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Foreword

Healthcare, by all accounts, is fraught with problems and lack of sustainability
under the current circumstances. Service quality is perennially challenged.
Embracing IS/IT is a temptation (and deservedly so) as new application possibilities
are introduced at ever-increasing rates. However, simply dropping technology into
complex environments generally does not succeed. Numerous examples of unused
or under-used technology exist in the annals of healthcare. There is a wide range of
stakeholder considerations and sensitivities including an informed public with the
ability for comparison and contrast that warrants consideration.

This book artfully brings together a wide range of issues around a common
theme that is important to all of us—efficient yet quality healthcare—through appli-
cation of lean thinking. Recognizing that the “majority of medical errors are caused
by faulty systems, processes, and conditions that lead people to make mistakes or
prevent them” sets the stage for innovative interventions. Bringing quality concepts
having originated in manufacturing (e.g. six-sigma) is novel. However, even though
the principles may be OK, people are different and transformation requires a fair
amount of interpretation, at least in practice. Machines don’t complain and, for bet-
ter or worse, tend to consistently produce the same output. Such is not the case in
healthcare where circumstances resist being mechanized.

However, embracing a “sociotechnical” approach presents a solution strategy
and operational way forward that bridges technological capabilities with sensitivity
to human practice. The sociotechnical approach has a long history of application in
complex circumstances. Fundamentally, the approach centres around people and
embraces their knowledge and wisdom as well as their desires to make effective use
of technology, often in ways unimagined by its creators. Aspects of process and
social value are integral to productive application. The issues are many and varied.
Under these circumstances, lean thinking need not be devoid of human sensitivity
and quality can emerge in an efficient and caring fashion.

The parts and chapters in this book navigate and map this space in a comprehen-
sive fashion that provides much for many. The first part on key concepts, tools, and
techniques provides a solid background for the second part emphasizing applications
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of lean thinking around the healthcare world. This is followed by the third part
which deals with macro issues and the fourth part dealing with micro issues.
Culminating with case studies in Part V effectively brings things to a close. Overall,
this is a book of interest to a broad readership crossing multiple disciplines and
areas of practice. I expect it to be well read.

City University, Hong Kong Douglas R. Vogel



Preface

At a very fundamental level quality of care is about meeting the physical, psycho-
logical, and social expectations of patients who search for care. The American
Institute of Medicine (IOM) refers to quality of care as “the degree to which health
services for individuals and populations increase the likelihood of desired health
outcome consistent with current professional knowledge” (Kumpersmith 2003).
The term “health service for the individuals” in the definition is a reference to ser-
vice quality as well as the link between service quality and patients, i.e. customers.
This link is further strengthened in this definition with the application of profes-
sional knowledge. In fact the link between quality and customers has been estab-
lished in the healthcare industry as early as 1910. In 1910, the American surgeon,
Ernest Codman, developed the concept of “end result idea” in hospitals. The con-
cept requires the following: “Every hospital should follow every patient it treats
long enough to determine whether the treatment has been successful, and then to
inquire ‘if not, why not’ with a view to preventing similar failure in the future”
(NCBI 2005). While initially this may not have been embraced readily (Who_
Named_It 2005), today, Dr. Codman is remembered as a guru for quality of care and
The Ernest A. Codman Award was created in 1996 to showcase the effective use of
performance measures and to encourage the quality of care. Ironically, in this same
year, the Advisory Commission on Consumer Protection and Quality in the Heath
Care Industry was established. The Commissions notes the following quality prob-
lems in hospitals (Advisory_Commission 1998):

1. Avoidable error: the report points out that too many Americans are injured and
died prematurely as a result of avoidable errors. The report claims that “from
1983 to 1993 alone, deaths due to medical errors rose more than twofold, with
7,391 deaths attributed to medication errors in 1993 alone”.

2. Underutilization of services: the report claims that millions of people do not
receive necessary care. It estimated that about 18,000 people die each year from
heart attacks because they did not receive effective interventions.

ix
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3. Overuse of services: the claim was that millions of Americans receive healthcare
services that are unnecessary.

4. Variation in services: there is a continuing pattern of variation in healthcare ser-
vices, including regional variations and small-area variations.

More recently, in 2000, IOM released its landmark report, entitled “To Err is
Human: Building a Safer Health System” (Kohn et al. 2000). This report con-
centrates on errors within the American healthcare systems and concludes that
majority of medical errors are caused by faulty systems, processes, and condi-
tions that lead people to make mistakes or fail to prevent them. Moreover, the
report stresses that “when an error occurs, blaming an individual does little to
make the system safer and prevent someone else from committing the same
error (ibid)”.

About 15 months after releasing its landmark report on medical errors, the
IOM released its second report, titled “Crossing the Quality Chasm: A New
Health System for the 21st Century” (IOM 2001). This second report empha-
sizes a gap or “chasm” between the quality of care for the existing health system
and the expected quality of health that should be delivered and set forth a vision
for transforming quality of the health system. In consistency with the findings
of the Advisory Commission (Advisory_Commission 1998), the IOM report
calls for improvements in six dimensions of healthcare performance: safety,
effectiveness, patient-centeredness, timeliness, efficiency, and equity (Table 1).
It asserts that “those improvements cannot be achieved within the constraints of
the existing system of care” (Berwick 2002). In response to this challenge, the
Institute of Medicine (IOM) and the National Academy of Engineering (NAE),
released a third report, titled “Building a Better Delivery System: A New
Engineering/Health Care Partnership” (Reid et al. 2005). In an attempt “to
bridge the knowledge/awareness divide separating healthcare professionals
from their potential partners in systems engineering and related disciplines”, the
NAE/IOM study identifies system engineering applications that could contrib-
ute significantly to improvements in healthcare delivery and emphasizes that
tools transforming the quality and productivity performance of other large-scale
complex systems could also be used to improve healthcare delivery. The report
highlights the role of information and recognizes the importance of human fac-
tors techniques and the significance of adapting Toyota Production System
(TPS) concepts to healthcare performance. The TPS is a collection of ideas,
techniques, and procedures developed by Toyota mainly afterWorld War II. The
focus of TPS is to produce cars that satisfy customers and fits their require-
ments. The principles are producing cars with best quality at the lowest costs
and with shortest lead time through systematic elimination of waste and improv-
ing performance.

Given this growing importance placed on quality and value creation for health-
care delivery, coupled with the plethora of technology solutions now being devel-
oped that facilitate (or at least claim to facilitate) better healthcare delivery, we
believed it was timely to examine the issue of lean thinking for healthcare together
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Table 1 Six quality aims for the twenty-first-century healthcare system proposed by IOM (2001)

e Safe—avoiding injuries to patients from the care that is intended to help them

*  Effective—providing services based on scientific knowledge to all who could benefit and
refraining from providing services to those not likely to benefit (avoiding underuse and
overuse, respectively)

e Patient-centred—providing care that is respectful of and responsive to individual patient
preferences, needs, and values and ensuring that patient values guide all clinical decisions

e Timely—reducing waits and sometimes harmful delays for both those who receive and those
who give care

e Efficient—avoiding waste, including waste of equipment, supplies, ideas, and energy

e Equitable—providing care that does not vary in quality because of personal characteristics
such as gender, ethnicity, geographic location, and socioeconomic status

Source: IOM (2001), pp. 5-6

with related and complementary concepts such as six sigma, kaizen, and constraint
management. Hence, together with our colleagues around the world, we set about
creating this magnum opus that serves to explore and present in one volume critical
issues relating to lean thinking and its application in a variety of healthcare contexts
in order to facilitate and enable superior healthcare delivery to ensue.

Introduction to Lean Thinking

During 1980s, Professors Womack and Jones of Massachusetts Institute of Technology
(MIT) conducted a 5-year project for studying TPS and publish their book, entitled
“The Machines that Changed the World” in 1990 and they coined the term “lean pro-
duction” as synonymous to the TPS (Womack et al. 1990). The term “lean” is used
because the lean production uses less of everything compared to other production sys-
tems. Since its introduction, the concept of lean production has changed considerably
(Joosten et al. 2009). It is diffused from car industry to other manufacturing industry
and then to service industry (Hines et al. 2004). Originally, the application of lean at
Toyota was a process-oriented concept. Currently, lean extends beyond the original
Toyota operational shop floor concept to include “respect-for-human system’ aspects
besides the technical aspects of the system under study (Joosten et al. 2009; Sugimori
et al. 1977). In other words, application of lean requires looking to the system as
“sociotechnical” system in which human factor engineering and technology plays the
central role. Womack and Jones (1996b, 2003) enhance further the “sociotechnical”
aspect of lean production through introducing five principles within which the cus-
tomer value and waste reduction are the cores of the lean system (Joosten et al. 2009;
Womack and Jones 2003). Womack and Jones coin their principles with the term “lean
thinking” with emphasize to applicability of lean thinking to service industry including
healthcare services. Table 2 describes the five principles of lean thinking.

By definition, customer value is a reference to activities which from the view-
point of the customer add value and the customer is ready to pay for (Womack and
Jones 1996a). Accordingly, activities of a process or system can be divided into two
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Table 2 The five principles of lean thinking (adapted from Inozu et al. 2012; Black 1984)

No.  Principle Meaning

1 Value Value is any activity, step, or event that improves the customer experi-
ence (Powell et al. 2009). This principle requires specifying the
values the customer actually wants in order to provide them

2 Value stream  Value stream—steaming a process means mapping (dividing) activities
within the process. It may require dividing each activity to its
sub-activities or steps and so on. Value stream means that the
activities of a process should provide value. This requires streaming
the process into activities and then sub-activities/steps and identifying
those steps that add no value from the customer perspective (i.e.
waste) with the aim to eliminate them

3 Flow The principle requires smoothing the flow of work, material, and
information. It may require redesigning the process to create continual
flow and eliminate bottlenecks

4 Pull Align the supply of services or product with customer demand. Services
or goods are only provided upstream when the customer downstream
requests for them (Powell et al. 2009). It also means that all work,
material, and information should be pulled to perform tasks when
needed (Jones and Mitchell 2006)

5 Perfection This principle requires continual improvement such that each improve-
ment in the process creates a platform for the next one (Jones and
Mitchell 2006)

main types of activities; value adding activities and non-value adding activities.
Value adding activities contribute directly to the production of products or services
while non-value adding activities do not make such contribution and, accordingly,
can be considered as waste that should be considered for possible reduction or elim-
ination. Waste is anything other than the minimum amount of equipment, effort,
material, parts, space, and time, which are absolutely essential to add value to the
product [or service] (Cho and Makise 1980; Russell and Taylor 1999). There are
two kinds of non-value adding activities; activities add no value but are necessary
such as transportation and those activities that can be avoided and can be considered
as complete waste (Monden 1993). Lean thinking attempts to eliminate or reduce
waste by eliminating unnecessary non-value adding activities and reducing as much
as possible the necessary non-value adding activities. Literature specifies seven ele-
ments of waste (Ohno 1988). Table 3 provides description of the seven types of
waste with examples from healthcare services (Table 3).

The aim of lean thinking is to provide what the customer wants, quickly, effi-
ciently, and with little waste (Jones and Mitchell 2006; Young et al. 2004). It aims
to substantially smooth the flow and drastically reduce waste and process variations
(Womack et al. 1990; Taj and Berro 2006; Reichhart 2007). From the customer’s
value perspective, waste is defined as the activity or activities that a customer would
not want to pay for, and that do not add value to the product or service from the
customer’s perspective (Shinohara 2006). Once waste has been identified in the cur-
rent or existing state, a plan is formulated to eliminate this to attain a desired future
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state in as effective and efficient a manner as possible. Lean Thinking provides the
following benefits (Jones and Mitchell 2006): improved quality and safety, improved
delivery, improved throughput—the same resources with higher efficiency, and
accelerating momentum—A stable working environment with clear, standardized
procedures creates the foundations for constant improvement.

Lean thinking comprises a set of approaches and techniques utilized to efficiently
reduce waste in a way that achieves the five principles of lean thinking. Some of
these approaches are old and developed during the second and third decades of
twenty-first century such as method study and work measurement (Barnes 1980)
while other approaches are recently developed such as Just-in-time (Womack et al.
1990) and process reengineering (Hammer 1990). The list of approaches and tech-
niques is growing with the time. The main question that first needs to be answered
is which technique(s) is (are) most suitable to achieve the aim of lean thinking for
specific situation under study. However, lean thinking differs from other traditional
approaches in that:

1. It looks to the entire process rather than specific activity of it. Improving an
activity without addressing the whole process may not improve efficiency at all
(Jones and Mitchell 2006).

2. It aims to achieve the five principles of lean thinking.

In order to achieve lean principles, the commitment to create lean thinking cul-
ture should start at the very top management of the organization (Miller 2005),
keeping in mind that Lean “has to be locally led and be part of the organisational
strategy” (Jones and Mitchell 2006). From operational side, there is a need to inte-
grate more than one approach to achieve the requirements for lean thinking. The set
of approaches may differ from one process to another. In addition, many approaches
may require adaptation in order to be integrated with other approaches.

Lean Thinking for Healthcare Services

The literature emphasizes the applicability of lean thinking to healthcare services
(Balle and Regnier 2007; Jones and Mitchell 2006; Young et al. 2004). Although
some healthcare professionals may argue that lean thinking is more suitable to man-
ufacturing and does not translate well to healthcare services; Bowen and Youngdahl
(1998) show how it does apply to healthcare by providing theory, case studies, and
context for lean applications. Flinders Medical Centre, a medium-sized public sec-
tor teaching hospital in Adelaide, South Australia, has, for some time, been imple-
menting lean strategies (King et al. 2006) and has been able to operate below its
budgeted costs (Jones and Mitchell 2006). Lean thinking has also been advocated in
the healthcare setting of the USA through the use of the Six Sigma methodology,
which in many ways resembles lean production techniques (Dahlgaard and
Dahlgaard 2006; Tolga Taner et al. 2007; Young et al. 2004). Other related literature
also reveals that the implementation of lean thinking brings benefit to healthcare
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Fig. 1 Lean principles and
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(DeKoning et al. 2006; Jimmerson et al. 2005; Young and McClean 2008; Ahluwalia
and Offredy 2005). It has been emphasized that lean thinking provides the following
benefits (Jones and Mitchell 2006):

1. Improved quality and safety—fewer mistakes, accidents and errors, will result
and better quality goods and services will be produced.

2. Improved delivery—the work gets done faster.

3. Improved throughput—the same people, using the same equipment, find they are
capable of achieving much more results.

4. Accelerating momentum—a stable working environment with clear, standard-
ized procedures creates the foundations for constant improvement.

The customers for healthcare services are mainly patients but also include soci-
ety, government, or even the legislations. The quality aims proposed by IOM (2001)
comprises the main values required by the customers. Any activity or step that con-
tradicts, prevents, or shifts attention from any of these aims is considered as non-
value adding activity and should be targeted for elimination as required by value
stream principle. Perfection should be targeted to achieve all the quality aims. Lean
principles “flow” and “pull” deal with the healthcare quality aims “timely” and
“efficient”. All lean principles are patient-centred (Fig. 1).

Challenges Faced by Lean Thinking

Like any other improvement philosophies or approaches, lean thinking faces a range of
criticisms both from philosophical and practical perspectives (Hines et al. 2004; Powell
et al. 2009). Powell et al. (2009) list 13 particular challenges in applying lean thinking
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in healthcare settings as identified by various authors. Most of these challenges are
similar to these challenges that have been facing manufacturing organizations before
or during the application of lean thinking. Having complex patient pathways in health-
care services is a factor that may contribute to the importance of applying lean thinking
rather than the opposite. Powell et al. (2009) state in their list that Just-in-time requires
demand prediction. This is not a true statement. The pull strategy of Just-in-time is
particularly designed to deal with real demand rather than predictions or forecasts
(Simchi-Levi et al. 2008). Nevertheless, the study of the NHS Institute for Innovation
and Improvement stresses demand on healthcare is mostly predictable with a range
(Westwood et al. 2007). The study emphasizes that it is the way the process is designed
and operated that causes any instability that is important to note.

Falling to understand the real challenges is one of the main reasons that limit the
application of lean thinking in healthcare services and in particular in areas such as
operating rooms or in dealing with the actual work of medical professionals.
Understanding these challenges allows us to adapt lean thinking to suit the health-
care settings. We should first look to the main differences between healthcare and
manufacturing settings. These differences are summarized below.

Differences Between Healthcare and Manufacturing Settings

Hospital and manufacturing production systems vary in a number of dimensions.
There are several reasons for the notion that the concept of lean thinking should be
adapted to fit the hospital system (Woodward-Hagg et al. 2007). Gong (2009) con-
siders the work of Al-Hakim (2006) and lists major areas of differences between
manufacturing and healthcare settings. The differences include human involvement,
level of product uniformity, cycle time, waiting time, object behaviour, ease of per-
formance measurement, and process effectiveness.

Advanced machinery could be designed and then skilled labour involvement
could be minimized in a manufacturing setting; whereas, in healthcare, involvement
of skilled professionals is necessary. In manufacturing, performance of workers in
the production process is easier to measure. In contrast, performance of profession-
als in the process is not easily measurable. Again, this is because healthcare profes-
sionals differ in skills and expertise, and it is hard to measure their effectiveness in
dealing with various complexities during operation processes. Also, products have
defined characteristics in manufacturing; however, in healthcare, since the level of
complexity and variability of activities is high, it is not always possible to predict
the degree of the success of surgery.

In addition, while products are uniform in manufacturing, every patient may
require a different service in healthcare. Even health problems that appear to be
similar could require a unique treatment. As a result, the designed process needs to
be modified to fit the circumstances of each particular patient. Also, unlike manu-
facturing products which have defined characteristics, patients’ behaviour is not
predictable and could vary substantially.
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Table 4 Summary of differences between the manufacturing and healthcare services settings

(Gong 2009)

Organization type

Differences

Lean thinking in manufacturing

Lean thinking in healthcare

Human involvement

Ease of performance
measurement

Process effectiveness

Product uniformity

Object behaviour

Cycle time

Automation is a major role to
reduce human involvement;
it reduces the need for high
skill and knowledge

Performance of workers in the
production process is easy
to measure

Process outcome is predictable

Machine produces identical
products

Products have defined
characteristics

Cycle time of the production
could be precise and

Skill, knowledge, and experience of
professionals play major role

Performance of professionals in the
process is not easily measurable

It is hard to predict the degree of the
success of healthcare service

It is difficult to perform a medical
operation (say surgery) that will
have exactly same output. In
addition, every patient requires
different service

Patients’ behaviour is not predictable
and could vary

Healthcare service cycle time could
vary and is difficult to determine

determined in advance prior to the service

In healthcare environment,
monitoring and testing are
essential

Healthcare activities are

information-based activities

Non-added value
activity time

All types of inspection are waste
and should be reduced or
eliminated

Information flow Mainly depends on process flow

Further, production cycle time could be precise in a production setting, but it is
not possible to fix an operation time in healthcare as each service might be unique.
Also, zero waiting time could be targeted in a manufacturing environment; whereas
waiting time is not always a waste in healthcare. Sometimes it can even be consid-
ered as a value-added activity. If an operating theatre of the hospital is taken as an
example, an anaesthetist does the job mainly at the beginning of the operation,
while the other surgical team is involved in monitoring activities. In contrast, in a
production line of manufacturing, if a worker is waiting or monitoring a process, it
is considered as a waste that should be eliminated to improve efficiency (see Table 4
for summary of differences).

Considering that modern lean thinking deals with human factor aspects, most of
the main listed differences can be managed including human involvement, perfor-
mance measurement, and object behaviour. Similar to any service process, informa-
tion flow plays major role besides human (employees) involvement (Evans and
Lindsay 2008). Several important differences missed from the list of Gong (2009),
among them are that the patient (customer) is directly involved in the healthcare
services and the healthcare services are consumed and produced simultaneously
(Evans and Lindsay 2008). Another important difference missed from Gong’s list is
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that the defect as a waste could result adverse event that is very costly and cannot
be rectified. Performing surgery in the wrong side (removing the wrong breast or
cutting wrong leg) cannot be rectified by performing corrective action or repeating
the wrong activity. Defect even can be vital and may lead to death. This is not the
case in manufacturing or other service settings. It is the value principle, particularly
safety factor, forms the main difference between healthcare and other settings. From
lean thinking perspective, value should be specified by customers. Value stream
should stream activities of the process throughout the patient journey within the
processes in order to identify non-value adding activities and eliminate or reduce
them. The quality aims provided by IOM (2001) specifies these values as shown in
Table 2. The first aim, i.e. safe, is specifically critical value from customer perspec-
tive. The safe principle may require changes in the definition of waste, in some
circumstances may be different from waste as defined for the purpose of applying
lean thinking settings other than healthcare service. For instance, monitoring may
be considered as waste from manufacturing perspective while it could be extremely
important in certain healthcare services such as monitoring patients inside intensive
care units. The position of the scrub table inside operating room is another example.
From manufacturing perspective, having scrub table near the door of the operating
room may have logistical advantage as there is wide range of circumstances in
which there are needs to bring sterilized materials or instruments from outside oper-
ating rooms to the table during surgery. Opening or closing OF doors may generate
airborne contamination. In addition, having scrub table near the door increases the
movements around the table and subsequently increases airborne contamination.
What could be considered as logistical waste from manufacturing perspective may
create value from healthcare perspective. This fundamental difference requires us to
look to value stream from customer value as specified by IOM (2001) and not by the
traditional perspective adopted for other settings. According to the NHS study
(Westwood et al. 2007), identifying the value stream means identifying the compo-
nents of the patient journey which add value to their care. This can be done through
process mapping. Most current process mapping methodologies deal with work
flow and from which the information flow can be identified. These methodologies
are suitable for manufacturing as well as the majority of service settings. Healthcare
service is an information-based service (McLaughlin 1996). Accordingly, informa-
tion flow plays a major role in healthcare services. This fact creates another major
difference with other setting where the work flow plays a major role. This funda-
mental difference leads us to search for methodology that first maps information
flow in order to identify the components of the process rather than the opposite.
Lillrank (2003) suggests that the primary problem in healthcare services is not the
quality of the actual implementation of the process, such as surgery, but the quality
of information that controls the process. The recognition of data and information
quality becomes a key area of both strategic and operations management in the
healthcare industry (Lorence and Jameson 2002). This adds another difference in
that the information quality and the quality of information flow play more superior
role than in manufacturing settings where machines, automation, and quality of
work flow are more important. Table 5 shows the main additional difference between
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Table 5 Additional difference between manufacturing and healthcare settings that requires

adaptation or more attention

Lean thinking

principle Issue Manufacturing settings Healthcare settings

Customer value Customer Customers are not involved Customers are directly
involvement in manufacturing the involved in producing the

Waste: defect

Waste: definition

Value stream Consumption

Basis of the
processes

Quality

Process mapping

Flow Priority

product

Defect in manufacturing is
rectifiable. It may
require repletion of the
process

Waste is any activity or
activities that a
customer would not
want to pay for, and that
do not add value to the
product or service from
the customer’s
perspective

Products are produced and
consumed at a later
stage

Work-based process

The primary quality
problem in manufactur-
ing settings is the
quality of the final
product

Requiring methodology
that first maps the
components of work
flow

Priority is given to work
flow

services

Defects could result adverse
event that is very costly
and cannot be rectified

Similar definition. However,
the activities which may
be considered waste in
manufacturing setting
may not be considered
waste from healthcare
perspective

Products are produced and
consumed
simultaneously

Information-based process

The primary problem in
healthcare services is not
the quality of the actual
implementation of the
process but the quality of
information that controls
the process (Lillrank
2003)

Requiring methodology that
first maps the information
flow in order to identify
the components that add
value

Priority is given to informa-
tion flow

healthcare and manufacturing settings that needs further attention and more adapta-
tion from lean thinking perspective.

Applications of Lean Thinking in Healthcare Services

As the proceeding has hopefully highlighted the area of lean for healthcare is both
broad and rich. Given the importance for healthcare delivery today to grapple with
challenges such as escalating costs, demands for high-quality care, ageing
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populations, increase in chronic diseases such as diabetes as well as the increase in
technology, it becomes more essential than ever before for healthcare organizations
to embrace the principles of lean and adopt many of the related tools, techniques,
and practices to effect superior healthcare delivery. The following pages serve to
guide the reader through the complex and rich world of lean thinking for health-
care. We do this by first introducing key principles, concepts, techniques, and tech-
nologies in Part I. Then in Part II we present the reader with a miscellany of
applications taken from various healthcare contexts throughout the world which
serve to highlight either the benefits of applying lean thinking and/or how lean
thinking principles may have facilitated a better and more successful result. Parts
IIT and IV, respectively, serve to illustrate macro-level and micro-level consider-
ations with regard to the application of lean thinking in healthcare contexts and
finally Part V provides case studies that demonstrate the benefits of simulation in
various emergency departments in order to illustrate how lean thinking can actually
facilitate current state operations, streamline workflow, and enable heightened
healthcare value to be realized.

The world of lean thinking for healthcare is still at its infancy. It is a very broad
and rich world and thus it is not possible to fill the pages of one book with all pos-
sible scenarios and contexts. However, we hope this book will provide our readers
be they academics or practitioners, graduate students or members of the general
public all with one common desire to understand how to create and support superior
healthcare delivery by applying lean thinking for healthcare, a road map to illumi-
nation and thereby the getting of better healthcare delivery for us all.

Melbourne, VIC, Australia Nilmini Wickramasinghe
Toowoomba, QLD, Australia Latif Al-Hakim
Chicago, IL, USA Chris Gonzalez
Hamilton, ON, Canada Joseph Tan
References

Advisory_Commission. (1998). Advisory Commission’s final report.

Ahluwalia, S., & Offredy, M. (2005). A qualitative study of the impact of the implementation of
advanced access in primary healthcare on the working lives of general practice staff. BMC
Family Practice, 6, 39.

Al-Hakim, L. (2006). Web-based hospital information system for managing operating theatre
waiting list. International Journal of Healthcare Technology and Management, 7, 266—682.
Balle, M. & Regnier, A. (2007). Lean as a learning system in a hospital ward. Leadership in Health

Service 20(1), 33-41.

Barnes, R. M. (1980). Motion and time study design and measurement of work. New York: Wiley.

Berwick, D. M. (2002). A user’s manual for the IOM’s ‘Quality Chasm’ report. Health Affairs, 21, 80.

Black, J. (1984). The Toyota Way to Healthcare excellence. AHE Managmeent Series. Chicago:
Health administration Press.

Bowen, D. E. & Youngdahl, W. E. 1998. Lean service: In defense of a production-line approach.
International Journal of Service Industry Management, 9, 207-225.



Preface XXI1

Cho, F., & Makise, K. (1980). Toyota kanban, the ultimate in efficiency and effectiveness. New
York: American Production and Inventory Control Society.

Dahlgaard, J. J., & Dahlgaard, S. M. (2006). Lean production, six sigma quality, TQM and com-
pany culture—A critical review. The TOM Magazine, 18, 263-281.

DeKoning, H., Verver, J., Heuvel, J., Bisgaard, S., & Does, R. (2006). Lean six sigma in health-
care. Journal for Healthcare Quality, 28, 4—11.

Evans, J. R. & Lindsay, W. M. 2008. Managing for Quality and Performance Excellence, Cincinati,
Ohio, South-Western, Thomson Learning.

Gong, X. Y. (2009). Identifying and minimising preventable dealy within the operating theatre
management process. MBA, The University of Southern Queensland.

Hammer, M. (1990). Reengineering work: Don’t automate, obliterate. Harvard Business Review,
68, 104-112.

Hines, P, Holweg, M., & Rich, N. (2004). Learning to evolve: A review of contemporary lean
thinking. International Journal of Operations & Production Management, 24, 994—1011.

IOM. (2001). Crossing the quality chasm: A new health system for the 21st century. Washington,
DC: Institute of Medicine, National Academy Press.

Inozu, B., Chauncey, D., Kamataris, V., & Mount, C. (2012). Performance improvement for
healthcare. Chicago: McGrawHill.

Jimmerson, C., Weber, D., & Sobek, D. K. (2005). Reducing waste and errors: Piloting lean prin-
ciples at IHC. Joint Commission Journal on Quality and Safety, 31, 249-257.

Jones, D., & Mitchell, A. (2006). Lean thinking for the NHS. London: National Health Service
(NHS) Confederation Report, UK.

Joosten, T., Bongers, 1., & Janssen, R. (2009). Application of lean thinking to health care: Issues
and observations. International Journal for Quality in health care, 21, 1-7.

King, D. L., Ben-Tovim, D. 1., & Bassham, J. (2006). Redesigning emergency department patient
flows: Application of lean thinking to health care. Emergency Medicine Australasia, 18, 391-397.

Kohn, L. T., Corrigan, J. M., & Donaldson, M. S. (2000). To err is human: Building a safer health
system. A report of the Committee on Quality of Health Care in America, Institute of Medicine.
Washington, DC: National Academy Press.

Kumpersmith, J. (2003). Quality of care in teaching hospitals: Executive summary. Association of
American Medical Colleges. Retrieved December 2011, from http://www.aamc.org/quality/
surveys/start.htm

Lillrank, P. (2003). The quality of information. International Journal of Quality and Reliability
Management, 20, 691-703.

Lorence, D. P., & Jameson, R. (2002). Adoption of information quality management practices in
US healthcare organisations: A national assessment. International Journal of Quality &
Reliability Management, 19, 737-756.

McLaughlin, C. P. (1996). Why variation reduction is not everything: A new paradigm for service
operations. International Journal of Service Industry Management, 7, 17-30.

Miller, D. (2005). Going lean in health care. Cambridge, MA: Institute for Healthcare Improvement.

Monden, Y. (1993). Toyota production system: An introduction to just-in-time. Norcross, GA:
Industrial Engineering and Management Press.

National Centre for Biotechnology Information (2005). Ernest Codman’s contribution to quality
assessment and beyond. Accessed December 2012, from http://www.ncbi.nlm.nih.gov

Ohno, T. (1988). Toyota production system: Beyond large-scale production. New York: Productivity
Press.

Powell, A., Rushmer, R., & Davies, H. (2009). Effective quality improvement: Lean. British
Journal of Healthcare Management, 15, 270-275.

Reichhart, A. (2007). Lean distribution: Concepts, contributions, conflicts. International Journal
of Production Research, 45, 3699-3722.

Reid, P. P., Compton, W. D., Grossman, J. H., & Fanjiang, G. (2005). Building a better delivery
system: A new engineering/health care partnership. Washington, DC: National Academy Press.

Russell, R. S., & Taylor, B. W. (1999). Operations management. Upper Saddle, NJ: Prentice-Hall.


http://www.aamc.org/quality/surveys/start.htm
http://www.aamc.org/quality/surveys/start.htm
www.ncbi.nlm.nih.gov

XXii Preface

Shinohara, M. (2006). European and Japanese logistics paradigms: An explorative and compara-
tive study of the dynamics of logistics management. Thesis, Erasmus University, Rotterdam.

Simchi-Levi, D., Kaminisky, P. & Simchi-Levi, E. 2008. Designing and Managing the Supply
Chain: Concepts, Strategies and Case Studies, Buston McGraw-Hill.

Sugimori, Y., Kusunoki, K., & Cho, F. (1977). Toyota production system and kanban system mate-
rialization of just-in-time and respect-f-human system. International Journal of Production
Research, 15, 553-564.

Taj, S., & Berro, L. (2006). Application of constrained management and lean manufacturing in
developing best practices for productivity improvement in an auto-assembly plant. International
Journal of Productivity and Performance Management, 55, 332.

Tolga Taner, M., Sezen, B., & Antony, J. (2007). An overview of Six Sigma applications in health-
care industry. International Journal of Health Care Quality Assurance, 20, 329-340.

Westwood, N., James-Moor, M., & Cooke, M. (2007). Going lean in the NHS. Warwick, UK:
Institute for Innovation and Improvement, NHS.

Who_Named_It. (2005). Ernest Armory Codman. Retrieved November, 15 2005, from http://
www.whonamedit.com/doctor.cfm/2558.html

Womack, J. P.,, & Jones, D. T. (1996a). Beyond Toyota: How to root out waste and pursue perfec-
tion. Harvard Business Review, 74, 140-172.

Womack, J. P.,, & Jones, D. T. (1996b). Lean thinking. New York: Simon & Schuster.

Womack, J. P, & Jones, D. T. (2003). Lean thinking: Banish waste and create wealth in your cor-
poration. New York: Free Press.

Womack, J. P, Jones, D. T., & Roos, D. (1990). The machine that changed the world. New York:
Rawson Associates.

Woodward-Hagg, H., Suskovich, D., Workman-Germann, J., Scachitti, S., Hudson, B., Swartz, J.,
& Vanni, C. (2007). Aaptation of lean methodologies for healthcare applications. Retrieved
from http://docs.lib.purdue.edu/cgi/viewcontent.cgi?article=1035&context=rche_rp

Young, T., Brailsford, S., Connell, C., Davies, R., Harper, P., & Klein, J. H. (2004). Using indus-
trial processes to improve patient care [Online]. Retrieved from http://www.bmj.com/cgi/
content/extract/328/7437/463

Young, T. P, & Mcclean, S. I. (2008). A critical look at Lean Thinking in healthcare. British
Medical Journal, 17, 382.


http://www.whonamedit.com/doctor.cfm/2558.html
http://www.whonamedit.com/doctor.cfm/2558.html
http://docs.lib.purdue.edu/cgi/viewcontent.cgi?article=1035&context=rche_rp
http://www.bmj.com/cgi/content/extract/328/7437/463
http://www.bmj.com/cgi/content/extract/328/7437/463

Acknowledgements

This book would not have been possible without the cooperation and assistance of
numerous people: the contributors, reviewers, our respective institutions, our col-
leagues, students, families, friends and the staff at Springer. In today’s networked
environment when we are not co-located but distributed across various continents
and continually meeting the challenges of the respective local demands on our time,
we are especially appreciative to all the contributors and reviewers for not only your
timely responses but also the high quality of your submissions and feedback. Finally,
we would especially like to thank the production staff at Springer, in particular
Khristine Queja, for all their efforts in helping us to make this book possible.

XXiii






Contents

PartI Key Concepts, Tools and Techniques

1 Lean Principles for Healthcare.................ccooccooniiniiiniiiiiieeeee, 3
Nilmini Wickramasinghe

2 Artificial Neural Network Excellence to Facilitate Lean Thinking
Adoption in Healthcare Contexts ..............ccoceeviiiviiniieinienienieeeeee, 13
Fatemeh Hoda Moghimi and Nilmini Wickramasinghe

3 The Suitability of Artificial Neural Networks
in Service Quality Control and Forecasting .................cc.ccocoevvneennnnne. 29
Mohammad Rezazadeh Niavarani and Nilmini Wickramasinghe

4 The Application of Lean in the Healthcare Sector:
Theory and Practical Examples..............cccccoovieiiiniiiniiniiiieieeeee, 43
Nathan Houchens and Christopher S. Kim

5 Business Value of IT in Healthcare....................coooooviiiiiiiiieiein, 55
Peter Haddad, Mark Gregory, and Nilmini Wickramasinghe

6 Initiatives of Service-Oriented Architecture Towards
Performance Improvement in Healthcare........................ccoooeniinnn. 83
Fatemeh Hoda Moghimi and Nilmini Wickramasinghe

7 Adapted Lean Thinking for Emergency Departments:
Information Quality Perspective .............cccoooviriiiniiiniiniiieceeeee, 97
Latif Al-Hakim

Part II Applications of Lean Thinking Around the Healthcare World
8 Adapted Lean Thinking for Healthcare Services:

An Empirical Study in the Traditional Chinese Hospital ................... 115
Ying Su, Jeffrey Soar, Ningqgiao Shen, and Latif Al-Hakim

XXV



XXVi

10

11

12

13

14

15

Contents

Lean Thinking in Dementia Care Through Smart
Assistive Technology: An Evaluation .................ccoocooiiiiiiininniinneen, 143
Trudy Yuginovich and Jeffrey Soar

A Delphi Study on Developing a Conceptual Framework

to Understand the Perception of Iranian Physicians

Towards Electronic Health Records................c.ccooooiiiniinnnnnne 169
Seyed Mohammad Seyedi Alavi and Khin Than Win

Trying to Streamline Healthcare Delivery in Australia via
the Personally Controlled Electronic Health Record (PCEHR).......... 187
Imran Muhammad, Say Yen Teoh, and Nilmini Wickramasinghe

Identifying Critical Issues for Developing Successful
e-Health Solutions ...................coooeeiiiiiiiiiccc e 207
Manuel Zwicker, Juergen Seitz, and Nilmini Wickramasinghe

Applying the Principles of KM to Effect Streamlined
Healthcare Operations: A Malaysian Case Study ...............cccceeneenen. 225
Sou Wei Wong and Nilmini Wickramasinghe

Remaking Rosa Medical Center: A 5-Step Approach
to Transitioning with Lean.................ccoccoeiiiiiiiiniiniiiceee, 239
Mohamed Abouzahra and Joseph Tan

Lean Thinking and Customer Focus:
Patient Centered Perspectives on Hospital Quality ............................. 265
Anke Simon and Nilmini Wickramasinghe

Part III Macro Issues

16

17

18

19

Applying a System of Systems Approach to Healthcare ..................... 287
Suresh Chalasani and Nilmini Wickramasinghe

The Role for a Healthcare System of Systems Approach Coupled

with Collaborative Technologies to Provide Superior

Healthcare Delivery ..........c.ccooiiriiiiiiiniieiieecee e 299
Nilmini Wickramasinghe, Suresh Chalasani, and Sridevi Koritala

The Role of a Disruptive Pervasive Technology Solution to Facilitate
Better Healthcare Delivery to Native American Patients.................... 315
Suresh Chalasni, Steve Goldberg, and Nilmini Wickramasinghe

Designing Enabling Regulatory Frameworks to Facilitate
the Diffusion of Wireless Technology Solutions in Healthcare ........... 331
Indrit Troshani, Steve Goldberg, and Nilmini Wickramasinghe



Contents

20

21

22

23

24

Improving Healthcare Service Quality and Patients’ Life
Quality Through Mobile Technologies: The Case of Diabetes

Self-Management.................ccoocvevieriirieniiiieie et

Sally Rao Hill, Indrit Troshani, Steve Goldberg,
and Nilmini Wickramasinghe

The Role of Online Social Networks in Consumer
Health Informatics: An Example of the Implicit Incorporation

of Lean Principles ...........ccooiiviiiiiiiiieieeeeeee e

Carolin Durst, Janine Viol, and Nilmini Wickramasinghe

Supporting Preventive Healthcare with Persuasive Services............

Andreas Hamper and Tino Miiller

Using Technology Solutions to Streamline Healthcare Processes
for Nursing: The Case of an Intelligent Operational Planning

Support Tool (IOPST) Solution ...............cccccoeeeevieiieniiieieieseeieees

Nilmini Wickramasinghe, Bridie Kent, Fatemeh Hoda Moghimi,
Malte Stien, Lemai Nguyen, Bernice Redley, Nyree Taylor,
and Mari Botti

Using an e-Health Strategy to Facilitate the Design

and Development of Effective Healthcare Processes ........................

Raphael Di Francesco and Nilmini Wickramasinghe

Part IV Micro Issues

25

26

27

Value Stream Mapping in Lean Healthcare:

A Brief Introduction and Application................cccoccovnviniiininnennnnn..

Michael S. Dohan, Ted Xenodemetropoulos, and Joseph Tan

Using Value Stream Mapping to Improve Processes

in a Urology Department.................cocoooiniiiiniiininiininicncecneceen

Chris Gonzalez, Kwok Hung Lau, and Nilmini Wickramasinghe

A Technology-Mediated Solution to Reduce

Healthcare Disparities ...............cocccooviiniiniiiniiiie e

Nilmini Wickramasinghe, Ray Arias, and Chris Gonzalez

Part V Case Studies

28

Process Models, Its Inefficiencies and Recommendations

of the Emergency Department of the Marienhospital.......................

Lara Henzler, Daniel Mengele, Tahnee Platz,
Kristina Riemann, and Janine Steffen

XXVii



XXViil Contents

29 Simulation Study: Clinical Center Esslingen—Process Analysis

in the Emergency Department................cccccoeoiiviiniiiniininienienieeeeee, 529
Corinna Klink, Daniel Denkert, Mario Vargheamidis, Nils Kern,
and Tobias Lorch

30 Emergency Department Katharinenhospital Stuttgart...................... 551

Melanie Bathelt, Sabrina Hamm, Ayse Cakmak, Stefanie Guder,
and Steffen Ebach

31 Business Process Modeling and Measuring Waiting Times
in a German ED: An Approach for Identifying Improvements ......... 603
Mirjam Bathelt, Emanuel Grabler, Jan Lipka, and Tobias Reutemann

EXTatuIil........oooooiiiiiiiiiie et e e e e e e eeanaes El



Contributors

Mohamed Abouzahra Degroote School of Business, McMaster University,
Hamilton, ON, Canada

Seyed Mohammad Seyedi Alavi School of Information Systems and Technology,
University of Wollongong, Wollongong, NSW, Australia

Latif Al-Hakim School of Management and Marketing, Faculty of Business,
University of Southern Queensland, Toowoomba, QLD, Australia

Ray Arias Arias Information Solutions LLC, Chicago, IL, USA
Melanie Bathelt University of Hohenheim, Stuttgart, Germany
Mirjam Bathelt University of Hohenheim, Stuttgart, Germany
Mari Botti Epworth Research Institute, Richmond, VIC, Australia
Ayse Cakmak University of Hohenheim, Stuttgart, Germany

Suresh Chalasani MIS Department, School of Business and Technology,
University of Wisconsin-Parkside, Kenosha, WI, USA

Daniel Denkert University of Hohenheim, Stuttgart, Germany

Raphael Di Francesco Epworth HealthCare & Department of BITL & HIRi,
RMIT University, Melbourne, VIC, Australia

Michael S. Dohan DeGroote School of Business, McMaster University, Hamilton,
ON, Canada

Faculty of Business Administration, Lakehead University, Thunder Bay, ON, Canada

Carolin Durst Institute of Information Systems, University Erlangen-Niirnberg,
Niirnberg, Germany

Steffen Ebach University of Hohenheim, Stuttgart, Germany
Katharinen hospital, Stuttgart, Germany

XXiX



XXX Contributors

Steve Goldberg INET International Canada, Thornhill, ON, Canada
Chris Gonzalez North Western Memorial Hospital, Chicago, IL, USA
Emanuel Grabler University of Hohenheim, Stuttgart, Germany

Mark Gregory School of Electrical and Computer Engineering, RMIT University,
Melbourne, VIC, Australia

Stefanie Guder University of Hohenheim, Stuttgart, Germany

Peter Haddad School of Business IT and Logistics, RMIT University, Melbourne,
VIC, Australia

Sabrina Hamm University of Hohenheim, Stuttgart, Germany

Andreas Hamper Institute of Information Systems, University Erlangen-Niirnberg,
Niirnberg, Germany

Lara Henzler University of Hohenheim, Stuttgart, Germany
Sally Rao Hill University of Adelaide Business School, Adelaide, SA, Australia

Nathan Houchens Department of Internal Medicine, University of Michigan,
Ann Arbor, MI, USA

Bridie Kent Epworth Research Institute, Richmond, VIC, Australia
Nils Kern University of Hohenheim, Stuttgart, Germany

Christopher S. Kim Department of Internal Medicine, University of Michigan,
Ann Arbor, MI, USA

Corinna Klink University of Hohenheim, Stuttgart, Germany
Sridevi Koritala Lakeshore Medical Clinic, Saint Francis, WI, USA

Kwok Hung Lau School of Business IT and Logistics, RMIT University,
Melbourne, VIC, Australia

Jan Lipka University of Hohenheim, Stuttgart, Germany
Tobias Lorch University of Hohenheim, Stuttgart, Germany
Daniel Mengele University of Hohenheim, Stuttgart, Germany

Fatemeh Hoda Moghimi School of Business IT and Logistics, RMIT University,
Research Institute, Epworth HealthCare, Melbourne, VIC, Australia

Tino Miiller Institute of Information Systems, University Erlangen-Niirnberg,
Niirnberg, Germany

Imran Muhammed School of Business IT & Logistics, RMIT University,
Melbourne, VIC, Australia

Lemai Nguyen Epworth Research Institute, Richmond, VIC, Australia



Contributors XXX

Mohammad Rezazadeh Niavarani School of Business IT and Logistics, RMIT
University, Melbourne, VIC, Australia

Tahnee Platz University of Hohenheim, Stuttgart, Germany

Bernice Redley Epworth Research Institute, Richmond, VIC, Australia
Tobias Reutemann University of Hohenheim, Stuttgart, Germany
Kristina Riemann University of Hohenheim, Stuttgart, Germany

Juergen Seitz Department of Business Information Systems, DHBW Heidenheim,
Heidenheim, Germany

Ninggiao Shen Information Engineering Department, Jiangsu Province Hospital
of TCM, Nanjing, China

Anke Simon Baden-Wuerttemberg Cooperative State University, Stuttgart,
Germany

Jeffrey Soar School of Information Systems, Faculty of Business & Law,
University of Southern Queensland, Toowoomba, QLD, Australia

Janine Steffen University of Hohenheim, Stuttgart, Germany
Malte Stien SmartWard Pty Ltd, Canberra, Australia
Ying Su Institute of Scientific and Technical Information of China, Beijing, China

Joseph Tan Degroote School of Business, McMaster University, Hamilton,
ON, Canada

Nyree Taylor Epworth Research Institute, Richmond, VIC, Australia

Say Yen Teoh HIRi and BITL, RMIT University, Melbourne, VIC, Australia
Indrit Troshani University of Adelaide Business School, Adelaide, SA, Australia
Mario Vargheamidis University of Hohenheim, Stuttgart, Germany

Janine Viol Institute of Information Systems, University Erlangen-Niirnberg,
Niirnberg, Germany

Nilmini Wickramasinghe Epworth HealthCare & Department of BITL & HIRi,
RMIT University, Melbourne, VIC, Australia

Khin Than Win School of Information Systems and Technology, University of
Wollongong, Wollongong, NSW, Australia

Sou Wei Wong School of Business IT and Logistics, RMIT University, Melbourne,
VIC, Australia

Ted Xenodemetropoulos Division of Gastroenterology, Department of Medicine,
McMaster University, Hamilton, ON, Canada



XXXii Contributors

Trudy Yuginovich School of Information Systems, Faculty of Business & Law,
University of Southern Queensland, Toowoomba, QLD, Australia

Manuel Zwicker Department of Business IT and Logistics, RMIT University,
Melbourne, VIC, Australia



Part I
Key Concepts, Tools and Techniques

1.1 Introduction

The seven chapters in this section all serve to highlight key concepts, tools and
techniques that are relevant and necessary to effect lean thinking for healthcare.

Chapter 1 “Lean Principles for Healthcare” by Wickramasinghe serves to intro-
duce the key principles of lean thinking and related concepts and techniques that are
relevant and thus should be incorporated into healthcare design and reform.

Chapter 2 “Artificial Neural Network Excellence to Facilitate Lean Thinking
Adoption in Healthcare Contexts” by Moghimi and Wickramasinghe explores the
benefits of applying Artificial Neural Network (ANN) techniques to help to identify
lost values and facilitate lean thinking adoption in healthcare contexts.

Chapter 3 “The Suitability of Artificial Neural Networks in Service Quality
Control and Forecasting” by Nirvani and Wickramasinghe further explores aspects
of ANN from the perspective of service quality in healthcare contexts.

Chapter 4 “The Application of Lean in the Healthcare Sector: Theory and
Practical Examples” by Houchens and Kim.

Chapter 5 “Business Value of IT in Health Care” by Haddad et al. examines the
important aspect of business value and how lean thinking principles can enhance
value creation for healthcare.

Chapter 6 “Initiatives in Service Orientated Architecture towards Performance
Improvement in Healthcare” by Moghimi and Wickramasinghe looks at key IT
technical considerations that can support the application of lean principles for
healthcare contexts.

Finally, Chap. 7 by Al-Harkim “Adapted Lean Thinking for Emergency
Departments: Information Quality Perspective” examines the benefits of lean in
effecting information quality perspectives.

Taken together these chapters help to set the stage for the need for the application
of lean principles in healthcare as well as to identify the key tools, techniques and
technologies that can facilitate healthcare organisations to embrace and develop
appropriate lean strategies and thereby effect superior healthcare operations.
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Chapter 1
Lean Principles for Healthcare

Nilmini Wickramasinghe

Abstract Lean thinking, which developed from lean manufacturing or the Toyota
Production System, is centred around elimination of waste and preserving value.
Lean became especially important, some may go so far to say a fad, in manufactur-
ing in the 1990s. So why in the twenty-first century might the principles of lean be
relevant to healthcare? In order to understand this, we need to recognise that health-
care delivery today is facing many pressures much like much of the manufacturing
industries in the 1990s. The following serves to introduce key concepts that fall
within taking a lean philosophy and explore how/why they might be relevant to
healthcare.

Keywords Lean thinking ® Kaizen * Total quality management ¢ Six sigma

1.1 Introduction

Healthcare delivery today throughout the world is in a conundrum. Escalating costs,
ageing populations, increase in chronic diseases and growth in medical technology
solutions are some of the major challenges with which all healthcare systems must
contend. Governments, policy makers and clinicians are all in agreement that
healthcare reform is necessary and new strategies, protocols and procedures are
required if healthcare delivery is to in fact provide appropriate access, quality and
value to patients and the community at large. Most are turning to ICT (information
communications technologies) as the silver bullet. However, this is only part of the
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4 N. Wickramasinghe

solution. The other part of the solution lies in the embracement of leading
management principles and techniques which support and enable lean thinking and
value creation and generation. The following serves to introduce the key concepts in
lean thinking as relevant for healthcare.

1.2 TQM and Kaizen

Integral to lean manufacturing are the concepts of total quality management (TQM)
and Kaizen. Both concepts focus on continuous improvements, the importance of
process and performance to achieve positive outcomes and the key role of people.
TQM is a philosophy (Deming 1986) while Kaizen is a technique. The later tends
to focus on quality and customer satisfaction, while the latter takes a top-down
approach and focuses on small incremental stages.

1.2.1 TOM

While there are many definitions of TQM, simply stated TQM is a continuous
quality improvement approach (Nawar 2008). It has also been described as a total
organisation approach (Oakland 1993), an effort to improve the whole organisa-
tion’s competitiveness, effectiveness and structure (Dale 1999) and requires the
mutual co-operation of management, employees, suppliers and customers (Dale
1999). Many scholars and proponents (Deming 1986; Juran 1993; Scholtes 1992)
have noted that TQM and more especially a quality focus are important for long-
term success.

TQM can be thought of as having a soft side and a hard side or the tools of TQM.
Table 1.1 depicts the soft aspects of TQM while Table 1.2 summarises the key tools
which make up the hard side.

1.2.2 Kaizen

In contrast to TQM Kaizen is a technique (Imai 1986, 1997). Kaizen means con-
tinuous improvement and assumes managers and employees work together to
achieve this and such efforts do not require tremendous resources.

The key elements of Kaizen include:

. Team work

. Personal discipline

. Improved morale

. Quality circles

. Suggestions for improvement

. Elimination of wastes and inefficiency

AN AW =
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Table 1.1 Soft aspects of TQM

Soft aspects

of TQM Description

Employees TQM involves all employees at all levels of an organisation

Process It is a continuous improvement philosophy. Continuous process improve-
ment is a natural evaluation of TQM

Training Continuous training of employee is necessary for the successful implemen-

Top management

Customers
Culture

Systems

Decisions
Suppliers

tation of TQM in an organisation

Top-management commitment and support is an essential element of
successful implementation of all the principles of TQM

TQM is a customer-focused management approach

Cultural change is necessary for the successful implementation of TQM
in an organisation

TQM is a system approach through a process management. Processes must
be improved to improve the results of an organisation

TQM based on actual data is a factual approach to decision-making

TQM develops a mutually beneficial supplier relationship

7. The 5S framework (Saleem et al. 2012): (1) Seiri (sorting out), (2) Seiton
(systematic arrangement), (3) Seiso (spic and span), Seiketsu (standardising) and
Shitsuke (self-discipline)

These aspects are all captured in Fig. 1.1.
In addition to the elements of Kaizen, Kaizen techniques can be applied at three

different levels:

1. Individual vs. team
2. Day to day vs. special events
3. Process level vs. subprocess level

Finally, there exist several tools that can be employed in order to ensure the
Kaizen technique ensues. Table 1.3 provides a comprehensive list of these tools.

1.3 Six Sigma and Constraints Management

In addition to the philosophy of lean and the techniques of Kaizen, other comple-
mentary management methodologies and theories include six sigma and constraints
management. The following briefly looks at each in turn.

1.3.1 Six Sigma

Six sigma has emerged as a primary vehicle for improving both manufacturing
and service processes (Inozu et al. 2012). Specifically, “six sigma is a rigorous and
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Table 1.2 Hard aspects of TQM (adapted from Saleem et al. 2012)

Name of tools

Description

7 Basic QC tools

Fishbone or Ishikawa
diagram

The matrix diagram

Tree diagram

Critical path
analysis (CPA)

Statistical process
control

Pareto analysis

ISO 9000 series

Benchmarking

Just in time (JIT)

Quality lost function

(QLF)

Quality function
deployment (QFD)

These are basic tools used for data collection, data presentation and data
analyses, for the improvement of quality of the products and
processes. They include check sheets, Pareto diagram, histogram,
control charts, cause and effect diagram, scatter diagram, and graphs
(Ishikawa 1985)

This is a brainstorming method to guess different causes of problems
related to each, man, machine, material and method, without using
statistical methods

This tool is used to grade the relationship among different variables.

It encourages them to think in terms of relationships, their strengths
and patterns (Besterfield et al. 1999)

According to Dale (1999), it is a tool which arranges targets, problems
or customer’s needs in a specific order

CPA seeks to establish a sequential order of activities including time and
their priority for the completion of a project, through the use of a
network of arrows or nodes

This tool is used to reduce both assignable and unassignable variation in
the process, e.g., control charts. It helps the managers to control the
production process

Pareto analysis helps the management teams to identify major 20 %
causes which are giving 80 % variation in the production or service
processes. Management team should concentrate on these 20 %
causes first to improve the quality and performance of the system

ISO series is an international standard written by a worldwide organisa-
tion known as the ISO/Technical Committee 176 (Lamprect 1992).
This set of standards requirement ensures that a company has a
specific quality improvement policy, which makes it more competi-
tive in the market

It involves selecting a demonstrated standard of product or process,
costs or practices that represent the very best performance for
processes or activities very similar to the company’s own

It is one of the cost, time and inventory reduction techniques. It is
designed to produce products or deliver services just as and when
they are needed

It identifies all costs associated with poor quality and shows how these
costs increase as the products/services move away from being
exactly what the customer wants

QFD is the process of determining customer’s desires/requirements and
translating those desires into the target product design. A graphic yet
systematic technique for defining the relationship between customer
desires and the developed product or service is known as House of
Quality

systematic methodology that utilises information (management by facts) and
statistical analysis to measure and improve a company’s operational performance,
practices and systems by identifying and preventing ‘defects’ in manufacturing and
service-related processes in order to anticipate and exceed expectations of all
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Eliminate Standaris-
waste ation

eTeam work
*Self-discipline
eImproved morale
*Quality circles
eImprovement
suggestions

Fig. 1.1 Elements of Kaizen

stakeholders to accomplish effectiveness” (Inozu et al. 2012, p. 20). A five-step
define-measure-analyse-improve-control (DMAIC) methodology is used where
each step outlines distinct and key activities that must be performed as follows:

. Define the business issue.

. Measure the process.

. Analyse the data and verify root causes of variation.
. Improve the process.

. Control the process and sustain improvements.

[ S OS I Sa

Six sigma has the power to save healthcare millions of dollars. Usually this is
achieved by combining the key components of six sigma with one of the major
principles of lean, namely, the seven deadly wastes. Table 1.4 outlines the deadly
wastes and how they relate to healthcare.

1.3.2 Constraints Management

The last complementary methodology that will be presented in this chapter is that
of constraints management. Constraints management is made up of a suite of
techniques used in operations and supply chain management. The key being to
enable a systematic approach to manage complex organisations by identifying and
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Table 1.3 Kaizen tools and techniques

Name of tools

Description

Single-Minute
Exchange of Die
(SMED)

Total productive
maintenance
(TPM)

Kanban

5 S practice

Poka-Yoke/Jidoka

Standardised work

Value stream
mapping

Takt time

Standard operating
procedure

Kaizen blitz/Kaizen
event

7 W (waste)

Technique which refers to significant reductions in set-up times. In this
technique main emphasis is given on reduction in set-up time, like
“changeover of die, clamping and unclamping of work piece/die on the
machine”

TPM enhances equipment efficiency through establishment of a preventive
maintenance system of equipment throughout its working life. It
involves and empowers every employee, from shop floor worker to top
management to initiate preventive and corrective maintenance
activities

Kanban is a specially designed box/container having a kanban card in it,
which moves from workstation to store on requirement bases. This
Kanban card is a green signal for store to forward material to
workstation for processing. Toyota motor used Kanban system to
reduce the work in process inventory

The 5S framework (1) Seiri (sorting out), (2) Seiton (systematic arrange-
ment), (3) Seiso (spic and span), Seiketsu (standardising) and Shitsuke
(self-discipline)

It is mechanisms used to make mistake-proof an entire process; Poka-
Yokes ensure that proper conditions exist before actually executing a
process step. This prevents defects from occurring in the first place.
Where this is not possible, Poka-Yokes detect and eliminate defects in
the process. Stop the machine whenever problem occurred. This
ensures the reliability of the process

A work in which the successive activities have been properly structured so
that it can be done efficiently is called standardised work. The aim of
standardised work is to bring the process under control by reducing
variation. This in turn eradicates wastages and increases the
productivity

A value stream mapping is a flow diagram of all the activities required to
bring a product from raw materials to delivery to the customer. The
objective is to identify and get rid of the waste in the process

Takt time is time taken from the receipt of order from customer till the
product is handed over to him or her. It should be minimised through
reduction of waste in the processes

Means standardise all operating procedures for comparison and further
improvement purpose

Kaizen event or kaizen blitz is a focused small incremental improvement
project completed by cross-functional team in a limited time frame
(Doolean et al. 2008)

Seven Ws are 7 commonly accepted wastes out of the manufacturing
operations. They include waste from overproduction, waste of waiting
time, transportation waste, inventory waste, overprocessing waste,
waste of motion and waste from production defects

Source: Singh and Singh (2009)

controlling key leverage points within the system. Some of the basic constraint

types include:

1. Market
2. Resources
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Table 1.4 The seven deadly wastes of lean

Wastes

Examples

Transport

Inventory

Motion

Waiting

Overproduction

Overprocessing

Defects requiring rework or scrap

I N R S
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. Moving patients from room to room
. Charts not centrally located
. Poor layouts, lab located a long distance from the ED

. Overstocked medications on units/floors
. Multiple locations for consumable goods
. Multiple suppliers of surgical supplies

. Any work in progress

. Heavy items on top shelf, light items on bottom
. Excessive bending, reaching, walking to complete a

progress step

. Specimens waiting analysis

. Patients waiting to make appointments
. Patients waiting to be seen for an appointment
. Time lag with physician’s orders

. Patients on hold for admission

. Duplicate charting

. Copies of reports sent automatically

. Multiple forms with same information
. Clarifying orders

. Increased size of patient records

. Multiple blood specimen collections

. Label on the wrong tube

. Over-/under-coding

. Decrease in revenue based on insurance claims
. Decree in patient satisfaction scores

. Materials

. Supplier/vendor

. Financial

. Knowledge/competence
. Policy

NN B W

For healthcare this involves looking at the five focussing steps. These steps are

presented in Table 1.5.

1.4 Discussion and Conclusions

Healthcare delivery today is under pressure to deliver high-quality outcomes,
contain costs as well as contend with other challenges such as increase in chronic
diseases and the impact of technology advances on healthcare delivery. All are
agreed that healthcare reform is necessary, and we are witnessing in all OECD



Table 1.5 Focusing steps of constraints management (adapted from Inozu et al. 2012)

Five focusing steps

Translation for healthcare

1. Identify the system’s constraint(s)

2. Decide how to exploit the system constraint(s)

3. Subordinate/synchronise everything else to
the above decision

4. Elevate the system’s constraint(s)

5. Warning! If in the previous steps a constraint

has been broken, go back to step 1 and do not
allow inertia to become the system constraint!

Identify the constraint at the system level:
what most impedes the delivery of care?
¢ Resource: lack of nurses
* Policy: payer-network participation
 Artificial: nurses transporting patients
¢ Market: lack of patients
¢ Supplier: flu vaccine unavailability
Determine how to get the most out of the
constraint:
¢ Decrease the time it takes to prepare
patients
¢ Shift portions of treatment to other
resources with available capacity or where
capacity could be added easily
¢ Modify treatment procedures to reveal
hidden capacity
¢ Reduce the idle time of the constrained
resource
¢ Operating rooms and other similar
nonhuman resources do not need to take
lunch breaks and can be scheduled to
remain in use during such times
¢ A transporter does not abandon his or her
post before a porter replacement arrives
All elements of the system support the
constraint via coordination and synchroni-
sation so that the bottleneck is never
starved (assuming that the system
constraint is a resource):
¢ Purchase drugs and supplies based on
demand and consumption
¢ Schedule patients based on doctors’
capacity
o Stagger lunch breaks so that the phones of
the call centre are always answered
Having completed exploit and subordinate, if
the revealed/exposed capacity is insuffi-
cient, then additional capacity may be
added, usually at some expense:
¢ Buy an additional MRI scanner
¢ Hire more nurses
¢ Increase hours of operation
¢ Hire temporary workers for morning
registration
Be alert to adapt to change in the operational,
regulatory and competitive environments,
as well as changes to patient population,
because constraints can shift:
¢ Healthcare reform
¢ Accountable care organisation
¢ Group purchasing organisations
o If the system constraint changed, go back
to step 1
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countries a focus on healthcare reform with a key enabler being e-health. The
preceding has introduced the principle of lean thinking and other complementary
concepts all aimed at effecting more efficient and effective operations to ensue.
These tools and techniques have proved their value in the manufacturing sector. It is
the thesis of this book that they are as important for and can facilitate the attainment
of superior healthcare delivery. It is therefore essential that practitioners and
researchers alike try to embrace lean principle and related concepts as they set about
designing and developing new healthcare initiatives.
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Chapter 2

Artificial Neural Network Excellence
to Facilitate Lean Thinking Adoption
in Healthcare Contexts

Fatemeh Hoda Moghimi and Nilmini Wickramasinghe

Abstract Over the years, healthcare organisations have improved their processes,
services, and outcomes significantly. However, with the increasing importance
placed on value making, healthcare organisations too often are struggling to demon-
strate best performance and/or appropriate and sustained quality of care. Hence,
in this chapter we explore the benefits of using artificial neural network (ANN)
techniques to identify lost value for the healthcare organisations and to facilitate
Lean thinking adoption.

Keywords Lean thinking * Artificial neural networks ¢ Quality of care * Performance

2.1 Background

The key concept in Lean thinking is “value” (Joosten et al. 2009). Value has different
connotations in each organisational context. However, Womack and Jones (2003)
provide a comprehensive and general definition of value which is defined as “the
capability to deliver exactly the (customised) product or service a customer wants
with minimal time between the moment the customer asks for that product or service
and the actual delivery at an appropriate price” (Womack and Jones 2003, p. 23).
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Although quality and safety are significant values of healthcare delivery, there are
lots of hidden layers across them which should be discovered and developed to
improve efficiency of care.

On the other hand, widespread use of medical information systems and the
explosive growth of medical databases require traditional manual data analysis to be
coupled with methods for efficient computer-assisted analysis (Lavra¢ 1999).

Therefore, taking these two issues into consideration, artificial intelligence
techniques and intelligent systems have found many valuable applications to
assist in this regard (Teodorrescu et al. 1998). Specifically, neural networks have
been found to be very useful in many biomedical areas, to help with the diagnosis
of diseases and studying the pathological conditions, and also for monitoring the
progress of various treatment outcomes. Also, Shi et al. (2004) state that artificial
neural networks (ANNs) are powerful tools to model the non-linear cause-and-effect
relationships inherent in complex processes, usually for quality control
(Shi et al. 2004).

ANNSs are computational paradigms based on mathematical models that unlike
traditional computing have a structure and operation that resembles that of the
mammal brain (Margarita 2002). An artificial network performs in two different
modes, learning (or training) and testing. During learning, a set of examples is pre-
sented to the network. At the beginning of the training process, the network
“guesses” the output for each example. However, as training goes on, the network
modifies internally until it reaches a stable stage at which time the provided outputs
are satisfactory. Learning is simply an adaptive process during which the weights
associated to all the interconnected neurons change in order to provide the best pos-
sible response to all the observed stimuli. Neural networks can learn in two ways,
supervised or unsupervised (Beg et al. 2006):

* Supervised learning: The network is trained using a set of input—output pairs.
The goal is to “teach” the network to identify the given input with the desired
output. For each example in the training set, the network receives an input and
produces an actual output. After each trial, the network compares the actual with
the desired output and corrects any difference by slightly adjusting all the weights
in the network until the output produced is similar enough to the desired output,
or the network cannot improve its performance any further (Margarita 2002).

e Unsupervised learning: The network is trained using input signals only. In
response, the network organises internally to produce outputs that are consistent
with a particular stimulus or group of similar stimuli. Inputs form clusters in the
input space, where each cluster represents a set of elements of the real world with
some common features (Margarita 2002).

In both cases, once the network has reached the desired performance, the learn-
ing stage is over and the associated weights are frozen. The final state of the network
is preserved and it can be used to classify new, previously unseen inputs. At the
testing stage, the network receives an input signal and processes it to produce an
output. If the network has correctly learnt, it should be able to generalise, and the
actual output produced by the network should be almost as good as the ones pro-
duced in the learning stage for similar inputs.
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Fig. 2.1 A multilayered Input Layer Hidden Layer Output Layer
feedforward network.
Adapted from (Margarita
2002)
>

Flow of Information

Neural networks are typically arranged in layers. Each layer in a layered network
is an array of processing elements or neurons. A common example of such a net-
work is the multilayer perceptron (MLP) (Fig. 2.1). MLP networks normally have
three layers of processing elements with only one hidden layer, but there is no
restriction on the number of hidden layers (Margarita 2002).

2.2 Neural Networks in Healthcare Contexts

Neural networks have been applied within the medical domain for clinical diagnosis
(Baxt 1995), image analysis and interpretation (Miller et al. 1992; Miller, 1993),
signal analysis and interpretation, and drug development (Weinstein et al. 1992a, b).
The classification of the applications is presented below (Table 2.1).

2.3 The Case Study Analysis

This recent case presents an example of how ANNs can be applied in healthcare
contexts. This case is presented from the research study conducted by Takehira et al.
(2011). The aim of this study was to investigate the difference between the profes-
sional perspectives of pharmacists and nurses in Japan with regard to evaluation of
the quality of life (QOL) of cancer patients. It is therefore a suitable case from
which to develop an initial assessment of key concepts of ANNs and map them in
order to present how ANNSs can facilitate applying a Lean thinking approach to
increase quality of care. Thus, the assessment criteria are set up based on Lean
thinking key components.
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F.H. Moghimi and N. Wickramasinghe

Project Title: Artificial Neural Network Modelling of Quality of Life of
Cancer Patients, Relationships Between Quality of Life Assessments, as
Evaluated by Patients, Pharmacists, and Nurses (Takehira et al. 2011)"

Methods: A group of cancer hospital inpatients (n=15) were asked to rate the
condition of their health and their QOL by filling in a questionnaire. On the
same day, a group of pharmacists (n=8) and nurses (n=18) also evaluated
patient QOL. Three-layered ANN architecture was used to model the rela-
tionship between the different QOL evaluations made by patients, pharma-
cists, and nurses.

Results: Although there was no statistical difference between the QOL
scores obtained from pharmacists and nurses, the correlation between these
scores was weak (0.1188). These results suggest that pharmacists and nurses
evaluate the QOL of their patients from different perspectives, based on their
respective profession. QOL parameters were modelled with an ANN using
the scores, given by patients in answer to questions regarding health-related
QOL as input variables. Both the predictive performance of the ANN and the
robustness of the optimised model were acceptable. The response surfaces
calculated by ANN modelling showed that pharmacists and nurses evaluate
patient’s QOL using different information and reasoning, which is likely
related to the nature of their contact with the patients.

Project Design and Outcomes

Patients: A group of cancer patients (n=18) hospitalised in Nippon Medical
University Hospital (Sendagi, Tokyo, Japan) were initially included in this
study. All patients took opioid analgesics for pain control, and a pain control
team, organised by physicians, pharmacists, and nurses, provided appropriate
inhospital care. Patients were excluded if they began chemotherapy during the
study period or if they did not complete the questionnaire, owing to the sever-
ity of their illness. Thus, 15 patients (eight females and seven males, age
64.7+7.2 years, mean +SD) were enrolled in the study and gave written con-
sent to answer the study questions. A questionnaire was designed to assess the
HRQOL of patients referring SF36, Functional Living Index Cancer (FLIC),
and Functional Assessment of Cancer Therapy, General (FACT-G); it con-
sisted of four important domains, EWB, FWB, SWB, and PWB. The number
of questions included was limited to 18 in order to avoid unnecessary burden
on the patients, in accordance with the suggestion of a local research commit-
tee. Patient health-related status and subjective QOL were collected by phar-
macists in the form of a bedside interview and data collection was conducted
four times every week, using a questionnaire. Time required to fill the ques-
tionnaire by interviewing was about 5—10 min.

!'This case study & its results is extracted exactly from (Takehira et al. 2011) research study
to present how exactly Artificial Neural Network can be apply in healthcare contexts.

(continued)
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(continued)

Pharmacists and nurses: Pharmacists (n=8) and nurses (n=18) provid-
ing patient care in a pain control team were involved in this study. Details
regarding the amount of professional experience are possessed by the par-
ticipating pharmacists and nurses. Pharmacists evaluated patient QOL when
interviewing patients using the questionnaire. Nurses evaluated patient QOL
on the same day as the patient answered the questionnaire. Patient QOL was
evaluated on a simple scale ranging from 1 (very bad) to 5 (very good),
rather than in a structured manner. The intended number of the answers in
the research was 60 (each of 15 patients would answer 4 times). However,
some patients, pharmacists, and nurses did not complete the questionnaires,
so a number of paired (patient, pharmacist, and nurse) forms (n=40) were
used in the analysis. Table 2.2 shows the items of the questionnaires which
were selected to be used for the SEM and mean values of their score, as well
as the mean QOL scores given by patients, pharmacists, and nurses. The
study design and questionnaires were reviewed by a local research commit-
tee. The background of the patients and details of the questionnaires they
were given are described in our previous study.

ANN
A three-layered ANN architecture was used and optimisation of the weights
between neurons to match the evaluated QOLs with those that were predicted
was carried out using a second-order, conjugate, gradient descent algorithm.
In this algorithm, a search is performed along conjugated directions, which
generally produce faster convergence compared with a backpropagation of
the error algorithm. Scores obtained from patients are shown in Table 2.2 and
were used for input data (independent parameters). These eight questions
were from the initial 18 questions and sufficed to perform exploratory factor
analysis. The subjective patient QOL scores and QOL evaluations made by
pharmacists and nurses were used for output data (dependent parameters).
The determination of the number of neurons in the hidden layer will be
described subsequently. The optimised ANN model had initial value depen-
dence, so at least ten runs were performed using reinitialised weights between
neurons, after which the model with the best fit between observations and
predictions from the training data was adopted as the optimised ANN model.
Statistica 06J, featuring a neural networks module, was used for ANN cal-
culation. A sigmoid function was adopted for activation function of the hid-
den layer. Robustness of optimised ANN was investigated with leave-one-out
cross-validation. The procedure is as follows: The data obtained from one
patient was removed from the data set and the data from the remaining patient
were used as the training data set. The ANN was optimised using the training
data set, and then the outcome of the excluded patient was predicted by the
optimised ANN model.

(continued)
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Table 2.2 Prediction performance of QOL by ANN modelling

QOL evaluated QOL by evaluated QOL evaluated
by patients pharmacists by nurses
QOL score Answered Predicted? Answered Predicted”? Answered Predicted®
5 0 0 1 1 2 1
4 5 5 15 15 11 11
3 13 13 9 9 20 19
2 19 19 15 15 4 4
1 3 3 0 0 3 3
Performance® 100.0 100.0 95.0

“Number of correct scores predicted
“Performance is the rate of correct scores predicted (%)

Table 2.3 Robustness of optimised ANN evaluated by leave-one-out cross-validation

QOL evaluated QOL evaluated QOL evaluated

by patients by pharmacists by nurses

Answered Predicted”? Answered Predicted”? Answered Predicted?
5 0 0 1 0 2 0
4 5 4 15 8 11 8
3 13 8 9 3 20 12
2 19 13 15 13 4 1
1 3 1 0 0 3 1
Performance® 65.0 60.0 55.0

“Number of correct scores predicted
Performance is the rate of correct scores predicted (%)

Results

QOL was evaluated by patients, pharmacists, and nurses. As shown in
Table 2.2, the subjective QOL scores given by patients were significantly
lower than those given by both pharmacists and nurses, and the latter did not
show statistical difference (p=0.7649 by Wilcoxon signed-rank test). At least
to compare among QOL scores given by patients, pharmacists, and nurses,
pharmacists and nurses may have a tendency to underestimate the condition
of the patients. Table 2.3 shows the Spearman’s correlation coefficient
between the QOL scores given by patients, pharmacists, and nurses. The cor-
relation between patient and pharmacist scores was moderate (r=0.4481),
and the correlation between the scores of patients and nurses was very weak
to negligible(r=0.1187). The correlation between those QOL scores given by
pharmacists and those given by nurses was also very weak to negligible
(r=0.1188). It has been suggested that doctors would underestimate the num-
ber of symptoms experienced by cancer patients. However, Sneeuw et al.

(continued)
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(continued)

reported that healthcare providers tend to assess patients as having more
symptoms than did the patients themselves. Some other studies have reported
that healthcare providers are likely to underestimate the physical symptoms of
patients. Their results show that pharmacists and nurses seem to have the
same tendency as doctors to underestimate the condition of health of patients.
Furthermore, although there were no statistically differences in QOL as eval-
uated by pharmacists and nurses (p=0.7649), the correlation between them
was very weak to negligible (r=0.1188). These results suggest that pharma-
cists and nurses evaluate the QOL of their patients from different perspec-
tives, based on their respective profession.

ANN model for QOL of patients. They had previously reported that the
QOL of cancer patients was modelled well with a score of eight answers
(Table 2.2) in the questionnaire, using SEM. As described, pharmacists and
nurses evaluate the QOL of their patients from different professional perspec-
tives. We used an ANN to investigate the difference in perspectives between
pharmacists and nurses with regard to evaluation of QOL using. As ANN
architecture, we used a three-layer perceptron, an input layer comprises eight
processing elements (the scores obtained from the answers to the questions),
a hidden layer comprises processing elements with a sigmoid function as an
activation function, and an output layer comprises the QOL scores obtained
from patients, pharmacists, and nurses. The network diagram that was used in
the present investigation is shown in Fig. 2.1. The neurons in the hidden and
output layers work to calculate the sum of products of values of previous lay-
ers and the weight between connections. The neurons then transfer a value to
neurons in the next layer according to an activation function. All weights
among neurons were optimised to minimise differences between observed
and modelled QOLs.

Figure 2.1 shows the effect on prediction performance of QOL of the num-
ber of neurons in the hidden layer, using the ANN model. The best fit was
obtained when more than 11 neurons were arranged in the hidden layer. In
order to avoid “over-fitting” a smaller number of neurons are preferable, so a
three-layered architecture with 11 neurons in the hidden layer was used for
modelling in this study.

Table 2.2 shows the prediction performance of QOL as evaluated by
patients, pharmacists, and nurses using the ANN model. In the final model,
subjective QOL, as assessed by patients, and the QOL scores given by phar-
macists were all successfully predicted, and only a few of the data obtained
from nurses were not predicted by the ANN model that was established.
These results suggest that the necessary information to predict how pharma-
cists would evaluate QOL is contained in the input data.

(continued)
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(continued)

The robustness of the ANN model was evaluated with the leave-one-out
cross-validation. Table 2.3 shows the prediction performance of QOL with
leave-one-out cross-validation. The rate of correct prediction was approxi-
mately 60 % for the QOL scores obtained from patients, pharmacists, and
nurses, which seems to indicate that the use of the ANN model to predict
QOL is not robust. However, only 2/40 patients, 5/40 pharmacists, and 6/40
nurses had differences between evaluated and predicted QOL that were
greater than 1 (results not shown). These results indicate that approximately
90 % of QOL data (from 107/120 individuals) could only be roughly, rather
than precisely, predicted by the ANN model. QOL is a broad concept, includ-
ing not only the condition of physical health, but also mental health, educa-
tion, and social belonging. The patients evaluated their QOL subjectively,
based not only on the condition of their own health, but also on their concept
of values. We argue that pharmacists and nurses scored patients QOL primar-
ily based on the condition of health of each patient, as assessed from their
professional perspective. Therefore, it would be very difficult to make a pre-
cise prediction of patient QOL score using data from health professionals.
Furthermore, each respective patient was not evaluated by a particular phar-
macist and nurse every time. This may have lead to individual differences in
the evaluation of QOL. If these were considered, a roughly predictive perfor-
mance of approximately 90 % by ANN would be acceptable.

The QOL of cancer patients was evaluated by the patients themselves and
by pharmacists and nurses on the same day. When QOL was self-evaluated by
the patients, the scores were different from the QOL scores obtained from
pharmacists and nurses. The correlation between QOL scores given by
patients and those given by pharmacists and nurses was low. Although the
QOL scores given by pharmacists and nurses were not different statistically,
the correlation coefficient between them was weak to negligible (r=0.1188).
These results suggest that pharmacists and nurses evaluate the QOL of their
patients from different perspectives, based on their respective profession. The
QOL scores were modelled using the scores regarding the HRQOL of patients
as input variables using an ANN with three-layer architecture. The predictive
performance given by ANN and the robustness of the model were acceptable.
Health professionals affect QOL scores as a result of the difference of the
profession-based perspectives they hold.

2.4 Discussion and Conclusions

Due to the complexity of processes and the importance of quality improvement in
the healthcare contexts, ANN techniques can play a significant role to discover
hidden knowledge and values through huge data sets. Indeed Lean thinking key



2 Artificial Neural Network Excellence to Facilitate Lean Thinking Adoption... 25

concepts and models can facilitate value making in the healthcare contexts;
however, ANN techniques can also be beneficial to facilitate value discovery.
Therefore, taking this into consideration, we propose that ANN techniques should
be incorporated to facilitate Lean thinking adoption especially for critical areas
within the healthcare domain.

For example, the optimised ANN model in the case study above showed the
“information flow” in the case of cancer patients by presenting the difference in
perspectives between the pharmacists and nurses in their evaluations of QOL.
“Flow” is a key concept in a Lean System (Black and Miller 2008) and “information
flow” is one of the seven essential improvement targets to the healthy operation of a
healthcare using Lean approach (Black and Miller 2008). Therefore, the presented
case study could clearly demonstrate how the ANNs can facilitate Lean thinking
adoption in healthcare contexts.

In conclusion, the power of ANNSs is considerable in care performance improve-
ment as well as Lean action plans. It is left to further studies to examine or even start
to prototype the other numerous benefits of ANNs, and thereby provide a more in-
depth analysis that will in turn serve to facilitate Lean thinking adoption in health-
care contexts.
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Chapter 3
The Suitability of Artificial Neural Networks
in Service Quality Control and Forecasting

Mohammad Rezazadeh Niavarani and Nilmini Wickramasinghe

Abstract There has been considerable research into service quality over the last
couple of decades. Services, however, as intangible, perishable, and heterogenic
transactions are very difficult to quantify and measure, and little success has been
reported on a systematic approach in modeling of quality of service transactions
(with SERVQUAL and its derivatives as the notable exception). In this chapter, we
propose artificial neural networks (ANNS) to monitor quality of service transaction
as a dynamic and real-time control and forecasting system. ANNs are widely used
in many engineering fields to model and simulate complex systems. The resulting
near-perfect models are particularly suited for applications where real-world
complexities make it difficult or even impossible to mathematically model and con-
trol the system. The proposed approach alleviates restrictions and limitations of
applying questionnaire-based static methods, even in cases where there are large
number of correlated attributes as well as obscure and unobservable quality charac-
teristics. We illustrate with a case vignette in a healthcare context, thereby demon-
strating the suitability of such techniques for healthcare delivery a vital, at times
lifesaving service.
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3.1 Introduction

The service sector in developed countries such as the United States and Australia
currently accounts for some 80 % of all economic activity (DFAT 2008; Spohrer
et al. 2007). The service economy encompasses not only private enterprise but
also the diverse services provided by government, such as education and health
care. Service systems can be described as dynamic configurations of resources
(people, technologies, organizations, and shared information) that can create and
deliver value to customers, providers, and other stakeholders (IfM and IBM
2008, p. 18).

Despite the sheer size of economic activities that are classified as services, ser-
vice quality remains an abstract and elusive construct mainly because of its three
unique features: intangibility, heterogeneity, and inseparability of production and
consumption of services (Parasuraman et al. 1985). There is not even a global con-
sensus on what constitutes quality in service transactions. One of the most compre-
hensive definitions of quality is the “degree to which a set of inherent characteristics
fulfils requirements” (ISO 2005). In this definition, requirements are defined as the
“need or expectation that is stated, generally implied or obligatory” (ISO 2005).
This definition of quality is different from that usually employed in manufacturing,
for example, where definition of the requirements and hence the quality are set and
measured objectively by such indicators as durability and number of defects (Crosby
1979; Garvin 1983). In the absence of objective measures, subjective methods such
as SERVQUAL (Parasuraman et al. 1988), SERFPERF (Cronin and Taylor 1992),
and Qualitometro (Franceschini et al. 1988) have been developed and used exten-
sively in service sector.

Computational techniques and simulation methodologies have played a signifi-
cant role in modeling and optimization of production and process management over
the past few decades. The lack of objective measures in services, however, has hin-
dered adoption of simulation, control, and computational techniques in this section
of the economy. There is now a clear and growing understanding amongst service
scientists that there is a need for a modeling or simulation tool for services.

Artificial neural networks (ANNSs) are computational networks that attempt to
crudely mimic the networks of neurons of biological system such as that of humans
or animals (Graupe 2007). ANNs belong to a category of meta-heuristic modeling,
control, and optimization algorithms, called evolutionary algorithms (EAs). EAs
are inspired by nature through exhibiting complex collective behavior from a collec-
tion of seemingly simple agents. These include ANNs, genetic algorithm, tabu
search, ant colony optimization, and simulated annealing. Most of these techniques
have long been used in engineering and in industry; there are reports of the applica-
tion of ANNS, for example, in quality control (Abbasi 2007). Their application in
quality control, however, has been mostly limited to manufacturing industry. We
propose there is merit in considering EAs in service quality control and service
quality forecasting.
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In the following section we cover service quality as it has been studied in
academia, followed by an introduction to ANNs. We conclude this paper by sum-
marizing advantage and disadvantage of using ANNS in service quality control and
service quality forecasting.

3.2 Service Quality

In today’s world and in this competitive market, service enterprises attempt to
achieve competitive advantage by fulfilling customers’ needs and expectations,
resulting in higher customer satisfaction. Furthermore, customers’ ease of access to
services and ease of supplier change have resulted in reduced customer loyalty, with
the implication that service quality is more important than ever before in retaining
and attracting new customers (Mahdavinia 2007).

The concept of service quality as a whole construct is large and varied. The con-
ceptual foundation for service quality was emerged from the works of a handful of
researchers who examined the meaning of service quality (Sasser et al. 1978;
Gronroos 1982).

Service quality is usually expressed from a customer point of view as a function
of customer’s expectations of the service compared to the perception of the actual
service experience (Gronroos 1984; Parasuraman et al. 1985; Johnston and Heineke
1998). Imrie et al. (2002) showed that using service quality as a key point of market
differentiation positively influenced customer retention and market growth.
Interestingly, Parasuraman et al. (1988) stated that in measuring perceived service
quality, the level of comparison is what a customer should expect, whereas
Mahdavinia (2007) prefers that in measuring customer satisfaction, the appropriate
comparison is what a customer would expect.

Some other researchers have focused on the role of employee in service quality
and consequently customer satisfaction. Hartline et al. (2002) highlighted the fact
that in many cases, employees are most often the first and the only representatives of
a service firm to customers. Therefore, customer often base their impressions of the
firm on the service received from customer-facing employees (Mahdavinia 2007).

Due to the illusive nature of service quality and its dependence on the type of
services being provided, it has been suggested that managers need to understand the
types of service quality factors relevant to their own services and understand various
relationships between perception and performance in order to design, measure, and
control the services. Service levels need to be set and strategies devised that first
recognize the relative impact of individual factors on overall perceptions and sec-
ondly, link them to organization’s quality strategy (Johnston and Heineke 1998).

Overall there have been five predominant service quality measurement tools
reported in literature since 1991. These tools can be summarized in chronological
order as follows:
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* SERVQUAL is used to measure consumer’s and service providers’ expectations
and perceptions. This approach enables the exceptions and perceptions gaps to
be assessed, while providing a measure of service quality gap and service deliv-
ery gap. According to Parasuraman et al. (1988) model, the gap between con-
sumer’s expectations and perceptions is a function of several other gaps in the
service delivery process (Mangold and Emin 1991). Some other models were
proposed after the first introduction of SERVQUAL.

* Qualitometro (Franceschini et al. 1988) is founded on the determinants of ser-
vice quality. Customer expectations and perceptions are evaluated in two distinct
moments. Quality evaluation is carried out by means of a comparison between
quality and expectations and perception profile. Qualitometro employs the same
semantic scale and dimensions as SERVQUAL (Mahdavinia 2007).

* Two-way model used latent evaluation factors based on the theory that service
quality is evaluated by answers given by customers about “objective” (quality
attribute) and “subjective” (satisfaction level) (Schvaneveldt and Enkawa 1991;
Mahdavinia 2007).

* Cronin and Taylor (1992) proposed SERVPEREF based on their survey on theory
that service quality is evaluated by perception only. The key difference with
SERVQUAL is that only perceptions are evaluated (Mahdavinia 2007).

* Normed quality model (Teas 1994) uses the distinction between ideal expecta-
tion and feasible expectation to calculate service quality. It also employs the
same semantic scale and dimensions as SERVQUAL. Normed is the second
well-known model (after SERVPERF) that is derived from SERVQUAL
(Ghoseiri and Pishdad 2006).

In addition to the well-known service quality models described above, there are
other less-known models (technical and functional quality model (Gronroos 1984);
GAP model (Parasuraman et al. 1985); attribute service quality model (Haywood-
Farmer 1988); synthesized model of service quality (Brogowicz et al. 1990);
performance-only model (Cronin and Taylor 1992); ideal value model of service
quality (Mattsson 1992); evaluated performance and normed quality model (Teas
1993); IT alignment model (Berkley and Gupta 1994); attribute and overall affect
model (Dabholkar 1996); model of perceived service quality and satisfaction
(Spreng and Mackoy 1996); PCP attribute model (Philip and Hazlett 1997); retail
service quality and perceived value model (Sweeney et al. 1997); service quality,
customer value, and customer satisfaction model (Oh 1999); antecedents and medi-
ator model (Dabholkar et al. 2000); internal service quality model (Frost and Kumar
2000); internal service quality DEA model (Soteriou and Stavrinides 2000); Internet
banking model (Broderick and Vachirapornpuk 2002); IT-based model (Zhu et al.
2002); model of e-service quality (Santos 2003)).

All the above service quality models share a common feature; they evaluate qual-
ity of services through the same approach; they apply questionnaire or other data
gathering tools and evaluate the quality based on their respective subjective
concepts.
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Many quality characteristics can be measured and stated as a numerical value.
For instance, service delivery may be timed and reported in seconds or minutes or
hours. These types of quality characteristics are called “variable characteristics.”
Advantage of questionnaire-based approaches is in their ease of collecting and the
use of variable characteristics. There are, however, other types of measurements that
can only assume nominal (reject, accept), ordinal (bad, good, excellent), or categor-
ical (married, single, divorced) values. These are called “attribute characteristics.”
Collecting and processing of attribute characteristics are a much harder proposition
as they inherit subjective principal and values. We propose the use of ANNs in order
to overcome the complexity in processing these tacitly implied and subjective mea-
surements. ANNs have been used in engineering and manufacturing, and to the best
of the author’s knowledge they have not been applied in service quality control and
forecasting.

3.3 Artificial Neural Network

ANNSs mimic biological neural networks to model and solve a variety of problems
arising in forecasting, function approximation, pattern classification, clustering, and
categorization (Pao 1989).

It is estimated that there are approximately ten billion neurons in the human
cortex and 60 billion synapses or connections. Synapses are elementary structural
and functional units that mediate the interaction between neurons. Axons and den-
drites play their role as the transmission lines and the receptive zones, respectively.
Figure 3.1 illustrates the shape of a pyramidal cell, which is one of the most com-
mon types of cortical neurons. Like many other types of neurons, it receives most of
its inputs through dendritic spines (Haykin 1999).

From technical point of view, the block diagram of Fig. 3.2 shows the model of
neuron, which forms the basis for designing ANNs. Three basic elements of the
neural model are:

1. A set of synapses or connecting links, each of which is characterized by a weight
or strength of its own. Specially, a signal x; at the input of synapse j connected
to neuron k is multiplied by a synaptic weight w,; .

2. An adder for summing the input signals, weighted by respective of the neuron;
the operation described here constitutes a linear combiner.

3. An activation function for limiting the amplitude of the output of a neuron
(Haykin 1999).

The neuronal model of Fig. 3.2 also indicates an externally applied bias, denoted
by b;. The bias has the effect of increasing or lowering the net input of the activation
function, depending on whether it is positive or negative, respectively.
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Fig. 3.3 The structure of a multilayer feed-forward network

In mathematical terms, we may describe a neuron k by writing (3.1) and (3.2):

U, =) WX, (3.1
j=1
Y, =®, +b,) (3.2)
where x,, x,, ... , X, are the input signals; wy,, wy,, ... , Wy, are the synaptic weights

of neuron k; u, is the linear combiner output due to the input signals; b, is the bias;
@ is the activation function; and y, is the output signal of the neuron.

The activation function defines the output of a neuron in terms of the induced
load field ®. There are different activation function such as threshold function,
piecewise-linear function, and sigmoid function which are applied for different
types of outputs (Haykin 1999).

In terms of structuring of a network, there are different classes of network archi-
tectures including single-layer feed-forward networks, multilayer feed-forward net-
works, and recurrent networks (Haykin 1999). As an example, a multilayer
feed-forward model is shown in Fig. 3.3.

After constructing a neural network, it needs to be trained based on some avail-
able data (different inputs and their corresponding outputs) to be able to forecast the
output for future inputs with an acceptable error level through an ongoing modifica-
tion process. The property that is of primary significance for a neural network is the
ability of the network to learn from its environment and to improve its performance
through learning. Learning is a process by which the free parameters of a neural
network are adapted through a process of stimulation by the environment in which
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the network is embedded. The type of learning is determined by manner in which
the parameter changes take place. There are different types of learning including
unsupervised learning and supervised learning. In the supervised training process,
the user plays an important role as the network learns. However, in an unsupervised
process the user lets the network train itself (Haykin 1999).

3.3.1 Merits and Demerits

Generally, the use of neural networks offers useful properties and capabilities
including but not limited to (Haykin 1999):

* Nonlinearity. An artificial neuron can be linear or nonlinear.

* Input—output mapping. The network is presented with an example picked at ran-
dom from the set, and the synaptic weights (free parameters) of the network
modified to minimize the difference between the desired response and the actual
response of the network produced by the input signal in accordance with an
appropriate statistical criterion.

* Adaptivity. Neural networks have a built-in capability to adapt their synaptic
weight to changes in the surrounding environment.

* Uniformity of analysis and design. Basically, neural network enjoy universality
as information processors. We say this in the sense that the same notation is used
in all domains involving the application of neural network.

* Neurobiological analogy. The design of a neural network is motivated by anal-
ogy with the brain, which is a living proof that fault-tolerant parallel processing
is not only physically possible but also fast and powerful.

Regardless of all aforementioned merits, neural network has the following draw-
backs (Friedman et al. 2001):

* Trial and error element to building good models (in training phase).

e It is hard to interpret what is happening in the model (Black Box), and people
only see the inputs and outputs.

* Model performance relates to starting input values and parameters.

3.4 Application of Artificial Neural Network
to Service Quality

In spite of considerable number of available service quality methods, there are some
shortcomings shared between them:

1. Firstly, all proposed methods for quality control in service industry are somehow
subjective and they are mostly designed based on SERVQUAL. These models
employ static methods for data analysis. A periodical analysis can be performed
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Table 3.1 A model for applying ANN in service quality

Phase Description

Problem definition ~ Case description, problem assumptions (service quality model, etc.)
Designing Type of model, type of connections, number of layers, number of neurons,
activation function, cutting value
Estimating parameters (based on historical data)
Generating training data based on estimated parameters

Training Training of neural network

Verification Testing trained network based on random generated or historical data

Programming Coding and running the network based on related assumption (cutting
value, etc.)

Validation Validation of network in real case study

in a regular base (e.g., monthly, every 6 months, and yearly) if trends are to be
determined. These methods are retrospect and are not able to monitor service
quality in real time. Whereas, in dynamic methods, one can monitor quality of
delivered service in real time (as the service is being delivered). Based on the
past history (training data set), and real-time data gathering, ANNs have the abil-
ity to forecast the outcome (service quality). Exactly as humans deal with impre-
cise data, service quality forecasting can be performed even in the case of
imprecise or imperfect real-time data.

2. Secondly, in subjective methods, the correlation between different factors is not
reckoned, and each characteristic (e.g., reliability and responsiveness) is moni-
tored through one or more questions in the questionnaire. However, in reality
characteristics and attributes of service transactions do correlate and can affect
service quality indirectly. Considering these characteristics in isolation ignores
such indirect consequences.

3. Thirdly, in applying subjective model based on questionnaire or other means of
data gathering, some variable data are missed or converted to numeric attribute.
For instance, qualitative values are usually given numeric rankings. ANNs can
deal with qualitative values as they are, alleviating this limitation.

Based on the above, it seems the use of ANNSs for service quality control and
service quality forecasting is well justified. A model for applying ANNs in service
quality control is proposed in Table 3.1.

As a very general example, we assume that for controlling quality of a banking
service, there are “responsiveness,” “reliability,” and “information technology” as
three attribute characteristics and “time” and “cost” as two variable characteristics.
Designing an ANN for such a scenario would require five input neurons and six
output neurons, the first one for overall quality and the rest for showing the effect of
each characteristic on the overall quality status. In this example, the output [0, 1, 1,
0, 1, and 0] means that the customer is not satisfied with the quality due to informa-
tion technology and cost (“0” values).
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3.5 Application to Healthcare Context

There are some different services that can be nominated in application case study,
e.g., education, public transportation, banking, and health care. In comparison with
other types of servicing, healthcare providers face many challenges, while they are
concurrently under public scrutiny as consumer demands escalate. Medical care
quality control and improvement as confidence in the medical community providing
safe and effective patient care. Note that poor quality in patient care processes can
run the spectrum from minor dietary issues to patient morbidity and fatality. It
seems that applying a biological-origin concept in healthcare industry would be
interesting (Frings and Laura Grant 2005). Health care is the most crucial service
industry because of its nature of zero tolerance for mistakes and potential for reduc-
ing medical (Kwak and Anbari 2006). Health care is the largest service industry
accounting for 17 % of the US GDP ahead of education at ten percent (Larson
2009). There are about 7,500 hospitals in the United States but about 4,000 institu-
tions of higher education (Larson 2010).

The Commonwealth Fund, in its annual survey, “Mirror, Mirror on the Wall,”
compares the performance of the healthcare systems in Australia, New Zealand, the
United Kingdom, Germany, Canada, and the United States. The Organization for
Economic Co-operation and Development (OECD) also collects comparative statis-
tics and has published brief country profiles as in Table 3.2 (The Commonwealth
Fund 2007; Organization for Economic Co-operation and Development 2008;
Wikipedia 2010).

The Institute of Medicine’s definition of quality has proved of enduring useful-
ness: “Quality is the extent to which health services for individuals and populations
increase the likelihood of desired health outcomes and are consistent with current
professional knowledge” (Chassin 1998).

Table 3.2 Brief country healthcare profiles

Per capita Healthcare costs % of government
expenditure on  as a percent revenue spenton % of health costs
Country health (USD) of GDP health paid by government
Australia 3,137 8.7 17.7 67.7
Canada 3,895 10.1 16.7 69.8
France 3,601 11.0 14.2 79.0
Germany 3,588 10.4 17.6 76.9
Japan 2,581 8.1 16.8 81.3
Norway 5,910 9.0 17.9 83.6
Sweden 3,323 9.2 13.6 81.7
United 2,992 8.4 15.8 81.7

Kingdom
United States 7,290 16.0 18.5 454
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Some operational inefficiencies are associated with the direct medical service
delivery process. Others are associated with the administrative, logistical, and oper-
ational side of the healthcare delivery system. Both areas can benefit from system-
atic process innovation activities (Henk de Koning et al. 2006).

A lot of different attributes and variable quality characteristics can be considered
in health care to monitor, predict, and improve (Loey Sehwail and Camille De Yong
2003; Richard Stahl et al. 2003) the posit that the quality characteristics in health
care can be classified into four categories:

» Service level (e.g., access to care, wait time, service time)

* Service cost (e.g., cost per unit of service, labor productivity)

* Customer satisfaction (e.g., patient or family, referring physician, employee)

* Clinical excellence (e.g., guidelines for medication or treatment, standard proce-
dures for patient monitoring)

From different angle, McGlynn et al. (2003) proposed different quality indicator
in three types of care including preventive, acute, and chronic and in four different
functions including screening, diagnosis, treatment, and follow-up. In an analytical
paper published by the Quality in Australian Health Care Study (QAHCS), Ross
McL Wilson et al. analyzed the cause of adverse events resulting from health care
in Australia from different categories like human error categories, delay categories,
treatment categories, and investigation categories (Ross McL Wilson, Harrison
et al. 1999).

3.6 Concluding Remarks

Service quality and methodologies of measuring it were discussed and then from
the case vignette contextualized for a healthcare context. In this way we demon-
strated the potential benefits of applying ANN into health care to facilitate the
achievement of superior healthcare delivery. The gaps in the currently available
methodologies were highlighted. Based on the lessons learnt in manufacturing in
dealing with analogous problems, the use of evolutionary algorithms (EAs) in ser-
vice quality control and forecasting is proposed, and a simple model for applying
ANNSs (a subclass of EA) is presented.

For completeness, it is noted that the application of ANNs in service quality
control and forecasting has the following characteristics:

1. No restriction on the type of inputs and outputs (qualitative values, quantitative
attributes, or any combination thereof).

2. No assumption is made on the statistical distribution of variables and their
interdependence.

3. No limitation on the number of inputs and outputs (although it is noted that as the
number of inputs and outputs increase, the network might become prohibitively
complex).
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4. No requirements on access to large data sets. EV can be trained and used with
much smaller data sets than statistical methods afford.

5. Computationally very efficient, which can translate into much faster data analy-
sis; affording near real-time data analysis in the case of ANNs.

We believe ANNSs are a prime candidate in service quality control and service
quality forecasting. Research is already underway in designing and applying an
ANN as a dynamic model for monitoring and forecasting of service quality in a
nominal service industry. Further, ANNs have the potential to bring numerous ben-
efits to healthcare contexts and we close by recommending their incorporation into
healthcare contexts.
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Chapter 4
The Application of Lean in the Healthcare
Sector: Theory and Practical Examples

Nathan Houchens and Christopher S. Kim

Abstract Many companies in the manufacturing sector, such as Toyota, have enjoyed
immense financial and commercial success by utilizing lean principles to identify
value for the customer, eliminate waste in the production process, and deliver high-
quality products. Lean encourages participation by the “frontline” workers to generate
ideas, enact changes in workflow, and constantly pursue perfection in learning sys-
tems. Modern healthcare organizations comprise complex processes and are in signifi-
cant need of improvement in the domains of safe, efficient, timely, and appropriate
delivery of care to patients. It is these complex processes that are targets for improve-
ment using the systematic and scientific lean approach. Lean has been implemented in
numerous healthcare organizations within the United States and other nations. From
decreased patient wait times to improved patient throughput in emergency depart-
ments to more efficient bedside rounding practices, lean has improved the quality of
healthcare delivery in institutions that teach its ideals and goals. By going and observ-
ing where the work is performed, asking why to determine the root cause of problems,
and respecting and supporting involved parties, organizations may have a positive
transformative effect on the way healthcare is delivered.

Keywords Lean approach e Healthcare systems ® Patient safety ¢ Efficiency ¢
Problem solving

Key Questions

1. What is the lean approach?

2. How can lean principles be applied in healthcare?

3. Who are the customers in the healthcare system and what are the values specific
to each?
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4. How are value and waste defined in the healthcare arena?

5. What is the lean practitioner’s approach to solving healthcare process
problems?
What are the steps involved and how is quality improvement executed?

6. What are examples of effects of the lean approach in healthcare?

4.1 The History of Lean: A Quality Revolution
from Manufacturing to Healthcare

Provision of a high-quality product with maximal value to the customer and mini-
mal waste to the organization is the critical endeavor of any industry. Toyota Motor
Corporation epitomizes this statement by maintaining its unremitting devotion to
continuous quality improvement and safety for both its employees and its custom-
ers. In doing so, it has achieved remarkable success. Toyota is widely recognized as
a world-class automotive manufacturer and consistently garners top rankings and
awards for quality and customer satisfaction by reporting agencies (Liker 2004).
Much can be learned from the ways in which this industry giant conducts its
business.

The management philosophy of the Toyota Production System, known generi-
cally as lean production, is a set of principles and practices that assist in delivering
the ultimate goal of improving quality by the constant transformation of waste into
value from the customer’s perspective. Waste can be defined as anything that does
not add value to the final product or service; conversely, value is the capability to
provide the right product or service, at the right time, and at an appropriate price
(Womack and Jones 2003). Lean production refined twentieth-century scientific
management concepts pioneered by Frederick Winslow Taylor and Henry Ford.
Taiichi Ohno, an engineer at Toyota during the 1940s, identified deficiencies in
Western automotive production systems. He believed that excess inventory led to
costly capital, increased need for storage space, and product defects. He also noted
the inability of inflexible systems to honor dynamic customer preferences due to
line-based production systems (Holweg 2007).

With these insights, he developed the principles of jidoka and “just-in-time.”
Jidoka can be loosely translated as “automation with a human touch” and refers
to automated and standardized processes that are able to detect problems requir-
ing human attention in real time, thereby preventing defects in the final product.
The “just-in-time” philosophy leads to production of only that which is needed by
the next process in order to achieve a smooth and continuous workflow. These
process-oriented concepts, combined with methods suggested by American stat-
istician and quality expert W. Edwards Deming, serve as the foundation for the
Toyota Production System and lean thinking. Over generations, Toyota as an
evolving organization, has undergone continuous iterative learning cycles with a
goal of eliminating waste and creating value (Womack et al. 1990).
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A derivation of this strategy is known as lean thinking or the lean approach.
A descendent of the quality improvement method known as the Plan-Do-Study-Act
(PDSA) cycle, lean has been incorporated into numerous other industries such as
construction, aerospace, and insurance in an effort to improve performance and pro-
ductivity. This philosophy has also extended to healthcare. Indeed, many hospitals,
clinics, and medical groups are rapidly adopting its tenets across the world and
establishing it as the systematic approach to enhancing quality, efficiency, and
patient safety (Blackmore et al. 2011; Kim et al. 2009; Waldhausen et al. 2010).
In this chapter, we will investigate the numerous challenges the healthcare industry
faces, the key steps and tools of lean as it relates to the care of patients, and exam-
ples of successful execution of lean principles by forward-thinking healthcare
institutions.

4.2 Healthcare Challenges in the Twenty-First Century

Healthcare systems are intricate organizations that comprise not only the physical
locations of care delivery but also a myriad of medical provider disciplines, varying
acuity of patient disease processes, and an ever-expanding database of literature
describing disease pathophysiology, diagnostic approaches, and therapies.
Achievements in technology and innovation have equipped providers to deliver
higher levels of care than ever before. However, as a natural by-product of this evo-
lution, care of patients has become more subspecialized, and the processes that must
coordinate to produce quality medical care are increasing in number and
complexity.

More than a decade ago, the United States Institute of Medicine published two
reports entitled 7o Err Is Human and Crossing the Quality Chasm that investigated
the ways in which healthcare is delivered and placed focus on quality improvement
and patient safety issues (Kohn et al. 2000; Committee on Quality Health Care in
America, Institute of Medicine 2001). The recommendations put forth in these
reports highlight patient care that should be safe, effective, efficient, patient-
centered, timely, and equitable. Despite the time that has since passed and the sub-
stantial amount of resources that have been allocated toward achieving these goals,
many challenges in the United States and other nations remain.

It is clear that healthcare delivery and financial systems require significant inter-
vention in order to create the ideal care experience that patients require and deserve.
While this represents a global view of the challenges facing healthcare, the pro-
cesses and tools of change will likely need to be engaged at the local or individual
organization level. The lean philosophy has been utilized in multiple industries such
as automotive manufacturing, finance, and metalworking to improve processes with
massive improvements in quality, efficiency, and profit margins. The time has come
to harness the power of lean in order to improve the state of healthcare. Indeed, the
Institute for Healthcare Improvement has advocated for healthcare leaders to take
up the lean approach for this purpose (Institute for Healthcare Improvement 2005).
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Those who state that patients are not composed of parts needing to be assembled
correctly to function are correct. However, the healthcare system is a complex orga-
nization that comprises multiple processes similar to other industries, and it is these
processes that are targets for improvement using lean techniques. In order to gain a
better understanding of lean thinking, it is imperative to first consider the fundamen-
tal concepts of lean.

4.3 The Principles of Lean (in Healthcare)

In their book entitled Lean Thinking: Banish Waste and Create Wealth in Your
Corporation (Womack and Jones 1996), James Womack and Daniel Jones specify
the lean thinking approach as consisting of five steps:

1. Specify value from the customer’s perspective.

2. Identify the value stream (from order to delivery) for each product or service and
remove the waste.

3. Make value flow without interruption from the beginning to the end of the
process.

4. Let the customers pull what they value from processes when they need it.

5. Pursue perfection through continuous improvement.

In healthcare, one can also view the approach to lean thinking following these
five steps. The goal of lean thinking in healthcare is to focus continuously on how
appropriate healthcare can be delivered most efficiently, safely, and with the highest
quality by transforming waste into value from the perspective of the customer.

1. Value from the customer’s perspective

Customers in healthcare do not solely refer to patients, but also include other
internal and external partners of the healthcare system. In addition to patients, exter-
nal customers could also include regulatory agencies such as the Joint Commission
and the Centers for Medicare and Medicaid Services, as well as third-party payers
such as private and public insurers. Internal customers could include providers
referring to one another and other ancillary support staff collaborating to provide
clinical and nonclinical healthcare service to patients. Organizations striving to pro-
vide the best care possible need to understand the value as determined by both its
internal and external customers to the healthcare delivery process.

2. Identify the value stream and remove waste

The healthcare organization operates in a series of processes, where each succes-
sive step in a process should deliver a value-added piece of work in the overall goal
of taking care of the needs of its patients. Many of these processes are far less than
optimally efficient. Consider, for example, the number of steps and waiting time
required for an outpatient office visit. The total time that elapses from when the
patient picks up the phone to make an appointment until the time when she is seen
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and evaluated at the clinic can be quite long and variable. The patient could spend
minutes on hold waiting to speak to a scheduler and then wait up to several days to
weeks before the actual appointment date. Upon arrival at the clinic, the patient
again waits in a reception area prior to moving through other clinic areas at which
point there is typically additional wait time (i.e., moving from the waiting room to
the area where vital signs are taken, moving into the exam room, being evaluated by
a medical assistant or nurse) before finally being seen by the medical provider. The
patient may experience further wait time at checkout. If she needs a prescription,
further diagnostic tests, or is referred to a specialist, she may need to repeat many
aspects within this series of inefficient steps. This process, taken as a whole, often
frustrates patients regarding the length of time required to schedule and be seen by
their physicians. Yet, for all those involved in coordinating and providing the medi-
cal care for the patient, the overall primary goal is to help the patient with her medi-
cal problem as best they can. There appears to be a gap between what the patient
desires from the healthcare delivery system and what the organization is actually
delivering as its product.

A lean approach to investigating this problem example would (a) sort through
which of these facets of the work would be considered of value to the patient, (b) try
to ensure those parts are as closely linked to each other as possible, and (c) mini-
mize (or eliminate) any other aspects the patient would not want as part of her
healthcare utilization process. These steps comprise the process of creating a value
stream map (VSM). Dohan et al. (2012) in this same volume discuss the use of
VSM in lean healthcare with illustrative diagramming techniques. Delving deeper,
the lean approach to identifying and eliminating waste would entail specifying the
types of waste. In this example, waste would be defined to the customer as all
aspects of the process that contribute to wait times either before or after being seen
by the medical provider. The Toyota Production System categorized waste into
seven areas of muda, a Japanese word describing waste or uselessness within a sys-
tem (Womack and Jones 2003). Classifying waste into more specific areas may
allow for organizations to better identify the underlying root causes of waste pro-
duction that might serve as targets for improvement. Table 4.1 describes these cat-
egories of wastes and provides examples from the healthcare sector.

3. Make value flow without interruption
4. Pull what is valued from the process just in time

In analyzing the situation, the observer(s) and operator(s) of the process ask them-
selves if each of the steps is creating value for the customer and if the steps of this
process can be accomplished with less waste. So often in healthcare, in their devotion
to patient care, workers are focused only on their particular segment of the patient’s
journey and they often fail to see how their work affects other individuals who are
also part of the process both upstream and downstream. Continuing on the previous
example of the patient seeking an outpatient appointment, the overall goal of the lean
thinking healthcare organization is to be able to make each of the steps involved in
obtaining an appointment and evaluating the patient at the clinic visit flow as smoothly
as possible with minimal interruptions. In fact, examples of these organizations exist.
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Depending on the needs of the particular patient, there have been clinics established
to allow for patients to make an appointment, show up to the clinic that same day, be
seen by a provider, have their prescriptions sent to the pharmacy electronically via
“e-prescribing,” and have the medication ready for patient pick up, all without signifi-
cant delays.

5. Pursue perfection through continuous improvement

An ultimate intention of a lean organization and management is to have the indi-
vidual workers in the front line continuously work to improve processes of their
everyday activity. When this happens, as Toyota has been able to achieve, a lean
organization can start to become a learning organization. This type of organization
addresses problems immediately through onsite, timely experimentation that identi-
fies further problems and waste in the process steps. As individuals work and iden-
tify these problems, rapid deployment of improvement ideas can lead to dissemination
to other individuals doing the same type of work. Once the improvement ideas are
depicted and implemented as a new way of performing the work, further refine-
ments can be made to stabilize and optimize the process, thereby becoming the
“future state.” Further experimentation leads to new process methods, further refine-
ments and implementation ultimately determine the new current state, and the pro-
cess repeats indefinitely in a continuous improvement cycle.

4.4 Lean Healthcare Organizations

The goal of lean thinking in healthcare is to focus continuously on the large and
small changes that must be made in the processes of how clinical care is delivered,
so that healthcare can be delivered in a way that simultaneously optimizes quality,
safety, efficiency, and appropriateness. Some healthcare systems and organizations
that were early adopters of lean production management have been able to demon-
strate meaningful results.

* Virginia Mason Medical Center in Seattle, Washington, has been able to reduce
the incidence of ventilator-associated pneumonias from 34 to 4 cases utilizing
lean thinking methods (Institute for Healthcare Improvement 2005; Spear 2005).
Their ongoing commitment to improve patient care and safety utilizing the
approaches of lean healthcare has propelled them to become recognized as one
of the safest hospitals in the country.

e ThedaCare Inc. is a health delivery system located in northeast Wisconsin that
utilizes the ideals and tools of ThedaCare Improvement System. This organiza-
tion has been able to achieve a $3.3 million cost savings in 2004; reduce the
number of days outstanding in accounts receivable by 21 %, equating to about
$12 million in cash flow; and redeploy staff in several areas by improving the
efficiency of their operations, which have led to a savings of 33 full-time equiva-
lent employees (Institute for Healthcare Improvement 2005).
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e At the University of Pittsburgh Medical Center, nursing administration utilized
the Toyota Production System model of Lean production to improve the qual-
ity and first-time accuracy of medication delivery which has led to cost savings
of more than $200,000; increased the percent of patients who received their
medications on time as scheduled; virtually eliminated a non-value-added
work of searching for a special narcotics key, leading to 2,900 nursing hours
saved annually and patients obtaining pain relief on demand; and reduced the
preparation time for antibiotic administration by 4 min per dose, thus leading
to an estimated savings of nearly 5,000 nursing hours per year (Thompson
et al. 2003).

e At Flinders Medical Center in South Australia, Emergency Department (ED)
overcrowding was such a significant issue that providers were forced to see
patients outside of the usual ED space. Through a series of value stream mapping
exercises and process improvement work groups, this group was able to visualize
their workflow and separate patient cases out into distinct “streams” based on
their triage categories. Flinders was able to reduce the total amount of time spent
in the ED by all types of patients, and the average number of patients being seen
in the ED at any given time was also reduced, both of which led to the goal of
decreasing ED overcrowding (King et al. 2006).

Case Example

Hospital-based rounding physicians have traditionally utilized batched pro-
cessing in their approach to evaluation of patients. This process usually priori-
tizes the examination of patients who are reported to be the most ill, followed
by those with urgent questions or issues, followed by routine patients who are
likely to need ongoing hospital care services, and finally those patients who
will be discharged that day. It is not clear as to the reason for this rounding
order, but the behavior has been passed on from one generation of physicians
to the next. However, it is not necessarily the order of patients that matters to
workflow, but rather the order of provider actions.

To illustrate this concept, a process flow map of a typical rounding order
and the subsequent batched work steps of calling specialty consultants and
entering orders (daily orders, discharge orders, etc.) is shown in the figure
below. Even this simplified depiction of a hospital-based provider’s morning
workflow demonstrates that batching activities together, while possibly con-
venient for the provider, can lead to the untoward by-products of wait times
for other healthcare workers—such as providers receiving consult calls or
allied health professionals having to carry out physician orders—as well as
“bursts” of activity among these groups (e.g., specialty consultants, nurses,
phlebotomists, pharmacists). This alternation between idling and overload
leads to a lack of efficient and effective workflow that can produce delays in
providing timely care to patients.

(continued)
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(continued)

A keen observer will also note that by working in a one-piece workflow
process, the opportunities to catch and correct defects or errors are much more
rapid and close to the source of the error than in the traditional batching work-
flow process. One can see that in the batching process, entering orders for all
the patients together creates an opportunity for error if the hospital-based pro-
vider is trying to toggle among multiple patients to enter orders. Further, if an
error in order entry is going to be caught by an allied health professional —a
clinical pharmacist, for example—he or she will not have all the information
on patient A until well after 10:00 AM, the point at which the provider has
completed writing all orders for all patients in a batched fashion. Alternatively,
a pharmacist could catch and prevent an order error for patient A immediately
after the provider enters orders on that patient if the provider utilizes one-
piece workflow. The opportunity to fix the error becomes easier also as all
involved parties are still proximal to the work and the needs of the patient as
customer.

As hospitals have sought to improve the efficiency of care delivered in the
hospital, they should consider incorporating a one-piece workflow from the
patient’s perspective to allow for quicker processing of each patient and to
allow for opportunities to catch errors as proximal to the situation as possible.
It is obvious to see the benefits of improving hospital and patient flow if one
simply substitutes “writing a discharge order for patient A” to replace “writ-
ing a prescription order for patient A.” In a busy health system, increasing
efficiency of bed turnover even hours earlier can have a significant impact on
the overall operation of all care settings including the hospital, the emergency
department, and the clinic from which the patient was admitted.

4.5 Conclusions

Lean thinking has clearly been demonstrated to be a highly successful process and
quality improvement method in the manufacturing industry (Womack and Jones
2003; Womack et al. 1990). Healthcare abounds with opportunities for improvement
in quality, safety, efficiency, and appropriateness of care delivery. Organizations that
oversee various perspectives of healthcare delivery, from quality and safety to eco-
nomics and efficiency, recognize that delivery of healthcare can and should operate
at a much higher level of performance. The practice of lean thinking has the poten-
tial for great application in the healthcare arena, where it may have a transformative
effect on how care is delivered to our patients. Those able to adapt to the ways of
lean healthcare methods can anticipate that they will benefit as an institution, but



4 The Application of Lean in the Healthcare Sector... 53

more importantly the “customers” will receive greater value in the form of higher
quality, safer, more efficient, and more appropriate care, as those organizations focus
on the “customers’ journey through the complex maze of the healthcare system.

As healthcare providers, we are rooted in the belief of scientific experimentation
and evidence-based practice. Lean is designed to make work a series of experiments
that immediately reveal problems. These problems can be acted upon rapidly to
develop, implement, and disseminate a successful solution across the health system
to work toward continuous improvement. This type of systemic learning based on
sound theoretical and quantitatively driven change has been dubbed as “pragmatic
science” (Berwick 2005) which we hope the scientific community will embrace for
its capability to improve the delivery and practice of healthcare.
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Chapter 5
Business Value of IT in Healthcare

Peter Haddad, Mark Gregory, and Nilmini Wickramasinghe

Abstract With the rapid increase of healthcare expenditures and the parallel
increase of doubts about the efficiency of current healthcare systems, due to increas-
ing number of medical incidents and problems, decision- and policy-makers in
healthcare industry have started looking for adopting new management practices
and strategies to reduce costs and increase healthcare quality, in other words, maxi-
mizing the value and minimizing waste. Investing more on information technology
has been one of these new strategies. At the same time, lean thinking and Lean Six
Sigma promises have been appealing for healthcare, after achieving good results in
different industries. However, due to its uniqueness, healthcare industry should have
its own definition of “value” as it extends this concept beyond the operational level
to cover sociotechnical aspects. Thus, the role that information technology can play
to facilitate business value, and later value, in healthcare is discussed in this chapter.
Also, lean and Lean Six Sigma in healthcare and their link to business value of IT
are to be discussed, on a quest to draw a road map to better IT investments in health-
care to improve value generating in this industry.
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5.1 Introduction

Healthcare costs are skyrocketing around the world, which has made decision- and
policy-makers in this massive industry look desperately for solutions to control
these costs and enhance the medical procedures as much as possible. Investing in
information technology has been shown as a key strategy to achieve this complex
balancing. Thus, healthcare organizations have started investing, relatively heavily,
in implementing information technology-based healthcare systems. This tremen-
dous international trend to make the movement from the traditional healthcare to
what has been known as “e-health” has motivated lots of researches to focus on the
role that information technology can play to enhance the productivity in healthcare.
However this interest came a bit late as too many healthcare organizations had
started spending more and more on information technology with little to show for it
in the output statistics.

Although there has been much work done in this area, measuring “the business
value of IT” in healthcare is yet to be investigated. The concept of “business value
of IT” has been a major point of interest and research in the last few decades, and it
links the impact of IT and the organizational performance. This chapter introduces
the implementing of this concept in healthcare and proposes a model to conceptual-
ize the business value of IT in healthcare. That will be after briefing the economy of
healthcare, healthcare delivery, the current state of information technology in health
delivery, and summarizing the main features and elements of the concept of “busi-
ness value of IT” in the light of prior research in this area. Finally, value and the lean
thinking principles will be introduced, and how, and why, business value of IT in
healthcare is so essential in such a paradigm will be discussed.

5.2 The Economy of Healthcare

The rising of health spending is much faster than incomes in most developed coun-
tries, which makes the question about how these countries will pay their health
needs in the future a key to more studies and researches. The issue is particularly
penetrating in the USA, where more per capita on healthcare is being spent and also
one of the highest spending growth rates can be found. Although both public and
private health expenditures are growing at rates which outpace comparable coun-
tries, according to the figures coming from the Organization for Economic
Co-operation and Development (OECD), the USA does not achieve better outcomes
on many important health measures, like the dangerous combination of high costs,
irregular quality of care, frequent errors as well as limited access to care (Porter and
Teisberg 2006).

In this section we use information from (OECD) to compare the level and growth
rate of healthcare spending in the USA to those of other OECD countries.

Figure 5.1 and Table 5.1 show, respectively, (1) Total health expenditure per
capita, in selected countries (2) Total Expenditure on Health as a share of GDP.
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Fig. 5.1 Total health expenditure per capita, the USA and selected countries, 2008

Table 5.1 Total expenditure on health as a share of GDP
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Country 1970 (%) 1980 (%) 1990 (%) 2000 (%) 2008 (%)
Australia 4.1 6.1 6.7 8.0 8.5
Austria 5.2 7.4 8.3 9.9 10.5
Belgium 39 6.3 7.2 9.0 11.1
Canada 6.9 7.0 8.9 8.8 10.4
France 54 7.0 8.4 10.1 11.2
Germany N/A N/A N/A 10.3 10.5
Italy N/A N/A 7.7 8.1 9.1
Japan 4.6 6.5 6.0 7.7 8.1
The Netherlands N/A 7.4 8.0 8.0 9.9
Norway 4.4 7.0 7.6 8.4 8.5
Spain 35 53 6.5 7.2 9.0
Sweden 6.8 8.9 8.2 8.2 9.4
Switzerland 54 7.3 8.2 10.2 10.7
UK 4.5 5.6 5.9 7.0 8.7
USA 7.1 9.0 12.2 134 16.0
Average 5.2 7.0 7.8 9.0 10.1

5.2.1 Different Healthcare Systems

This section will summarize in Table 5.2 three different healthcare systems: private
healthcare (the USA as an example), public healthcare system (UK), and the 2-tier
healthcare system which is a system, where, besides a guaranteed public health
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insurance, a private healthcare system exists, which can have a substitutive or comple-
mentary function, and different factors like income and job status influence the
classification of an enrollee (ArticlesBase.com 2009) (Germany and Australia).

5.3 Healthcare Delivery

Breakthroughs in medical science and innovations in clinical practices offer enor-
mous opportunities and impressive improvements in the health and well-being of
society. Returns on investments in these endeavors can be impressive. However, we
will not realize the greatest returns unless we also better engineer the system of
healthcare delivery (Rouse 2009).

5.3.1 The Enterprise of Healthcare

Consider the architecture of the enterprise of healthcare delivery shown below
(Rouse and Cortese 2010). The efficiencies that can be gained at the lowest level
(clinical practices) are limited by nature of the next level (delivery operations). For
example, functionally organized practices are much less efficient than delivery
organized around processes. Similarly, the efficiencies that can be gained in opera-
tions are limited by the level above (system structure). Functional operations are
driven by organizations structured around specialties, e.g., anesthesiology and radi-
ology. And, of course, efficiencies in system structure are limited by the healthcare
ecosystem in which organizations operate. Differing experiences of other countries
provide ample evidence of this (Fig. 5.2).

The fee-for-service model central to healthcare in the USA assures that provider
income is linked to activities rather than outcomes. The focus on disease and resto-
ration of health rather than wellness and productivity assures that healthcare expen-
ditures will be viewed as costs rather than investments. Recasting of “the problem”
in terms of outcomes characterized by wellness and productivity may enable identi-
fication and pursuit of efficiencies that could not be imagined within our current
frame of reference (Rouse and Cortese 2010).

5.3.1.1 Defining Value

There is currently much commentary on two things in healthcare —universal avail-
ability and cost control. However, we do not think that people want the lowest cost,
universally available healthcare system. We think the central issue should really be
the creation of a healthcare system that provides the highest value (Rouse and
Cortese 2010).

Value is often defined in terms of the benefits of the outcomes of expenditure,
divided by the costs of the expenditure. The benefits of healthcare—from a
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Fig. 5.2 The enterprise of healthcare delivery (Rouse and Cortese 2010)

patient’s perspective—include the quality of health outcomes, the safety of the
process of delivery, and the services associated with the delivery process (Porter
and Teisberg 2006).

The benefits from the perspective of society also include the availability of
healthy, productive people who contribute to society in a wealth of ways. When
people are not healthy, these contributions are diminished. A recent study found
that the cost of the lost productivity far exceeds the cost of the healthcare (DeVol
et al. 2007).

For many reasons it is likely people will remain in the workforce longer than in
the past (Rouse and Cortese 2010). In 1960s, before Medicare got started in the
USA, the average age of death was 67; the average age at retirement was 65-66. By
2005, the average age of death had reached 75, and the average age of retirement
was 62. We are now seeing some people planning on working longer, perhaps up to
70. Even Social Security has delayed the eligibility age for benefits, with the retire-
ment age for people born after 1937 increasing to 66 if born before 1955 and up to
67 if born later.

If people in the USA who do not retire at the usual Social Security retirement age
stay on employers’ insurance, then employers will even have an increased interest
in keeping people healthy for as long as possible and doing productive work for as
long as possible until the worker retires and goes onto Medicare. Employer insur-
ance companies are glad to see the older employees roll into Medicare for the same
reasons; when the greater costs are incurred, it is the government’s problem (Rouse
and Cortese 2010).
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Indeed, this is the exact reason some have proposed that people enrol in and own
an insurance product and keep it even after they retire. That way the insurance com-
pany will now have an interest in keeping you as well as possible even after you
retire, in other words, sun setting Medicare. A Federal Employees Health Care Plan
model would facilitate this option (Rouse and Cortese 2010).

Thus, there will be an increasing need to keep people healthy because they will
need to remain productive longer. More pervasive will be the need to keep everyone
healthy and productive. Part of the value equation, therefore, should include the
productivity in the future of all the workers that do not get diabetes or have heart
attacks or cancer. For this to work, our value equation will have to account for future
returns from today’s investments.

5.3.2 Healthcare Delivery Systems: Current Challenges

According to (Reid and Compton 2010), large numbers of entities that operate
collectively to meet a set of objectives are commonly referred to as “systems”.
Examples are telecommunications systems, trucking systems, and manufacturing
systems. A well-designed, efficient operating system requires that the overall
objectives be clearly understood by all elements of the system, that feedback loops
be supported by good communications and control, and that some entity be in
charge of the system and responsible for ensuring that its performance meets its
stated goals. The main reason of this problem as (Reid and Compton 2010) believe
is that healthcare delivery was never designed as a system and does not operate
as one.

Statistics clearly indicate the magnitude of the task of improving the quality of
healthcare delivery in the USA, for example. Every year, more than 98,000
Americans die, and more than one million patients are injured as a result of broken
healthcare processes and system failures (Institute of Medicine 2005). The gulf
between rapidly advancing medical knowledge base and its application to patient
care is growing. According to one survey, 75 % of patients consider the healthcare
system fragmented and fractured, a “nightmare” to navigate, and plagued by dupli-
cation of effort, lack of communication, conflicting advice regarding treatment, and
tenuous links to the evolving medical evidence base (Picker Institute 2000).

Poor quality is costly (Reid and Compton 2010). David Lawrence estimates that
$.30 to $.40 of every dollar spent on healthcare, more than a half trillion dollars per
year, is spent on costs associated with “overuse, underuse, misuse, duplication, sys-
tem failures, poor communication, and inefficiency” (Lawrence 2005). Meanwhile,
healthcare costs have been rising by almost double digits (Table 5.1).

According to a study published back in 2001 by the American Institute of Medicine
(IOM) Crossing the Chasm: A New Health System for the 21st Century, a committee
of experts identified six interrelated characteristics of a healthcare delivery system
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that should guide efforts to improve the quality of care. The twenty-first century
healthcare must be:

» Safe—avoiding injuries to patients from the care that is intended to help them

e Effective—providing services based on scientific knowledge to all who could
benefit and refraining from providing service to those not likely to benefit (avoid-
ing underuse and overuse, respectively)

 Patient-centered —providing care that is respectful of and responsive to individ-
ual patient preferences, needs, and values and ensuring that patient value guides
all clinical decisions

e Timely—reducing waiting times and sometimes harmful delays for those who
receive and those who give care

o Efficient—avoiding waste, including waste of equipment, supplies, ideas, and
energy

* Equitable—providing care that does not vary in quality because of personal char-
acteristics, such as gender, ethnicity, geographic location, and socioeconomic
status

To meet these six objectives, the committee emphasized the role that engineering
community can play to facilitate the complex process of transforming the healthcare
delivery systems, each of which includes many aspects that are relevant to engineer-
ing, in terms of implementing ICT and other assets. For example, the meaning of
efficiency can be broadened to include the optimization of operations, the reduction
of costs, and the avoidance of errors; and “timely” healthcare delivery might include
better scheduling of facilities and personnel (Reid and Compton 2010).

5.3.3 Information Technology for Healthcare Delivery

In a speech delivered in December 2008, then President-elected Obama pledged to
“use information technology to lower the cost of healthcare; and invest $10 billion
a year over the next 5 years to move the US healthcare system to broad adoption of
standards-based electronic health information systems, including health records”.
The US Congress acted on this pledge by designating 519 billion for healthcare IT
spending in the recently signed stimulus bill (Das et al. 2010).

Today, healthcare service providers benefit from different technologies so as to
reduce cost and improve quality of the medical procedures (Gagnona et al. 2003).
In particular, telemedicine resides on the center of these technologies. The American
Telemedicine Association defines telemedicine as “the use of medical information
exchanged from one site to another via electronic communications to improve
patients’ health status” (ATA 2009).

Telemedicine applications were used in a broad range including consultation
(Berghout et al. 2007), education and training (Chen et al. 2008), and home care
(Biermann et al. 2002).
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Selecting the best telemedicine service among given ones is a complex task. The
process needs considerations of trade-offs between cost and benefits of the service.
Analytic Hierarchy Process (AHP) (Saaty 1996, 1997) is an outstanding method
that can be used in multifactor decision-making environments. It presents a struc-
tured approach to determine individual weights of multiple attributes of a product or
service so that they can be compared in a simple way. Then, it simplifies decision-
making in the selection process. Recent technological developments enable
advancements in delivery of medical services, appropriate healthcare at a reason-
able cost, and access to quality healthcare in underserved areas in the medical sec-
tor. Telemedicine is one of these developments that “enable remote medical
procedures and examinations between patients and medical providers via telecom-
munication technologies like the Internet, or telephone” (Al-Qirim 2007). Moreover,
many previous researches show that compared to traditional medical care, telemedi-
cine services present many benefits to the patients and physicians (van den Brink
et al. 2005; Chae et al. 2001).

5.4 Business Value of Information Technology

This section will demonstrate in three interrelated subsections some of most impor-
tant principles and concepts in delineating the idea of investigating the business
value of IT in healthcare firms. First, a defining the concept of “Business Value of
IT” through distillation will be given (Sect. 5.3.1), and then a brief summary of the
IT portfolio and the proposed conceptual model will be introduced in (Sect. 5.3.2),
and implementing the concept of business value of IT in healthcare firms will be
explained in (Sect. 5.3.3).

5.4.1 Definition Through Distillation

When, several years ago, economists pointed out an apparent “productivity para-
dox” with respect to investments in information technology (IT), information sys-
tems (IS) professionals and academics had a rude awakening. The “fact” that
organizations were spending more and more on information technology with little
to show for it in the output statistics forced practitioners to redouble their efforts to
justify investments in technology (Soh and Markus 1995).

The term IT business value is commonly used to refer to the organizational per-
formance impacts of IT, including cost reduction, profitability improvement, pro-
ductivity enhancement, competitive advantage, inventory reduction, and other
measures of performance (Melville et al. 2004; Devaraj and Kohli 2003; Hitt and
Brynjolfsson 1997; Kriebel and Kauffman 1988). For example, Mukhopadhyay
et al. (1995, p. 138) refer to the “business value of IT” as the “impact of IT on firm
performance” while Melville et al. (2004) define IT business value as “the
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organizational performance impacts of information technology at both the interme-
diate process level and the organization-wide level, and comprising both efficiency
impacts and competitive impacts.”

Information systems scholars have adopted diverse conceptualizations of infor-
mation technology, extending beyond hardware and software to include a range of
contextual factors associated with its application within organizations (Melville
et al. 2004; Kling 1980; Markus and Robey 1987).

As always, seeking better theory is the first endeavor after reaching to mixed
empirical results. Researchers believe that a productive approach is to move from
the question of whether IT creates value to how, when, and why benefits occur or
fail to do so (Melville et al. 2004). One of the first researchers to fill this theory gap
was Weill (1992), who introduced the concept of “IT conversion effectiveness” to
account for the failure of some of IT investments to reach the firm’s bottom line.
Since then, many researchers have proposed theoretical models that trace the path
investment inputs take on the way to becoming the outputs of “productivity
increases,” “realized business value,” “organizational performance improvements,”
and the like. The most recent evidence is that IT is associated with increased output
(thus refuting the productivity paradox), but not with business value as measured
by return on asset and return on equity (Brynjolfsson and Hitt 1996).

As a precise specification of what we mean by IT business value is dependent
upon what we mean by IT, we briefly summarize the information technology port-
folio that would be our base in developing, analyzing, and testing the proposed
conceptual model.

9 ¢

5.4.2 Information Technology Portfolio

Like any investment portfolio, investing in information technology is made up of
investments with different objectives —each with different risk-return profiles to be
balanced to meet the goals of the firm (Weill and Broadbent 1998). The information
technology portfolio of an organization is its entire investment in information
technology, including all people dedicated to providing information technology ser-
vices, whether centralized, decentralized, distributed, or outsources. The investments
include all computers, telecommunication networks, data, software, training,
programmers, support personnel, point-of-sale systems, database, and fax machines,
whether integrated or standalone (Weill and Broadbent 1998) (Fig. 5.3).

Managers make decisions about information technology investments based on a
cluster of factors, including capacities required now and in the future, the role of
technology in the industry, the level of investments are viewed, and the role and his-
tory of information technology in the firm.

Principally, firms invest in information technology to achieve four fundamentally
different management objectives: transactional, infrastructure, informational, and
strategic (Weill and Broadbent 1998). Theses management objectives then lead to
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information, transactional, infrastructure, and strategic systems, which make up the
information technology investment portfolio. Figure 5.4 depicts these different
management objectives and their relationship as they form the information technol-
ogy portfolio. Table 5.3 describes the objectives of this portfolio briefly.

5.4.3 Implementing of Business Value of IT
in Healthcare Firms

Organizations, convinced that information technology (IT) provides business value,
have been acquiring increasing amounts of IT capital over the past 2 decades. The aver-
age amount of IT investment varies considerably by industry. The healthcare industry,
for example, has implemented IT relatively slowly (Memon et al. 2000). Only in the
last few years have hospitals invested heavily in IT (Kettelhut 1992). Tremendous
international interest in healthcare costs (Fuchs 1996) and conflicting results from IT
productivity studies in other industries (e.g., Brynjolfsson and Yang 1996) motivate
any sort of study on the value created by IT in the healthcare industry.

The healthcare informatics literature is relatively new. In the past decade, the
healthcare industry has started to invest heavily in various healthcare information
technologies to boost “quality of patient care,” which has therefore been a major
criterion variable for related studies on hospitals (Burke and Menachemi 2004). For
example, Menachemi et al. studied the relationship between adoption of IT in
healthcare and quality of care, and Solovy presented an evidence of lower mortality
rates in hospitals having higher rates of technology adoption. Some studies have
focused on the effects of adoption of a specific type of healthcare IT, such as elec-
tronic medical records (EMRs). Others are limited in their sample size; therefore,
their results are not easily generalizable to the overall healthcare industry, e.g., stud-
ies on the effect of EMRs on performance at a psychiatric hospital, and on the effect
of EMRs and computerized physician order entry on efficiency measures in an aca-
demic medical center. However, there is a dearth of studies on the business value of
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investments in healthcare information technologies at the organizational level
(Das et al. 2010).

One paper classifies hospital capital into three components: IT capital, medical
capital, and medical information technology capital. IT capital includes data pro-
cessing and communication capital (mainly for administrative purposes). Medical
information technology capital includes equipment used for diagnosis and thera-
peutic purposes, i.e., to collect data from patients or report information to medical
personnel (e.g., X-ray machines, magnetic resonance imaging). Medical capital
consists of equipment used solely for therapeutic purposes (e.g., improvements in
acute care wards or lasers). Labor is classified into two components; medical and IT
labor. Productive capital is calculated as capital stock aggregated over the past sev-
eral years using annual capital expenses. The validity of the capital stock measure
requires a time window over the life expectancy of capital input at a minimum.
Accordingly, researchers use an 18-year window (relatively long compared to prior
research).

The methodology adopted for the study is the stochastic frontier approach. Since
this approach assumes all production processes are inherently inefficient, the model
parameters capture inefficiencies of the production process at the firm level (Devaraj
and Kohli 2003). In addition to these research refinements, this paper adds to the
existing literature in several ways.

Results obtained with these methodological refinements show that both IT and
medical IT capital exhibit a positive influence on output. A positive mean marginal
revenue contribution is also obtained for IT and medical IT capital investments. In
addition, results indicate that IT labor and medical labor exhibit a positive influence
on output as well as a positive impact on mean marginal revenue. However, the
study finds that medical capital appears to be negatively associated with output dur-
ing this time period. This finding may reflect hospitals’ attempts to contain costs by
substituting outpatient services for inpatient services, resulting in a decrease in
length of stay for acute care wards (where medical capital is invested) and increas-
ing outpatient visits for diagnostic tests and procedures (where medical IT capital is
invested). Marginal revenue contribution of the inputs (in increasing order) is medi-
cal capital, IT capital, medical IT capital, medical labor, and IT labor. Medical IT
capital contributed nearly 100 % more than IT capital, while labor components
contributed over 200 % more than IT capital.

Similar to prior research that aggregates across various types of capital, this
study is subject to problems that occur when the productivity impacts of different
information technologies are averaged (Bryujolfsson 1993). When information
technology is aggregated over mainframes, personal computers, and networks, the
productivity impact of IT may be understated, since mainframes are frequently used
past their accounting depreciation life and since the prices of PCs dropped over the
period in question. Hospitals were slow in adopting new IT and most IT managers
kept tight control over the mainframe installations, so IT capital was probably not
replaced in a timely manner. While the lower prices of a unit of new IT and extended
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use of old IT may have somewhat balanced each other, the exact effects of these
influences are difficult to gauge at this level of analysis.

Another paper (Das et al. 2010) develops a framework that disaggregates invest-
ments in IT in the healthcare industry into four distinct categories: investments in
patient management IT (PMIT), transactional support IT (TSIT), communications
IT (CIT), and administrative IT (AIT). It investigates two problems related to the
effect of IT investments on productivity in a healthcare setting (as a branch from the
tree of Service Industry)—the lag (i.e., when the effect is observed, which can be
immediate, i.e., near term, or late) and the durability (i.e., duration of the effect,
which can be short or long term).

Researchers tried to study the relationship between IT investments in healthcare
and the overall performance, depending on two prior studies. First is a pioneering
study by Weill which examined the lagged effect of different types of IT invest-
ments on four measures of performance. Using a sample of 33 small to medium-
sized valve manufacturing firms, this study has found that only transactional IT had
a positive association with some of the firm performance measures. On the other
hand, Brynjolfsson and Hitt (1996) have studied the duration of the effect of IT
investment. In their study of several hundred large firms, they have shown that
investment in IT hardware has an effect on productivity and output growth that
continues from the first year up to the sixth year, and that this effect is much greater
over long periods. Focusing on the healthcare industry, there is sparse research on
the lagged effect of IT. Devaraj and Kohli have shown the presence of lag in the
effect of IT usage in the healthcare sector. In a field study using panel data from
eight hospitals, they found that the improvement in hospital revenues after a decision-
support application is implemented could be observed after a lag of 3 months for
investments in IT labor and a lag of 4 months for investments in IT capital.

The authors of this paper conclude that:

1. Investing in IT in a healthcare setting is associated with improvements in several
performance measures.

2. The suggested model reveals the types of healthcare I'T investments that have an
immediate effect and those that affect later.

3. Investing PMIT “may” increase operating cost intensity in hospitals, while hav-
ing no effect on productivity.

5.5 Strategy and IT in Healthcare Firms

Strategy, as an art, science, and practice, has been a centerpiece of management
and information technology (IT) literature and discussion for many years and will
remain a major management concern for the foreseeable future (Glaser and
Salzberg 2011). Effective strategies are key determinants of organizational perfor-
mance, but developing effective strategies is difficult. A plethora of issues and
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approaches to assist in strategy formation have been developed over the years
(Collis and Rukstad 2008).

5.5.1 Definition of Strategy

Strategy is the determination of the basic long-term goals and objectives of an orga-
nization, the adoption of the course of action, and the allocation of resources neces-
sary to carry out those actions (Chandler 1962). Strategy seeks to answer questions
such as, “Where does this organization need to go and how will it get there?” and
“Where should it focus management attention and expenditures?” (Glaser and
Salzberg 2011). The development of an organization’s strategy has two major com-
ponents: formulation and implementation (Henderson and Venkatraman 1993).
Formulation involves making decisions about the mission and goals of the organiza-
tion and the activities and initiatives it will undertake to achieve them.

In healthcare IT, there is a need for formulation, in keeping with an IT mission to
use the technology to support improvement of the quality of care, maybe by having
a goal to integrate clinical application systems.

Implementation involves making decisions about how to structure organizations,
acquire skills, establish organizational capabilities, and alter organizational pro-
cesses to achieve the goals and carry out the activities that have been defined during
formulation of a strategy. For example, if reducing of care costs has been decided by
reducing inappropriate procedure use, there will be a need to implement one or
more of the following changes to the organization:

* An organizational unit of providers with health services research training to ana-
lyze care practices and identify deficiencies

* A steering committee of clinical leadership to guide these efforts and provide
political support

* A provider order entry system to provide real-time feedback on order
appropriateness

* Data warehouse technologies to support analyses of healthcare utilization

5.5.2 The Need for IT Strategy in Healthcare Firms

“If you don’t know your target, you will not hit it.” It looks 100 % true statement in
linking IT investments and future vision. According to the previous definitions of
business value of IT, there must be links between IT investments and organizational
performance, and the main factor in determining how these investments are easy to
justify would be how do they reflect positively on the overall performance. Thus,
strategic planning in healthcare industry is needed to make such a bridge between
the input (IT investments) and the outcomes (better medical care, higher standards
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of performance, safety, cost reduction, etc.). For example, an organization’s deci-
sion to implement a computerized provider order entry system should reflect the
organization’s strategy of improving patient care. Developing sound strategy in
these areas can be very important for one simple reason: if you define what you have
to do incorrectly or partially correctly, you run the risk that significant organiza-
tional resources will be misdirected. This risk has nothing to do with how well you
execute the direction you choose. Being on time, on budget, and on spec is of dimin-
ished usefulness if you are doing the wrong thing (Glaser and Salzberg 2011).

In addition, organizations can find it has failed to anticipate the future and its
response to that future. When the future arrives (as it always does), the organization
finds it is playing catch up with others who are capitalizing on the future. Catching
up is a dangerous game; the organization may not catch up and lose, or the organiza-
tion, in a fog of panic, may rush to catch up, waste money, and damage the organiza-
tion in its haste. There are many times in IT activities in which the goal (or our
approach to achieving the goal) is not particularly strategic; strategy formulation
and implementation are not needed. Replacing an inpatient pharmacy system,
enhancing help desk support, and upgrading an operating system, although requir-
ing well-executed projects, do not always require that we engage in conversations of
organizational goals or that we take a strategic look at organizational capabilities
and skills. Often there is little likelihood that the way we achieve the goal will create
a distinct competitive advantage. For example, an organization may decide it needs
a common data network for its hospitals, clinics, and physicians’ offices, but it does
not expect that the delivered network, or its implementation, would be so superior
to a competitor’s network that it would confer an advantage on the organization
(Glaser and Salzberg 2011).

Much of what IT does is not strategic, nor does it require strategic thinking.
However, the fact that not all activities are strategic should not reduce the need for
the IT organization to find the best technology and continuously improve its own
performance (Glaser and Salzberg 2011).

5.6 The Proposed Conceptual Model

Based on the analysis of how IT business value researchers have treated the IT artifact,
the predominant approach has been either (1) to use aggregate variables such as IT
capital or counts of systems in quantitative empirical studies or (2) to take a holistic
approach in exploring the interdependencies between IT and human resources in the
creation of business value within case and field studies (Melville et al. 2004). Other
researchers have attempted to develop a more generalized view of IT. For example, in
their review and synthesis of quantitative empirical IT business value research,
Dehning and Richardson (2002) identify three different formulations of IT: IT spend-
ing, IT strategy (type of IT), and IT management/capability. Likewise, Bharadwaj
(2000) derives IT infrastructure, human IT resources, and IT-enabled intangibles such
as customer orientation and knowledge as principal I'T-based resources. Based on a
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survey of top IT executives at 50 firms, Ross et al. (1996) identify three IT assets
underlying a firm’s IT capability: human, technology, and relationship.

To operationalize the IT resource, from a technical perspective, we align with
Weill and Broadbent’s (1998) classification of IT portfolio into infrastructure IT,
transactional IT, informational IT, and strategic IT (see Fig. 5.1). From an organiza-
tional perspective, this study will depend on The Enterprise of Healthcare Delivery
Model (see Fig. 5.3) and adapt it to find the business value of information tech-
nology from a sociotechnical aspect in four interrelated levels: (1) clinical practices
(people), (2) delivery operations (processes), (3) system structure (organizations),
and (4) healthcare ecosystem (society). Figure 5.4 shows the proposed conceptual
model for this research with a key that shows the definitions of clinical IT
applications.

Although this conceptual model looks complicated and multilayered, it is expected
to put the road map to study business value of the different layers of information
technology in Weill’s well-known model and in the four levels of the model of the
enterprise of healthcare delivery. This study would benefit from the existence of these
two models, and it will develop the use of them to start a new approach in evaluating
how much healthcare firms get value from implementing information technology
systems, solution, and resources. In this study we will examine the following:

e Layer 4: Healthcare Ecosystem (Society):

— What is the impact of competition on business value of infrastructure IT
What is the impact of competition on business value of transactional IT
— What is the impact of competition on business value of strategic IT

— What is the impact of competition on business value of informational IT

e Layer 3: System Structure (Organization):

— What is the impact of infrastructure IT on business value in terms of improv-
ing the system structure (internal and external)

— What is the impact of transactional IT on business value in terms of improving
the system structure (internal and external)

— What is the impact of strategic IT on business value in terms of improving the
system structure (internal and external)

— What is the impact of informational IT on business value in terms of improv-
ing the system structure (internal and external)

e Layer 2: Delivery Operations (Processes):

— What is the impact of infrastructure IT on business value in enhancing recov-
ery processes

— What is the impact of informational I'T on business value in enhancing detection
processes

— What is the impact of transactional IT on business value in enhancing the
diagnosis capabilities

— What is the impact of strategic IT on business value in enhancing the
treatment
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e Layer 1: Clinical Practices (People):

— What is the impact of transactional IT on business value in enhancing clinical
practices, especially CPOE, LIS, and OE

— What is the impact of informational IT on business value in enhancing clinical
practices, especially CDR, CDSS, ND, and PD

— The business value of infrastructure IT in enhancing laboratory and radiology
practices (LIS and RIS)

5.7 Lean Thinking and Business Value of IT in Healthcare

In their book “Redefining Health Care: Creating Value-Based Competition on
Results” (2006), Porter and Teisberg introduced a definition of “value” in healthcare
industry in terms of the benefits of the outcomes of expenditure divided by the costs
of expenditure. Furthermore, they stated that the benefits of healthcare—from a
patient’s perspective —include the quality of healthcare outcomes, the safety of the
process of delivery, and the services associated with the delivery process (Porter and
Teisberg 2006). Another perspective of “value” comes from the society, and it is
based on the availability of healthy and productive people who will be able to con-
tribute to society in a wealth of ways.

Thus, solving the conundrum of creating value in healthcare depends on maxi-
mizing these healthcare outcomes within the available resources which are lim-
ited, and scares in many cases. In other words, meeting the customer needs
without waste through reconfiguring organizational processes (Womack and
Jones 2003), which represents the heart of lean thinking, is a real challenge.
Under these circumstances, the quest to explore the promises of lean thinking is
compelling (Young and McClean 2008).

5.7.1 Lean Thinking and Value Creation

Value creation is seen as equal to cost reduction in lean thinking (Hines et al.
2004). As such, understanding of this concept will reinforce the understanding of
lean thinking itself. According to this paper, after Womack and Jones (1996) had
crystallized value as the first principle of lean thinking, lean moved away from
a merely “shop-floor-focus” on waste and cost reduction, to an approach that con-
tingently sought to enhance value (or perceived value) to customers by adding prod-
uct or service features and/or removing wasteful activities. In other words, value
was linked to customer requirements and no longer was simply defined through its
opposite: waste. Figure 5.5 shows the interrelationship between value and cost,
which states that the value is created in avenues: reducing waste (and activities pro-
duce waste) and increasing features and/or services being offered.
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5.7.2 Information Technology and Lean Thinking

Optimizing the organizational performance is claimed to be the target of imple-
menting lean thinking from one side and pro-information technology on the other
hand. However, a close look at the main principles of these two distinct solutions
shows that they both depend on totally different principles. For pro-Lean, less is
best. According to Piszczalski (2000) that means:

* Fewer inventories

e Less material movement

e Less floor space

e Less variability

» Fewer steps, options, and choices

On the other hand, information systems camp adopts more is best and goes for:

* More information

e More flexibility

e More functions

e More comprehensive business processes

* Faster and more frequent decision-making made by more people

Despite these massive differences between lean and Information Technology,
the author encourages manufacturers to not adopt one of these strategies totally to
the exclusion; rather, predicting that tomorrow’s most successful manufacturers
will learn how to artfully blend the best of both worlds to maximize productivity
and quality and to minimize required resources, and that is exactly what hap-
pened, when lean extended from being an approach to optimize production to
become lean enterprise where other business activities (e.g., product design, pay-
ments processing, order taking) are included (Bruun and Mefford 2003) and
started using information technology to perform these crucial steps in the overall
business activities.
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Another paper (Bruun and Mefford 2004) demonstrates success stories from
three different firms after using Internet and information systems to implement
lean thinking; among these examples, Dell Computer Corporation looks unique in
terms of the increases of sales, profit, and share prices, which all increased at
astounding rates in the last few years after using IT to implement lean strategy. As
a result of these observations, Internet and other information systems support the
lean manufacturing principles, which results in a self-reinforcing development of
broader business processes, like procurement, after-sales services, invoicing and
payments, and even the adoption of virtual enterprises, cited to what Micheal
Hammer (2001) urged that this success in cutting waste in internal operations should
encourage looking beyond the wall of these organizations to streamline the process
shared with other firms to form what he named it a “superefficient company.”

5.7.3 Lean Thinking in Healthcare

Healthcare organizations have been investing considerable effort in the develop-
ment and implementation of a variety of quality improvement initiatives, which
include, for example, implementation of incident-reporting systems, risk man-
agement systems, quality assurance methods, and quality-oriented human
resource management (Katz-Navon et al. 2007). At the same time, lean thinking
has been appealing to be applied on healthcare to improve the outcomes. However,
duplicating any management practice from first movers (first organizations to
adopt it) is condemned to failure unless modified according to the unique condi-
tions of the new adopting organizations (the organizations that adopt these prac-
tices later) (Kostova and Roth 2002; Tolbert and Zucker 1983). Applying this on
lean thinking, as a management practice, classifies healthcare industry as a “sec-
ond mover.”

First movers, driven by a desire to improve performance, are mainly interested in
technical efficiency, which results from the operating benefits of the practice and its
effects on eliminating problems (Tolbert and Zucker 1983; Katz-Navon et al. 2007).
On the other hand, second movers typically conform to institutional pressure, such
as the demands of customers and the desire to appear as if they are keeping up with
competitors. According to the institutional theory, the ultimate performance
improvement belongs to the first movers because they implement a practice that fits
their needs (Katz-Navon et al. 2007).

5.7.3.1 Lean Thinking in Healthcare: Sociotechnical Perspective

Although lean started originally on an operational aspect, lean theory nowadays
extends to include human behavioral aspects and the interface between these two. It
is argued now that for any lean effort to succeed, both a quality system (operational)
and a quality culture (sociotechnical) are needed (Joosten et al. 2009; Hines et al.
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2004; Osono et al. 2008; De Treville and Antonakis 2006; Savary and Crawford-
Mason 2006). While much studies and researches have been done on the opera-
tional level of lean, research on sociotechnical dynamics in lean organizations,
especially in healthcare, is virtually absent (Joosten et al. 2009).

Reports on lean-related improvements in healthcare have led some to conclude
that “the lean message is 100 % positive (Joosten et al. 2009). Lean can improve
safety and quality, improve staff morale, and reduce costs—all at the same time”
(Jones and Mitchell 2006). However, the standards of this message are limited on
operational level, with noticeable neglecting of sociotechnical aspects, which are
crucial in healthcare. Joosten et al. (2009) suggest redefining lean thinking to
include both operational and sociotechnical aspects urging the importance of such a
trend to better understand the whole photo of lean.

5.7.4 Lean Six Sigma in Healthcare

During the past century, industry deployed a large arsenal of tools and innovation
approaches to achieve high levels of operational efficiency (Koning et al. 2006).
lean thinking and Six Sigma are two of these approaches that are being used widely
in industry on a quest to improve customer satisfaction and quality, increase process
speed, and reduce cost (Cheng and Chang 2012). These two management practices
have been used in software development, administration and different contexts in
service industry (Education, healthcare, etc.) although they were originally devel-
oped according to manufacturing settings.

In healthcare, Lean Six Sigma has received relatively good attention to discover
its capabilities to improve healthcare outcomes. For example, (Koning et al. 2006)
observed the implementation of Lean Six Sigma at The Red Cross Hospital in the
Netherlands. In this case, the hospital started applying Six Sigma in 2002, and then
deploying quality improvement QI on project to project basis, and third, the Lean
Six Sigma approach was based on developing organizational competency for inno-
vation by training a dedicated force for Lean Six Sigma project leaders. According
to the authors, the application at the Red Cross Hospital provides an illustration of
the significant benefits of the Lean Six Sigma approach in three dimensions: reduc-
ing complexity in hiring personnel, reducing operating theatres (OTs) starting times,
and reducing maintenance costs by €200,000.

Another example on implementing Lean Six Sigma comes from Stanford
Hospital and Clinics (George 2003), which started applying LLS mid-1980s, and
had to increase profitability to sustain clinics’ operations. Although no entire ser-
vice vision was clear, this hospital could, after 10 years implementing quality sys-
tem, develop flexible methods to improve outcomes through using flexible methods
according to teams’ needs and styles.
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5.7.5 Discussion

Comparing the end goals of IT business value, lean and lean thinking shows that
they are all “value-centric” and their ultimate aim is to maximize the value by reduc-
ing cost, improving profitability, productivity and enhancing competitive advan-
tage. Thus, identifying the business value of IT in healthcare, and any other industry,
will help better implementing of lean, by giving new indicators on IT whether it
participates in generating value or it does not. It is really important to emphasize
that business value of IT is not a value by itself; rather, it is a model that suggests
the value that might be generated by implementing this sort of solutions or that. We
think identifying the most value-generating areas in IT investments, which repre-
sents the heart of the proposed conceptual model, and later, will help lean imple-
menters to better identify adding-value investments to be kept, and non-adding-values
to be avoided after being tagged as Waste.
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Abstract In healthcare contexts, performance improvement is always one of the
top priorities for stakeholders. The performance improvement history demonstrates
outcomes of applying lots of techniques and approaches to enhance performance in
different healthcare dimensions. However, due to the increasing use of computer-
based solutions in healthcare, performance of technology solutions has been also a
critical dimension which should be improved. Therefore, considering the impor-
tance of healthcare technology solutions performance, this chapter outlines how
service-oriented architecture can facilitate performance improvement using well-
known methods of Lean Thinking. In addition, this study tries to identify key archi-
tectural requirements in order to propose a conceptual model based on key concepts
of these methods.
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6.1 Introduction

Over the last few years, web services and the service-oriented architecture (SOA)
have become main themes in IT across many industries (Rajini et al. 2012). SOA
can be defined as a framework to integrate business processes and supporting IT
infrastructures into secure, standardized components services that can be reused
and combined to address changing business activities and priorities (Bieberstein
et al. 2006). Gens believes the goal of investing in SOA is to be a fully deployed
service-oriented enterprise (SOE) in integrating internal and external processes
and services—processes of the firms as services (Gens 2009). The SOA is consid-
ered as highly suitable for a new software design model for the healthcare industry
(Chu 2005).

SOA for healthcare integration helps healthcare organizations lower operating
costs and speeds time-to-market by delivering a consistent user interface, manage-
ment console, and monitoring environment, as well as healthcare libraries and tem-
plates for healthcare customer projects (Rajini et al. 2012).

Smith’s study in 2009 presents that more than half of business sectors investing
in SOA have had anticipated or more than expected benefits and less than half have
had less than expected benefits or have not deployed it on operational systems, as
demonstrated in Fig. 6.1.

A literature analysis conducted by Lawler and Joseph (2011) examines Levels of
Maturity of SOA in 15 business firms of the 2010 and 2007 case studies and litera-
ture studies (Fig. 6.2).

As presented in Fig. 6.2, more SOA studies in 2007 and 2010 are related to
deployment and exploitation of services based on SOE while in the other firms the
most conducted studies in the same years are regarding the process integration,
service architecture, restructuring of organization, and expansion of web services.

In analyzing and continually enhancing fundamental activities of the operation
of business firms, the program management methodology is defined by Lawler and
Howell-Barber (2008). It is a disciplined Methodology for Enabling Service-
Oriented Architecture (Fig. 6.3), described in frameworks of best practices of gov-
ernance, communication, product realization, project management, architecture,
data management, service management, human resource management, and post-
implementation on initiatives or projects of SOA (Lawler and Joseph 2011).

Table 6.1 describes the significant role of these frameworks to explore the SOA
strategies or techniques in different firms.

SOA infrastructures have clearly matured and are at different stages of delivering
on the promise of cost savings, efficiency, and business results (Ellis 2010).
However, healthcare organizations are still in various stages of evolution of emerg-
ing SOAs without any deployed outcomes in this context. Therefore, in an attempt
to overcome this issue we propose to identify key service-oriented architectural
requirements in healthcare context in order to enhance care performance.
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Fig. 6.3 Frameworks of the program management methodology (adapted from Lawler and Joseph
2011)

6.2 The Need for SOA in Healthcare Context

The aim of health information systems is primarily to contribute to a high-quality
and efficient patient care system (Haux et al 2004). This aim is centered towards the
patient, so it is first and foremost a patient-centered approach and then focuses on
medical and nursing care, while the administrative and management tasks must sup-
port and facilitate such care (Haux 2006). However, besides increasing the number
of information systems, some issues are also developing such as:

e Lack of interaction between these systems
e Duplications



87

6 Initiatives of Service-Oriented Architecture Towards Performance Improvement...

(ponunuod)

BIEp JO AOUQISISUOD SAINSUF
suonjeoridde Jo soseqelep ur ApeaIfe ejep Jo AoeIndoe pue yjealq ‘ANIQE[TBAL ‘SSOI0€ UO Pase(q ‘SOJIAIdS JO uonejuawa[dwr sojqeuy
wy jo suonedrjdde Jo oAndnISIP JOU SIOIAIAS BIRP YOS PAARYS] SI[qRUF]
A3o[ouyd9) pue SpIEPUE)S IIIAIIS 0} FUTWLIOJUOD AILM)JOS PUB dIBMPIRY JO UONRIIUI SSI[WRIS SAINSUT
HOS [enpeis & Ul SOOIAIS PUBWIIP-UO 0) ‘SIOTAIIS [BUIXD PUEB SIIIAIDS [eUIul ‘suonedsijdde [eurojur Jo uoneISaur ‘sao1AIes
9)1sodwrod 0juT UOTJRISAUI PUE SIITAIIS JUAUOAWOD JO UOTJBID ‘SIOTAIIS OJUT SUOTJOUNJ JO UOISIOAUOD WOIJ UOIINJOAD SAINSUT
[opowr YOS Yim sassaoo1d ssoursnq jo ooueridwoos sojqeuy
A39yens ur pouue[d se pojuowa[dwr pue JUIUONOUN] ATB SIITAIIS PUE $A552001d saInsug
VOS Jo s109fo1d uo jerrdordde se parjdde are £3ojens ssoursnq ur saueyd saInsug
VOS Jo s109loxd jo A12A1[9p So[qeuqg
sy0oloxd uornjer3ayur ssaooxd
Wy euId)xe o} syosfoxd uoneordde jusunredop [euIojur Jo SUOT)RINNT payuI[IIuUI Ul pajuswd[duwr oq Aew pazifear oq 0} weidord
A3ojouyo9)
U0 JOU pue YOS OJUI PIAJOA? q 0) $3s59001d ssaursnq uo st $309(01d Jo sNO0J SaINSUD pue SYIOMAWERIY IAYI0 YA p[dnod s|
A3ojopoyiow JuswoSeuew 30ofo1d paysijqeIse
JO 2100 ST pue YOS jo uoneyuawadwr pue juswkodop pue ‘Funs9) pue uoneiour ‘yuawrdo[oAap ‘udIsop pue SISA[eue so[qeuy]
(OFD) 12YJO 2A1NNXY
JoryD 10U J1 <(QID) 199y uonewIojuy JoryD) £q pAe[nonIe ‘wiy ssauisng Jo YOS Jo AI[eonio ssauisng uo siseqdwd sa[qeury
pa1dnoo ‘10ABOPUR UO Ue[d PANUNUOD U JJelS [BIIUYOI) PUB SSAUISN] JO UOIIBIOQR[[0D SAINSUF
(OHD) 199YJO 2A1NNXY
JoryD 30U J1 <(QID) 19940 uonewIou] Jory) £q pajenonie ‘wiy ssauisng Jo YOS Jo AI[eonio ssaursng uo siseydurd sojqeury
A3ojopoyiow judwdFeuew wer3ord Jo SuruIed] saIeIoe]
way jo A393ens ssaursnq sunioddns £391ens yOS 91810d109 JUIISISUOD 0) WIOFUOD SIITAIIS SAINSUH
FOS SPIEMO) UONN[OAR U S}[NSAI pue A32)ens SSAUISNQ YIIM SIIIAISS PUB $3ss2001d JO JudwuSIfe sa[qeury

JjuowaseuRW BIR(

INMONIYITY

juowFeuew Jo3(o1d

uonezifeal
Q0IAISS/JONPOIg

SUONEOIUNWWO))

AOUBUIDAOD)

juowkordop YOS 03 sjoeduy

SYIOMIUWBL]

(800¢ 19q1eg-[[oMOH pue I9[me T woly paydepe) juowiodop yOS spremo) A3ojopoyowr judwoseurw wei3ord Jo syromowel] [°9 dqeL



F.H. Moghimi and N. Wickramasinghe

88

syun
ssoursnq pue syuountedop ssoursnq eurayur uountedop A30[0uyo9) UsamIRq (VIS) SIUSWIAAITY [9AYT IDIAIDS UI voﬁ:&c& S
VYOS JO SanInIn pue s[oo} ‘sa130[0uyd2) Jo pue sa1A1s pue suonesridde jo Ajfiqe[reae samsug
uonezifear onpoid Surmoro] syse) 9[0Ad 9J1] $s9001d pue 901AIdS SI[qeuy

VYOS Jo s109foxd ynoy3noayy paysruing st ‘YOS
Jo ASo[ouyo9) Uo JJeIs [eO1UYI9) PUE ‘UOIIRIUALIO IITAISS JO 2IM[ND UT 9SULBYD UO Jyels [edIUydd) PUe SSAUISN JO UONEINPD SAINSUT
VOS UO JJels [eIIUYO) PUB SSAUISNQ JO SI[0I pue saNI[IqIsuodsal pIsIAI pue mau JO UONBOYNUIPI SA[qeUF
SOOIAIAS JO AYIQESNAI SAANSUF

SOOIAIRS IO $3559001d FUIISTXD YIIM JUBPUNPAI JOU A1 ‘WAY) 0) SUOISIAL
JO ‘SOOTIAIRS MAU pue $9ss001d MU J0J sjudwIINbar sasud pue YOS Jo s1oaford mou uo uonezijear Jonpoid yPim pordnod sy
£391e1S SSAUISNQ 0] SAJIAIIS PUB SI$$2001d JO UONBUIPIOOD puE AJWIOJUOD PANUNUOD SA[QBUF

uornejuawerdwr 3sog

JuowaSeurw
90IN0SAI UBWINE]

JUSWATBURW AITAIOS

juowkordop YOS 03 sjoeduy

SYIOMIUWIBL]

(Ponunuod) 1°9 AQEL



6 Initiatives of Service-Oriented Architecture Towards Performance Improvement... 89

e Lack of integrated systems
e Lack of a clinical information flow between the system users
e Lack of aggregations

Therefore to address these issues, SOA towards SOE appears to be a prudent
technological solution to make a robust architecture obtaining the best care out-
comes. To design the healthcare SOA, a managerial approach should be used as a
lens to find the value stream of IT solutions in healthcare and make sure what the
main components of this architecture are. As the critical starting of “Lean Thinking”
is value and value stream with the aim of increasing performance and efficiency
(Womak and Jones 1996), it is interesting to investigate how a lean approach can be
used to capture the main requirements of healthcare SOA.

6.3 Lean Approach

Womak and Jones (1996) describe lean using five principles: precisely specify value
by specific product/service, identify the value stream for each product/service, make
value flow without interruption, let the customer pull value from the producer, and
pursue perfection (Womak and Jones 1996).

Hines redefined those original principles into a new holistic framework known as
the 8Ps of the Lean Business System. This framework helps companies in any
industry and at any stage of Lean maturity to reflect on how they are deploying Lean

in their business (Hines 2010) (Fig. 6.4).
@

The 8Ps of
Lean
Thinking

Perfection

Fig. 6.4 The 8Ps of the lean
business system (adapted
from Hines 2010)
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This new 8Ps approach is focused on purpose, process, people, pull, prevention,
partnering, planet, and finally perfection, as described below:

e Purpose: Achieving an effective and sustainable purpose, before starting any
activity by focusing on the voice of the owner, voice of the customer, voice of the
employer, and voice of the society (Hines 2010).

* Process: Lean, as an approach to deliver improved customer service and waste
reduction, should deliver an optimal balance between these two areas by improv-
ing a range of processes such as order creation and innovation as well as improv-
ing customer values (Hines 2010).

* People: Developing a culture of continuous improvement with respect for people
(Liker 2004) to the success and sustainability of any lean transformation (Hines
2010).

e Pull: There are three main areas of pull that are necessary to consider within a
lean business system as pull-based delivery, pull-based improvement, and pull-
based training.

* Prevention: Focusing on preventing variation, problems, and subsequent rework
of quality failures for the customer within the tool house of lean as presented in
Fig. 6.5.

e Partnering: The leading practitioners of lean worldwide such as Toyota and
Tesco have also heavily focused on creating a high-performing supply chain as a
key competitive advantage.

e Planet: Womak and Jones (1996) stated “lean thinking must be green because it
reduces the amount of energy and wasted by products required to produce a
given product... .” Therefore respect to environment is also the other important
approach in lean thinking.

* Perfection: Organizations, to improve their performance level should create ideal
state through envisioning their most advanced position. This process calls
moving forward towards perfection as presented in Fig. 6.5.

Considering the role of the 8Ps in the lean approach in order to reduce wastes and
value creation, it is also crucial to understand the seven wastes in healthcare con-
texts (Black and Miller 2008) which include:

1. Overproduction (e.g., ordering of duplicate tests)

2. Wasting time (e.g., patients waiting for treatments)

3. Waste of stock on hand (e.g., medications and other items that are stored but not
used and then must be disposed of)

4. Waste of movement (e.g., time spent walking from one location to another)

5. Waste of defective products (e.g., misinformation or recording of wrong infor-
mation on patient record)

6. Waste in transportation (e.g., moving patient unnecessarily)

7. Waste in processing (e.g., duplication of forms and redundant capture of
information)

As described above, these seven wastes already are captured in healthcare
contexts and can be addressed through adopting a lean approach.
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igh engagement (Best quality, cost, lead time,
\ safety)

Sustainable Continuous Improvement

People and Teamwork

Delivery Environment Quality
* 3Rs: Reduce, .
i ¢ Authority to sto
¢ Flow Reuse, Recycle v P
e Pull o Stress Point ¢ Error proofing
o Workload Management * Root cause
solutions
O oo e Technology
Solutions O oo

Standardised and stable process

Workplace organization and visual management

Manage by fact using appropriate tools

Clear strategic foundations

Fig. 6.5 Key tools of lean (adapted from Hines 2010)

6.4 Conceptualization

Regarding the aim of this study, the focus is on investigating how a lean approach
can facilitate SOA architecture in healthcare contexts to improve mentioned issues.
The objectives of the healthcare SOA architecture in our study are:

To improve the interaction between current and future systems developing in the
healthcare contexts

To remove duplications in different clinical systems in various care
environment

To build a robust platform of integrated healthcare systems

To improve the clinical information flow between the system users

To make aggregations in the best way to make a well-designed e-health

Moreover, we also would like to understand how our healthcare SOA architec-

ture may reduce seven wastes implicitly to improve care performance as followed:

To reduce wastes through overproduction
To reduce wasting time

To reduce waste of stock on hand

To reduce waste of movement
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Table 6.2 A matrix to present how lean 8Ps can be applied to the healthcare SOA using frameworks
of program management methodology

8Ps 1P 2P 3P 4P 5P 6P 7P 8P
Frameworks purpose | process people pull prevention | partnering planet | perfection
1F Governance
2F Communications
Product/service
3F Realization
Project
4F
Management
5F Architecture
Data
G Management
Service
7F Management
Human
8F Resource
Management
oF Post ‘
Implementation

* To reduce waste of defective products
e To reduce waste in transportation
e To reduce waste in processing

Through the matrix below, the relation between 8Ps (Fig. 6.4) and frameworks of
Program Management Methodology towards SOA deployment (Table 6.2) are pre-
sented to capture the main components and frameworks of healthcare SOA towards
care performance.

6.5 Discussion and Conclusion

Although designing and developing new technology solutions for healthcare con-
text has been encouraged significantly, increasing the number of systems is highly
likely to create some new challenges in this context. Duplications, lack of system-
atic interactions, and lack of information flow are some potential issues that would
be raised up by increasing the computer-based care solutions. Hence, developing a
healthcare SOA would be a solution to make a robust platform to develop future
solution compatible with this platform. To develop the healthcare SOA, using lean
approach is proposed to improve the care performance through creating values as
well as reducing wastes. Hence, in this study it is tried to understand how healthcare
SOA can be developed using adopting the lean approach.
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Considering the developed matrix (Table 6.2), it is anticipated that lean 8Ps can

be applied to design the healthcare SOA to address defined explicit and implicit
objectives of the healthcare SOA, as followed examples:

IP/1F: It means “purpose” through the lean approach by using “Governance”
framework:

— Enables alignment of processes and services with business strategy and results
in evolution towards SOE

— Ensures services conform to consistent corporate SOA strategy supporting
business strategy of firm

By:

— Developing a set of KPIs
— Aligning the organization

In order to address below objectives:

— To improve the interaction between current and future systems developing in
the healthcare contexts
— To improve the clinical information flow between the system users

1P, 2P, 3P, 5P, 6P, 7P, 8P/5F: It means “purpose” through the lean approach by
using “Architecture” framework:

— Ensures evolution from conversion of functions into services, creation of
component services and integration into composite services, integration of
internal applications, internal services and external services, to on-demand
services in a gradual SOE

— Ensures seamless integration of hardware and software conforming to service
standards and technology

By:

— Developing a set of KPIs

Aligning the organization

Directional processes

— Enabling processes

Respect to people

Continues improvement

— Preventing variation, problems, and subsequent reworks

Performing a high performance supply chain in care contexts

Respect to clinical environment

— Conducting the performance levels step by step as presented in Fig. 6.6.

In order to address below objectives:

— To improve the interaction between current and future systems developing in
the healthcare contexts
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Performance level

|

Ideal State

Envision the most
advanced position

New Targeted
Future State

Back off to what is
currently possible

Feasible Future

Establish New Target

Back off to chosen target

Implementation
Project

Targeted
Future State

Achieve Target

Current State

v

From diagnosis to management

Fig. 6.6 Moving forwards perfection (adapted from Hines 2010)

— To remove duplications in different clinical systems in various care
environment

— To build a robust platform of integrated healthcare systems

— To improve the clinical information flow between the system users

— To make aggregations in the best way to make a well-designed e-health

— To reduce waste in processing

— To reduce wastes through overproduction

— To reduce wasting time

— To reduce waste of stock on hand

— To reduce waste of movement

— To reduce waste of defective products

— To reduce waste in transportation

e 2P/3F: It means “process” through the lean approach by using “service
Realization” framework:

— Enables analysis and design, development, integration and testing, and
deployment and implementation of SOA and is core of established project
management methodology

— Is coupled with other frameworks and ensures focus of projects is on business
processes to be evolved into SOA and not on technology

— Program to be realized may be implemented in interlinked iterations of internal
department application projects to external firm process integration projects

By:

— Capturing all clinical, managerial, and administration process
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In order to address the below objectives:

— To improve the clinical information flow between the system users
— To reduce waste in processing

The proposed SOA designed and deployed through a lean approach would be
able to address most of the developed SOA objectives in the healthcare contexts.
The next steps include validating this through a qualitative research study. To do
this, it is first necessary to develop both conceptual and technical frameworks,
respectively, to design the healthcare SOA layers and components in details for
specific healthcare contexts.

This chapter then served to introduce the benefits of incorporating SOA design
in conjunction with lean thinking approaches into healthcare contexts. We close by
calling for more research into this area.
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Chapter 7
Adapted Lean Thinking for Emergency
Departments: Information Quality Perspective

Latif Al-Hakim

Abstract The criticality of information for reducing disruption in emergency
departments has been emphasised in the literature, but there is no empirical study
explicitly investigating the relationships between information quality and disrup-
tion. This study is an attempt to fill this gap. The research adapts lean thinking
approach to suit emergency services taking into consideration the quality of infor-
mation flow. The paper employs observational methodology and presents results of
observations conducted in emergency services at two Chinese hospitals. The activ-
ities of 19 emergency doctors and 28 nurses were observed during the first 4
months in 2010.

Results indicate that approximately 16 % of emergency doctors’ time and more
than 29 % for the emergency nurses’ time were wasted as a result of poor quality of
information flow. About 42 % of the waste was the result of unavailability of infor-
mation and failure to update information. Incomplete information causes 15.5 % of
the waste while relevancy causes approximately 16 % of the total waste. Lack of
accuracy in information prolongs emergency services by almost 11 %. The study
shows that up to 24 % of the emergency time can be saved via improving the quality
of information flow.
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7.1 Introduction

Lean thinking strategy is considered to have the capacity to enable delivery of better
health care at the lowest overall cost (Jones and Mitchell 2006). Lean thinking origi-
nated in the Toyota Production system in the 1950s and has been further developed
by Womack and Jones (1996a, b). The aim of lean thinking is to provide what the
customer wants, quickly, efficiently and with little waste (Jones and Mitchell 2006;
Womack and Jones 1996a, b; Young et al. 2004). It provides the following benefits
(Jones and Mitchell 2006)—enhances quality and safety, improves delivery,
increases throughput, produces stable working environment and creates the founda-
tions for continuous improvement.

From a manufacturing perspective, lean thinking is a strategy to achieve com-
petitiveness through driving organisations to continually add value to the products
or services they deliver (Dickson et al. 2009; Womack and Jones 1996a, b). The key
principle of lean thinking lies in the perception of value from the customer perspec-
tive. Activities that do not add value to the product or service from the customer’s
perspective are considered as non-value-added activities or waste (Shinohara 2006).
However, it is recognised that some non-value-added activities, such as transporta-
tion, are necessary to perform the value-added activities (Moden 1993). Lean think-
ing uses a set of principles and techniques that aim to eliminate unnecessary
non-value-added activities and significantly reduce the necessary non-value-added
activities (Dickson et al. 2009; Reichhart 2007; Shinohara 2006; Taj and Berro
2006; Womack and Jones 1996a, b).

In a healthcare setting, it is argued that the patient should define what creates
value rather than the healthcare providers (Young et al. 2004). Based on this perspec-
tive, the literature provides evidence that lean thinking offers significant improve-
ment opportunities hospital-wide, including emergency departments (EDs) (Dickson
etal. 2009; Ngetal. 2010; Parks et al. 2008). On the other hand, Winch and Henderson
argue that lean manufacturing does not translate well to healthcare systems (Winch
and Henderson 2009). To a certain extent, most healthcare systems, including EDs,
have been tailored to serve the needs of providers, institutions and stakeholders rather
than the patients (Dart 2011; Millard 2011). Most are organised around functional
departments in which ‘patients travel from one site to queue up at another and then,
after “processing”, are sent to yet another’ (Aherne 2007). Holden (2011) critically
reviews and analyses the limited applications of lean thinking in ED and concludes
that ‘more work remains in understanding Lean in the ED’ and that ‘we don’t thor-
oughly understand the use of Lean in the ED, nor do we know how to apply Lean
methods in the ED’ (Dart 2011). Holden (2011) raises the question of how lean
thinking can best be adapted to health care. This chapter attempts to partially answer
the concern of Winch and Henderson and the question posed by Holden.

There are a number of differences between manufacturing and healthcare envi-
ronments. These differences require adaptation of lean thinking to suit the health-
care environment. Neglecting to take into consideration these differences plays a
major role in limiting the application of lean thinking in specific areas such as EDs.
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The major difference is that lean thinking is designed to produce products with
defined characteristics and quality. The progress of the work generates informa-
tion. In healthcare environments and in particular in EDs, the system deals with
human being and not machines. The available information relating to a patient’s
health status generates the ED work and, accordingly, workflow follows the infor-
mation flow rather than the opposite. Waste in terms of errors and disruptions in
ED may occur where the quality of information is poor. The criticality of informa-
tion for the emergency process has been emphasised in the literature (Carey et al.
2011; Holden 2011), but there is no empirical study explicitly investigating the
relationships between information quality and waste in EDs. This study is an
attempt to fill this gap.

The paper is structured as follows. Firstly, the paper criticises the concept of
treating patients in EDs like cars. This criticism is followed by a section emphasis-
ing the necessity for adapting lean thinking to suit the ED environment taking into
consideration the quality of information flow. The paper then describes the dimen-
sions of information quality which are most related to the ED environment. The
paper frameworks the research methodology and presents the results of an empirical
observational study conducted in EDs in two Chinese hospitals.

7.2 Should We Treat Patients Like Cars?

Assembly of cars is a highly automated system with limited, well-defined workflow
paths. The car manufacturers use lean thinking methodology to achieve satisfaction
of their customers who are, in the first instance, not part of the manufacturing sys-
tem nor are they known to the workers directly involved in the manufacturing pro-
cess. The system is divided into stations such that a product moves from one station
to another without delay. Where a quality problem is detected (usually by using a
mistake-proofing approach), the product is treated or removed from the main assem-
bly system with no or minimal delay to the next product. Similar quality symptoms
or problems are treated similarly. Under such settings, the workflow is very smooth
and the system capacity can be predicted with very high precision. Inspired by such
systems, Millard in his article entitled ‘If Toyota run ED’ emphasises that in ‘certain
clinical situations, perhaps even a majority of them, the secret to patient care may
be to treat the patients like cars’ (Millard 2011).

What Millard dreams to achieve is to design an ED system with a number of sta-
tions such that the patient is moved from one station to another with no delay or wait
between stations. Such system assumes that medical diagnosis, analysis, tests, treat-
ment, monitoring and other medical operations are automated with predicted dura-
tions. It is not clear how such a system can be achieved given that each patient has
different health status and requires different diagnosis and medical treatment.
Indeed, Millard does not consider in his perception the differences between manu-
facturing and health settings which has been emphasised repeatedly in the literature
(e.g. Winch and Henderson 2009). More importantly, this hypothetical system is not



100 L. Al-Hakim

a patient-centred system and its value would be defined by the management of the
healthcare system rather than by patients who are considered as cars. It is possible
to increase number of diagnosis’s steps and move the patient from one ‘station’ to
any other available one regardless of the benefits gained from such movement. The
suggested system may drastically reduce wait and smooth the patient flow but will
also drastically increase cycle time and the expenses which should be paid by the
patients. In addition, such suggested system significantly increases medical errors
resulting from automating medical operations.

7.3 Criticality of Information Flow

There are several reasons for the notion that the concept of lean thinking should be
adapted to fit the hospital system (Woodward-Hagg et al. 2007). Hospital and manu-
facturing production systems vary in a number of dimensions (see Table 7.1). Major
areas of difference include degree of human involvement, level of product unifor-
mity, cycle time, waiting time, object behaviour, ease of performance measurement
and process effectiveness (Al-Hakim 2006). The emergency process is a ‘sociotech-
nical’ process in which each action or activity is governed by information that

Table 7.1 Summary of the differences between the manufacturing and healthcare services settings

Organisation type

Differences Lean thinking in manufacturing Lean thinking in health care
Necessity of human  Automation is a major role to reduce Skill, knowledge and experience
involvement human involvement; it reduces of professionals play a major
the need for high skill and role
knowledge
Ease of performance Performance of workers in the Performance of professionals in
measurement production process is easy to the process is not easily
measure measurable
Process effectiveness Process outcome is predictable It is hard to predict the degree of

the success of healthcare
service

Product uniformity =~ Machine produces identical products Every patient requires different
service

Object behaviour Products have defined characteristics Patients behaviour are not
predictable and could vary
Cycle time Cycle time of the production could ~ Healthcare service cycle time
be precise and determined in could vary and be difficult to
advance determine prior to the service
Non-added-value All types of inspection are a waste In healthcare environment,
activity time and should be reduced or monitoring and testing are
eliminated essential
Information flow Mainly depends on process flow Healthcare activities are

information-based activities
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enables coordination of ED professionals with various resources and technologies.
The main differences between the emergency process and processes in other set-
tings are summarised as follows:

1. There is no definite series of activities that construct emergency services. Every
patient has a specific emergency status and should be treated differently based on
information stemming from his/her health status.

2. There is a higher degree of fluctuation and unpredictability in the patient health
status over the process time. Such fluctuations may require changes in the emer-
gency workflow.

3. Tests and activities required to obtain information may differ from one patient to
another. There is a high degree of complexity encountered in decision-making
relating to selecting the correct workflow path.

4. Each activity within emergency services requires high information quality in
terms of availability, accuracy, believability, completeness and up-to-dateness
(timelessness). The quality of information at each stage of the ED process plays
a major role in the success of the whole emergency process.

5. The quality of information is the main factor contributing to the amount of non-
value-added activities or waste within the emergency process. The same test may
need to be repeated either to ensure accuracy, complete missing information or
to update information.

The above differences explicitly emphasise the criticality of information flow to
the performance of EDs. It is the information flows from an activity that determine
the subsequent workflow rather than the opposite. The work of an ED professional
with a very high level of medical skill may lead to a medical error or an adverse
event if the action of the professional is based on poor information quality (IQ).
The literature emphasises the importance of information flows and communications
in reducing disruptions within EDs (Carey et al. 2011; Gillespie et al. 2012; Holden
2011). Virtually, all disruption within EDs can be contributed to the lack of informa-
tion quality. Examples include making a wrong decision, performing incorrect/
inappropriate action, unnecessarily repeating an operation, confusing tests results,
delaying implementation of an action, wasting time in communications and move-
ments, excessive movement, searching for information or physical materials, sup-
plying wrong instruments and providing inappropriate drug(s). The link between
information quality and disruption events is not a new assertion. The contribution of
this chapter lies in testing empirically the effect of information quality dimensions
on disruption events in EDs.

7.4 Dimensions of Information Quality

Individuals have different ways of considering the quality of information as they
have different wants and needs and, hence, different quality standards which lead to
a user-based quality perspective (Evans and Lindsey 2008). This perspective is
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Table 7.2 Dimensions of information quality applicable to emergency process

No. Dimension Definition

1 Accessibility/availability The degree to which information related to the patient
health status is available, easily obtainable or quickly
retrievable when needed. Accessibility depends on
the customer’s circumstances

2 Accuracy The degree to which information represents real status of
the patient’s health
3 Believability This dimension measures the assessment of the

emergency medical professional assessment of
credibility of information

4 Coherency This measures how information ‘hangs together’ and
provides one meaning to different emergency
professionals

5 Completeness The degree to which information is sufficient enough to

depict every state of the emergency task at hand or
the represented system, that is, assesses the degree of
missing information

6 Ease of understanding The degree of comprehension of information by the
emergency professional to perform the emergency
task

7 Relevancy Relevancy indicates weather information addresses the

emergency professional’s needs. It reflects the level
of appropriateness of information to the emergency
task under consideration

8 Timeliness This dimension measures how up-to-date information is
with respect to emergency professional’s needs or the
task at hand. It reflects also how fast the patient
information is updated by the emergency system

based on the Juran definition of quality which defines quality as ‘fitness for intended
use’ (Juran and Godfrey 1999). Thus, information and data can be regarded as being
of high quality if they are fit for their intended use in operations, decision-making
and planning (Redman 2004). Other related IQ perspectives are ‘conformance to
specifications’ and ‘meeting and exceeding consumer expectations’ (Evans and
Lindsay 2008).

While these perspectives capture the essence of 1Q, they are very broad defini-
tions and are difficult to use in the measurement of IQ. There is a need to identify
the dimensions that can be used to measure 1Q.

1Q is a multidimensional. This means that organisations must use multiple mea-
sures to evaluate the quality of their information or data. Several researchers have
attempted to identify the IQ dimension (Wand and Wang 1996; Wang et al. 1995;
Wang and Wang 2009). More than 20 dimensions have been identified in the litera-
ture. IQ dimensions more related to EDs are accessibility, accuracy, believability,
coherency, completeness, ease of understanding, relevancy and timeliness. Table 7.2
provides definitions of the IQ dimensions used in the literature which are related to
the information flow within emergency services.
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7.5 Research Methodology

This research uses observation methodology to collect data. Observational studies
of healthcare services usually report workflow activities and time spent on imple-
menting the activities (Rosenbaum 2002). The emergency departments of two
Chinese hospitals were selected as the setting in which to conduct the study. One of
these hospitals is an academic hospital while the other hospital is a large public
hospital.

The observation sheet comprises fields to record activities and time durations.
The sheet uses symbols representing performed activities. Twenty-one types of
activities were initially recognised in this study. These activities are grouped into
two main categories: value-added activities and non-value-added activities. The lat-
ter are further divided into two subcategories: non-value-added but necessary activi-
ties and non-value-added activities or total waste. Table 7.3 illustrates symbols used
to represent activities and provides a brief description of each type of activity. The
study considers nine dimensions of information quality. These are availability, accu-
racy, believability, completeness, coherence, ease of understanding, relevancy and
timeliness (Table 7.2). The observation sheet is divided into fields showing the start
and end of each activity, observed disruption events, any notable features of the
observed activity or event and quality features of associated information.

The research methodology comprised three stages: the introduction stage, the
mapping and training stage and the observation stage. The introduction stage
involved meeting with the ED senior officers at the hospital to introduce the project
and obtain their consent to start the study. At this stage, the hospital assigned a liai-
son team of one professional ED doctor and two senior ED nurses to accompany the
researcher and facilitate the observations.

The second stage was the mapping and training stage. This stage involved a
series of four to six meetings with the liaison team. The first meeting was conducted
to obtain initial information necessary to understand the ED process in the hospital.
The subsequent meetings followed an iterative pattern. The first part of the meeting
was used to review and revise the process and information flows completed as a
result of information collected from the previous meeting. Then, certain activities
and actions were highlighted for further analysis and examination. In this stage, the
researcher presented and discussed the observation sheet with the liaison team. For
training purposes, the researcher and the two nurses conducted 32-h trial sessions.

During the trial, the nurses handled small digital recorders to record events.
In addition, the nurses recorded events on the observation sheet. Wherever possible,
the observation sheets were provided to observed nurses and professionals to enter
data at a time convenient to them relating to their opinion of the quality of informa-
tion provided to them. After each trial a meeting was held with the liaison team.
During the meeting, the recorded events and the data in the observation sheets pre-
pared by the nurses were analysed and compared with the data in the observation
sheet prepared by the researcher. Other ED professionals and nurses who
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volunteered to record data were usually invited to attend the trial meetings. Emphasis
was placed on the quality of information provided to the ED professionals. The trial
meetings and discussions were very helpful in training both the nurses and the
researcher in differentiating value-added activities from other types of activities, in
detecting waste and errors during observation and in configuring the dimensions of
quality of information before the professional at the time of performing the observed
activity. The trial was also very useful in reformulating the observation sheet. There
was some overlapping between assessment, acquisition and diagnosis actions. As
these actions are considered as value-added activities, it was decided to record times
for these activities under the ‘diagnosis’. It was also decided to consider preparation
as part of ‘operation’ activities.

The observation date was usually assigned after telephone communications
between a liaison officer and the researcher indicating the availability of a nurse to
accompany the researcher. Before the day of the observation, the liaison officer
obtained the consent of the nurses and ED professionals to be observed and pro-
vided them with the observation sheets and written instructions including example
of observations. Observed doctors, nurses and other emergency staff were told to
conduct their normal duties and their filling of the sheet was voluntary and should
not obstruct their normal duties.

At the end of observation, the data collected by the researcher, the liaison nurse
and the volunteers were compared and analysed. Data were entered into a spread-
sheet file. Data in the spreadsheet were discussed with the liaison team and ED
professionals involved in the observation. Discussion with professionals empha-
sised observed obstruction events and the role of information quality. The willing-
ness of ED professionals to participate in the observation was noticeable during this
stage. The data provided by them and their strong willingness to participate in dis-
cussion provided valuable insights into waste and information quality problems
they had faced. It is important to note that ED professionals strongly believed in the
existence of a high percentage of waste in their work and in the role of information
quality in creating waste.

7.5.1 Credibility and Limitations

The credibility of an observational study depends on the experience and expertise of
the observer (Gillespie et al. 2012). The first observer has an industrial engineering
and management background with experience spanning over 40 years in industry,
research and development and academic institutions. He has published intensively
in the area of information quality and conducted several ergonomic and observa-
tional studies, including studies dealing with lean thinking and disruptions inside
operating rooms (Al-Hakim 2011; Al-Hakim and Gong 2012). The other observers
were members of the liaison team and were senior ED nurses with high experience
in ED processes. Further, this type of study is a revelatory study. The observations
were conducted under difficult circumstances not normally welcomed or open for
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in-depth study and the opportunity to observe and analyse a phenomenon is usually
not available due to access constraints (Yin 2009). The involvement of observed
objects (ED professionals) in recording data and participating in meetings and dis-
cussions was essential to the success of the study. It also provides a platform for
sharing information, validation and interpreting results. However, the results of the
methodology should also be seen in light of several limitations. The observation
was conducted by only two observers at a time. This may limit obtaining more com-
prehensive data comprising the whole ED system. The heavy duties of the liaison
nurses limited the number of observational sessions. It follows that the sample size
of the observed objects is relatively small and may not represent the whole ED
system.

7.6 Data Analysis

The observations were conducted at the emergency departments of two large
Chinese hospitals, each with an average of 400 patients per day. A total of 51 obser-
vation sessions were conducted over the first 4 months of 2010. The total observa-
tion time was 6,432 min (approximately 107 h). During the study the activities of 19
emergency doctors and 28 nurses were observed. Break, coffee time and other per-
sonal activities were disregarded. All observed doctors and nurses (ED profession-
als) volunteered to contribute to the study, filling in the observation sheets and
participating in related meetings and discussions. They tried, whatever the time
applicable, to record disruption events and their perception of the quality of infor-
mation before them. The observation time for emergency doctors was 2,541 min
while the observation time for nurses was 3,891 min. Session times ranged from
approximately one and a half hours to about 3 h. It should be noticed that in many
occasions observation sheets were submitted from volunteered ED professionals
who were not under observation at that session. Their data provided insights relating
to the quality of information and type of disruption. They were useful for validation
of results and for discussions, but their data were not considered as part of the
recorded data.

At the end of the observation day, the recorded data were scripted, discussed with
the liaison team and entered into a draft spreadsheet. The draft spreadsheet was
distributed by the liaison team among the observed ED professionals for their com-
ments. Usually observed professionals discussed data and provided opinions via
telephone or face-to-face meetings with the researcher and liaison team. Final
results were also discussed during a meeting comprising senior management and
senior ED professionals. Table 7.4 provides descriptive statistics of observed waste
activities made by nurses and emergency doctors in the ED of the two Chinese hos-
pitals. Table 7.5 illustrates reasons for waste in terms of information quality
dimensions.
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Results indicate that ED doctors spent more than half of their working time
(about 57 %) performing value-added activities, 30 % of their time doing supportive
activities and about 12 % of their time representing preventable waste. ED nurses
spent almost 47 % of their working time performing value-added activities with
preventable waste representing approximately 18 % of their working time.

For the combined group of ED professionals, value-added activities contributed
approximately 51 % of the total combined work of both doctors and nurses. The
preventable waste in the combined work was 15.5 %.

Analysis of the results in terms of IQ dimensions (Table 7.5) shows that failure
to update information (timeliness) and lack of information availability (availability)
were the main dimensions contributing to waste in the work of ED professionals.
Each of these dimensions contributed more than 20 % of the waste. The third dimen-
sion is ‘relevancy’ which contributed approximately 16 % of the waste. Incomplete
information contributed more than 15 % of the wasted time. Results show that the
IQ dimensions ‘ease of understanding’ and ‘believability’ have the lowest effect on
waste (less than 5 %) indicating there was no lack in understanding or believing the
information received by ED professionals.

7.7 Conclusion

This research deals with preventable waste within emergency departments. The aim
of this chapter is to study the role of information quality in disturbing emergency
services. The study observed the activities of emergency doctors and nurses in
emergency departments at the two Chinese hospitals’ emergency departments and
presents results of 4 months of observations.

Results indicate that approximately 16 % of emergency doctors’ time was
wasted. The percentage of wasted time reaches more than 29 % for the emergency
nurses. About 42 % of the waste was the result of unavailability of information and
failure to update information. Incomplete information causes more than 15 % of the
waste while relevancy causes approximately 16 % of the total waste. Lack of accu-
racy in information prolongs emergency services by 11 %. The IQ dimensions ‘ease
of understanding’ and believability have the lowest effect on waste (less than %
each) indicating there was no lack in understanding or believing the information
received by ED professionals. The study shows that up to 24 % of the emergency
time can be saved via improving the quality of information flow.
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Part 11
Applications of Lean Thinking
Around the Healthcare World

1.1 Introduction

The chapters that make up this section focus on various lean thinking applications
in healthcare around the world. It should be noted that healthcare is a global indus-
try. Today all countries’ healthcare systems are being challenged to deliver effective
efficient quality care. Indeed, while each health are system is moulded to some
extent by the unique cultural and structural contexts of that particular country there
are many more similar issues across countries regarding how to deliver superior
healthcare. By closer examination of many of these situations it is possible to
develop a more holistic picture of healthcare delivery as well as identify some key
nuggets and critical success factors.

Chapters 8 and 9 are both by Soar and his colleagues Adapted Lean Thinking for
Hospitals in China and Lean Thinking in Smart Homes respectively.

Chapter 10 A Delphi Study on Developing a Conceptual Framework to
Understand the Perception of Iranian Physicians Towards Electronic Health Records
by Alavi and Win looks at key issues and challenges in Iran.

Chapter 11 Trying to Streamline Healthcare Delivery in Australia via the
Personally Controlled Electronic Health Record(PCEHR) by Muhammad et al.
examines the Australian healthcare scene in some detail.

Chapter 12 Identifying Critical Issues for Developing Successful E-health
Solutions by Zwicker et al. provides an analysis of the German healthcare system.

Chapter 13 Applying the Principles of KM to Effect Streamlined Healthcare
Operations: A Malaysian Case Study by Wong and Wickramasinghe provides an
example from Asia, specifically Malaysia.

Chapter 14 Re-making Rosa Medical Center: A 5-Step Approach to Transitioning
with Lean by Abouzahra and Tan looks at a North American case study and finally
Chap. 15 Lean Thinking and Customer Focus by Simon and Wickramasinghe also
examines issues in the German healthcare context.

Taken together these chapters present examples from across the different types of
healthcare systems essentially private to various examples of two tiered systems to
essentially public. What is interesting that all systems are facing similar challenges
and lean principles are as relevant in all contexts.


http://dx.doi.org/10.1007/978-1-4614-8036-5_8
http://dx.doi.org/10.1007/978-1-4614-8036-5_9
http://dx.doi.org/10.1007/978-1-4614-8036-5_10
http://dx.doi.org/10.1007/978-1-4614-8036-5_11
http://dx.doi.org/10.1007/978-1-4614-8036-5_12
http://dx.doi.org/10.1007/978-1-4614-8036-5_13
http://dx.doi.org/10.1007/978-1-4614-8036-5_14
http://dx.doi.org/10.1007/978-1-4614-8036-5_15

Chapter 8

Adapted Lean Thinking for Healthcare
Services: An Empirical Study in

the Traditional Chinese Hospital

Ying Su, Jeffrey Soar, Ningqiao Shen, and Latif Al-Hakim

Abstract This chapter looks at how Lean Thinking can be adapted using a model
derived from a case study of a large Traditional Chinese Hospital. After a restructur-
ing in divisions and the implementation of the care programmers and clinical path-
ways, hospital management found that they had no tools to evaluate if these changes
were resulting in a Lean Thinking approach on the work-floor. In agreement with
hospital management, an existing tool of Business Process Re-engineering measure-
ment was adopted and adapted to the specific context of health care. This chapter
reports on how the quantitative model was changed and validated in order to come up
with a useful instrument to measure the Lean Thinking of the employees in the hos-
pital. The Hospital Lean Thinking (HLT) tool can be useful to measure the effects of
changes that are assumed to lead to more Lean Thinking or even patient focus. In this
way the pay-off of these investments can be made more tangible. The HLT tool offers
hospitals a way to evaluate how they are evolving towards more Lean Thinking.
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8.1 Introduction

Issues of health care in Chinese hospitals include crowding and long waiting times;
a visit to a hospital in China is rarely a smooth and satisfying experience. Nearly 400
outpatient departments (ODs) operate in Beijing and provide care for patients around
the clock. There are annually 24 million OD visits, which result in 4 million hospi-
talisations (accounting for 60 % of hospital admissions overall). Patients in Beijing
rely more heavily (40 %) on OD services than other big cities (22 % other cities).

Causes for OD overcrowding are well known (Jones and Mitchell 2006) and
include hospital bed shortage, high medical acuity of patients, increasing patient
volume, shortage of examination space and shortage of RN (Registered Nurse)
staff. Even though these issues are well recognised, alleviation of these problems in
OD is not trivial and requires addressing complex systems issues. This is not the
focus of the paper which instead concentrates on exploration of improving effec-
tiveness of OD operations.

It has been shown that despite various management, methods and techniques
have been developed over the last years to approach the need for constant change
and improvement in OD management. There are still many difficulties and obsta-
cles between doctors and patients in the aspects of expression, transmission, under-
standing and communication of information. These obstacles affect the improvement
of perioperative efficiency, such as reducing waste time or overtime of cases, add-
ing more cases during regular diagnosing hours and increasing profitability of the
hospitals. Thus, these impediments need to be reduced to shorten the overall outpa-
tient time. The Lean Thinking approach potentially can play a vital role in improv-
ing outpatient performance and raising the level of hospital services (Womack and
Jones 1996).

The Lean Thinking strategy is considered to have the capacity to enable delivery
of better health care at the lower overall cost (Jones and Mitchell 2006). Lean think-
ing originated in the Toyota Production System in the 1950s and has been further
developed by Womack and Jones (1996). The aim of Lean Thinking is to provide
what the customer wants, quickly, efficiently and with little waste (Jones and
Mitchell 2006; Womack and Jones 1996; Young et al. 2004). It can provide the fol-
lowing benefits (Jones and Mitchell 2006): improved quality and safety, improved
delivery and improved throughput, that is, using the same resources with higher
efficiency and accelerating momentum. A stable working environment with clear,
standardised procedures can create the foundations for constant improvement.

From a perspective of manufacturing, Lean Thinking is a strategy to achieve
competitiveness through identification and elimination of wasteful steps in
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products, services or processes (Womack and Jones 1996; Shinohara 2006). It aims
to substantially smooth the flow and drastically reduce waste and process variations
(Womack and Jones 1996; Shinohara 2006; Taj and Berro 2006; Reichhart 2007).
Waste is defined as the activity or activities that a customer would not want to pay
for and that do not add value to the product or service from the customer’s perspec-
tive (Shinohara 2006). Once waste has been identified in the current or existing
state, a plan is formulated to eliminate this to attain a desired future state in as effec-
tive and efficient a manner as possible. These activities belong to one of three sets
of operations (Moden 1993):

¢ Non-value-added activities
¢ Necessary, but non-value-added activities
¢ Value-added activities

Similarly, in a healthcare service organisation, wasted time leads to high cost and
affects the quality of patient care, and thus it should be reduced. To achieve the lean-
ness target, the activities that add little or no value, or that adversely affect the
smooth flow of the process, are considered for elimination. Because the main mis-
sion of health care is to treat and cure patients who are the end consumers in the care
process, it is argued that the patient should have an input into defining what creates
value in health care (Young et al. 2004).

Some management professionals argue that lean manufacturing does not trans-
late well to service industries. Bowen and Youngdahl (1998) show how it can apply
to health care by providing theory, case studies and context for lean applications.
Flinders Medical Centre, a medium-sized public sector teaching hospital in
Adelaide, South Australia, has for some time been implementing lean strategies
(King et al. 2006) and has been able to operate below its budgeted costs (Jones and
Mitchell 2006). Lean thinking has also been advocated in the healthcare setting of
the USA through the use of the Six Sigma methodology, which in many ways
resembles lean production techniques (Young et al. 2004; Tolga Taner et al. 2007,
Dahlgaard and Dahlgaard 2006). Other related literature also reveals that the imple-
mentation of Lean Thinking brings benefit to health care (Jones and Mitchell 2006;
King et al. 2006; De Koning et al. 2006; Jimmerson et al. 2005; Ahluwalia and
Offredy 2005).

8.2 Literature Review

8.2.1 Lean Thinking in Health Care

The strategies of Lean Thinking are applicable to health care (Reichhart 2007; Moden
1993; Bowen and Youngdahl 1998). An application of Lean Thinking to health care
lies in minimising or eliminating delay, repeated encounters, errors and inappropri-
ate procedures (Moden 1993 p, 162). Hospitals may apply Lean Thinking to provide
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better services to their patients, especially in the use of operating theatres. One of
the key principles of Lean Thinking is respect for the customer. In a healthcare set-
ting, the patient is the primary customer to the healthcare services since the patient
justifies the existence of such services. Applications of the Lean Thinking approach
in health care need to consider how to engage patients who are the end consumers
in the care process (Moden 1993; King et al. 2006). Literature indicates that the
implementation of Lean Thinking has the potential to benefit health care (Tolga
Taner et al. 2007). Some healthcare services around the world are considering
applying the Lean Thinking approach. Applications of lean in health care have been
published in academic journals and other media (see Table 8.1).

8.2.2 Performance Measurement Systems

Traditional performance measurement systems (PMSs) have often failed to mea-
sure and integrate all the factors critical to success of a business (Yurdakul and Ic
2005; Wegelius-Lehtonen 2001). To deal with the new environment, new PMSs
have been proposed, such as the Activity-Based Costing System (Koota and Takala
1998), the Balanced Scorecard (Kaplan and Norton 2005), the SMART System
(Hudson et al. 2001) and the Performance Measurement Questionnaire (Park et al.
1998). There are also approaches for proposing criteria for the design of PMSs
(Neely et al. 2005).

Despite the availability of the various approaches to develop PMSs, there are a
few performance systems that are exclusively designed and applied to service busi-
nesses (Bititci 1995). Atkinson et al. describe a stakeholder-based PMS and while
they do not draw attention to the service measurement aspect, nevertheless they do
apply their system to measure a bank’s various outputs, one of which is service
innovation (Atkinson et al. 1997).

The literature on Lean Thinking and performance measurement reveals that there
is a lack of quantified and unique indigenous management models (Yu et al. 2000).
Existing management models can be separated into three distinct types: the static,
(Harding and Popplewell 2000; Candido and Morris 2000), the dynamic (Dobni
and Luffman 2003; Dye 2004) and the mixed models (Zhang and Prybutok 2004;
Candido 2005; De Toni and Tonchia 2005). Existing static models offer a representa-
tion of an organisation, dynamic models offer a generic process of strategy formula-
tion and implementation and mixed models show what dimensions can be changed at
each stage. The mixed model can be further developed in the form of quantification.

8.2.3 AHP Approach for Performance Assessment

The analytic hierarchy process (AHP) developed by Saaty (1980) provides a suit-
able and appropriate way of analysing a performance measurement model because
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AHP is a multiple criteria decision-making technique that allows subjective as well
as objective factors to be considered in a decision-making process (Rangone 1996;
Dey et al. 2006). Performance measurement is usually a team effort and AHP is one
available method for forming a systematic framework for group interaction and
group decision-making (Saaty and Vargas 2001).

Although AHP has been used before to measure performance in service indus-
tries, Dey et al. (2006) applied AHP to performance measurement of intensive care
units in hospitals, and Chow et al. (2005) adapted the AHP methodology to the
service innovation of restaurant industry; it appears not to have been applied as a
performance measurement model specifically for service innovation strategy. The
objective of this study is to develop a quantitative performance measurement model
that can be used for service process performance and strategy selection.

8.3 Research Objectives and Methodology

The objective of the research adopted under the heading of Quantitative Models for
Service innovation Strategy (QMSQS) was to identify tools and techniques that
would facilitate:

 Identification of factors affecting service innovation

 Identification of the relationship between factors affecting service innovation

* Quantification of the different factors affecting service innovation and on the
overall performance of the service processes

e ‘What if?” analysis on process performance and strategy selection

The six steps of the approach were developed as a result of the QMSQS method-
ology implementation as depicted in Fig. 8.1. The details of this approach have been
explained and discussed through a case study in Sect. 8.5.

Stage 1: Establishing Strategic Perspectives

At the start of a QMSQS approach, the strategic perspectives should be established
within the strategic plan. These perspectives should be used for all the service pro-
cesses of a business. Perspectives are connected together with the help of the cou-
pling operation. It is not necessary to establish a methodical sequence. However, if
the perspectives structure (i.e. the sequence of individual perspectives) is logically
established, the automatic generation of a model is considerably simplified and the
logical structure of the cause-and-effect chain is made clear.

Stage 2: Defining Strategic Performance Measures

With the QMSQS method, strategic objectives and critical factors taken from differ-
ent points of view are allocated to the company (the so-called perspectives). These
include internal perspectives (e.g. learning and development perspective, process
perspective) and external performance perspectives (e.g. patient perspective, hospi-
tal and economic perspective). This arrangement of the key performance indicators
achieves a certain balance between short-term and long-term goals, hospital and
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Fig. 8.1 A methodology for service innovation strategy

non-hospital key performance indicators, leading and lagging indicators and inter-
nal and external points of view. The introduction of specific key performance indi-
cators for different sectors adds a further benchmarking component to the concept.

In general, the QMSQS approach classifies the relationships between critical
factors which affect service innovation as follows:

e Direct (vertical) effect
* Indirect (horizontal) effect
e Self-interaction effect

Stage 3: Describing Service Processes
The quantitative model for service innovation strategy (QMSQS) developed in
Sect. 8.4 uses system dynamics models (SDMs) to describe service processes.

The components necessary to provide a full description of a service process are
thus procedures, events, products/statuses, processors, organisational units and
information technology resources.

Considering all the effects on all the elements of the procedure for every event
would severely complicate the model and lead to redundancies in the description. In
order to reduce this complexity, the general context is divided into individual mod-
els that represent separate modelling and design aspects. These can be processed
largely independently of each other. The models are divided in such a way that
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relationships between the components within a model are very high while those
between the models are only relatively loosely linked.

The AHP approaches to the measurement of service innovation are presented in
the Evaluation Models.

Stage 4: Identifying Factors to Measure Performance

The identification of the factors follows on from the service process model. Having
created a service process model for the performance measure in question, in this
step the activities within each process were analysed in order to establish factors
which may contribute towards the particular performance measure. This was
achieved through the use of cause-and-effect analysis. The cause-and-effect analy-
sis shows how each service process (shown as a major cause) may have an impact
on the performance measure.

These factors provide the structure view for that particular result model. In addi-
tion, they also lead to the identification of performance measures for use at the tacti-
cal and operational levels. The measures identified against each process are
considered to be tactical performance measures corresponding to each process. The
causes listed under each service process provide the basis for operational measures
for that process.

The use of the cause-and-effect analysis technique as described above provides a
useful approach to analysis and provides some form of guidance for modelling of
the structure of performance measures. It is possible to transpose the information
contained in the cause-and-effect model into a more visualised data structure com-
monly used in information systems analysis.

Stage 5: Linkage of Resource Class to Data Model

The project team should consider linking the PMSs to competency development.
This enables employees to focus not only on their strategic goals but also on com-
petencies that may be critical for strategy execution, such as teamwork and com-
munication. A company’s core competencies (including management competencies)
should be selected based on the company’s business strategy, core values and
culture.

The PMSs should be linked to variable pay to motivate all employees to work
together to achieve the company’s strategic goals. When designing the variable pay
component, it is important to consider the relative importance and priority of objec-
tives in each perspective and at each level of the organisational structure. The deci-
sions made about relative importance and priorities communicate clear messages to
all managers and employees.

Stage 6: Development of Control Models
The control model is a model of the interactions between states and events of a real-
time system. The system responds to outside events and passes through a series of
modes or states. As events occur, they initiate changes in the system’s state.

A possibility for creating the control model, which is a means to display how the
measures are influencing each other, is the use of a system dynamics (SD)-oriented
approach, using a matrix. In the vertical column the influencing measures are
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written and perpendicular to them the influenced measures. The levels are chosen
according to the levels in the structure view.

In the matrix the level of relationship between individual measures is illustrated
in the normal SD fashion. That is:

* ++ Strong positive impact
* + Positive impact

e Blank no impact

e — Negative impact

e —— Strong negative impact

This SD-oriented matrix approach provides a valuable technique to describe the
dynamic view of a PMS, because it is simple and straightforward to understand.

The use of the SD approach also promotes deployment of priorities between
various levels of the PMS. Once the business objectives and strategy are established
this will allow prioritisation of the strategic performance measures according to the
objectives and the strategy. Once the top-level priorities are in place these could be
deployed to lower levels through the relationship matrix using the relationship level
as a deployment aid. This type of deployment approach is well described in the
widely available SD material. However, in using this approach one must practice
particular attention to ensure that priority deployment is carried out between two
distinct levels.

8.4 Quantitative Model for Service Innovation Strategy

(QMSQS)

This chapter introduces four types of quantitative models, shown in Fig. 8.2, which
can support the aforementioned methodology to service innovation indigenous
management. Each model is a collection of operation formulae, which can capture
the information necessary to describe a service process’s state and behaviour. These
models are considered essential: a business model, control model, result model and
an evaluation model.

The business model also includes four classes of objects: an organisation object,
an information object, a function object and an operator object as shown in Fig. 8.2.
These classes are proposed based on the object-oriented approach (OOA).

The OOA makes the basic assumption that the world is made of an organised
collection of objects. According to this hypothesis, anything within a service firm is
also considered an object characterised by its unique and invariant identifier, its
object class and its state, defined by the values of its attributes. A business object
might be a concrete thing (e.g. a piece of equipment, an employee or a product), an
abstract thing (e.g. an enterprise goal, a business process, an enterprise activity, a
performance measure or a service) or a relationship between things (e.g. a logical
link between two objects).

Individual models are not described in detail in this chapter, since the purpose of
each model has been identified and a detailed explanation of its information content
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and functionality is given in Sect. 8.3 and an explanation of their application is
given in the case study (see Sect. 8.5). The purpose of this section is to identify and
describe the content and functionality of the QMSQS, since these quantitative
models must satisfy the methodology requirements of all the steps.

8.4.1 Business Model

Business models are the most important building blocks of our quantitative models.
From the OOA point of view, they are a description of a set of abstract business objects
that share the same attributes. Our business models are divided from four classes:

8.4.1.1 Organisational Class

The organisational class is a typical form of representing organisational structures.
This kind of class reflects the organisational units (as task performers) and their
interrelationships, depending on the selected structuring criteria. In order to show
the individual positions in the company that have, for example, job descriptions, the
separate position object type is available. Organisational units and persons can also
be assigned a type.
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8.4.1.2 Function Class

The functions to be performed (processes) and their interrelationships with each
other form a second view, the function class. It contains the description of the func-
tion, the enumeration of the individual sub-functions that belong to the overall rela-
tionship and the positional relationships that exist between the functions.

Modelling methods often display functions in connection with objects from the
other descriptive views of QMSQS. The relationship between data and functions is
displayed, for example, to specify the transformation process of a function via the
input/output data of that function.

In the QMSQS architecture, however, the various areas of analysis are kept
strictly separate. Within the function only those representational forms are used
which illustrate the connections between the functions. One example is the relation-
ship between functions and data displayed in the control model of QMSQS.

8.4.1.3 Information Class

Events such as ‘patient order received’ or ‘invoice produced’ define the point at
which a change in the state of information objects (data) occurs. They are described
in the information class of the QMSQS architecture.

An information class includes a description of the semantic data model of the
field which is to be examined. According to the QMSQS division principle, this
description contains both the objects which specify the start and end events of a
process chain and the status descriptions of a service process chain’s relevant
environment.

An entity-relationship model (ERM) is the most widely used designing method
for semantic data models. This modelling method uses a number of specialised
terms such as entity type, relationship type and attribute. The relationships which
exist between these objects and information technology (IT) are linked via coupling
operators which will be introduced in the next section.

8.4.1.4 Flow Class

The flow class is structured as an integrated view in which the relationships between
the other object classes are described by the operator object.

The operator object consists of a set of operations that take one or two objects as
the input and produce a new object as their result. The fundamental operations in the
flow class are select, project, Cartesian product and associative.

The select operation selects tuples that satisfy a given predicate. We use the low-
ercase Greek letter sigma (o) to denote selection. The predicate appears as a sub-
script to 0. The argument relation is in parentheses after the c.

The project operation allows us to produce this relation. The project operation is
a unary operation that returns its argument relation, with certain attributes left out.
Since a relation is a set, any duplicate rows are eliminated. Projection is denoted by
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the uppercase Greek letter pi (IT). We list those attributes that we wish to appear in
the result as a subscript to I1.

The Cartesian-product operation, denoted by a cross (x), allows us to combine
information from any two objects.

The associative operation is a binary operation that allows us to combine certain
selections and a Cartesian product into one operation. It is denoted by the ‘join’
symbol ). The associative operation forms a Cartesian product of its two argu-
ments, performs a selection forcing equality on those attributes that appear in both
relation objects and finally removes the duplicate attributes.

8.4.2 Control Model

Indigenous management is mainly concerned with detailed action planning and the
preparations to take these action steps. Thus, all general decisions have already been
made and—sometimes—a model might already exist. The purpose of system
dynamics modelling in service innovation indigenous management is to communi-
cate the decisions that have been made, involve stakeholders in the implementation
and provide means for ‘optimisation’ within the given decision frame. The usage of
system dynamics in indigenous management differs from system dynamics model-
ling in strategy formulation insofar that:

* The scope of changes that can be made to the actual strategy is very limited.

* Frequently, a high number of people from all organisational hierarchical levels
are involved either in the modelling itself or in connected activities.

* The main purpose of modelling is for understanding and refining a decision that
has already been made.

This section is a detailed discussion of the system dynamics modelling, which
allows for simple representation of complex cause-and-effect relationships. For the
discussion that follows, it is important to understand that it is the levels (or state
variables) that define the dynamics of a system. For the mathematically inclined, we
can introduce this in a more formal way. The following equations show the basic
mathematical form of the QMSQS:

measures[i], = JOT levels| j1, dt;
8.1
— measures[i], = levels| j],
dt
or
T d
rates, = levels, dt =J rates, dt — levels,
0 dt
8.2)

rates, = g(levels, ,aux, ,data, ,const)
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aux, = f(levels,,aux, ,data, ,const) (8.3)
levels, = h(levels ,aux,,data,,const) (8.4)

In these equations g, h and f are arbitrary, nonlinear, potentially time varying,
vector-valued functions. Equation (8.1) represents the evolution of the system over
time, (8.2) the computation of the rates determining that evolution, (8.3) the inter-
mediate results necessary to compute the rates and (8.4) the initialisation of the
system.

The symbols aux, const, data, levels and rates represent different types of
variables:

* aux, Auxiliary. These are computed (see (8.3)) from Levels, Constants, Data and
other Auxiliaries. Auxiliary variables have no memory and their current values
are independent of the values of variables at previous times.

* const Constants. These do not change with time.

* data, Data (also called exogenous). These have values that change over time but
are independent of anything that happens to other variables.

* Jevels, Levels (also called accumulations, stocks and states). These change only
over time and the values they take on at any time depend on the value they (and
other variables) took on at previous times. Equation (8.1) shows how the Levels
integrate or ‘accumulate’ based on the values themselves and other variables in
the system. The Level variables ultimately determine the dynamic behaviour of
a system.

* rates, Rates (also called flows). These are the variables that directly change the
Levels. Rates are essentially the same as Auxiliaries and differ only in the way
they are used in a model.

Rates are implicitly determined based on Auxiliaries and other variables and are
not broken out as a separate variable type. Put another way, an Auxiliary that is used
to change a Level can also be thought of as a Rate.

In the following section, we underline our thesis by a case study from a tradi-
tional Chinese hospital trying to implement a strategy. After that, we discuss some
general issues of system dynamics modelling for indigenous management of service
innovation.

8.4.3 Result Model

The result model proposed here is capable of constructing a PMS, using a set of
metrics generated by a control model.

Static models of service innovation gaps (SQGs) are, thus, representations of the
organisation, at a given moment, which identify, define and interrelate the funda-
mental organisational dimensions for successful indigenous management.

By listing 20 essential dimensions —represented as ellipses—and by overlapping
each ellipse with every other, Candido and Morris (2001) introduced a static model
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which emphasised the diversity of dimensions that can be involved in indigenous
management and the intricacy of their relationships.

Essentially, the model aims to provide a list of all basic dimensions that can con-
stitute important areas for management intervention during strategy formulation
and implementation. The model, however, does not imply that managers must inter-
vene on all 20 variables. The specific group of dimensions that a manager will
choose to manipulate depends on his/her personal experience and knowledge. But,
more importantly, the choice should depend on the current internal and external
situation of an organisation, particularly on the SQGs that have been identified
before and during implementation (Candido and Morris 2001).

8.4.4 Evaluation Model

Evaluation model uses simulation technology which enables experiments of ‘what
if?” scenarios to be carried out, giving the designer a better insight into how the
proposed enterprise will work. This chapter focuses on the use of simulation for
dynamic evaluation. Following the simulation experiments, the design can be
refined further, possibly by revisiting the control model. Case studies in the next
section will demonstrate the creation and population of evaluation models.

8.5 Illustrative Case

In order to test the concept of the QMSQS model described above, two alternative
strategies have been carried out and detailed steps have been given in Sect. 8.3. In
this section an application of the QMSQS to model the strategy to ‘improve quality
of service via e-business’ at ‘TCM’ is presented. The case will show how the
QMSQS was used to identify factors affecting performance and their relationships
and quantify the effects of the factors on this indigenous management.

‘TCM’ is a leader in the non-prime automobile financing industry. For 10 years
‘TCM’ has fulfilled the auto financing needs of consumers across China. Today the
company serves patients who may not qualify for loans for their new or used vehicle
based on conventional criteria. With a reputation for quality control, an efficient
processing system and sturdy capital to fund loans, “TCM’, delivers responsive ser-
vice to its national network of dealers.

8.5.1 Establishing Strategic Perspectives

The QMSQS methodology’s use of different perspectives for organising company
objectives enables a significant improvement in the development of the company’s
strategic management infrastructure. We discuss five perspectives in this company:
hospital, patient, process, employee and partner and innovation.
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Customers’ concerns tend to fall into four categories: time, quality, perfor-
mance and service and cost. Lead time measures the time required for the com-
pany to meet its patients’ needs. For existing products, lead time can be measured
from the time the company receives an order to the time it actually delivers the
product or service to the patient. For new products, lead time represents the time
to market, or how long it takes to bring a new product from the product definition
stage to the start of shipments. Quality measures the defect level of incoming
products as perceived and measured by the patient. Quality could also measure
on-time delivery or the accuracy of the company’s delivery forecasts. The combi-
nation of performance and service measures how the company’s products or ser-
vices contribute to creating value for its patients. Senior managers at ‘TCM’
established general goals for patient performance: to get standard processes to
make credit decisions quicker and to improve patients’ time to wait. The managers
translated these general goals into four specific goals and identified an appropriate
measure for each, as shown in Fig. 8.3.

Using business objects in Information Class (see Sect. 8.4.1.3), the patients’ per-
spective can be described as follows:

8.5.2 Creating Service Processes

The modelling of the company’s service process is the starting point for indigenous
management. The organisational units, positions, person and locations are shown in
Fig. 8.4.

From organisation class (Sect. 8.4.1.1) the person-type and organisation-type
objects can be instantiated as follows:

The organisational object is built by the operator object via links between the
person type and organisational units. In this context, a link can have one of the three
meanings: ‘is technically superior to’, ‘is disciplinarily superior to’ or ‘is a compo-
nent of .

In this case the process model represents the underlying process which leads to
achievement of the strategic objective. It was decided to use business models tech-
nique (see Sect. 8.4.1) to model the underlying process. Although it was possible to
create a single-process model to encapsulate all activities which affect all the strate-
gic performance measures, it was simpler to create a model of the process focusing
on one measure at a time. This resulted in considerable duplication between the
models, but it also simplified the model, making the process model more visible.
Therefore, in this case study it has been necessary to create a process model for each
one of the strategic performance measures identified. These duplication models can
be eliminated via flow class objects. In this chapter, for illustration purposes, the
strategic measure ‘patient satisfaction” has been selected for illustration purposes.
Figure 8.5 shows the process model developed for this particular strategic perfor-
mance measure.
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Fig. 8.3 Organisation structure graph of TCM

8.5.3 Establishing Cause-and-Effect Relationships

Having created a process model for the performance measure in question, in this
step the activities within each process were analysed in order to establish factors
which may contribute towards the particular performance measure. This was
achieved through the use of cause-and-effect analysis as shown in Fig. 8.6.

Using organisation class, information class, function class and flow class, the
cause-and-effect relationships views for TCM can be analysed to show how each
process (shown as a major cause) may have an impact on the performance measure.
For example, the Online Private Customer Transactions process can affect the per-
formance of the organisation with respect to ‘optimal e-processes’. In turn the
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factors listed on the upward arrow, such as broad range of products/services, high
patient satisfaction, low process costs and low product costs, can constrain the pro-
cess’s ability to fulfil the plan.

8.5.4 Linkage of IT Systems to Monitor Objectives

IT systems play an invaluable role in helping managers disaggregate the summary
measures. When an unexpected signal appears on the performance measures, exec-
utives can query their information system to find the source of the trouble. If the
aggregate measure for on-time delivery is poor, for example, executives with a good
information system can quickly look behind the aggregate measure until they can
identify late deliveries, day by day, by a particular plant, to an individual patient.

If the information system is unresponsive, however, it can be the Achilles’ heel
of performance measurement. Managers at ‘TCM’ are currently limited by the
absence of such an operational information system. Their greatest concern is that
the service innovation information is not timely; reports are generally a week behind
the company’s routine management meetings and the measures have yet to be linked
to measures for managers and employees at lower levels of the organisation. The
company is in the process of developing a more responsive information system to
eliminate these constraints which are shown in Fig. 8.7.
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8.5.5 Evaluating the Performance of Alternative Strategies

In the following, we discuss two alternative strategies that can be adopted by ‘TCM’
depending on the line of loan. If the line is high, the company should adopt the
‘customised service’ strategy. If line is low, the company should adopt the ‘indirect
face to patient’ strategy. These two strategies require different competitive charac-
teristics as illustrated in Table 8.2.

The differences between the two groups lie in the elements of the characteristics
and their relative positions in the group (ranking). The customised strategy primar-
ily stresses service innovation and the ability to perform the service dependably and

Table 8.2 Competitive characteristics of two alternative service
innovation strategies

Customised service Indirect face to patient

Perform the service dependably Quick credit decisions
and accurately

Caring and individual attention Consistent personal skills

Reliability Tangibles

Responsiveness Assurance

Empathy Responsiveness
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accurately. To have the ability to be reliable, the employees must be able to convey
trust and confidence. In other words, they should have personal skills and knowl-
edge. Referring to the banking performance of service innovation, the customised
service must be excellent in reliability, responsiveness and empathy. Although it is
necessary for TCM to control cost, it is not the principal characteristic for
competitiveness.

The indirect-patient strategy prioritises quick credit decisions and dependable
loans. To have the ability to make credit decisions rapidly, the service system must
be able to shift from one type of loan to another very quickly. In other words, the
service system should be flexible and automatic. The next three competitive charac-
teristics are tangibles, consistent personal skills and responsiveness. The ability of
the indirect-patient strategy to win competition is affected much more by perfor-
mance in speed and tangibles than performance in reliability and cost.

Using the QMSQS approach, the hierarchical structure of the evaluation of the
performance of customised and indirect-patient service strategies can be con-
structed as indicated in Fig. 8.8. The level O of the structure is the overall perfor-
mance of the service innovation strategies. The performance of the service
innovation strategies depends on the line of the loan (the scenario) as indicated by
level 1 of Fig. 8.8. There are three possibilities of the line of loan: low (pessimistic
scenario), average (normal scenario) and high (optimistic scenario). Level 2 of the
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structure shows performance criteria. Based on the generic performance of service
innovation strategy, the performance of the alternatives can be evaluated based on
the criteria of reliability, responsiveness, tangibles, assurance and empathy. Finally,
level 3 of the structure shows the alternative service innovation strategies which
could be adopted.

We conducted a presentation to explain the concept of the QMSQS model to the
management team of the company. It is very critical in this step to make clear to
the management the concept of the pairwise comparison questionnaires used by the
model, which ask, ‘Comparing factor A to B, which one has a stronger effect on
performance?’ and ‘How strong is that effect?” At the end of the presentation the
research team asked the management team to start thinking about the problem that
might be selected as the case study.

Evaluation of these alternative strategies is carried out level by level starting
from the top level down to the lower levels. The first evaluation assesses the possi-
bilities of scenarios occurring in the planning period. The second evaluation assesses
the relative effects of each criterion on performance under a particular scenario.

For example, what are the relative effects of reliability, responsiveness, tangibles,
assurance and empathy on performance if the line is low? The relative effects of
each criterion on performance are not necessarily the same under different scenar-
ios. The third evaluation assesses the performance of each alternative on each per-
formance criterion. Finally, the overall performance of each alternative can be
computed through the composition process as explained earlier.

Using the control model, the performance of customised and indirect-patient
strategies can be evaluated as indicated in Fig. 8.8. From the evaluation, it can be
seen that the performance of customised patient strategy (0.514) is better than the
performance of indirect-patient strategy (0.486), given that the probability of line
for low, average and high are 26.3 %, 26.6 % and 44.1 %, respectively.

8.5.6 System Dynamics Analysis of the Service Innovation

Management uses a set of hospital and non-hospital performance measures to moni-
tor and control the operation of companies through a set of performances. As exter-
nal environments change rapidly, the set of performance measures employed by
companies should also change to reflect changes in the environment. That is, perfor-
mance measures reported to the management should change as a result of changes
in patients, competitors, internal improvement and so on. We proposed the use of
SDMs to simulate both the macro level of the entire company with interrelation-
ships to patients—which are shown in Fig. 8.9—and the micro level of a credit
department—shown in Fig. 8.10—to see the individual tasks performed.

Changes in performance measures can be in the form of deleting, adding or
replacing some performance measures with other performance measures or just
changing the priority of some performance measures. A performance measure
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Fig. 8.9 System dynamic analysis of macro level

Fig. 8.10 System dynamic analysis of micro level
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Table 8.3 Sensitivity analysis of service innovation indigenous management

Low Normal High Cust. Indirect Strategy
0.263 0.266 0.441 0.514* 0.486 Customised
1.000 0.000 0.000 0.416 0.584* Indirect
0.000 1.000 0.000 0.463 0.537%* Indirect
0.000 0.000 1.000 0.565%* 0.435 Customised
0.414 0.000 0.586 0.500 0.500 Either
0.530 0.000 0.470 0.485 0.515%* Indirect

*Significantly different from zero at the P = 0.05 significance level

classified as high priority may move to other classes because of changes in the internal
or external environments of the business. The QMSQS can cope with the dynamism
through the what-if simulation analysis.

For example, for the service innovation strategy evaluation explained earlier, the
actual line of loan cannot be known in advance. The judgement of the probability of
an occurrence of low, average and/or high loan is based on the information available
at the time of evaluation. The judgement may change some time later if more infor-
mation is available. Based on the current judgement, the priority of customised strat-
egy is better than the priority of indirect strategy. However, it is important to analyse
further how the priority will change if the probability of demand level changes.
Again the SDMs could be used to evaluate the sensitivity analysis. The results of
such analysis, based on the model presented earlier, are illustrated in Table 8.3. If the
probability of low line is 100 %, the performance of the indirect strategy will be bet-
ter than the performance of the customised strategy. While, if the probability of high
line is 100 %, the customised strategy will perform better than the indirect strategy.

Finally, if the probability of the occurrence of average line is 100 %, the perfor-
mance of indirect strategy will be better than the performance of customised strat-
egy. In general, if the probability of the occurrence of low line is greater than 43.3 %,
the performance of indirect strategy will be better than the performance of custom-
ised strategy as indicated by Table 8.3. The sensitivity analysis can also be carried
out on changes of the impacts of performance criteria on performance under differ-
ent scenarios.

8.6 Discussion and Conclusion

8.6.1 Achievements and Benefits

An approach for quantifying the relationships between various factors affecting per-
formance has been developed and demonstrated. The benefits of the QMSQS
approach may be summarised as follows:

» Factors affecting performance can be identified, and then their effects can be
quantified.
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o Effects of multidimensional factors on performance can be aggregated into a
single dimensionless unit (priority).

* Managers can be helped to quantify the level of impact of each factor on overall
performance and therefore assisted in focusing improvement activities.

* The relationships between factors can be clearly identified and expressed in
quantitative terms.

* Models can be easily altered to assist understanding the dynamic behaviour of
factors affecting performance.

* A reduction in the number of performance measurement reports is facilitated.

An important benefit gained from the QMSQS approach is that the interaction of
the factors can be clearly identified and expressed in quantitative terms. This iden-
tification will bring us one step forward in understanding the dynamic behaviour of
factors affecting performance.

8.6.2 Subjectivity vs. Objectivity of Approach

People may feel that the technique used in the SDMs for quantifying the effects of
factors on performance is very intuitive, subjective and very difficult to use in prac-
tice. However, through careful explanation of the concept of the approach, the
authors have found that people can understand and implement it with little
difficulty.

In a PMS a large number of multidimensional factors can affect performance.
Integrating those multidimensional effects into a single unit can only be done
through subjective, individual or group judgement. It is impossible to have objective
measurements and scale systems for each different dimension of measurement that
can facilitate objective value trade-off between different measures. Since the quality
of service uses subjective measurement, the results may not be very accurate.
However, this problem can be overcome by using group judgement rather than indi-
vidual judgement. This will reduce the subjectivity of the judgement. The accuracy
of the QMSQS can also be improved through experience.

8.6.3 Practical Issues

The example presented in the paper is highly simplified. In practice the evaluation
will be more complicated as all important factors affecting the performance of ser-
vice innovation strategy will need to be included in the model and the interactions
among factors should be considered and agreed. Some potential problems might be
encountered in applying the QMSQS method. The first relates to managers’ hesita-
tion in filling in the pairwise comparison questionnaires, particularly if the model is
applied to model performance improvement. Performance improvement usually
involves identification and quantification of a large number of factors affecting
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performance. Consequently, the number of pairwise comparison questionnaires will
be enormous. Filling in all the questionnaires will be exhausting and time-consum-
ing. However, this problem can be minimised through three approaches:

 Firstly the users, i.e. the management team, must be involved in the whole pro-
cess. In the case study example presented in this chapter, the researchers helped
the management team to build a model of their PMS using the cognitive mapping
technique. This in turn heightened the team’s awareness of the interaction
between various factors affecting performance in their company.

e Secondly the model should be decomposed into several smaller models which
are then distributed to groups of people who complete only a subset of the overall
questionnaire.

* The use of the interactive software makes the implementation of the model much
easier. In fact the QMSQS model is now being implemented at ‘“TCM’ to priori-
tise 100 performance measures.

The second problem of the QMSQS application relates to getting a single judge-
ment in pairwise comparison if more than one person is involved in filling in the
questionnaires. Several discussions may be required to elaborate the real situation
before a general consensus of the judgement of a particular problem can be achieved.
Dynamic modelling is also an effective tool which could be used to elaborate the
problem.

In summary, this chapter demonstrates the theoretical feasibility of using the
QMSQS approach to implement suitable service innovation strategy through quan-
tification of the relationships between performance measures and factors affecting
quality of service.
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Chapter 9
Lean Thinking in Dementia Care Through
Smart Assistive Technology: An Evaluation

Trudy Yuginovich and Jeffrey Soar

Abstract This chapter provides an analysis and evaluation of a community-based
project trialling the use of smart assistive technologies (ATs) for people with demen-
tia and their families. The 12-month project was funded by Home and Community
Care (HACC) Queensland and conducted by Alzheimer’s Queensland and the
University of Southern Queensland in the North Brisbane and Toowoomba areas.

Participants in the project were selected on the basis of having a diagnosis or
suspected diagnosis of dementia; live at home and be HACC eligible. In most cases
they were service users of Alzheimer’s Queensland respite centres, but some were
referred from other services; all participants had expressed an interest in trialling
AT. All participants were assessed by an Occupational Therapist, and then based on
this assessment of individual need and functional capacity were prescribed indi-
vidual items of AT.

AT prescribed included sensor mats, emergency call systems, robot vacuum
cleaners, calendar clocks, bed occupancy and exit sensors, and personal amplifying
devices. Depending on when the clients entered the study, the period of trial of
equipment varied from 11 months to less than 1 month. Carers were required to
complete a survey before and after a trial of the AT, as well as the option to partici-
pate in an interview and or focus group after the trial. Data was also collected via
interviews with the project Occupational Therapists to gain their feedback on the
strengths, weaknesses and general applicability of the AT for this group. Data was
analysed using both qualitative and quantitative methods.

The challenges of caring for a person with Alzheimer’s disease or other forms of
dementia were identified by participants in this study as being the inability to stop
worrying, feeling afraid all the time, feeling isolated and feeling vulnerable.
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The main carer concerns were perceived as being the client falling, risk of fire and
inability for the client to be left alone. Lack of sleep and inability to relax were
identified as major issues for carers.

The most useful and successful types of AT were identified by respondents as
being sensor mat with remote pager, bed exit sensor with interval timer and pager,
the robotic vacuum cleaner and the hearing devices. Vacuum cleaners were seen as
increasing independence and hearing devices improved communication.

Quantitative survey results found a significant reduction in the extent to which
carers were worried about the client getting out of bed at night and falling following
the implementation of AT. Qualitative results obtained in the focus groups and in-
depth interviews then linked this decreased worried to improved carer sleep pat-
terns. No difference was found in the ability of carers to leave the client alone at
home as a result of the AT, nor any indication that AT made the clients feel safer. AT
did not reduce their need for external support services (respite) and in-home care
(housework and/or meals). Contrary to expectations, results also found that neither
the levels of stress nor the frequency of stress chaptered by carers decreased signifi-
cantly secondary to the introduction of AT. Finally, carers had perceived that using
the AT would enable the client to remain home longer; however, this was not sup-
ported by the post-AT survey.

Carers noted that it did not take long for them to feel comfortable with the tech-
nology in the home.

All carers indicated both in surveys and interview that they felt comfortable to
contact AQ at any time, but despite this training and support, when problems arose
(such as persistent beeping by sensor mats or flat batteries), the carers indicated that
they simply unplugged the AT and stopped using it.

Involvement in the selection of the type of AT to be used was important for carers
who stated that they appreciated being able to identify their particular needs, to be
listened to and to be provided with adequate and appropriate education upon receipt
of the AT.

9.1 Introduction

Life expectancy of people in developed countries worldwide is continuing to
increase (Currell et al. 2000), creating health implications, and places greater pres-
sure on the community and residential facilities (Currell et al. 2000; World Health
Organization 2005; Bayliss et al. 2007). As well as an ageing population, the inci-
dences of people diagnosed with dementia have increased over the last decade and
are predicted to continue to increase. The needs of this group of clients’ places
increased pressure in relation to care and financial costs on the aged care sector. As
a result clients, carers and the government want older people to stay in their own
home as long as possible (Currell et al. 2000; World Health Organization 2005;
Darkins et al. 2008). One possible way to achieve this is through the use of assistive
technology (AT) (McCreadie and Tinker 2005; Cowan and Turner-Smith 1999).



9 Lean Thinking in Dementia Care Through Smart Assistive Technology... 145

Assistive technologies (ATs) are key enablers for change in community aged
care, by reducing the risks of adverse events for consumers and, ultimately,
enabling persons to remain in their own homes longer, reduce costs and improve
outcomes (McCreadie and Tinker 2005). They also have a role in promoting and
maintaining a person’s dignity, respect and independence (Faife 2007; Hagen
et al. 2007). There is some evidence emerging internationally to suggest AT can
provide care at lower cost, deliver consumer satisfaction, improve workforce pro-
ductivity, better assist consumers in self-care and decrease hospital admissions
(Glover et al. 2007). This is important in view of figures suggesting that in
Australia, 9 % or 552,000 hospital admissions were found to be potentially avoid-
able, with almost one third of those occurring in the 75 years and over age bracket
(Glover et al. 2007).

Limited information or research exists in relation to how smart assistive technol-
ogy can assist clients with dementia to remain independent at home for longer. This
literature review considered all primary studies that explored the lived experiences
of consumers and health professionals in relation to use of assistive technologies in
the community. Previous research (Hegney et al. 2006) found that the aged and
community sector particularly those in rural and remote communities often do not
have access to suitable internet infrastructure, support and training to assist them in
their work.

Health professionals such as registered nurses, Occupational Therapists, social
workers, carers and physiotherapists work in a field where there is a likelihood of a
high level of adverse events, conditions and unmet needs of the frail aged needing
support in the community (Soar and Youngjoon 2007). These adverse events include
falls, difficulties in managing medications, incontinence, social isolation, fear of
crime, depression, cognitive decline and associated challenges such as wandering
and safety (Soar and Youngjoon 2007). Such issues are similarly highlighted by
other researchers (McMillen and Soderberg 2002) who identified that the relation-
ship between the approach that people take to their illness and the acceptance of
using AT needs further study.

AT has been described as ‘any device or system that allows an individual to per-
form a task that they would otherwise be unable to do, or increases the ease and
safety with which the task can be performed (McCreadie and Tinker 2005; Cowan
and Turner-Smith 1999)’. The terminology around AT can vary greatly and encom-
pass a variety of specific equipment. Telecare for instance is an assistive technology
that uses a combination of alarms, sensors and other equipment, connected to a
response centre to support functional independence (Cook 2008; National Health
System (NHS) 2009).

An example of AT is a bed occupancy sensor that can be used to monitor when a
person gets out of bed at night and if they do not return within a certain period. Bed
sensors can be linked with an automatic light sensor so that when the person gets out
of bed, the light turns on. Similarly, door exit sensors will detect if someone opens
the front door and movement detectors will provide an alert if the person then leaves
their home at a time that might be inappropriate (Cook 2008; National Health
System (NHS) 2009).
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The power of AT is still under-recognised by physicians and other health
providers (Mclntosh et al. 2012; Bonner and Idris 2012; Bewernitz et al. 2009),
and its potential as an aid to clients is underexploited. There are limits to the extent
to which rehabilitation professionals can help to improve the skills of impaired
people and the broader environments in which they live, and AT provides powerful
means to overcome those limitations. In the USA, the effectiveness of Telecare has
been demonstrated (Darkins et al. 2008) by the implementation of home Telecare
which reduced hospital admissions by 19 %, hospital bed days by 25 % and read-
missions by 25 %.

With nearly 14 % of people over age 71 diagnosed with some form of dementia
and prevalence increasing to nearly 40 % of those over age 90 (Bewernitz et al.
2009), cognitive impairment is an important issue when considering supporting
people living at home. As dementia progresses, it impacts a person’s independent
functions and can increase the burden on caregivers. Use of assistive devices can
help individuals with dementia live more independently and safely. However, older
individuals with cognitive impairment, visual, auditory or speech disabilities may
have difficulties using AT because the devices are not designed to address their
specific needs. The development of ‘smart devices’ has potential in assisting older
adults with cognitive impairment (Bewernitz et al. 2009).

The application of AT for use in the home should be directed by the client as the
key stakeholders, collectively and individually rather than the developers (Harris
2010). It is important to gain an insight into the experiences of the end user of AT in
order to design technology which meets carer needs (Cohen-Mansfield and Biddison
2007). It must be noted that not everyone will benefit from or accept the new tech-
nological aids and devices and each individual’s situation must be carefully assessed
(Miskelly 2001; Murasa et al. 2008).

AT is most effective when provided early in the disease process and after careful
assessment, the correct prescription and home-based follow-up training in how to
use it. Research (Connell et al. 2008) also suggests that families and carers have an
improved sense of confidence about older peoples’ quality of life when they are
provided with comprehensive Telecare and/or ‘smart’ technology. Overall, the tech-
nology can improve ‘peace of mind’ for older people and carers and may also
improve safety, reduce hospitalisation, improve quality of life and enhance opportu-
nities to remain at home, thereby deferring the need to move into residential care.

Despite current advances in the range of technology and networking capabilities
in the home, AT and Telecare solutions have not been taken up as eagerly as might
have been anticipated (Clark and McGee-Lennon 2011; Cornes and Weinstein
2005; Choi 2011). These barriers include lack of clear access and information
points for people to learn about AT and be properly assessed and lack of follow-up
home-based training and basic maintenance of technologies. Other barriers include
poor design and unattractive appearance of aids and devices, compounding con-
cerns related to self-image, feelings of stigma and denial about disability and age-
ing (Connell et al. 2008). Many stakeholders emphasised that the design of
technologies often lacks consideration of older people’s views, attitudes and tastes.
Another significant barrier for older people is apprehension about the cost and
affordability of assistive technologies.
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Findings highlight the need to expand usage of and promotion of equal access to
technologies that enable greater social and economic participation for people.
Government funding of AT needs to move beyond a limited focus on functional
needs and take responsibility for fully equipping clients’ homes. Government and
service systems are seen to be a constraining rather than an enabling force (Layton
and Wilson 2009). These findings reveal that when sectors work together, they can
provide quality, cost-effective support services that do reduce demands on staff at
the same time as providing benefits to consumers.

Evaluating AT services to demonstrate quality or measure outcomes requires
ethical obligation (DeRuyter 1995). The ethics involved in providing AT is not
widely discussed (Zwijsen et al. 2011). However, recommendations were made that
partnerships between industry, consumers and purchasers of the technology must be
established and be long-term commitments (3-5 years at least) (Goodwin 2012).
Partnership and long-term commitment will assist in developing AT which is user
friendly, easy to manage, improve client outcomes and reduce carer burnout.
Decision making about AT must respect the rights of individuals.

Despite some evidence indicating the validity of AT as a means of enhancing
safety and reducing hospitalisation, uptake of the technology remains low in many
places. Historically, user experiences have not been adequately explored. Some of
the reasons included funding, policies, cost, invasion of privacy, lower educational
attainment and fear of technology as some of the barriers. Other issues raised by the
literature include benefits of AT and its associated ability to reduce hospitalisations
and enabling people to remain in their own homes longer. Lack of inclusion of cli-
ents in decision making processes was repeatedly raised as an issue as was lack of
user friendliness of some forms of AT. The ethics of decision making in relation to
AT by practitioners was identified as an area that has had little overt discussion. For
these reasons a need exists to further explore the experiences of those using the
technology to better identify the benefits and issues of AT in the community.

9.2 Methodology

9.2.1 Objective

The primary objective of this project was to demonstrate the usability of smart assis-
tive technologies for clients who have dementia and/or who are frail aged. The study
aimed to identify evidence in relation to the experiences of carers of a person with
dementia, over 65, living at home with AT. Alzheimer’s Queensland’s (AQ) aim for
the project was to determine how using smart assistive technology might be of ben-
efit (or detriment) to clients, their carers and families and what factors influence
this. Smart assistive technology uptake was determined using a client-focused
approach, in line with AQ’s philosophy. The overall aims of implementing assistive
technology into clients with dementia homes were to assess whether there were:

* Increased safety in the home whether living independently or with carers
e Decreased carer burden and anxiety
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* Reduced need for in-home, residential or community care
* Reduced wandering
e Earlier chaptering of falls and/or injuries

9.2.2 Method

The impact of smart assistive technology uptake was determined using a client-
focused approach based on Fourth Generation Evaluation (FGE) as the theoretic
framework and methodology to answer the research questions posed. This involved
the development, implementation and review of rigorous screening and assessment
tools to ensure that clients are prescribed smart assistive technology that is appropri-
ate to their individual needs and promotes the client’s functional independence.
FGE identifies stakeholders’ claims and issues and then reaches a consensus about
the phenomena (in this case, assistive devices and consumer satisfaction with out-
comes) (Guba and Lincoln 2003). It encourages the use of multiple methods (in this
case, focus groups, in-depth interviews and surveys) to accomplish the facilitation
of stakeholder views by focus groups, semi-structured interviews or satisfaction
surveys. [t uses a constructivist inquiry method that is outcome oriented and includes
the dynamic, human, political social, cultural and contextual elements (Guba and
Lincoln 1989). It also contributes to the philosophy of community development and
empowerment that underpins practice such as in the current study (Clendon 2003).

The study involved five phases: (1) AQ staff managed the project, (2) USQ
developed the surveys whilst AQ utilised their current tools, (3) Tunstall provided a
2-day workshop to AQ staff and management, (4) ongoing service provision includ-
ing screening and assessment of the appropriateness of using smart assistive tech-
nology for individual Home and Community Care (HACC) clients was provided
throughout the study, (5) USQ collected data via focus groups (lasting about 2 h),
surveys and in-depth interviews. Participants were invited to discuss issues and ben-
efits or otherwise of the assistive devices they were using. Interviews were digitally
recorded and transcribed with participant permission. The assessment process used
ensured that the participant was looked at holistically (including all activities) which
involved the technology and how it will impact within the context that the person
lives.

9.2.3 Data Collection

9.2.3.1 Sampling and Recruitment
Inclusion Criteria

Carers and people with dementia living at home were invited to participate in the
study. Clients and carers were selected by the Occupational Therapists (OTs) in the
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two centres. To ensure the quality of the service developed under the smart assistive
technology project, the client must fall within the following criteria:

* Must live in Brisbane North or Darling Downs HACC regions
* Must have a diagnosis or suspected diagnosis of dementia

e Live at home

e Must be HACC eligible

Approximately 60+ clients with carers were screened and assessed as being suit-
able to trial the smart assistive technology. The final number that agreed to be
involved in the project and provide feedback was 39 carers.

9.2.3.2 Data Collection and Limitations

Two surveys were developed (pretest, posttest) and were delivered to carers in each
of the two locations. The second survey tool was delivered 1-11 months after the
AT was provided. Data collected via the surveys was analysed using SPSS.
Thirty-nine participants over the 12 months were involved in the project. Data
was collected in various formats, in two different locations and at three different
periods in time. The results cannot be generalised across populations, based on the
small sample and study findings. Researchers contacted each of these carers indi-
vidually and offered them the opportunity to participate in an in-depth phone inter-
view. This resulted in 15 people expressing willingness to be interviewed. (Interviews
lasted about 45-70 min each.) An additional four carers participated in a focus

group

9.2.3.3 Ethics

Ethics approval was obtained from the University of Southern Queensland ethics
committee prior to commencing the study (approval number H//REAI11). Prior to
commencement each participant was provided with a plain language statement out-
lining the purpose of the study and a consent form.

9.3 Summary of Findings

Note. Key to following tables and figures: throughout this chapter, a response indicator
of ‘98’ indicates that there was no response by participants to the question asked.
Participants were surveyed 1-11 months after commencement of using the AT,
to determine what the impact of the AT had been for them. The two samples yielded
low response rates (survey 1 n-39): site 1 (n—13) and site 2 (n-26). Survey 2 yielded
n-34 (site 1 n-13, site2 n-21). As a result the samples were joined to provide an
overall sample of 39 respondents for survey 1 and 34 for survey 2. 59 % of carers
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Fig. 9.1 Impact on carers

identified as being the spouse of the client, 87.2 % of carers are female, and the
mean age of respondents is 65.5 years, ranging from 26 to 92 years. 84.6 % of
respondents identified as being the main carer and 66.7 % stated they were the only
carer. 56.4 % identified that they are unable to leave the client alone (Fig. 9.1). The
types of AT used by carers included sensor mats, hearing devices, robotic vacuum
cleaners and GPS watches. This AT had varying levels of success. 96.4 % of respon-
dents stated that they received adequate information and preparation prior to using
the AT, and 89.3 % stated that they had experienced positive outcomes by using the
AT during the last 6 months. 78.6 % of respondents indicated that they felt comfort-
able troubleshooting the AT if problems arose (Fig. 9.2).

9.3.1 Impact of Caring for a Person with Dementia

The impacts of caring for a person with dementia were identified by participants as
being primarily unable to stop worrying, feeling afraid all the time, inability to sleep
and inability to relax (see Fig. 9.1). The main carer concerns about clients were
perceived as being the clients falling, risk of fire and their inability to be left alone
(see Fig. 9.4). One carer expressed that the major risk for them was flooding as a
result of the client leaving taps running. 86 % of respondents (n-39) indicated high
to very high levels of concern for the client, 61 % expressed very high concern for
the safety of the client, 74.4 % indicated they are nervous and on edge, 33.3 % of
respondents identified that they are unable to stop worrying, 48.7 % indicated they
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believe that they worry too much, 48.7 % have trouble relaxing, 25.6 % stated they
are restless, 61.5 % responded that they are easily annoyed, 30.8 % feel afraid,
56.4 % are unable to sleep, 69.2 % worry about the client getting out of bed at night,
whilst 20.5 % indicate that they have been prescribed sleeping medications.
Participants indicated that improvements as a result of using AT were of direct ben-
efit for the carer and had little impact on the quality of life of the client with 59.3 %
of respondents indicating they did not believe the client was really aware of or felt
any safer as a result of AT being used.

9.3.2 Main Issues Identified

38.5 % of respondents indicated in survey 1 that they are able to leave the client
alone at home, 63.9 % indicate that the client falls regularly, 47.2 % state the client
wanders, 50 % indicate that the client gets lost, 27.8 % indicated the client is
unaware of dangers such as fire. There was no statistical difference (r=0.29) in the
ability of carers to leave client alone at home as a result of AT. Likewise, there was
no significant increase in carer perceptions in the post-AT survey that using the AT
would enable the client to feel safer. Additionally, 30 % indicated that they experi-
enced nervousness for the person they cared for each day (Figs. 9.3 and 9.4).

There was no significant impact on carer need for sleeping medications as a
result of using the AT with 20.8 % of respondents indicating that they continued to
take sleeping medications compared with 21.1 % at survey 1.

Respondents were asked to rank their stress levels on a scale from 1 to 10 with 1
being no stress and 10 being maximum stress. No significant difference in carer-
identified stress levels was noted between pre-AT and post-AT usage. These
remained high with more than 50 % indicating they were experiencing high or very
high levels of stress most of the time. This may be related to the disease progression
and different stressors being placed on the carer (Fig. 9.5).

More than 30 % of carers indicated that they experience nervousness every day
about the person they care for.
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At survey 1, 80.5 % of respondents believed that using AT would enable them
to feel less anxious, 73.1 % believe that using AT will let the client feel safer, whilst
88.5 % believe that using AT will enable the client to remain at home longer.
On the other hand, 61.5 % of respondents do not believe that using AT will mean that
the client will require less external support and care and 57.7 % do not believe
that the use of AT will assist them with current issues.
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Fig. 9.5 Carer stress levels

Carers indicated that since using AT, they are less worried about the client get-
ting out of bed at night and falling. Paired samples #-test indicated a statistically
significant decrease in carer concern at night from survey 1 (—1.10, SD.89) to sur-
vey 2 (M—0.47, SD.89), t=-5.06, p <0.000 two tailed. This was attributed to the use
of the sensor mats beside the beds. This also contributed to their improved sleep
patterns at night as evidenced by comments provided during focus groups and in-
depth interviews (see Part V).

Finally, significant correlation (0.05 one-tailed) was noted between participants
who believed that AT would assist them with their issues and that they would feel
less anxious in survey 1. However, this was not identified in survey 2. Likewise, no
correlation was noted between the use of AT and the ability to leave clients alone for
a longer period of time. High correlation (Pearson’s) was evident between the need
to remind clients about medications and all forms of dementia was noted as was the
need for the client to be reminded to go to toilet and requiring help getting out of
chairs.

9.3.3 Understanding and/or Current Use of AT

35.9 % of respondents (n-39) stated they currently use AT, whilst 89.7 % stated they
understand what is meant by AT. 7.7 % of respondents stated they use medication
reminders, 5.1 % use smoke detectors (however, 92.3 % did not respond to this
question), 1 respondent identified that they currently used GPS watches, only 7.7 %
use sensor mats (nonresponse rate was 92.3 % to this question), and 20.5 % indi-
cated that they use personal alarms.
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9.3.4 Need for Outside Interventions

The majority of respondents (85.7 %) indicated that using the AT did not reduce the
levels of outside interventions and support needed on a daily basis. Comments
included still need respite days, still need home care or help regularly.

9.3.5 Summary

The findings (n—39) from the surveys mirror the findings of the literature review in
that similar issues are presented especially in relation to worry and safety. The
majority of respondents (59 %) identified that they were the spouse of the client and
majority chaptered they were the only carer. The majority of respondents under-
stood what is meant by AT prior to receiving it, and some were already using some
of the technologies in their homes prior to the commencement of this project.
Analysis of findings indicates that clients are willing to embrace the technology but
are nervous about learning new systems and technologies.

The mean age of carers was 65.5 years; majority indicated that they are very
stressed and unable to stop worrying about the person they care for. They also indi-
cated that they have experienced this level of stress for up to 12 months in some
cases. All carers indicated that the issues faced were the same, i.e. activities of daily
living such as showering, dressing and toileting.

Wandering was a concern of carers due to risk of safety to the client. 57.7 % of
respondents indicated that the implementation of bed sensor mats and door alarms
assisted with minimising this concern. There was significant correlation between
beliefs that the use of AT would enable clients to stay home longer, that the carer
would feel less anxious and stressed and that the client would need less external
care.

Feedback included the appearance of AT devices (e.g. GPS watches) was seen as
being large and unattractive and of poor quality, fall detector systems not respon-
sive, and pagers and sensor routing systems not always efficient to operate AT
devices already in place. These reflect findings from the literature review. Despite
these issues, analysis showed that carers believe that using the devices would
improve the quality of their lives especially in relation to safety and ability to sleep
and worry less. These findings were compared and only a slight reduction was
noted.

Carers indicated that they felt that there would have been a greater impact of the
AT if it was provided earlier in the dementia process. Overall though, positive
results indicated a significant decrease in carer concerns about the client getting out
of bed at night, and this was attributed to the use of the sensor mats besides beds or
chairs. However, their overall stress levels did not decline. In some instances the
high level of sensitivity of the sensor mats caused more stress for the carer due to an
alarm that sounded when the client shifted.
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Carers chaptered no significant impact of AT on individual clients as they
appeared not to be aware of the presence of the technology. Carers did indicate that
as a result of the AT, their sleep improved and, as such, were more able to cope at
night and for a longer period of time. This enabled the client to remain home in
some cases for a longer period of time although this was not clearly shown in the
survey responses. Neither the levels of stress nor the frequency of stress chaptered
by carers decreased significantly as a result of using the AT. 40 % of respondents
using the AT rated their concern for the client as remaining very high and a further
32 % rating concern as being high. Carers overall chaptered that their anxiety levels
had decreased through the use of the technology.

9.4 Qualitative Findings

The data analysis presented in this section of the chapter is a result of 21 interviews
conducted by the researcher and recorded and transcribed by the researcher.
Qualitative data was collected via in-depth interviews (n-15) and a focus group
comprising carers (n-4) as well as in-depth interviews (n-2) of staff from AQ who
were participating in the trial project. Experiences were based on 1 to 11 months
experience of using the AT.

9.5 Carers Experience

Feedback from carers throughout the project varied depending on what their needs
were, what equipment was trialled and the how far progressed the dementia was.
Overall, carers chaptered a positive experience with using the technology.

All carers stated that they had been willing to try the technology and hoped that
it would be beneficial for their specific needs. Comments were made such as:

... I definitely wanted to monitor her getting out of bed.... after the first few days I was quite
happy and I rested. We agreed to try it for twelve months. One of her neighbours fell off a
chair and spent hours alone until she was found... Mum told her she should get one of
these... I’ll try anything once. It’s better than nothing.

Respondents indicated that it did not take long for them to feel comfortable using
and trusting the AT. Most comments reflected that carers were able to use the tech-
nology immediately once they have been shown how to use it.

Additionally, all carers commented that their ability to adjust and cope with the
technology was due to the high level of support provided by the staff, staff avail-
ability and the frequent opportunities provided for informal follow-up or the assis-
tance offered when the client attended respite at the centres.

Upon application of the technology, carers chaptered success with the personal
alarms, sensor mats, the robotic vacuum cleaner, hearing devices and PIR sensors.
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Positive feedback was given from carers regarding the hearing device:

It works alright! - It’s unreal! I can put it under the TV and hear it all over the house-
especially the State of origin!..

Best invention ever made for someone like Bridget it saves my sanity!... we can watch
TV and know.... It has made me less anxious yes!

Carers suggested that the AT is useful as an added means of support for them
each day. In addition they are now more able to sleep at night knowing that the sen-
sors will activate as needed. It was seen as being useful in maintaining their own
confidence in their ability to keep their loved one at home for longer.

Carers utilising the bed exit sensor stated:

Now that we have the sensor I no longer sleep on the floor in the hallway outside her
room...

....Sleeping at night (and) not broken sleep.

Yes (I am) able to sleep can hear mum get up and moving.....Yes absolutely!!

The major outcome or improvement noted by the carers was knowing that the AT
was working 24 h per day and was not affecting the dignity of the client. This pro-
vided carers with extra confidence and a sense that they were no longer alone in the
event of an unexpected situation. In turn, this enabled the carers to feel safe to leave
the client unattended for short periods of time at home if they needed to go out shop-
ping, church or other regular activities. This was seen as being beneficial for their
own mental health as the carer role can socially isolate them from their own former
contacts and support people in the community. Improved sleep and thereby an
enhanced ability to cope with situations throughout each day was expressed as a
significant outcome for most of the carers:

Gives her more independence without us hovering... It’s insurance to have it but not need
to use it.. and; Mum feels better too.... and; .. just knowing she’s awake- just putting her
feet on the mat-just knowing she is awake.. my room is just across the way from her-
knowing I’m close by. It’s easy I could get there quickly.

Other responses included:

Just confidence knowing that help will always be there [this was in response to the personal
alarm].
I don’t have to do the actual work! [this was in response to the robotic vacuum cleaner].
I started to sleep better myself- I wasn’t alerted each time he moved. I always had
broken sleep [this was in response to a bed sensor].

Many carers indicated that as a result of using the AT in the home, their personal
stress and anxiety levels had decreased. The OTs indicated that this was particularly
the case for carers who had experienced success using sensor systems and personal
alarms for themselves. One client related it to reducing their vulnerability:

One time last year I felt so vulnerable and I needed someone for support... It made me less
anxious yes.

I think it certainly made me less anxious and more confident. I'm not usually
away from him much. We do everything together mostly. I'm still anxious when I
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go to church but he can wear that thing around his neck, that alarm, and it will notify
them if he falls.

There’s probably slightly less yelling and less stress now...

Not all carers felt less anxious. For some the presence of AT and the fact that it
beeped frequently was such a source of extra stress that they simply removed the
batteries so that they could have some peace:

No it [my anxiety] increased because it [the mat] beeped all the time even if he changed
position.

Alternative equipment was trialled to reduce the sensitivity of the equipment or
the existing equipment was repositioned to improve effectiveness. In some cases
this corrected the concerns. One staff member commented about the stress and anxi-
ety in relation to the carer:

Reduction in stress was very individual. I do think a majority (of carers) have had a reduc-
tion in stress... We provided an alarm for both of them as they both worried “what would
happen if I had heart attack or fall and broke my hip”. Her husband wouldn’t know what to
do even if she told him what to do. He couldn’t follow the steps to dial 000 in an
emergency...

One carer had quite a different experience, with the client ‘out witting’ the
technology:

I had it [mat sensor] going for five and a half months but she got out of the back of the bed!
You have to have the bed next to the walls because she is clever and gets out on the opposite
side of the bed... She only ever got out of one side of the bed her whole life until I got the
mat and then she knew and she got out the other side!!

Without exception each participant in the focus group indicated that there was no
impact on the person for whom they cared. The perception expressed by staff was
that the benefit of the AT was primarily for carers and not the client:

I think that it’s very dependent on the client... who they are and what stage they are at. [
know for one client in particular he was very aware that he was wearing the watch.
He didn’t like it, he only did it to please his wife... he didn’t think he needed it but we
did. He didn’t mind wearing it...

9.6 Limitations of AT

The most anticipated, yet the most flawed device was the GPS watch. Carers chap-
tered that the fear of a client wandering away and becoming lost was a factor related
to their stress and a large part of why they did not leave them alone. Unfortunately,
feedback from all carers and staff in relation to both GPS watches trialled was nega-
tive. The quality of the products on the market in Australia did not meet the needs
of the clients or carers. One carer advised that it was too big, too bulky and the back

kept falling off.
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Frustrations caused by poor design and size of the GPS watch far outweighed
any perceived benefit that carers had hoped it may have provided.

Carers who were using the sensor mat identified that was useful, with some iden-
tifying that they felt it did prevent the client falling. However, it was not without its
own difficulties. Some of these difficulties included the fact that the mat was so
sensitive that every time the client moved their feet the alarm sounded; it beeped all
the time.... Another issue was that the batteries became low on charge and then the
mat seemed to beep incessantly causing more anxiety for both the client and the
carer. For example:

I tried the bed mat but it kept going off whenever she moved. Eliza didn’t like it. It upset her
so I only used it for about a week... That was enough...

Other issues chaptered were with faulty or over sensitive equipment. Some com-
ments included:

We tried [sensor mats] for a few days but it was too awkward and got in the way and the first
month was good... then the hiccups started... I tried for a while then after about ..... And
then after about 3 months and then I gave up.

One issue that did occur was carers declining participation in the project with
many finding the use of the word technology too confronting I don’t even own a
computer. Some carers had concerns about trying unfamiliar technology. These con-
cerns are reflected throughout the current population with many having very little
interaction with computer-based technology. It is anticipated that the baby boomer
generation entering into the aged care sector will be more open and comfortable
with using technology through phones and computers.

This lack of interaction with technology was taken into consideration when
working with carers in determining what equipment may be suitable for their needs.
Staff learnt over the duration of the project that it was easier to show a carer the
technology first, rather than just discussing. This technique increased the uptake of
the technology during the last 6 months of the project.

Timing of presentation of the AT to carers as part of the client care was seen as
being an important part of the caring cycle by both carers and staff. One participant
comment was that the AT should have been introduced earlier. Some carers believed
that the client had progressed too far for the equipment to be of benefit.

Additionally, with the exception of one carer all identified that cost of AT would
have been a major issue if they had to purchase the equipment and most people
would not have bought it without trying it first. They wanted to know how it worked
up front that. The reason given for cost being an issue was the fact that all other car-
ers are pensioners with limited fixed incomes and the cost was seen as being too
expensive and therefore prohibitive. This was reflected in comments such as:

Definitely I would not have been able to buy one. Its way out of the budget, there no way
we could afford it....

Whilst for this study the AT was freely provided, only one carer stated that they
would have purchased the AT regardless of the cost to them stating that

‘The benefit I get, I probably would buy it anyway’. and ‘Not a money issue really I don’t
think... more an invasion of privacy and loss of control’.
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Qualitative analysis of the transcripts from focus group and in-depth inter-
views with both carers and staff members engaged in the project indicated that
the majority of carers have had positive experiences and outcomes when using
the AT. Most carers indicated that they would recommend it to others. This is
despite some initial apprehension on their part in relation to the fact that it is new,
unfamiliar, that it is technology and therefore a large learning experience for
them. The level of satisfaction was not linked to the level of prior education or
ongoing support provided by staff but rather the level of intrusiveness into their
daily routines and impact on their ability to sleep at night. All carers indicated
that the improved awareness of movement by clients was a benefit for them pro-
viding an extra layer of support that reduced their feelings of vulnerability.
People using the hearing devices stated that there was an improvement in com-
munication ability and reduced frustration levels. Design issues were mentioned
many times by carers as being a limitation for them and a barrier to the effective-
ness of the AT.

9.7 Discussion of Findings

The overall aims of implementing assistive technology into clients with dementia
homes were to assess whether there were:

* Increased safety in the home

e Decreased carer burden and anxiety

* Reduced need for in-home, residential or community care
e Reduced wandering

 Earlier chaptering of falls and/or injuries

9.7.1 Increased Safety in the Home

The findings (n—39) from the surveys mirrored the findings of the literature review
in that similar issues are presented especially in relation to worry and safety. From
the AT survey 61 % expressed very high concern for the safety of the client.

Carers chaptered varying levels of exhaustion, burnout, stress and anxiety.
Through the provision of AT, there was some reduction in the levels of anxiety
about client safety but not carer stress. Even with this reduction in anxiety regarding
client safety, concerns for their loved one remained very high for many respondents.
Carers did chapter a perceived enhancement in safety from the AT product, reduced
carer stress and reduced carer fatigue.

Also, despite the issues related to appearance of AT, analysis showed that carers
believe that using the devices would improve the quality of their lives especially in
relation to safety and ability to sleep. This reflects findings from the literature
review.
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9.7.2 Decreased Carer Burden and Anxiety

The burdens of caring for people with dementia were identified by participants as
being primarily their inability to stop worrying, feeling afraid all the time, feeling
isolated and feeling vulnerable. Inability to sleep and inability to relax were also
identified as major issues for the carers (see Fig. 9.2). Whilst the main carer concerns
about clients were perceived as being the client falling, risk of fire and inability for
the client to be left alone, one carer expressed that the major risk for them was flood-
ing as a result of the client leaving taps running and that the AT had gone some way
to improving the situation.

Carers indicated that they had expected that the technology was going to reduce
their burdens and stress levels. This proved not to be the case for some. Post-AT
burdens were identified by carers as actually being caused by needs in relation to
activities of daily living, risks of clients falling, becoming lost and wandering rather
than inconveniences for themselves (i.e. sheer workload imposed by client physical
and cognitive condition). Carer issues were consistent across all participants, i.e.
lack of sleep, continual worry, inability to stop worrying, frequency and levels of
stress being experienced. Given that the majority of carers in this study are aged
over 65 and female, this is not a surprising outcome and raises the further significant
issue of carer burnout as often the carers are coping with various health issues of
their own. This is a concern as carer stress levels remained greater than 5 out of a
possible 10 for 65 % of carers post-AT.

Exhaustion and burnout was identified by carers as a constant daily battle. Whilst
there was some reduction in the levels of anxiety about client safety (rather than
carer stress), it was not in relation to ongoing carer concerns for their loved one
which remained very high for many respondents. Some carers indicated that they
were experiencing varying levels of exhaustion due to the non-stop nature of their
burdens.

Frequent mention was made by carers about the social isolation they experienced
whilst caring for their loved one. For some this was addressed in part when the cli-
ent attended respite or when the carer was able to attend outings. However, it was
evident from the conversations that even when undertaking such activities, a level of
anxiety remained whilst they were separated from the client. Some younger carers
indicated that they spent a large amount of time on the internet talking with friends.
This was viewed by them as a critical lifeline and that social support system to assist
with the social isolation was extremely important.

There was no statistical decrease in the levels or frequency of stress for carers.
This may be explained due to the clients’ dementia progresses which caused a func-
tional decline increasing carer burden, anxiety and their need for further assistance
with daily activities. Carers did chapter a perceived enhancement in safety from the
AT product, reduced carer stress and reduced carer fatigue.
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9.7.3 Reduced Need for In-Home, Residential
and Community Care

Carers indicated (pre-AT survey and in interviews) that they believed that using the
AT would enable the client to remain home longer; however, this was not supported
by the post-AT survey. This may have been different had the technology been avail-
able earlier or the sample sizes been larger.

Using AT did not reduce carer need for external support services (respite), in-
home care for housework and/or meals in some cases. One carer chaptered that she
could see how the AT could be beneficial and would have been 2-3 years earlier for
them. Carers also chaptered that whilst the AT may have reduced some of the bur-
den, it would not reduce the external supports required as a personal alarm cannot
assist with showering.

9.7.4 Earlier Chaptering of Falls/Injuries

Due to the short duration of the project, this aim was difficult to measure. However,
the sensor mats were perceived as preventing falls by carers who stated that the mats
gave them a sense of support and ability to sleep at night with the knowledge that
should the client get out of bed, they (carers) would be immediately aware. This
ensured the care was able to provide support with transfers and mobility when the
client rose from bed, especially during the night.

9.7.5 Wandering

Likewise, due to the inefficiencies and design issues of the GPS watch, there was
not an appropriate opportunity to assess whether or not the AT did effectively reduce
wandering.

For some clients sensor mats (bed, chair or floor) were used as a means of pre-
venting wandering as a carer would be alerted as soon as the client is up and mov-
ing. This may have decreased wandering but was difficult to assess through this
project.

Wandering is not a universal symptom of dementia; therefore, with our small
sample size any effect of the AT may not have been measurable. Ongoing develop-
ment and research was identified as being required in this area.
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9.8 Conclusion/Recommendation

The nature of this study (i.e. survey in-depth interviews, focus group of carers and
staff) has provided a useful cross-sectional, triangulated view of perceptions of the
effectiveness of AT to help in the care of people with dementia or other cognitive
impairment. Carers indicated that they expected that the technology was going to
reduce their burdens and stress levels and improve the quality of their own and their
loved ones’ life. This proved not to be the case for some. Whilst most indicated that
they are sleeping better now, this appears not to have reduced the level or frequency
of their stress nor the need for sleeping medications on the part of carers. The stress
appears to be a direct consequence of carer’s fear for the person they care for rather
than the burden of their load. Post-AT, burdens were identified by carers in some
cases as actually being caused by needs in relation to activities of daily living as
well as the risks of clients falling, becoming lost and wandering rather than incon-
veniences for themselves (i.e. sheer workload imposed by client physical and cogni-
tive condition of their loved one). Some carers also identified fear of what should
happen should the carer become too frail.

Involvement in the selection of the type of AT to be used was important for carers
who stated that they appreciated being able to identify their particular needs, to be
listened to and to be provided with adequate and appropriate education upon receipt
of the AT. Timing of the introduction of the AT for carers was noted as being an
important factor in regard to the usefulness for carers. Despite this, carers expressed
appreciation for the security that the AT presented for them. This was primarily
related to the fact that if they needed to use it, they were able to do so and contact a
service provider for help, and it was seen as a backup for them.

The most useful and successful types of AT were identified by respondents as
being sensor mat with remote pager. The bed exit sensor with interval timer and
pager were also identified as being beneficial, as was the robotic vacuum cleaner
and the hearing devices. Mats were significant in enabling carers to obtain a better
quality of rest at night and be better able to cope with demands during the days.
Some carers indicated that the high level of sensitivity to movement by the mats
caused them to buzz non-stop even if the client was only to change their position in
the chair. In some cases this distressed carers to the point that they removed the bat-
teries and only used the mats at night, with the result that there was a continued risk
of daytime falls whilst ever the client was able to independently mobilise. Hearing
devices and vacuum cleaners were seen as increasing independence and communi-
cation in the case of the hearing devices.

The small size of the sample limits the usability of these findings for the general
target population. Having said this, the findings do reflect those in the wider litera-
ture in relation to carers and staff. The technology was seen by all as being relevant
and useful even though the poor design of some technology caused more frustra-
tions than actual help. Whilst this 12-month study has confirmed findings of the
literature review that AT is seen as an acceptable and useful strategy to assist with
caring for clients with various stages of dementia, it has also raised some issues that
provide opportunity for further exploration.
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Early in the project it was anticipated that integrated Tunstall monitored emer-
gency call systems with automated/passive peripherals, i.e. door exit sensors and
PIR sensors, would be heavily prescribed; however, there was very limited uptake
of this equipment by clients and client families with dementia. Several possible
explanations for this were put forward by the Occupational Therapists based on
their observations and discussion with carers around the technologies. One expla-
nation revolved around the nature of the system, specifically, to be effective the
automated/passive systems (i.e. not reliant on the person pressing a personal
alarm button to trigger an alert) required windows of time at least 4-5 h long, i.e.
PIR movement sensors could trigger an alarm if a person did not move past the
sensor between the hours of 7:30 and 12:30 am. Creating alarms for shorter win-
dows was likely to result in too many false alarms, i.e. if the window was set to
trigger an alert if the person did not move past the PIR sensor between the hours
of 7:30 and 8:30, the client choosing to spend an extra long time doing their hair
was likely to set off an alarm. Additionally, feedback from carers indicated that
even with the Telecare technologies in place such as monitoring for lack of activ-
ity, flooding, fire, and falls, they didn’t feel confident leaving the person with
dementia alone for the longer periods of time. They advised the numerous risks
which couldn’t be controlled with technologies, e.g. person would become hungry
but wouldn’t be able to prepare food or person might sit in a low chair and not be
able to get up. Additionally, many carers of clients with advanced dementia did
not feel they could leave the person unsupervised even momentarily, let alone for
extended periods, for these carers’ simple unmonitored sensor mats were the best
choice of technology.

Another explanation for the low levels of adoption of the Tunstall systems was
that few clients living alone with dementia were referred to the programme. Those
who were identified and approached refused to accept the technologies as they saw
them as unnecessary. From their perspective they viewed themselves as at no par-
ticular risk for the kind of misadventure which would require such monitoring or
assistance. The Occupational Therapists thought this may be due to a lack of insight
into their own symptoms and thus their vulnerabilities, a common hallmark of the
disease, for example, a client with dementia who was living alone and whose family
was very concerned about her vulnerability to crime or becoming lost when leaving
her unit. A Tunstall system would have allowed the family to be informed when the
client exited the house and if she didn’t return within a short period of time, i.e.
longer than it would take for her to go to the mailbox. From such an alert, a family
member could then travel to the local area to pick her up. However, the client refused
on the grounds that she was in no way vulnerable and required no such assistance.
The family determined it was not worth ‘forcing it upon her’.

Potentially the window for client acceptance of such technologies is small and
must occur before clients have lost their insight into the disease. Alternatively, for
people living alone with dementia, systems with a less obvious physical presence in
the home to which the person could object may be the answer. There are several
such activity monitoring systems available overseas but not yet released in Australia.
For example, NEC is releasing a system which works via a network of small
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unobtrusive sensors attached to electrical devices and doors. The sensors detect if
appliances have been turned on and if doors on cupboards and fridges have been
opened, et cetera; if patterns of use deviate from normal patterns, this information is
transmitted via Wi-Fi to formal or informal carers. Where such monitoring technol-
ogy is installed covertly and/or continued to be used covertly ethical issues of pri-
vacy must be considered.

The Occupational Therapists involved in the study noted high rates of AT aban-
donment, even in cases where the equipment was initially suitable and well accepted
by the carer and or client. They advised that this was not surprising given the pro-
gressive nature of dementia, emphasising that carers often spoke about different
‘phases’ and that as symptoms changed AT needs changed. For example, sensor
mats used to manage the risk of wandering may be very useful for a client who is
highly mobile, but as their mobility deteriorates, this equipment may no longer be
required. This suggests that an equipment loan scheme where equipment could be
issued returned and new equipment issued could be a good approach.

Results found that carers’ perceptions of concern for the person’s safety and
well-being remained high despite the implementation of AT. The Occupational
Therapists postulated that this too might be a product of the progressive nature of
dementia with deterioration in multiple areas of functioning, e.g. language, social
skills, ability to independently attend to self-care tasks, continence, mobility and
dexterity typical over the course of the project. Such deterioration generally
increases the carer burden in terms of the level of assistance they must provide, thus
resulting in an increase rather than decrease in the level of concern for safety and
well-being. It may not be realistic to expect that AT can compensate for these types
of decline.

Similarly, the progressive nature of the disease may explain why the carers chap-
tered no measurable decrease in stress after the implementation of the AT. The
Occupational Therapists’ impression was that the progression nature of dementia
meant increasing levels of stress as the carers struggled to cope with the increasing
demands for support, as well as trying to manage the grief and loss reactions normal
for a person watching the decline of a loved one.

The survey used in this study was not subjected to any validity or reliability test-
ing and as such has undetermined psychometric properties. The lack of measurable
outcomes in several key area of study may be a result of flaws in the survey design.
Consideration should be given to adopting a valid and reliable standardised
assessment tool in future research.

The small size of the sample limits the usability of these findings for the general
target population. Having said this, the findings do reflect those in the wider litera-
ture in relation to carers and staff. The technology was seen by all as being relevant
and useful even though the poor design of some technology caused more frustra-
tions than actual help. Whilst this 12-month study has confirmed findings of the
literature review that AT is seen as an acceptable and useful strategy to assist with
caring for clients with various stages of dementia, it has also raised some issues that
provide opportunity for further exploration.
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9.9 Recommendations

* Due to the small sample size, it is necessary to repeat the study with a larger
cohort perhaps at state-wide level to overcome poor response rates coupled with
the impact of client admission into residential care.

* Technology costs are prohibitive for many pensioners which may impact gener-
ally on user uptake. It would be useful to explore options for subsidies for carers
of clients who are not DVA eligible to ensure wider access to AT. There is evi-
dence, particularly overseas, on the benefits of AT implemented in the commu-
nity for reducing hospital admissions and early admission into nursing homes
and the cost benefits related to this. Ideally funding providing to organisation
directly to be able to assess, purchase, implement, educate and monitor the tech-
nology would be of great benefit to this cohort of people. Additionally, AQ would
recommend an equipment pool that could be utilised to hire equipment to clients/
carers and reduce the cost of purchasing new equipment for people accessing this
technology.

e From the study Alzheimer’s Queensland will continue to seek financial assis-
tance in continuing this project and for it to be implemented across all 4 HACC
regions that their respite centres are based at. Additionally, they are imple-
menting this technology into their respite centres and residential facilities to
increase client/resident safety in these environments. Feedback to date has
been positive.

e To create a Smart home in an actual home. AQ has identified one of their houses
that can be converted into a Smart home not just using the equipment trialled but
looking at a fully automated house for not just people with dementia but anyone
with a disability. The aim will be that people will stay in this house as well as
being a display centre for community carers/clients and service providers to see
it in action in a real life situation.

» High rates of equipment abandonment were identified in the project. This result
points to the need for more assertive follow-up from prescribers to ensure that
the AT prescribed at one point in time continues to meet the client’s changing
needs as the disease progresses. An equipment loan scheme where equipment is
issued and returned for reissue to others once no longer suitable is
recommended.

* GPS tracking technologies were not properly trialled due to the poor quality of
the product utilised. Better quality products were and are available on the market
but none of those allowed carer to access the client location without accessing
the Internet. Further trials of GPS technologies are warranted, particularly if AT
with the following functionality can be sourced: smaller and more discrete to
minimise risk of rejection from user, improved quality, improved ease of use and
able to be used without accessing the Internet.

» Future research may need to recruit participants more widely and vigorously
to identify people with dementia who are willing to adopt the Tunstall moni-
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toring system technologies. It is likely that these will be people living alone
and those in the very early stages of the disease who retain insight into their
own deficits and vulnerabilities (or those vulnerabilities they are likely to
develop as the disease progresses). Alternately, research may focus on trialling
the new web-based activity monitoring systems being released in Japan and
North America.

e Future research should utilise standardised assessment tools with proven reli-
ability and validity to better detect the effect of AT on people with dementia and
their carers.

* Due to the lack of knowledge of carers and service providers on what smart technol-
ogy looks like, further education sessions are required. AQ is in the process of devel-
oping education sessions on this topic that would be presented locally, via video
conferencing and webinars. Future funding to assist organisation with this education
may assist in increasing the uptake of smart assistive technology nationally.
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Chapter 10
A Delphi Study on Developing a Conceptual
Framework to Understand the Perception

of Iranian Physicians Towards Electronic
Health Records

Seyed Mohammad Seyedi Alavi and Khin Than Win

Abstract The aim of this study is to design a verified set of questions, which help the
future studies to evaluate and identify factors, which might influence Iranian physician’s
perception towards EHR. Conceptual framework is developed and the Delphi method is
used to analyse the validity of the questionnaire. Appropriateness of items in the frame-
work was defined and validated through content validity index for items (I-CVI). In
total, 18 questions have been modified from the first round of Delphi study. All items
achieved CVI over 78 % for both confidence and importance for the second round
with overall S-CVI of confidence and importance being 93 % and 92 %, respectively.

Keywords Electronic health record ¢ Delphi study e Physician’s perception
e Attitude * Ease of use

10.1 Introduction

With information technology growing every day, the use of new technologies in our
life is increasing. Hospitals and healthcare systems are not an exception as electronic
health records (EHR) have been encouraged to be used in healthcare environment. It
is envisioned that EHRs would transform our healthcare system by making it safer,
more cost-effective and more efficient. However, hasty deployment of EHR may
result in implementation failure or unintended consequences (Menachemi 2006;
Ford et al. 2009). Introducing EHR to the hospitals requires changes to the workflow
which affects the acceptance rate of physicians. The literatures which have investi-
gated the clinical system implementation failure discovered the lack of adoption by
users as a critical factor (Nancy Lorenzi and Riley 1995; Gans et al. 2005).
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In the Iranian hospital system, use of EHR has been minimum with majority still
using paper-based information systems (Hajavi et al. 2005; Kazemi et al. 2009).
Studied literatures (Maidani et al. 2006; Moghaddasi et al. 2006; MRC 2010) show
us that EHR will be implemented in Iranian hospitals sooner or later. Physician’s
perception about the new technology does not depend entirely on its functionality,
and their perception might be influenced by characteristics of users and social fac-
tors (Lowry 2002; Eschenburg et al. 2005; Morton and Wiedenbeck 2010). Previous
studies have identified a lack of a user-centred approach as leading to increased
costs (Johnson et al. 2005). In short, the failure of implementing EHR in hospitals
could be attributed to developers who ignore users’ needs and work processes in
designing an EHR system (Winkelman and Leonard 2004). In order to provide a
suitable and acceptable EHR system for healthcare professionals, it is essential for
healthcare executives and EHR developers to recognize the acceptance, satisfaction
and opinion of using such IT systems from an end-user perspective. Developing an
acceptable EHR system for users is a challenging task for healthcare providers.

Therefore understanding perceptions of stakeholders on the development of
EHR is an important aspect. The aim of this article is to design a verified set of ques-
tions which help the future studies to evaluate and weigh the factor which might
influence physician’s perception. Studies show that user’s acceptance in different
cultures requires different factors to be considered, and even the same factors might
have different influences in different geographical position (Vanessa and Donald
1997; Al-Gahtani et al. 2007). Therefore determining these factors among Iranian
physicians is essential as their culture and beliefs are different from other physi-
cians, which have already been studied.

In general, there are a lot of benefits to be gained adopting a human-centred per-
spective in developing HIS or related software in healthcare, such as increasing
working efficiency, ease of use and user satisfaction, decreasing medical errors and
reducing both development time and establishment cost (Zhang 2005).

10.2 Developing a Conceptual Framework

A comprehensive literature review on factors, which might affect the acceptance of
physicians, has been conducted. Literature stated that the user’s perception about
the new technology does not depend entirely on its functionality, and their percep-
tion might be influenced by characteristics of users and social factors (Lowry 2002;
Eschenburg et al. 2005; Morton and Wiedenbeck 2010). Therefore, having a good
knowledge about the influence of characteristics and social factors will facilitate
successful adoption of EHR in the hospitals. There have been studies on the impact
of attitudes towards EHR adoption, but the result which has been founded is not the
same in all the cases. Some studies found “perceived usefulness” as the most impor-
tant factor (Dansky et al. 1999); some found “computer experience” (van der
Meijden et al. 2001); and the other researchers pointed to “training” as the most
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effective attitudes (Meade et al. 2009). The variety of the finding about the EHR
adoption and studied literature proves that research on different culture will guide
us to different findings, and user’s acceptance in dissimilar cultures requires differ-
ent factors to be considered (Vanessa and Donald 1997; Al-Gahtani et al. 2007).

Social factors that might influence the physician’s use of EHR have been listed
in Table 10.1.

Additional to social factors, there are a number of characteristics factors, which
might influence the acceptance of the system. The “characteristics factors” include
age, gender, experience with the system, EHR knowledge, new technology favour-
ability, intelligence quotient, workplace, computer experience, specialty and years
in practice.

10.2.1 User Acceptance Theories and Models

To gain better understanding of the influencing factors on EHR acceptance by phy-
sicians, several information system theories have been examined and similar ele-
ments from those have been coalesced and listed in Table 10.2.

After thorough literature review and analysis of factors that might influence the
physician’s acceptance of EHR and the information system theory, conceptual
framework for physician’s acceptance on EHR by Iranian doctors has been devel-
oped as described in Fig. 10.1.

10.3 Methodology

Article searched was conducted from ScienceDirect, Scopus, ProQuest, PubMed
and Google Scholar. And as our research required well understanding of Iranian
perception, we searched Persian electronic databases such as Sid, Magiran, Isu and
Emodiran (2006-2011). Keywords used included “perception of physicians, elec-
tronic health record, user acceptance, and influence on acceptance”.

The searches were conducted in February 2012. There was no time limit in the
search. A total number of 1,462 articles have been found and been studied, 192
relevant articles were selected, and after thorough review, 72 articles have been
selected for the study.

Delphi method is used in our study to evaluate the designed questionnaire. Delphi
is a hybrid survey design that aims to reach agreement on important issues (Linstone
and Turoff 1975). Use of the Delphi method for forecasting and issue identification/
prioritization can be valuable in the early stages, particularly in selecting the topic
and defining the research question(s) (Okoli and Pawlowski 2004). It has specific
sequence of events: selection of an expert panel, designing the questions, generation
of statements of opinion, reduction and categorization, rating, analysis and restate-
ment (Mead and Moseley 2001).
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Table 10.2 User acceptance theories and factors®

Factors Theories Factors related
Performance expectancy: The degree TAM/TAM2 Perceived usefulness
to which an individual believes that C-TAM-TPB Economic benefits for
using the system will help him/her to hospital
attain gains in job performance MM Economic benefits for
(Venkatesh et al. 2003) physicians
MPCU Number of patient they
can visit
UTAUT Physicians autonomy
DOI Third-party access
Doctor—patient relation
Effort expectancy: The degree of ease TAM/TAM2 Perceived ease of use
associated with the use of the system MPCU Change in routine
(Venkatesh et al. 2003) UTAUT Physicians’ involvement
DOI
Social influence: The degree to which TAM/TAM2 Esteem factor
an individual perceives that important C-TAM-TPB
others believe he or she use the new TPB
system (Venkatesh et al. 2003) MPCU
UTAUT
DOI
Theory of Reasoned
Action (TRA)
Facilitating conditions: The degree to which ~ C-TAM-TPB Management support
an individual believes that an organiza- TPB Training
tional and technical infrastructure exists MPCU
to support use of the system (Venkatesh UTAUT
et al. 2003) DOI
Characteristics elements: the characteristics TPB Gender
factors, which might influence the decision UTAUT Age
of the users towards using or not using DOI Year in practice
of the system TAM/TAM2 Speciality
IQ
Technology favourability
EHR knowledge

EHR usage experience

Culture background
(religion strictness)

Computer experience

Workplace (private/
public)

*TAM technology acceptance model, C-TAM-TPB combined technology acceptance model and
theory of planned behaviour, MM motivational model, MPCU model of PC utilization, UTAUT
unified theory of acceptance and use of technology, DOI diffusion of innovation
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Fig. 10.1 Conceptual framework

Okoli (2004) mentioned that “The Delphi group size does not depend on statistical
power, but rather on group dynamics for arriving at consensus among experts. Thus,
the literature recommends 1018 experts on a Delphi panel”.

For a quantitative investigation, sampling issues are an important consideration.
That is why, the number of professionals has been chosen from different areas to
help us achieve better results. To fulfil the steps above, nine physicians, five infor-
mation technology experts with background in health information system and five
health informatics experts participated in our study. In other words, the ratio of
participant (physicians vs. nonphysicians) was 0.9:1 (nine physicians and ten
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nonphysicians). Nonphysician participants were selected as they have been involved
with the health information systems and with extensive knowledge in working
together with physicians in different IT systems. Participants were asked to complete
three main parts of the questionnaire. Firstly, participants evaluated the importance
and confidence of each question by ranking on a 5-point scale. Secondly, their feed-
back on each question (e.g. wording, comprehension of the question) was obtained.
Lastly, participants were encouraged to suggest opinions and suggestions within each
indicator for further clarification. Participants are always anonymous to each other, but
not to the authors. The responses are collected from all the participants and imported
to the database anonymously; after analysing the first set, the next set of the question-
naire is distributed among the same participants who are known to the authors.

There are two sections, namely, “importance” and “confidence”, in our question-
naire. In the importance section we asked the expert participants to rate each ques-
tion from (1) No Judgment, (2) Unimportant, (3) Slightly Important, (4) Important
and (5) Very Important. Participant may choose “No Judgment” when they feel that
they have no knowledge to judge the item but, at the same time, feel that the appro-
priate individual (expert, decision-maker) should be able to provide an evaluation
which they would prefer. So when the expert participant chooses “No Judgment”,
that question will not be considered. Second section (confidence) related to the reli-
ability of each question. We follow the same rule for “No Judgment” and for the rest
of the answers we rate “Unreliable”, “Risky”, “Acceptable” and “Certain”. The
value of I-CVI is an index to compute and express experts’ opinion and proportion
of agreement. For each item of a proposed instrument, taking a five-point scale, the
value of the I-CVI is the summation of agreement, in the case of importance (4,
Important; 5, Very Important divided by the total number of experts).

With the use of a quantitative approach, we have discovered the degree of con-
sensus for each question by calculating content validity of importance and content
validity of confidence. Content validity index for items (I-CVI) and content validity
index for scales (S-CVI) were calculated, and questions were revised after the first
round of responses and a survey was conducted based on a newer version of I-CVI
and S-CVLI. The level of defined importance guided us in keeping or removing the
question, and the level of defined confidence showed us the questions which needed
some modification. Qualitative approach provides a suggestion to revise wording
and/or syntaxes of those questions which could be kept from results of content
validity of importance. Thus it is vital to follow these steps to designing appropriate
questions to evaluate factors affecting EHR acceptance in Iranian hospital. I-CVI of
0.78 (78 %) and S-CVI/Ave of 0.90 (90 %) are the determinate criteria for the study
(Linstone and Turoff 1975).

10.4 Results

In the first round (round 1), 19 of 19 experts (100 %) responded to the questionnaire.
As mentioned by Okoli et al. “Non-response is typically very low in Delphi surveys,
since most researchers have personally obtained assurances of participation”
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Table 10.3 CVI results for round 1 and round 2*

First round questions Importance R1 Confidence R1
CHI1 0.823529 0.9375
CH2 0.888889 1

CH3 0.947368 0.94737
CH4 0.294118 0.94444
CHS5 0.833333 0.82353
CH6 0.176471 0.13333
CH7 0.611111 0.94444
CHS8 0.888889 0.94444
CH9 0.947368 0.73684
CHI10 0.823529 0.70588
CHI1 0.833333 0.77778
CHI2 1 0.89474
CHI13 0.947368 1

TR-1 0.944444 0.94118
TR-2 0.944444 0.94118
TR-3 0.944444 1

WE-1 0.947368 0.94444
WE-2 1 0.94444
WE-3 0.894737 0.83333
WEF-4 0.833333 0.88235
WE-5 0.944444 0.88235
IN-1 0.944444 0.76471
IN-2 0.947368 0.72222
SU-1 0.842105 0.88889
SU-2 0.947368 0.88889
SU-3 0.944444 0.94118
SU-4 1 0.94444
SU-5 1 0.94444
SU-6 0.789474 1

IND-1 0.944444 0.94118
IND-2 0.833333 0.82353
IND-3 0.823529 0.86667
IND-4 0.833333 0.8125
IND-5 0.882353 0.93333
DPR-1 0.833333 0.875
DPR-2 0.882353 0.93333
DPR-3 0.833333 0.8125
DPR-4 0.833333 0.8
GOV-1 0.842105 0.83333
GOV-2 0.888889 0.88235
GOV-3 0.842105 0.88889
GOV-4 0.894737 0.83333
EBH-1 0.947368 1
EBH-2 0.894737 0.61111
EBH-3 0.944444 0.58824
EBH-4 0.833333 0.70588

(continued)
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Table 10.3 (continued)

First round questions Importance R1 Confidence R1
EBH-5 0.888889 0.64706
EBH-6 0.888889 0.64706
EBH-7 0.947368 0.94444
EB-P-1 0.529412 0.5
EB-P-2 0.588235 0.82353
EB-P-3 0.666667 0.88235
EF-1 0.823529 0.8125
EF-2 0.842105 0.83333
EF-3 0.823529 0.8125
EA-1 1 0.94444
EA-2 0.842105 0.94444
EA-3 0.789474 0.94444
EA-4 0.842105 1

US-1 0.947368 0.88889
Us-2 0.894737 0.94444
US-3 0.842105 0.88889
Us-4 0.789474 0.83333
UsS-5 0.947368 0.94444
US-6 0.944444 1

Us-7 1 1

AC-1 0.842105 0.70588
AC-2 1 1

AC-3 0.947368 0.72222
AC-4 0.894737 0.94444
AC-5 0.789474 0.83333
AC-6 1 1

Second round Q Importance R2 Confidence R2
CH1 0.823529 0.941176
CH2 0.888889 1

CH3 0.944444 0.944444
CH4 0.9375 0.823529
CH5 0.944444 0.8125
CH6 0.888889 1

CH7 0.944444 1

CHS 0.944444 0.944444
CH9 0.833333 0.833333
CH10 0.833333 0.941176
TR-1 0.944444 0.882353
TR-2 0.944444 0.941176
TR-3 0.944444 0.941176
TR-4 0.944444 0.9375
WEF-1 1 1

WEF-2 0.888889 0.941176
WEF-3 0.941176 0.941176
WEF-4 0.944444 0.882353

(continued)
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Table 10.3 (continued)

First round questions Importance R1 Confidence R1
WE-5 0.941176 0.875
IN-1 0.944444 0.875
IN-2 0.833333 0.941176
SU-1 1 0.941176
SU-2 1 0.882353
SU-3 0.944444 0.941176
SU-4 0.944444 0.9375
SU-5 0.777778 1

SU-6 0.941176 1

IND-1 0.944444 1

IND-2 0.882353 1

IND-3 0.833333 0.823529
IND-4 0.9375 1

IND-5 0.833333 0.823529
DPR-1 0.882353 1

DPR-2 0.888889 0.9375
DPR-3 0.882353 1

DPR-4 0.944444 0.9375
GOV-1 0.941176 0.866667
GOV-2 0.944444 0.875
GOV-3 0.944444 0.875
GOV-4 1 0.882353
EBH-1 0.888889 0.823529
EBH-2 1 1

EBH-3 0.944444 1

EBH-4 0.941176 1

EBH-5 0.944444 0.941176
EBH-6 1 1

EBH-7 0.823529 0.875
EF-1 0.944444 0.941176
EF-2 1 0.866667
EF-3 0.8125 0.882353
EA-1 0.833333 0.941176
EA-2 0.875 0.823529
EA-3 1 0.882353
EA-4 0.888889 0.866667
EA-5 0.888889 0.941176
US-1 0.888889 1

Us-2 1 0.941176
US-3 0.888889 0.941176
Us-4 0.833333 0.941176
Us-5 0.833333 0.941176
US-6 1 0.882353

(continued)
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Table 10.3 (continued)

First round questions Importance R1 Confidence R1
Us-7 0.941176 0.823529
US-8 1 0.882353
us-9 0.888889 1

AC-1 0.944444 1

AC-2 0.944444 0.941176
AC-3 0.944444 1

AC-4 0.888889 0.941176
AC-5 1 0.941176
AC-6 1 0.823529

“CH characteristics, TR training, WF workflow, IN involvement, SU support,
IND physicians independency, DPR doctor—patient relation, GOV government
access, EBH economic benefits for hospital, EB-P economic benefits for phy-
sicians, EF esteem factor, EA ease of use, US usefulness, AC acceptance

Table 10.4 Results after the first round of Delphi study*

EL NU MO RE CR
CcQ 10 4 3 6
TR 3 0 0 0
WF 5 0 0 0
IN 2 2 0 2
SU 6 0 0 0
IND 5 0 0 0
DPR 4 0 0 0
GOV 4 0 0 0
EBH 8 5 0 5
EB-P 3 1 3 3
EF 3 0 0 0
EA 4 0 0 0
[SN 7 0 0 0
AC 6 2 0 2

EL elements, NU number of questions, MO modify, RE removed, CR cumulative revise, CQ char-
acteristic questions, 7R training, WF workflow, IN involvement, SU support, IND physicians inde-
pendency, DPR doctor—patient relation, GOV government access, EBH economic benefits for
hospital, EB-P economic benefits for physicians, EF esteem factor, EA ease of use, US usefulness,
AC acceptance

(Okoli and Pawlowski 2004). For the second round of this study, we have received
18 of 19 responses (close to 95 %). Nine physicians, four information technology
experts and five health and informatics experts participated in our study. In other
words, the ratio of participant (physicians vs. nonphysicians) was 1:1 (nine physi-
cians and nine nonphysicians). The results were shown in Table 10.3. Questions

with CVI less than 0.78 were either removed or revised accordingly as shown in
Table 10.4.
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In total, 18 questions have been modified from the first round of Delphi study.
The questions that experts found unreliable or improvable have been modified for
the second round. According to the feedbacks received, EA-1 “My interaction with
the EHR will be clear and understandable (user-friendly)” has been split to EA-1
“EHR will be user-friendly (enjoyable to work with)”” and “EHR software will have
understandable symbols (icons)”. The results from the additional responses from
the suggestions and opinions further explained why CVIs of certain items were low
in first round, for example, for question CH Q6, “If we value strictness toward reli-
gion from 1 to 5 (5 as highest strictness and 1 as the lowest strictness) how strict you
consider yourself toward your religion?” This question has been commented by
experts as inappropriate in this study due to its being a sensitive issue of religion,
and the stakeholders would not like to reveal the truth. And for question EB PQI,
“With use of EHR, the hospital will be richer, thus they will increase my salary”, the
respondents commented that, “Salaries of physicians are fixed (in Iran) and that
won’t increase the salary”, that opinion reflected why CVI 0.59 (importance) and
0.5 (confidence). As a result, this could be used to explain why the values of I-CVI
in such questions are lower than 78 % in importance and confidence in round 1. All
items achieved CVI over 78 % for both confidence and importance for the second
round with overall S-CVI of confidence and importance being 93 % and 92 %,
respectively.

After the second round, the questionnaires have been finalized as follows in
Table 10.5.

10.5 Discussion and Conclusion

This research has created a survey, which defines current social and characteristics
factors of the physicians and their perceptions towards use of EHR. Thus in the
future studies, this survey might be used to weigh those factors and determine the
influence of each of them in user acceptance.

Although user acceptance models have been tested in information system
research, it has not been applied in Iranian physician’s use of EHRs and identifying
appropriate questionnaires for the physician’s attitude of EHR. The purpose of this
research was to design a proper questionnaire which helps researcher define attitude
of Iranian physicians towards the use of EHR. To achieve that, important factors that
could influence their attitudes have been identified. In addition expert’s opinions on
importance and confidence of the factors and the designed questions have been
reviewed using Delphi method study that has defined a number of factors which
might affect acceptance of EHR among Iranian physicians. Two rounds of experts’
opinions have been obtained and analysed for appropriateness of these questions.
Two rounds of study were conducted as the consensus was reached on expert opin-
ions after the second round of the study. The study could be applied in another
country with similar scopes (economic, religion, culture, etc.). This study will be
the first step towards understanding Iranian’s physician opinions on use of EHRs.
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Table 10.5 Drs Preception

CHI1 Gender

CH2 Age

CH3 How long have you been working in the healthcare field as a physician?

CH4 Which university you have been graduated from?

CHS Do you use a personal computer (PC) or PC device (such as laptop or handheld device)
to... (select all that apply)

CH6 On the whole, how sophisticated a computer user do you consider yourself?

CH7 If we don’t consider money as an issue, when would you like to change your cell
phone? (Choose as many as applicable)

CHS In general when do you usually buy a new computer? (Choose as many as applicable)

CH9 How well you know EHR?

CH10  Have you ever used EHR?

TR-1 The training which I will receive will be well organized

TR-2 I will receive the training that I need to be able to understand all about EHR. (General
concepts)

TR-3 I will receive the training that I need to be able to use the EHR. (How to work with it in
real life)

TR-4 Overall I think my colleagues and I will learn whatever we need in those training

WE-1 EHR will help me to retrieve the information that I need easier

WF-2  EHR will help me insert the information into the database easier

WF-3  EHR will not make me confused in my daily routine

WF-4  EHR will help me visit more patients every day

WE-5  Overall EHR will enhance my everyday routine

IN-1 It is essential that physicians like me are involved in the implementation phase of EHR

IN-2 Involvement of the physicians like me during the EHR implementation phase will be
effective for ensuring that the project is conducted properly

SU-1 The EHR implementation project is important to hospital top management that’s why 1
think he/she will try his/her best to support me

SU-2 Management will introduce the EHR project to physicians effectively

SU-3 Management will do what he/she can to have a well-implemented EHR

SuU-4 Management will provide me with the training that I need in order to use the EHR
effectively

SU-5 I will have easy access to resources to help me in understanding and using the EHR

SU-6 Management expects me to use the EHR, that’s why he requires me to learn EHR
usage

IND-1  Using the EHR will increase the ability of a higher authority to control and monitor my
clinical practices and decision-making

IND-2  Using the EHR may threaten my personal and professional privacy

IND-3  Using the EHR may result in legal or ethical problems for me

IND-4  Using the EHR may limit my independency in making clinical decisions or judgments

IND-5  Overall, I think using EHR will negatively affect my independency

DPR-1  The patient’s confidence in the physician will likely be diminished if the patient sees
the physician using computer-based technology as a diagnostic aid

DPR-2  Using the EHR will likely threaten the physician’s credibility with his/her patients

DPR-3  Using the EHR will likely reduce the patient’s satisfaction with the quality of

healthcare he/she receives

(continued)
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Table 10.5 (continued)
CH1 Gender

DPR-4  Overall, using the EHR will likely damage the doctor—patient interaction

GOV-1  Using the EHR will increase the government’s ability to monitor my daily work

GOV-2  Using the EHR may threaten the information that I don’t want to share with
government

GOV-3  Using EHR allows the government to have an exact number of the patient that I will
visit and arrange the tax that I should pay based on that

GOV-4  Overall, I do not feel comfortable as government may access to EHR database

EBH-1  With use of EHR the hospital may assist more patient

EBH-2  With use of EHR, the hospital will enhance the communication

EBH-3 Considering that saving lives will have economic benefits. I think EHR will assist in
saving lives

EBH-4 Considering that better collaboration among physicians will have economic benefits

I think EHR will improve collaboration among physicians

EBH-5 Considering better work process will save money. I think EHR will improve the work
process

EBH-6 Considering better task distribution will save money. I think EHR will improve task
distribution

EBH-7  Overall, use of EHR will have economic benefits for the hospital

EF-1 With use of EHR, I will feel special as I am doing something which other physicians
are not doing

EF-2 Fewer errors in our hospital (as a result of EHR) will separate our hospital from the
rest

EF-3 Overall I think if the society knows that we are using EHR, they see us more
respectfully

EA-1 EHR will be user-friendly

EA-2 EHR will use understandable symbols

EA-3 Learning to use the EHR will be easy for me

EA-4 I expect to become skilled at using the EHR

EA-5 Overall, T expect the EHR will be easy for me to use

US-1 Using the EHR will improve the quality of my work in providing better patient care

UsS-2 I think EHR will help healthcare sections to provide better health services

Us-3 Using the EHR will give me greater control over my work schedule

US-4 I think use of EHR will provide more effective patient care

US-5 Using the EHR will allow me to accomplish tasks more quickly

US-6 Using the EHR will allow me to accomplish more work than would otherwise be
possible

uUs-7 Using the EHR will enhance my overall effectiveness in my job

US-8 Using the EHR will make my job easier to perform

US-9 Overall, I believe EHR is an effective tools for my profession

AC-1 The development and implementation of the EHR technology will support the
physician in providing better patient care

AC-2 I will encourage the use of the EHR among my colleagues

AC-3 I think that using EHR should be compulsory in all the hospital

AC-4 I like to use EHR instead of the paper-based system

AC-5 I believe all physicians should learn to use the EHR effectively

AC-6 Overall, my attitude about EHR usage will be positive
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Chapter 11
Trying to Streamline Healthcare Delivery

in Australia via the Personally Controlled
Electronic Health Record (PCEHR)

Imran Muhammad, Say Yen Teoh, and Nilmini Wickramasinghe

Abstract Healthcare systems around the world are facing a number of challenges.
Increasing focus is thus being placed on constructing appropriate healthcare reforms
to address challenges and streamline healthcare services. One of the critical enablers
in this reform is the adoption of an e-health solution. These e-health solutions are
not only expensive and complex endeavours but also have far-reaching implications.
Given that the implementation and adoption of these e-health solutions is so impor-
tant; it is also vital to have an extensive evaluation and analysis of these systems
with a theoretically informed lens. This then will serve to maximise and sustain the
benefits of the proposed solution and realise its full potential for achieving superior
healthcare delivery. To date the literature is void of such evaluations. Hence, this
paper proffers the use of a sociotechnical systems (STS) analysis. The exemplar
case study under consideration is that of the personally controlled electronic health
record (PCEHR), the chosen e-health solution by the Australian government.
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11.1 Introduction

In today’s fluid healthcare environment, governments and healthcare service
providers are facing major challenges of waste reduction from paperwork, inventory
to waiting-room delays and unnecessary surgical tools in trying to deliver quality
healthcare services (Wickramasinghe et al. 2009). This is putting more pressure on
governments and healthcare service providers while they are being asked to do more
to provide patients, physicians, nurses, and administrators with a high quality and
level of service with very limited resources (Womack and Jones 2003) to find ways
to serve consumers as well as manage staggering costs of healthcare services
(Wickramasinghe et al. 2009). This confluence of factors in turn necessitates policy
makers and healthcare leaders to call for a redesign of the healthcare delivery
system, a comprehensive system that can not only handle multispectral data and
disparate information but also improve the flow of this information between key
stakeholders (e.g. service providers, consumers, government agencies and health-
care managers) to improve health outcomes and quality of care (Mort et al. 2009), a
competitive necessity.

Health information systems in general and e-health solutions more especially
have the potential to transform the healthcare delivery system (Wickramasinghe and
Schaffer 2010); and hence, we see the key role for e-health solutions on all health-
care reform agendas today (Wickramasinghe and Schaffer 2010; Mort et al. 2009;
Car et al. 2008). However, transformation is not a straightforward proposition and
is sometimes faced with many known and unknown hurdles. Reasons for this
include that healthcare is not only an information-rich industry but also complex
consisting of a web of players, in addition to being a culturally deep-rooted industry
(Wickramasinghe and Schaffer 2010) where different human and non-human actors
must interact in order to treat a patient.

The convolution of funding arrangements and interactions between different lev-
els of service providers and consumers in healthcare service delivery in Australia is
illustrated in Fig. 11.1.

Although there are many benefits of health information technology (Buntin et al.
2011; Devaraj and Kohli 2000; Goldzweig et al. 2009; Shekelle et al. 2006; Tang
et al. 2006; Wu et al. 2006), but the transformation is difficult, the level of adoption
and usage of such systems is generally low (Kaelber et al. 2008; Steinbrook 2008).
Issues relating to the adoption and usage of such systems in healthcare environ-
ments are not just technical in nature but are multidimensional that include organ-
isational, cultural, legal and social considerations as well (Ammenwerth et al. 2006;
Catwell and Sheikh 2009; Cresswell et al. 2011; Lorenzi et al. 2009; DesRoches
et al. 2008; André€ et al. 2008).

Furthermore, it is important to note that these interventions are to improve the
healthcare service delivery by enhancing the process of delivery system and reduc-
ing the bottlenecks by introducing the value-added process improvements. One of
the choices of studying the process improvements in service sectors is lean thinking
approac. Lean thinking approach is thought as to generate positive results
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(Ben-Tovim et al. 2007; Fillingham 2007), but it is also argued that its implementa-
tion may lead to resistance because this approach tends to neglect the unique socio-
technical aspects of healthcare settings (Fillingham 2007). Recent literature on the
implementation of technology-based change programmes in healthcare to stream-
line, the value-added process puts a lot of emphasis on the significance of the actors
and their networks and the way they influence and have impact on the results of
these interventions (Papadopoulos and Merali 2008, 2009; Wickramasinghe et al.
2009). Furthermore, a common theme is the call for more empirical and theoretical
investigations in this respect (Bevir and Richards, 2009; Rhodes, n.d.; Greenhalgh
et al., 2004; Cresswell et al. 2011).

To fully explore all issues pertaining to successful implementation, adoption
and usage of e-health solutions and technologies for healthcare delivery, research-
ers have rightly argued that I'T-based interventions in healthcare settings should be
evaluated with theoretically informed techniques (Wickramasinghe and Schaffer
2010). One approach advocated in the literature is the application of a sociotechni-
cal perspective-based evaluation of complex healthcare systems and IT-based
interventions (Wickramasinghe et al. 2009; Yusof et al. 2007; Aarts et al. 2004)
and also enriched by drawing on lean thinking (Papadopoulos 2011; Papadopoulos
etal. 2011).

A sociotechnical perspective synthesises a powerful lens and serves to explain
how to evaluate the implementation of complex technology-based interventions that
have not only technical but also social and organisational dimensions (Latour, 1986,
2005; Law and Hassard, 1999; Callon, 1986). We propose that a sociotechnical
perspective is theoretically rich enough to provide additional value in explaining the
process of technology-based interventions built on lean thinking. Moreover, it helps
researchers in their exploration of the emergence of social, cognitive, political and
technical dimensions of the interactions and associations between different actors/
actants. By combining such an analysis with the concepts of lean thinking, it
becomes possible to further help in shaping the meaning and outcomes of such
interventions and their far-reaching impacts for healthcare delivery and thereby
assist in managing short-term coherence/consensus between the actors involved in
the process.

The main focus of a sociotechnical perspective in this respect is to understand the
nature of the relationship and interaction between two interrelated systems: a social
system and a technical system in a given environmental context (Whetton and
Georgiou 2010). The emphasis is to study the multidimensional impact of technol-
ogy on people, organisations and tasks as well as the impact of social and people
issues on technology design, adoption and use (Cresswell et al. 2011). For this rea-
son, it is also important to understand the interrelationship and interactions of the
two between each other (Coiera 2004). Thus, in order to develop a true assessment
of the key barriers and facilitators of the PCEHR implementation and adoption, it is
important to analyse this project through a sociotechnical lens which will serve to
facilitate the capture of all key issues—technical and non-technical.

Hence, this paper proffers the merits of taking a sociotechnical system (STS)
approach to evaluate the Personally Controlled Electronic Health Record (PCEHR)
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in the Australian context in an attempt to provide a rich analysis of all key issues and
critical success factors necessary for its successful deployment. In so doing, this
research in progress will also demonstrate the merits of an STS approach.
Specifically, we will answer the research question how a sociotechnical perspective
can facilitate a better understanding of the critical issues regarding e-health solu-
tions development and successful deployment to streamline the healthcare delivery
system in Australia. To answer this question, we will use an exploratory qualitative
case study approach. We choose the exemplar case of the PCEHR in Australia, and
as noted by Yin (1994) the use of an exemplar case is appropriate when investigat-
ing a novel, new phenomenon (Yin 1994). We subscribe to recognised qualitative
data collection and analysis techniques including thematic analysis as discussed by
Kvale (1996) and Boyatzis(1998). First we will discuss PCEHR, and then in the
next section, we will discuss lean thinking and its role in streamlining healthcare
delivery and why sociotechnical approach is important in evaluation of e-health
systems.

11.2 The Personally Controlled Electronic Health Record

The terminology adopted in Australia for electronic record keeping and its e-health
solution is known as the PCEHR which sits between individually controlled health
records and healthcare provider health records (NEHTA and DoHA 2011; Fig. 11.2).
Thus, the PCEHR has a shared use and mixed governance model (NEHTA and
DoHA 2011; Fig. 11.2).

Specifically, the PCEHR is a person-centric secure repository of electronic health
and medical records of individual’s medical history that would act as a hub for link-
ing hospital, medical and pharmaceutical systems using a patient unique identifier
(NHHRC 2009, p. 134). One of its key features is that it captures information from
different systems and presents this information in a single view to consumers and
authorised service providers for better decision making about health and service
delivery (NEHTA and DoHA 2011). This is a hybrid health information system that
integrates web-based personal health records with a clinical electronic health record
system and allows shared access to both consumers and healthcare providers based
on a shared responsibilities and mixed governance model (Leslie 2011).

Individual-Controlled Information Exchange or Healthcare Provider-
Health Records Shared Use, Under Mixed Controlled Health
Governance Models Record

Fig. 11.2 The position of the PCEHR in the e-health solution spectrum
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As we can see from the overview, the PCEHR is a person-centric system where
technology is going to be implemented in a complex clinical and organisational
environment and users are going to be different set of stockholders including health-
care service providers, healthcare managers, government bodies, healthcare pressure
groups and most importantly patients.

Further, the PCEHR is a patient-centric system and is a model for essentially
engaging patients in their healthcare and empowering them in this undertaking. The
PCEHR utilises advances in technology most notably that of Web 2.0 which makes
it possible to engage users by providing them interactive user interfaces. Hence, it
also becomes important to understand the rules of interaction between users, tasks
and technology, which is possible with a sociotechnical approach.

11.3 Lean Thinking in Healthcare

The concept of lean thinking has had its roots in Toyota Motors mainly focused on
operations management since it gained widespread attention both in practice and
academic (Womack et al. 2007) fields, including healthcare. Based on the Toyota
model, lean thinking focuses on innovative techniques to reduce and eliminate
waste by using available resources efficiently and effectively (Hines et al., 2004;
Shah and Ward 2003). The underlying assumption that constitutes the principle of
lean thinking is that organisations are made up of different processes and these pro-
cesses need to be improved to streamline the services and these process improve-
ments are linked with the concept of value, value stream (waste reduction), flow,
pull and perfection (continuance improvements) through repeating processes
(Papadopoulos et al. 2011).

11.3.1 Value

The value concept is the corner stone of the lean thinking paradigm. Lean thinking
argues that each step in the process of service delivery should add some value for
the customer. In the case of healthcare services, customers can be patients, physi-
cians or administrators depending on what aspect of the process is under consider-
ation. If a process is not adding any value, it should be eliminated or re-engineered
depending on its importance and necessity (Campbell 2009).

Value is defined by Womack and Jones (2003, p. 75) as:

the capability to deliver exactly the (customized) product or service a customer wants with
minimal time between the moment the customer asks for that product or service and the
actual delivery at an appropriate price

By understanding the needs of customers, the process steps in service delivery
can be divided into two categories, that is, value adding and non-value adding.
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A value-adding process helps to satisfy customer needs, while non-value-adding
process does not satisfy customer needs and should be considered as waste. If pro-
cess is not adding any value it should be eliminated or re-engineered depending on
its importance and necessity (Campbell 2009).

For example, in the case of a GP consultation, a patient might have to go through
different processes such as booking an appointment, waiting for his/her turn to see
GP and filling out a patient medical history and health record form each time the
patient visits their doctor. In this process, for a patient seeing the doctor is the
important and value-adding activity, while waiting and filling up forms are wastages
and those should be eliminated or minimised.

11.3.2 Pull

Pull has been described as the services needed to be provided in line with demand
to support the creation of value (Bushell and Shelest 2002). Delivering services
aligned with demand that means all needed resources, information and materials
should be pulled towards the required places and time when it is needed without
urgency or delay. Early or delayed availability of resources is a form of waste. For
example, if the patient is ready to be discharged but the doctor is not available to
sign him out or ambulance is not available to take the patient that would result in
delays and thus waste of resources.

11.3.3 Flow

The next step is flow, where each patient worked with one unit at a time and passed
on to the next step of the process without any delay (Jones and Mitchell 2006). The
primary goal of the flow is to eliminate the need of queuing and batching in a given
process that further eliminate multiple waiting times and interruptions. Flow will
make sure the continuity of the process until it finishes. For example, to achieve best
possible results and eliminate delays, it is important to have test results available to
the doctor when he/she consults the patient.

11.3.4 The Value Stream

The value stream is a necessary step to successfully complete a process or service
that can help to identify the waste within a process. A seamless flow to happen, an
integrated value stream is needed to be designed and then efficiently managed.
All steps required in the context of healthcare services from start to finish that add
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value need to be streamlined and integrated and thought of as one continuous pro-
cess, keeping in mind the effect of each step on its preceding and following step to
link them together seamlessly.

11.3.5 Perfection

A key principle in lean thinking is that a continued improvement in a process will
lead to an enhanced process, and thus continuity in improvement (continuous
improvement) should not stop at any time. The foundation of the idea of perfection
is based on a notion of “continuous improvement through incremental change based
on outcomes” (Tsasis and Bruce-Barrett 2008). By simplifying the process, a foun-
dation can be created for the incremental and continues improvement in the process
that would eventually lead to the improvement in the next process.

The lean thinking concept has been widely used in public services since the mid-
2000. Reports are suggesting that lean in healthcare is mostly used in regard to
process improvement methodologies; more and more literature is emerging to con-
firm this including that from the USA (57 %), the UK (29 %) and Australia (4 %)
(Brandao de Souza 2009; Radnor 2010). Approaches based of lean principles
focussed on process improvement in hospitals, and allied healthcare settings have
been reported as very effective and the literature shows that there are tangible results
in terms of cost and waiting-time reductions, improvement in quality of service and
significant increases in consumer as well as service provider satisfaction (Silvester
et al. 2004; Radnor and Boaden 2008). However, the use of lean principles in health-
care settings is currently archived through the application of simple tools in a single
process such as one ward or section rather than covering the complete journey of a
patient (Brandao de Souza 2009; Radnor 2010).

Most of the literature describes lean as a fixed object, very well designed and
defined, but successful implementation depends on the degree of resistance from
different actors (Walley et al., 2001; Proudlove et al. 2008). It is important here to
note that the method of adoption and negotiation of lean by different actors in pur-
suit of their own programmes in healthcare is not recognised in literature very well
at this time. Isolated and small-scale projects for streamlining healthcare services
involving one or two wards might have less complexity whereas projects like the
PCEHR, where a nationwide healthcare reform is initiated, need a more robust and
theoretically informed lens along with process improvement techniques. Thus, we
argue that a sociotechnical perspective is such a lens that can explore and help in
understanding the dynamic associations between heterogeneous networks and
actors associated with these networks. It further can explore emergent networks in
shaping implementation and outcomes of a process improvement intervention draw-
ing on lean thinking in a PCEHR implementation and use case.
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11.4 Why Sociotechnical Approach

Modern healthcare systems are very complex and consist of many social and
technical organs that are very deeply rooted, interrelated and interdependent
(Wickramasinghe et al. 2009). The change in one aspect of the system can affect
another aspect and can further increase the complexity of healthcare services (Wears
and Berg 2005). The introduction of new technology would have implications in
clinical roles and work processes and may enforce cultural changes (Coiera 2004;
Ash et al. 2006; 2009) despite the fact that the user attitude and the use of technol-
ogy is socially shaped (Coiera 2004). A sociotechnical approach views IT (informa-
tion technology) systems and software as an active member of the organisation or
an important factor in the social network of healthcare settings that continuously
interact and cooperate with clinical teams, organisational routines and individual
users (Wears and Berg 2005; Anderson and Aydin 2005).

A sociotechnical approach attempts to describe the characteristic or manner of
an interaction or behaviour of competing systems, it further tries to explain the
dynamics of the interaction between technology and the sociocultural environment
where technology is going to be used (Whetton 2005). Purely techno-centric evalu-
ations have been widely criticised because of their limitations (Whetton 2005; Berg
2003; Littlejohns et al. 2003). In addition, the sociotechnical approach involves a
paradigm shift in the way we study the details of failures; it requires how to think
beyond the poor system design and the perceptions about how to perform clinical
tasks (Wears and Berg 2005; Aarts and Gorman 2007; Aarts et al. 2007). Thus, a
sociotechnical approach emphasises an understanding that the very existence of
technology is a part of social system and mediated by organisation considerations.
In the case of the PCEHR, this approach would enable us to study also if technology
can or cannot exist as an independent entity.

The application of such a sociotechnical perspective has been widely encouraged
in healthcare settings to study the poor use and acceptance of information technol-
ogy within healthcare settings (Coiera 2004; Whetton 2005; Berg 1999). The major
challenge organisations are facing at the moment is to find ways to successfully
incorporate health information systems into the work process and infrastructure of
the organisations (Sittig 1994; Atkinson et al. 2001). One solution argued by
Atkinson and his colleagues is to develop a sociotechnical research and develop-
ment agenda to “undertake participative, multi-stakeholder problem solving within
a healthcare context” (Atkinson et al. 2001, p. 1). Further Coiera again emphasised
this by arguing that “if health care is to evolve at a pace that will meet the needs of
society it will need to embrace this science of Sociotechnical design” (Coiera 2004,
p. 1197).

Today’s IT-based healthcare solutions such as the PCEHR are not stand-alone
systems. On the contrary, they are purposed to work in a networked healthcare
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environment (Lubitz and Wickramasinghe 2006) whence implemented in one
department or section of a hospital would not only be impacted by the other depart-
ments or sections (Georgiou et al. 2005; 2007) but may also be affected by external
environmental factors such as health organisations, government and private funding
bodies and regulators. This then becomes a complex healthcare environment and
one in which we suggest that it is important to evaluate these systems at both micro
and macro level to cover all internal and external issues.

11.4.1 Sociotechnical Issues Relating to the Development,
Adoption, Implementation and Diffusion of (PCEHR)
Technology

In Australian healthcare IT transformation, social issues have huge significance.
Topics relating to individual privacy, health information security, ethics and legal
issues have been extensively debated in different reports (Showell 2011). The breach
of privacy and security of health information is a common concern among Australian
consumers and health privacy advocates despite the fact that the draft (PCEHR Act
2011) emphasises the security and privacy of an electronic health record of individu-
als as well as any information that is protected by law. But in essence, the hard fact
is that the language about the placement of the requirements and standards is vague
and serves to add to the confusion and also raise many more concerns among users
(Hoffinan and Podguski 2008). Furthermore, there are many policy issues involving
development of standards to set security and access rules of the system (Hoffinan
and Podguski 2008). In addition, a comprehensive process of consultation between
PCEHR system users and system developers and implementation team is urgently
needed and should be emphasised as key policy issues (Showell 2011).

Along with these privacy and policy issues, organisational issues, e.g. poor gover-
nance, organisational culture and poor management of the change process have also
been reported. These issues can have damaging effect on e-health adoption and imple-
mentation (Hoffinan 2009; Greenhalgh and Stones 2010; Kennedy 2011; Bernstein
et al. 2007). Further, these issues can aggravate the resistance to the change process
and also complicate the diffusion of the PCEHR technology.

At the micro level, user acceptance (Frame et al. 2008; Agarwal and Prasad
1997), perceived ease of use (Al-Azmi et al. 2009), lack of knowledge about the
system (Bath 2008; Elrod and Androwich 2009; Kaplan and Harris-Salamone 2009;
André et al. 2008; Liu et al. 2011), lack of training, lack of stakeholder consultation
(Showell 2011), lack of willingness to assimilate the technology into daily routines
and processes (Cash 2008; Ross et al. 2010; Davidson and Heslinga 2007; Kaplan
and Harris-Salamone 2009), conflict between system and user-embedded values
(Cash 2008; Kaplan and Harris-Salamone 2009), complex and complicated user
interfaces (Yusof et al. 2007) and conflict between physician activities and training
schedules (André et al. 2008; Yusof et al. 2007; Kaplan and Harris-Salamone 2009)
are some major concerns.
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Lastly, in regard to technology, the lack of infrastructure, standards and protocols
which in turn results in lack of interpretability and fragmented healthcare informa-
tion systems which serve to further complicate a very complex situation (Davidson
and Heslinga 2007; Hoffinan and Podguski 2008; Kralewski et al. 2010; Vitacca
et al. 2009; HFMA 2006; Kennedy 2011; Trudel 2010). Pre-implementation and
post-implementation vendor support is yet another key concern for organisations
(Kralewski et al. 2010; Cohn et al. 2009; Kennedy 2011; Liu et al. 2011; Trudel
2010; Tang et al. 2006). Lack of financial resources to buy very expensive health
information systems hardware and software for start-up and later on upgrades is
also identified as a complex issue (Aarts and Koppel 2009; Ashish 2009; Bates
2005; Bath 2008; Weimar 2009; Kaplan and Harris-Salamone 2009). Lack of tech-
nical resources and experience with information technology implementation within
healthcare settings is another problem faced by many (Torda et al. 2010; Trudel
2010; Liu et al. 2011; Kennedy 2011; André et al. 2008; Bath 2008; DePhillips
2007; Davidson and Heslinga 2007; McReavy et al. 2009). The accuracy of data
obtained through the information system and its ability of sorting, querying and
validating data in some cases is very poor and is considered as a big barrier for HIT
(healthcare IT) adoption (Rosenbloom et al. 2006; Rosebaugh 2004; Kimaro and
Nhampossa 2007).

Given the complex nature of the healthcare system, coupled with the challenges
and barriers described above relating to the adoption and implementation of IT into
healthcare contexts, the importance of conceptualising and framing the critical fac-
tors for evaluating the proposed PCEHR system cannot be overemphasised. Hence,
the next section presents our initial conceptual model that attempts to capture all the
key considerations as discussed above for further analysis.

11.5 Results: Initial Conceptual Model

Based on a comprehensive literature review (Wickramasinghe and Schaffer 2010;
Aarts and Koppel 2009; Al-Azmi et al. 2009; Atkinson et al. 2001) and synthesis,
five key considerations and factors were identified for the successful implementa-
tion and adoption of e-health solutions in general, namely financial, organisational,
social, people and technological. These have facilitated the development of the pro-
posed conceptual model as presented in Fig. 11.3. Specifically as the PCEHR has
many similar aspects to e-health solutions implementation, it is logical to use these
factors as the basis of our model. Naturally the specific study will test the validity of
the proposed conceptual model.

This initial conceptual model serves to capture the important aspects of the bar-
riers and facilitators for the prediction of the successful adoption and implementa-
tion of the PCEHR. The proposed model identifies a network of different actors
interconnected to each other. Further it illustrates that a central issue with the evalu-
ation of I'T-based healthcare interventions is concerned with the complexity of the
evaluation objects (Ammenwerth et al. 2003). For instance, the nature of the
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integration of health information systems with the culture and business process of
healthcare organisations puts more emphasis on the evaluation methods and goes
beyond the technology aspects of hardware and software that captures external and
internal environmental factors as well as to understand the diverse nature of system
effects in the healthcare settings (Ammenwerth et al. 2003). To study this complex
network of interactions of humans with technology in organisations and certain
individual levels, an STS perspective is indeed prudent (Cresswell et al. 2011).

We note that in the conceptual model (Fig. 11.3), it is possible to view these fac-
tors at different levels. In particular micro level issues (i.e. issues related to the
individual user level), meso level issues(i.e. issues related to the organisational
level) and macro level issues(i.e. issues related to the government level) dealing
with policy regarding funding and privacy aspects; however, it is important to
remember that the actual factors are relevant at all levels (micro, meso and macro)
and together form a heterogeneous network as per actor-network theory (Latour
2005), and thus it is important at least initially to view them at the same level much
like the way actants are all treated equally in ANT (Latour 2005).

In STS perspective ANT illustrates the networks of interactions and their rela-
tions. It further explains their composition, their development over time, their con-
struction and maintenance, their durability and the way they compete with other
networks (Law and Callon 1992; Latour 2005). ANT negates the existence of any
phenomena in itself by taking the formative viewpoint that means it is created by
actors in the process of ongoing associations (Latour 2005).

Furthermore ANT’s stand is that during change process, to fully understand the
occurrences of the associations and actors, all factors including human and
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non-human, social and technical need to be considered and evaluated by using
same analytical lens (Alcadipani and Hassard, 2010; Muhammad, Teoh, &
Wickramasinghe, 2012). The issues relating to human stakeholders and their asso-
ciations concern with social aspects whereas issues that are important during lean
projects such issues relating to documents, medical technologies, workshops, pro-
cess improvements, record keeping and distributing are mostly linked with techni-
cal aspects.

It is important to note that the initial conceptual model is based on the first part
of our study which consisted of a comprehensive literature review and