignored in the design of the delivery system, it is likely that it will not
perform as expected in the long term. It is important to hold this holistic view in any design and not only
a focus on one or two aspect as is seen in the literature.

8. Conclusions and future work

This paper has discussed the challenges that face healthcare delivery and the growing interest in systems
engineering as the answer. We have presented a summary of the exisiting literature and found a lact of
emphasis on whole system perspective and design. We propose:

1. More holistic systems design approach and not just the use of systems tools and techniques in

healthcare.

2. A consistent diagrammatic language for communication and description of healthcare systems.
This paper presents significant opportunity for further work in the area of the application of diagrams in
healthcare. In the first place a diagrammatic laguage that is empirically developed for the healthcare
domain is needed as the tools from industry do not often take into account the pragmatics of diagram
usage in healthcare. There is also the opportunity to refine our holistic diagramming framework and
formulate approaches to developing the detailed descriptions of each of its elements.

It must be born in mind that this work has limitations. The main limitations are that the domain of search
for the literature was limited to Web of Science and Scopus. It is therefore possible that any work outside
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of this domain may have been missed in this analysis. However, given the broad scope of our two
sources, we are confident that very little would have been missed.
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