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originally designed for distribution management are highly relevant in this context.

The study demonstrates that TOC can provide home care with a systematic framework for
identifying and resolving factors that limit productivity. The application of TOC to home care
reveals several policies and practices which, intuitively, may seem logical and efficient, but in
reality are counter-productive. These policy constraints artificially accumulate demand in the
morning. As a consequence, a disproportionately high level of capacity is needed to satisfy
demand, while also reinforcing caregiver stress during peak hours. A resource constraint
during peak hours promotes the emergence of shortages, leading to a reliance on external leased
labor. As a result of the investigation, the home care unit that was studied was able to signi-
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DEFINITION OF CONCEPTS

5FS

Caregiver

Conformance

Constraint

CLR

CRD

CRT

Five Focusing Steps. “A systematic 5-step approach
used to continually improve a system’s ability to obtain

goal units” (Sullivan et al. 2007, p.24).

A joint denotation for field staff providing home care.
A more comprehensive explanation is provided in

Section 4.1.1.

“An affirmative indication or judgement that a product
or service has met the requirements of a relevant
specification, contract or regulation.” (Blackstone

2010b, p.26).

“Any element or factor that prevents a system from
reaching a higher level of performance with respect to
its goal. Constraints can be physical, such as a machine
center or lack of material, but they can also be
managerial, such as policy or procedure.” (Blackstone

2010b, p.27).

Categories of Legitimate Reservation. “The rules for
scrutinizing the wvalidity and logical soundness of

thinking process logic diagrams” (Sullivan et al. 2007,
p.8).

Conflict Resolution Diagram. Syn: Evaporating
Cloud (EC). “A necessity-based logic diagram that
describes and helps resolve conflicts in a “win-win”

manner.” (Sullivan et al. 2007, p.21).

Current Reality Tree. “A thinking process sufficiency-
based logic diagram [...] that illustrates the cause-effect

relationships that exist between the core problem and

viii



Definition of Concepts

Cycle time

EC

ECE

Efficiency

EHC

FRT

Foreman

Institutional Care

most, if not all, of the undesirable effects (UDEs)”

(Sullivan et al. 2007, p.16)

“The time between the completion of two discrete units
of production. For example, the cycle time of motors
assembled at a rate of 120 per hour would be 30
seconds.” (Blackstone 2010b, p.36).

Evaporating Cloud. Syn: Conflict Resolution Diagram
(CRD)

Effect-Cause-Effect. “A method used to validate the
existence of a cause-effect relationship for which the
existence of the proposed cause is not easily provable
through direct observation. This is done by proving the
existence of a second effect that could only be present if

the proposed cause actually exists.” (Sullivan et al. 2007,
p.19).

The “actual output over rated output” (Blackstone
2001, p.1055). Maximizing the efficiency of a
production step means increasing actual output as close

to the maximum level (rated level) as possible.
Espoo Home Care

Future Reality Tree. “A thinking processes
sufficiency-based logic tool that facilitates answering the
second question in the change sequence, namely, To
what to change? The FRT presents a sequence of cause-
effect relationships that links the injections(s) to the
desired effects (DEs)” (Sullivan et al. 2007, p.25).

Leader of home care teams. The foremen are typically
registered nurses or social workers, who mainly work
out of the office. The exception is evaluation visits,
during which the customers’ needs are assessed and care

plans are defined.

Largely provided in primary care hospitals; customers

are typically bed-ridden and receive 24-hour care.

ix



Definition of Concepts

Inventory

Lead time

Lean

MS

OE

1) In TOC: “all the money currently tied up in the
system]...]it refers to the equipment, fixtures, buildings,
and so forth that the system owns — as well as inventory
in the form of raw materials, work-in-process, and
finished goods”. 2) Conventional OM definition:
“those stocks or items used to support production (raw
materials and work-in-process), supporting activities
(maintenance, repair, and operating supplies), and
customer service (finished goods and spare parts).”
(Blackstone 2010b, p.73). 3) In TOC for services the
definition of throughput varies, depending on the

context.

“A span of time required to perform a process (or series

of operations.” (Blackstone 2010b, p.78)

Lean production. “A philosophy of production that
emphasizes the minimization of the amount of all the
resources (including time) used in the various activities
of the enterprise. It involves indentifying and
eliminating non-value-adding activities in design,
production, supply chain management, and dealing with
customers|...]It contains a set of principles and
practices to reduce cost through the relentless removal
of waste and through the simplification of all
manufacturing and support processes.” (Blackstone

2010b, p.78).
Management Science

Operating Expense. “All the money a system spends
in order to turn inventory into throughput. This
definition of operating expense includes not just direct
labor [wages and salaries], but also management,
computers...” (Goldratt & Fox 1986, p. 28), equipment,
utilities, inventory carrying costs and rents. Note that in
TOC, inventory is reported as the costs of raw
materials; the costs of carrying inventory are considered
an operating expense. ‘This differs from the

conventional approach of “reporting inventory on the
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Output

OM
OR

POOGI

Productivity

balance sheet as an asset valued at cost of raw material
plus value added — the labor and overhead used to

produce the inventory” (Gupta & Boyd 2008, p.990).

“The product [or service] being completed by a process

[person] or facility” (Blackstone 2010b, p.103).
Operations Management
Operations Research

Process of Ongoing Improvement. TOC’s process
for continuously improving a system’s performance
relative to its goal. POOGI consists of two prerequisite
steps (1. define the goal, and 2. define performance
measures) and the 5FS (Watson et al. 2007).

“An overall measure of the ability to produce a good or
a service. It is the actual output of production compared
to the actual input of resources. Productivity is a relative
measure across time or against common entities (labor,
capital etc.)” (Blackstone 2010b, p.118). In this
dissertation productivity improvement is defined as the
ability to either 1) provide the same level of quality-
adjusted services with fewer resources, or, 2) to provide
more quality-adjusted services with the current (or
fewer) resources. The latter option presumes that
demand for services increases, or alternatively, that
services previously outsourced to private providers can
be incorporated into the public service system, without

incurring additional fixed costs or losses in the service

quality.

Productive Capacity “Resource capacity that is required to produce output

Protective Capacity

sufficient to satisfy the demand of the constraint”

(Sullivan et al. 2007, p.39).

“Controlled excess capacity aimed at protecting the
undisturbed flow of service transactions [or production]

through the organization” (Ronen & Pass 2010, p.851).

xi
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Service

Service Home

System

Throughput

TOC

TP

xii

“The application  of  specialized  competencies
(knowledge and skills), through deeds, processes, and
performances for the benefit of another entity or the

entity itself” (Lusch & Vargo 2000, p.ix).

Also known as sheltered housing. Service homes refer
to a form of care where customers rent an apartment in
a service home, which provides 24-hour access to

service.

“A regularly interacting or independent group of items
forming a unified whole toward the achievement of a
goal.” (Blackstone 2010b, p.148). Following Blackstone
(2001), in this dissertation ‘system’ means “a business”

(p.1053) or an organization (e.g., home care).

“The rate at which the system generates ‘goal units’.
Because throughput is a rate, it is always expressed for a
given time period — such as per month, week, day, or
even minute. If the goal units are money, throughput
will be an amount of money per time period. In that
case, throughput is calculated as revenues received
minus totally variable costs divided for the chosen

period.” (Blackstone 2010b, p.151).

Theory of Constraints. “A holistic management
philosophy]...]that is based on the principle of inherent
simplicity. Even a very complex system comprising
thousands of people and pieces of equipment can have,
at any given time, only a very, very small number of
variables — perhaps only one, known as a constraint —
that actually limit the ability to generate more of the
system’s goal” (Blackstone 2010b, p.151). Following
Ricketts 2007), TOCg refers to its use in the
manufacturing and distribution of goods, while TOCg

refers to its use in services.

Thinking Process. “A set of logic tools that can be
used independently or in combination to address the

three questions in the change sequence, namely, 1. What
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Utilization

Value

to change? 2. To what to change? and, 3. How to cause

the change?” (Sullivan et al. 2007, p.46)

“1) A measure (usually expressed as a percentage) of
how intensively a resource is being used to produce a
good or service. Utilization compares actual time used
to available time. Traditionally, utilization is the ratio of
direct time charged (run time plus setup time) to the
clock time available. Utilization is a percentage between
0 percent and 100 percent that is equal to 100 percent
minus the percentage lost due to the unavailability of
machines, tools, workers, and so forth”.” 2) In the
theory of constraints, activation of a resource that
productively contributes to reaching the goal. Over-
activation [i.e., unnecessarily high utilization of a non-
constraint] does not productively utilize a resource.”

(Blackstone 2010b, p.158)

Something that benefits a stakeholder participating in or
affected by a service, such as the customer (e.g.,
improved health, reduced inconvenience) or the
provider (e.g., improved information access, reduced
inventory or operating expense, increased throughput
etc.). In OM, the value-added by each production step
in a process is its contribution to the final usefulness of
a product (or service), from the perspective of the

customer (Blackstone 2010b, p. 158).
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PREFACE

Over the last few years, many people have asked me: “Why Theory of Constraints
(TOC)? Why not some more conventional Operations Managenment (OM) approach, or some
other management philosophy?”. To refrain from a lengthy answer, my response has
often been: “Why not?”. Since this answer rarely seems to be satisfactory (and
perhaps justifiably so), I would like to take a moment to briefly elaborate on

my choice of TOC.

By chance, I was lying by the pool while on vacation in southern Spain, reading
one of the early works on TOC, when somehow something “clicked”. The
clear-cut logic of TOC seemed to provide a perspective that other OM
approaches appeared to lack. I had previously been engaged in Healthcare
Operations Management research, primarily working in specialized healthcare,
in a large hospital district in Finland. One thing I had noticed was that there
seemed to be an almost endless list of issues that need to be improved, at least

from an OM perspective.

Customer-induced (or patient-induced) variability is significant, and the
‘processing times’ of individual patients may in many cases be highly stochastic.
Originating in manufacturing, most OM approaches would prefer to
standardize every part of the process in the pursuit of a swift, even flow of
patients through the system. While this may be possible in a ‘closed system’,
such as manufacturing, it is much more difficult, or even impossible, in an
‘open system’, such as a hospital. Conventional OM wisdom would also have
us manage and control every part of a process, for instance, by promoting high
efficiency in every production step or resource. The assumption is that local
improvements can be ‘glued together’, ultimately resulting in better

performance of the system as a whole.

While the list of things to improve may be endless, the time and resources
available for improvement efforts are typically limited. It does not take much
practical experience to realize that, for fear of wasting scarce resources, the

improvement initiatives are often directed towards Tow hanging fruit’ (i.c.,

xiv
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‘quick wins’), or ‘fire fighting’. As a result, few organizational improvement
efforts have a marked impact on the system’s ability to treat patients, or serve

customers.

The advantage of TOC, as I see it, is that it focuses the improvement efforts on
the few issues that can have a real impact. TOC tells us that we should focus
on improving, and managing our systems around, the few things that matter

the most: the constraints.

To me, this seems like an approach that shows promise and could be well
suited to the open-system nature of health services, where not everything can

be standardized and controlled.

XV






1 INTRODUCTION

Most health service providers cry out for additional capacity to cope with
increasing, even escalating, demand. Many times their cries are justified. Often,
however, the perceived lack of capacity is merely a consequence of poor
management practices, such as a mismatch between capacity and demand (e.g.,

Silvester et al. 2004).

The Hippocratic Oath and healthcare professionals’ natural passion for
providing each and every patient or customer with the best possible care have
focused the research and development efforts of the health service community
towards improving the medical quality of the services. Sometimes this has been
at the expense of developing the service production system, its processes, and
the managerial practices needed to make the most of available resources. After
all, this is required in order to provide a growing number of customers with the

best available care.

Home care is no different. In recent years there has been a polemic in the
mainstream media in Finland about the scarcity of resources devoted to the
home care of the elderly. Quite often, atticles citing caregivers, tell tales about
how overworked the staff are, and the hastiness they are subject to. But the

numbers tell a different story. Productivity in home care is typically low.

This dissertation is founded on the belief that the perceived lack of capacity is
due to poor management practice, and that, at least in part, it can be solved by
adopting and developing Operations Management (OM) principles for this
particular context in order to unleash the capacity trapped by inappropriate

operational practices.

1.1 EMPIRICAL BACKGROUND

“Home Care is a growing sector in the healthcare domain” (Chahed et al.
2009). The trend is triggered by several factors, such as an aging population,
chronic pathologies, and medical and technological advances, as well as

unremitting pressure to contain healthcare costs. In addition, the current
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societal inclination is to enable people with reduced physical or mental
autonomy to remain living in their homes. According to the qualitative and
quantitative setvice structure targets for 2012, stipulated by the National
Framework for High-Quality Services for Older People (Ministry of Social Affairs and
Health 2008), 91-92% of the Finnish population over 75 years of age should
“live at home independently or using appropriate health and welfare services
granted by assessing their overall needs”. The guideline furthermore states that
13-14% of this age group should receive regular home care. This implies an
increase in the coverage of home care, from 11.5% of the specified age group

in 2005.

In 2009, the Finnish population aged 75 and over was projected to increase by
10.1% by 2020, 14.5% by 2030, and 16.5% by 2040," respectively. At the same
time, the demographic dependency ratio, that is, the number of children and
elderly per 100 persons of working age (i.e., aged 15-64), is projected to
increase considerably (Fig. 1), reducing the relative number of taxpayers in our
society. The simultaneous decrease in the working population and increasing
care and service expenditure pose funding challenges for the service system of
a welfare state (Rintala et al. 2010). As a consequence, “the scarcity of
resources, and the need to produce ‘more with less’ is an ever-present reality

for healthcare organizations” (Eklund 2008).
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Figure 1. The projected demographic dependency ratio?; the number of persons below the age of
15 and above the age of 64 per 100 persons aged 15-64.

Home care is a statutory service which seeks to enable people to live safely in

their own homes, even as their health and level of autonomy deteriorate.

! National Institute for Health and Wellfare: SotkaNET (2009)
2 National Institute for Health and Wellfare: SotkaNET (accessed Jan 26t 2011)

2



Empirical Background

Home care refers to the combination of home nursing and home services. In
Finland, the content of home care is governed by the Law’ and Statute* of
Social Welfare (home services), as well as the Taw of Public Health® (home
nursing) (Sinkkonen et al. 2001; Tepponen 2009). Home nursing refers to
primary health care outpatient services, such as blood pressure and blood sugar
measurement, the administration of medication into dispensers, and the
removal of stitches (Rintala et al. 2010). Home services ate divided into
domestic aid and support services. Domestic aid means assisting an individual
and her family in their home, as well as providing personal care and support.
Support setvices, on the other hand, include meal, dressing, cleaning, safety,
maintenance, bathing, and transportation setvices, as well as services that
further social interaction (Rintala et al. 2010). In Finland, home nursing and
home services are combined into home care in approximately half of the

municipalities (Tepponen 2009).

According to Rintala et al. (2010), the consolidation of home nursing and
home services into home care is an example of a contentual and structural
renewal of the service system, through which a solution to the growing need
and costs of services for the elderly has been sought. They further note that
home care is supposed to constitute an alternative to long-term care by
offering round-the-clock services. The idea is that this would allow a reduction
in residential home and institutional care. Instead of moving an individual from
one form of care to the next as their level of autonomy and health deteriorates,
the services are brought to the individual (Voutilainen et al. 2008). It stands to

reason that this development will further increase the load on home care.

The practical research problem addressed in this dissertation is how fo improve the
productivity of home care. 1t is based on the notion that, even in the absence of
increasing demand, the economic sustainability of our welfare services requires
the productivity of all services to be improved, especially those targeting the
elderly (e.g., home care). In this dissertation productivity improvement is
defined as the ability to either 1) provide the same level and quality of services
with fewer resources, of, 2) to provide more services of the same quality with
the current (or fewer) resources. The latter option presumes that demand for
services increases, or alternatively, that services previously outsourced to

private providers can be incorporated into the public setvice system, without

3(710/1982) Law of Social Welfare (Sosiaalihuoltolaki)
4(607/1983) Statute of Social Welfare (Sosiaalihuoltoasctus)
5(66/1972) Law of Public Health (Kansanterveyslaki)
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incurring additional fixed costs or losses in the service quality. One might argue
that providing the same level of higher-quality (or more effective) services with
the current resources is also a productivity improvement. However, the quality
and effectiveness of the service are beyond the scope of this dissertation. This

will be further discussed in Section 1.7.

The productivity problem is analyzed through an in-depth, longitudinal study
of a large Finnish public home cate provider; Espoo Home Care (EHC). EHC
is responsible for providing the statutory home care service in the municipality
of Espoo. With a population of 244,330 inhabitants’, it is the second largest
municipality in Finland. The home care operations consist of temporary and
regular home care, both offered by the same organization and staff. Temporary
home care is provided to customers with an interim need for a service, e.g.,
while recovering from an ailment (e.g., post-surgery rehabilitation). Regular
home care, on the other hand, refers to continuous care. In general, the regular
home care customers exit the system ecither by transferring to a more
comprehensive form of care (e.g., sheltered housing or institutional cate), or
through death. Regular home care customers typically need more services than
temporary ones, and therefore constitute the bulk of EHC’s services. Thus, the

primary focus of this study was regular home care.
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Figure 2. The number of regular home care customers in Espoo’.

Over recent years, the demand for regular home care in Espoo has increased

(Fig. 2), while the resources of EHC have remained unchanged. As a

¢ National Institute for Health and Wellfare: SotkaNET (2009)
7 National Institute for Health and Wellfare: SotkaNET (2010)
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consequence, EHC has experienced mounting pressure to make more efficient
use of its principal resource, the caregivers. This development is a widespread
societal challenge, as can be noticed from the publicity and attention devoted
to this issue in daily newspapers. For instance, according to the director of
home care in Helsinki, demand has grown by 10% in a single year, without any
new caregiver vacancies being granted’. In Espoo, several attempts at solving
this issue have been made during recent years (e.g., the ABC,” CK,'" ASKO,"
KIMPPA,"” and Care Keys13 projects, as well as an organizational
restructuring'’). However, according to EHC’s management team and the
former director of Espoo’s services for the eldetly, only minor productivity

. . 15
improvements have been achieved.

The study'® was initiated to identify and explain what constrains productivity in
home care in order to prescribe a way of improving it. Finding a way of
making more efficient use of labor in home care holds the promise of an

important societal contribution.

1.2 OPERATIONAL CONTEXT

This section defines the contextual scope of this dissertation, and links it with
the existing literature. First, home care is established as a field service. The
definition of a field service is revised to incorporate people-centric services
such as home care. Second, the operational characteristics of a field service are
contrasted with those of a facility-based service and discussed from a process

management perspective.
1.2.1 Field Service

According to Agnihothri et al. (2002, p.48), “service organizations can be
divided into two major categories: facility and field-based’. They explain that “in a
facility-based service, customers access the service facility, while in a field-

based service, it is the responsibility of the service provider to provide a service

8 Saikkonen, M.U. ”Kotihoitajilla nyt raskas vuosi”. Helsingin Sanomat, Nov 11th, 2010.

 An activity-based costing analysis (2004).

10°A project focused on the allocative efficiency of resources and the quality of care (2005).

1A project focusing on customer and resource management (2005).

12 A project secking to improve processes through simulation (2005).

13 A project seeking to enhance the skills of the personnel.

14 The merging of home nursing and home services (2000).

15 It should be noted that the primary focus of these efforts was the quality and effectiveness
of the service, with productivity improvement serving only as a secondary goal.

16 The study was a subproject of the PARETO research project (2008-2011)
(Palvelujirjestelmin rakennemuutos ja uudet toiminta tavat) — Adapting Care Systems for an
Aging Society — funded by the European Regional Development Fund (ERDF).



Chapter 1 Introduction

to people and/or their possessions, located at a customet’s site” (p.48). Field-
based services can be provided either “on-site” (p.48) or remotely, for instance,
using some communication platform (e.g., a phone service or web page)
(Agnihothri et al. 2003; Simmons 2001). Following this definition, home care is
a field-based service. The majority of the services are provided in the
customer’s home by a visiting caregiver.”. Some services are provided remotely
over the phone (e.g., consultations and order placements), or by handling
customer errands either at the office (e.g., sorting medication and managing the
provision of support services) or in proximity to the customers (e.g., picking

up medication from the pharmacy).

Agnihothri et al. (2002, p.48) further suggest dividing field-based services into
three categoties: 1) “pick-up/ delivery services such as packages and mail services,
and garbage collection”; 2) “emergency services such as police, fire, and ambulance,
and 3) “after-sales service support of equipment such as installation,

maintenance and repair”, which they refer to as a “fie/d service” (Fig. 3).

Service

v

Facility-Based Service Field-Based Service

Pick-Up/Delivery

. Emergency Service Field Service
Service

Figure 3. ""A categorization of services" (Agnihothri et al. 2002)

The service categorization proposed by Agnihothri et al. (2002) slightly revises
the structure of the categories presented in an earlier version introduced by
Simmons (2001, p.14), in which field-based services are divided into “pick-
up/delivery services” and “on-site customer support”. The latter is further
divided into “emergency services” and “after-sales support”. According to
Simmons (2001), “after-sales support of goods and services can be described as
the practice of dispatching service personnel to customer locations to install
equipment, perform routine or emergency maintenance, or provide on-site

training” (pp.17-18); “these activities take place in three broad markets: capital

17 “Caregiver’ is a joint denotation for staff providing home care. The caregivers’ comprise
employees with different levels of qualifications, including registered nurses, practical nurses,
and home aids.
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equipment, such as computers, copy machines, and farm equipment; consumer
goods, such as appliances and personal computers; and utilities, including
telephone service, electric/gas setvice and cable TV” (p.18) . Simmons (2001)

also refers to after-sales support as a field service.

Agnihothri et al. (2002, p.49) explain that the three field-based service
categories are “based on the complexity of decision making involved to
manage these services” (p.49). They contend that “one of the most important
performance measutes for field-based services is down time, defined as the
time between the request for service and the completion of service”.
According to their definition, down time consists of “response time and on-site
time’; “Response time is the time between the request for service and the
arrival of a technician [operator] at the customer location” while “on-site time
is the time spent on-site to provide the service”. The importance of response
time and on-site time differs between the categories. Agnihothri et al. (2002)

offer the following explanation:

“For pick-up/ delivery operations, response time is relatively unimportant since the service is
typically scheduled in advance and on-site time is usually insignificant. For emergency service, the
response time is critically important and must be carefully managed. For firms engaged in after-sales

support activities|. . . Jit is important that they manage both response time and on-site time.” (p.49)

The definition of a field service of Agnihothri et al. (2002) and Simmons
(2001) appears to be in line with the literature on field service management,
which seems to mainly address issues related to managing after-sales services
(Agnihothri et al. 2003; Apte et al. 2007; Blumberg 1994; Fortuin & H. Martin
1999; Haugen & A. V. Hill 1999; Simmons 2001). Likewise, the APICS
Dictionary (Blackstone 2010b, p. 55) defines a field service as:

“The functions of installing and maintaining a product for a customer after the sale or during the

J]

lease. Field service may also include training and implementation assistance. Syn: after-sale service.”

The author holds that defining a field service as an after-sales service, with its
corresponding emphasis on both response time and on-site time, arguably
confines the term to covering only services that target an installed base,”
consumer goods and utilities. In such services a technician, engineer, or
operator is either dispatched to a customer’s site or the service is provided

remotely, e.g., over the phone. The services seck to maintain, repair, or provide

18 Ala-Risku (2009) defines “installed base” as “the set of individual pieces of equipment
currently in use”. Here the term refers to equipment that is cither difficult to transport or
requires physical installation at the customer’s site. Examples of installed bases are
manufacturing equipment, elevators, and copy machines.
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user support for a ‘product’ bought earlier (i.e., in the customer’s possession).
An after-sales and support service may be provided regularly following a
predefined plan (e.g., maintenance), or as the need arises (e.g., emergency;
machine breakdown). In the former case, the focus would then primarily be on
minimizing on-site time, while in the latter case, responding quickly to a call
and satisfying the need of the customer requires the minimization of both
response time and on-site time. In neither case is the length of stay of the
service provider at the customer’s site particularly important for the customer,
as long as the the need is swiftly satisfied. Defining a field service as an after-
sales support service therefore focuses on services that center around the
customet’s possessions, and captures only pootly the essence of field services

that concentrate on the customer’s person.

This dissertation asserts that home care is also a field service, and that the
definition of a field service should be expanded to incorporate this type of
person-centric service. The focal point of home care is indeed the customer’s
person. Elements of the service may target the customer’s possessions (e.g.,
installing aid equipment in the customer’s home), but they only serve to
improve the autonomy and wellbeing of the customer’s person. As opposed to
the possession-centric field services mentioned above, the time spent on-site
may be essential for the customers. For instance, in home care significant
efforts are put into social care for the purpose of reducing the loneliness
among elderly customers. Thus, in addition to the task-centric setvices
performed during home care visits, such as the administration of medication or
bathing, the on-site time includes social support, which may be crucial to the
customer’s ability to remain living at home. Minimizing on-site time under
such circumstances would not be advisable. Furthermore, although some are
emergency visits requiring a quick response, the bulk of the home care visits
are performed on the basis of a predetermined schedule defined in each
customer’s care plan (i.e., the service level agreement (SLA)). In this case,
improving productivity is not about minimizing response or on-site time, but
about efficiently managing the distribution of visits (i.e., matching supply with
demand) and the workload of the field operators (the caregivers) (i.e., leveling
service production). This is further discussed in Chapters 7 and 9. Moreover,
the term ‘after-sales service’ implies that the service targets a product (or a
customer’s possession) that has been sold prior to the provision of the service.

This dissertation proposes defining a field service as:
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A service provided for the the benefit of the customer at the customer’s site or in the feld, either by a

visiting field operator, or remotely, by means of telecommunication.

The author finds that this definition encompasses both possession-centric and

person-centric field services.
1.2.2  Facility-Based Service Versus Field Service: A Process Perspective

This dissertation argues that, from an OM perspective, the distinction between
facility and field service is particularly interesting because it changes the nature
of the production flow of the service process, which may have implications for
process management. To contrast the distinctive features of a field service

process, an illustrative facility-based process is first analyzed.

Unit of Analysis:
| Production Process !

WIP

Flow of Customers
and/or their Possessions ~~~ """ "7~ >

Focus of process management: lead time, inventory, sequence, production flow (synchroniged
production), quality (before-after, variability)

Figure 4. An example of a facility-based service process.

In many facility-based services (Fig. 4), the service process is embodied in a
series of production steps (i.e., customer encounters or events) (e.g., hospitals
and airports). Customers (or patients) and/or their possessions move from one
production step to the next, in a manner that is akin to work-in-process (WIP)
in manufacturing (Lillrank 2009). Consider, for instance, a typical process at an
outpatient clinic, consisting of registration, an examination (e.g., X-ray, blood
count, or vital signs) and a consultation with a physician, which, it is hoped,
ends in a diagnosis and subsequent treatment scheme (output). As in
manufacturing, the production steps are performed by more or less dedicated
resources, cach step being required to produce the final output. The flow of
the customer and/or their possessions and the production process ate aligned.

In such an environment process management is concerned with reducing the
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lead time and patient-in-process (PIP)" inventory (Kujala et al. 2006) etc., in

order to improve the throughput of the process and reduce costs.

Conversely, in a field service, such as home care, the production flow of the
service production process is represented by a caregiver’s movement between

customer sites.

“The literature on field service management is sparse” (Agnihothri et al. 2002,
p-49). Because of the focus on after-sales services, a dominant part of the
literature addresses the installation of equipment at the customer’s site, as well
as emergency maintenance and repair (Agnihothri et al. 2002; Apte et al. 2007;
Blumberg 1994; Simmons 2001; E. F. Watson et al. 1998). Much like facility-
based services, such field services are sequence-dependent. The process starts
with a sale or an equipment failure reported by the customer, after which a
field operator is dispatched to the customer’s site to install the equipment that
has been purchased or to perform the repair. The process consists of several
steps that have to be performed in a given order, each step playing a critical

part in reaching the desired output.

In this dissertation, however, the discussion is restricted to field services
characterized by an ongoing relationship between the service provider and the
customet, in which the same customer site is visited periodically, without the
installation of equipment and not on the basis of an emergency call. In addition
to home care, this is representative of a pre-emptive maintenance process of an
installed base in after-sales service (i.e., post-installation maintenance). From
the provider’s perspective, visits to different customers are independent,” in
that the output from a previous production step (visit) is not required as an
input in the next. Instead, each visit is analogous to a discrete final output.
Thus, two separate processes exist; the customer process and the service

provider’s production process (or workflow), which are not aligned (Fig. 5).

From an OM standpoint, the field operator’s process is the unit of analysis
when productivity improvement is being sought. Here, process management is
primarily concerned with improving throughput by maximizing the number of
visits performed by a field operator. Since no waiting is involved (the operator
arrives within a specified time window), no WIP inventory build-up occurs

between production steps. Furthermore, since different production steps are

19 PIP corresponds to WIP in manufacturing.
20 Likewise, field operators largely work independently of each other, so no synchronization
between the rate at which they produce outputs is needed.
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performed by the same resource (the caregiver), scheduling is concerned with
matching the timing requirements of visits with the availability of the resource,
rather than synchronizing the flow between different production steps

performed by separate resources. This is discussed further in Chapter 9.

The sequence of the visits is not determined by the dependence of production steps, but by the
required timing of the visits combined with the feasibility of a particular operator ronting.

"

Unit of Analysis: The Field Operator’s Processes

Focus of process management: capacity utilization, timing of visits (fime-criticality), quality
(conformity to the service level agreement), routing, travel time, required skills (level of
qualification), front office time of field operators (Yo of total tine)

Figure 5. An example of the production flow of a single operator in a field service process.

A Note on the Customer Process

As illustrated in Figure 5, the customer process is composed of visits received
by separate customers at different points in time (the past, present, and future).
Since home care is repetitive, many visits to the same customer are typically

involved.

Following the classification scheme of different operating modes in health
services by Lillrank et al. (2010), the predominant gperating mode of home care is
‘care’ rather than ‘cure’. In brief, a e mode means that a customer’s (or
patient’s) ailment can be ‘cured’, in that there is a known preferable end result.
The customer undergoes a sequence of steps (i.e., a process), each contributing
towards reaching that intended end result (a ‘cured’ patient; full recovery). As
in conventional production processes, the output of one step is the input of
the next. For example, medical imaging may be needed to make the diagnosis
that a bone is broken. From an OM perspective, the objective is typically to
improve the flow of patients through the process, by reducing lead time and
inventory, so that a preferred end result is achieved as quickly as possible, and

more patients can be processed and faster (improved responsiveness).

11
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According to Lillrank et al. (2010), in the care mode, patients or customers are
commonly suffering from chronic ailments for which there is no ‘cure’ or
predetermined end result, other than arresting the decline of the customet’s
health condition and maximizing their quality of life. For this, customers need
therapy or ‘care’ at regular intervals, following some form of rhythm. The
rhythm may vary from several daily encounters to weekly or even monthly care
sessions. Some encounters are time-critical (always in the morning), while
others are not. The cate sessions are often independent events; one event does
not constitute an input into the next. Because of the rhythmical nature of the
encounters (production steps), there is no imperative to reduce the waiting
time between sessions, or the lead time of the customer process. Likewise,
since the customer rarely leaves the system during his or her lifespan, and
typically no waiting time is involved prior to the sessions, the reduction of

‘customer inventory’ is not relevant (Lillrank et al. 2011).

In home care, the customer process is not a meaningful unit of analysis from
an OM standpoint. There is very little synchronization needed between visits,
and the lead time of the customer process and customer inventory are
irrelevant. Each visit is largely independent and can, in principle, be performed

by any caregiver with the appropriate level of qualification.

That having been said, prevailing service quality guidelines insist that the
number of different caregivers visiting the same customer should be
minimized, to ensure continuity of care. According to the Head of EHC, the
guidelines state that a customer should be visited by no more than five
different individuals. (This creates a form of semi-dependency between
customers and particular caregivers). It should be noted that every home care
professional whom the author interviewed, or had informal discussions with,

admitted that this guideline is not met in practice.

1.3 THEORETICAL APPROACH

This dissertation analyzes the home care productivity issue through the lens of
the Theory of Constraints (IOC) (Goldratt 1988; Goldratt 1990b), also known as
management by constraints (MBC) (Ronen & Starr 1990; Trietsch 2005) or
constraints management (CM) (J. F. Cox & Spencer 1998; Ronen & Starr 1990).
“TOC is a multi-faceted systems methodology that has been progressively
developed to assist people and organizations to think about problems, develop

breakthrough solutions and implement those solutions successfully” (Mabin &
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Balderstone 2003, p.569). It is “a holistic management philosophy developed
by Dr. Eliyahu M. Goldratt that is based on the principle of inberent simplicity.
Even a very complex system comprising thousands of people and pieces of
equipment can have, at any given time, only a very, very small number of
variables — perhaps only one, known as a constraint — that actually limit the

ability to generate more of the system’s goal” (Blackstone 2010b, p.150)

Rahman (1998, p.337) summarizes the foundational underpinnings of the

Theory of Constraints (TOC) in two points.

1) Every system must have at least one (but no more than a few) constraint(s) that

limit(s) its performance relative to its goal.

A constraint is defined as “anything that limits a system from achieving higher
performance versus its goal” (Goldratt 1990b, p.4). Without the existence of a

constraint the performance of the system would be infinite.
2)  The existence of constraints allows for focused system improvement.

Since the constraint(s) determine(s) the performance of the system as a whole,
improving the performance of the constraint(s) results directly in better
performance of the entire system. Through effective management of these few
key leverage points, throughput can be increased without the need to invest in
additional resources. A commonly used analogy is that of a chain, whose
weakest link determines its strength; only by improving the performance of its

weakest link can the strength of the chain be improved.

In addition to these two points, Womack & Flowers (1999, p.400) include
three more “fundamental precepts of TOC™”' that are widely discussed in the

literature:

3)  “All systems and processes are a series of dependent events”.

4)  “Constraints can be classified by their cause; most are the result of the
organigation’s rules, training or measures and are called policy constraints. Fewer
are resource constraints and fewer still are market constraints.”

5)  “Any improvement in a non-constraint resource or process step does not improve

system performance.”

2 While precepts 3-5 constitute an essential part of TOC, it is debatable whether these are in
fact precepts, or mere derivatives of the first two foundational underpinnings. Here they are
presented for the purpose of clarification, to provide the reader with a brief insight into some
central ideas and concepts of TOC.

13
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Womack & Flowers (1999, p. 400) argue that “these very simple yet powerful
precepts help target improvement efforts”. They continue to note that
organizations often neglect these precepts by investing in improvement efforts
that “only improve a subcomponent of the system and have no effect on the

output of the whole system”.

In this respect, TOC differs from other OM philosophies, such as Tozal Quality
Management (IQOM) (Deming 1988) and Just-in-Time (JIT) (Sugimori et al. 1977),
which are both “solidly rooted in the concept that any improvement, anywhere
in the process, improves the performance of the whole organization”
(Motwani et al. 1996a). Jacob et al. (2009) suggests that this notion applies to
Lean (Womack et al. 2007), Six Sigma (e.g., Raisinghani et al. 2005), and their
combination Lean Six Sigma (LSS) as well. In spite of this, some argue that
these OM philosophies and techniques are not conflicting, but rather, that they
complement each other by having different strengths and by stressing different
issues (Dettmer 1995; Dettmer 2001; Jacob et al. 2009; Gupta & Snyder 2009;
Motwani et al. 1996a). Moss (2007) notes that “there is a mixed body of
literature that suggests that TOC can be used in combination with other

manufacturing techniques”.

According to Schmenner & Swink (1998) and Schmenner (2001), a swift, even
production flow is associated with increased productivity. LSS seeks a swift,
even production flow by reducing variability and fluctuations (waste) in
production, and by “balancing the line”, ensuring that each operation produces
at the same rate according to tact time (e.g., Jacob et al. 2009). This approach
might be effective in manufacturing or closed systems, where external
variability can be minimized (Lillrank 2009; Spohrer & Kwan 2009).
Healthcare, however, consists of open systems exposed to a considerable
amount of customer-induced vatiability (Morton & Cornwell 2009). This
makes it virtually impossible to eliminate all fluctuations, both in demand and
within and between production steps. Therefore, the TOC approach of secking
a swift even flow (i.c., a balanced flow) by focusing only on the step that will
have the greatest impact on throughput (i.e., the constraint) is an appealing
tactic. Hence, the theoretical approach adopted in this dissertation is motivated
by the fact that TOC “seems to be a natural fit for the resource-constrained

publicly funded health systems” (Sadat 2009, p.2).

TOC is composed of three branches (Lockamy & Spencer 1998; Mabin &

Balderstone 2000; Spencer & Cox 1995), sometimes referred to as paradigms
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(Moss 2007; Rahman 1998), or elements (Inman et al. 2009). Following the
categorization of (Spencer & Cox 1995), the first is the /gisties branch, also
known as the operations strategy tools (Mabin & Balderstone 2000)), which
comptises a process of ongoing improvement (POOGI), a scheduling methodology
known as drum-buffer-rope (DBR), buffer management, and 1V ATI analysis, “used for
production line design and analysis as well as distribution system design and
analysis” (Spencer & Cox 1995, p.1500). The second is the performance
measurement branch. It “prescribes new [global] performance measurements
which are quite different from the traditional cost-accounting system”
(Rahman 1998, p.337). The third branch “is a generic approach for
investigating, analyzing, and solving complex problems called the thinking process
(I'P)” (Rahman 1998, p.337). The TP consists of “effect-cause-effect (ECE)
diagramming and its components (current reality tree, future reality tree, prerequisite
tree, and fransition tree)) the ECE audit process, the evaporating cloud
methodology [also known as the conflict resolution diagram| and the five-step
focusing process again” (Spencer & Cox 1995, p.1500). Over the last thirty
years, the emphasis of TOC has evolved from logistics and performance
measurement to the use of the thinking processes (Moss 2002). The TOC
branches, and the sub-components relevant for this dissertation, are presented

in Chapter 2.

Mabin & Balderstone (2003, p.570) summarize the evolution and contribution
of TOC:

“Althongh conceived in the 19705 in a manufacturing context as a scheduling algorithm, TOC
has now been developed into a powerful and versatile management theory, as a suite of theoretical
frames, methodologies, techniques and tools. 1t is now a systemic problem-structuring and problem-
solving methodology which can be used to develop solutions with both intuitive power and analytical

rigour in any environment”.

They examine the performance of TOC through a meta-analysis of more than
80 TOC implementations, based on the quantitative data available. Their study
report a reduction in cycle times by 65%, in lead times by 70%, and in
inventory levels by 49%. As a consequence, the due date performance had
improved by 44%, while the financial performance with respect to revenue,
profit, or throughput, depending on the reported measure that was used, had
increased by 76%. In a more recent study, Inman et al. (2009) investigated the
relationship between the use of TOC elements, “a number of observable
outcomes expected to be associated with the application of TOC, and

organizational performance” (p.341). The sample in their study consists of data
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gathered from 110 organizations “identified as TOC adopters” (p.341) using a
survey. The data are analyzed using structural equation modeling. Their
findings indicate that “TOC is effective in improving organizational
performance” (p.341). They note, however, that “the majority of the
respondents were manufacturers so the generalizability to non-manufacturers

should be done with caution” (p.353).

Over the last two decades “there has been a move to expand TOC to non-
manufacturing applications” (Moss 2007, p.3). Blackstone (2001, pp.1053-54)
observes that “today it has been applied to a wide range of things including
Operations, Finance and Measures, Projects, Distribution and Supply Chains,
Marketing, Sales, Managing People, and Strategy and Tactics” (e.g., Cox et al.
1998; Boyd & Cox 1997; Boyd et al. 2001; Gupta et al. 2004; Cox & Schleier
2010). There exists a growing body of knowledge on the application of TOC in
both for-profit and not-for-profit services, including the public sector. Moss
(2002) names healthcare, banking, education, and military logistics as some
services which have received more attention than others in the TOC literature.
Several authors have called for more research on TOC in a service context

(Mabin & Balderstone 2003; Moss 2007; Rahman 1998; Siha 1999).

Moss (2007) studied the impact of TOC on several dimensions of service

quality through a survey (N=264). She concludes:

“Using responses solicited from a broad range of organigations, the use of the principles underlying
the logistics and thinking process paradigms was found to lead to significantly increased customer
service quality [...] Service providers can increase their customer service quality by implementing

TOC principles.” (Moss 2007, p.1)

“Since manufacturing and service organizations have significant differences,
application of TOC principles to service organizations may require some
modifications” (Siha 1999, p.257). Ronen & Pass (2010) acknowledge a lack in
the body of knowledge on how to transfer TOC to services. They contend that
since service operations display a much greater degree of variation in terms of
structure, processes, and workflow than do manufacturing companies, there
are no generic solutions to the problems that are faced. According to Ricketts
(2007, p.10), “TOC has not yet|...|penetrated into all corners of the service
sector because plenty of services do not sufficiently resemble industry”. In
order to extend the applicability of TOC to a wide variety of services, their
unique characteristics need to be indentified, and TOC adapted accordingly
(Ricketts 2007).
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Mabin & Balderstone (2003) underscore the need for longitudinal studies of
TOC implementations, and suggest further research on TOC applications in
the not-for-profit sector. They further encourage reports on the intangible
effects of TOC applications. Ricketts (2010) calls for more field studies which

would facilitate the investigation of TOC and “foster its adoption” (p. 875).

1.4 RESEARCH GAP

The literature on TOC in a field service context is very limited. Olson et al.
(1998) report a successful application of TOC to the process of installing
security equipment at a customer’s site. The field service process that they
study is typical of the after-sales installation of equipment at a customer’s site
(cf. installed base), and exemplifies the characteristics of a traditional process
(i.e., dependent sequence of events; cf. facility-based process), even though it is
performed in the field. To the best of the author’s knowledge, no application
of TOC to field services featuring a process of sequentially independent
production steps or repeated visits to the same customer location (e.g.,
industrial maintenance) has been reported in the literature. Filling this gap is an
important step towards evaluating the suitability of TOC, and possibly

developing it for the needs of this differing environment.

Although health services are among the more prevalent fields within the
literature on TOC in a service context (Ronen & Pass 2010; Moss 2002), the
relative number of reported TOC applications in healthcare is low (Sadat
2009). The published literature largely concentrates on reports on
improvements of facility-based service processes, particularly those inherent in
a hospital environment. Except for a paper on ecatly results from the present
study (Groop et al. 2010),” no previous literature on TOC applications in a
home care context are known to the author. A plausible explanation might be
the lack of reported TOC applications in a field service context. Applying TOC
to this differing environment may prove vital for a more widespread adoption

of TOC in field service.

22 The paper deals with the issue of health technology assessment. Although the paper is briefly
reviewed in Table 2 (Section 3.2.1), the results are not incorporated into the empirical study
presented in this dissertation.
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1.5 PURPOSE

The purpose of this dissertation is twofold:

1. To examine the distinctive characteristics of field service processes, in order to review the

applicability of TOC to this environement. — ...and...

2. To apply TOC concepts to home care, in order to study what currently limits the

productive use of resonrees.

The types of production processes common in manufacturing and many
facility-based services arguably consitute the conventional and most familiar
settings of OM. Therefore, it is only natural that TOC has focused
predominantly on these environments. However, “the number of companies
providing field service is increasing since companies are becoming more

customer-centric” (Agnihothri et al. 2002, p.50)

The effective implementation of TOC in this process-like yet very different
operational context requires an understanding, of how the inherent operational
differences affect the applicability of particular TOC methods and tools. For
instance, as mentioned earlier, the unit of analysis in a field service is no longer
a process consisting of operations performed by separate resources. Rather, the
unit of analysis becomes the field operator’s process, as manifested by a set of
production steps performed by the same resource. Transferring TOC into a
field service context also calls for the redefinition of certain focal concepts,

such as inventory.

The work aspires to facilitate the adoption of TOC principles in the
management of field service organizations, and home care operations in
particular. Studying the mechanisms that keep home care organizations from
making the most of their current resources is an important empirical

contribution, with distinct managerial implications.

The author hopes that this dissertation may provide practically relevant insights
regarding the management of home care operations. It provides home care
managers with tools to systematically increase the productivity of their
organizations. In addition, the dissertation adds to the bodies of knowledge on

TOC in health services and in public organizations.

This dissertation uses TOC’s process of continuous improvement to identify
what constrains productivity in home care through an empirical analysis of the

case organization. Current challenges are recognized and effect-cause-effect
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(ECE) logic is applied to distinguish the core problem(s) which cause the
system constraint(s) from a myriad of conceived problems and challenges
(undesirable effects; UDEs). Potential solutions (design propositions) to the
cote problem are then designed and implemented. The outcome of the
implementation is analyzed to examine whether the design propositions have
had the intended effect on system productivity, as well as to identify any

unintended consequences.

1.6 RESEARCH QUESTIONS

On the basis of the purpose of this dissertation, the following two research

questions were formulated:

Research Question 1: How does the structure and flow of field service processes differ from
Jacility-based service processes, and what are the implications for the applicability of TOC?

Applying TOC to home care allows an examination to be performed of how
the operational characteristics of field service processes differ from facility-
based service processes, and how this might affect the applicability of certain

TOC tools for managing operations.

The first and perhaps most crucial step in applying TOC is to identify the
system constraint. Therefore, this dissertation seeks to answer the following

question:
Research Question 2: What constrains the productive use of labor in public home care?

Once the constraint has been determined, one can move on to cither design
solutions that break or alleviate the constraint, or, alternatively, to manage the
system around the constraint. This will be explained further in Chapter 2,
which provides a review of TOC, its three paradigms, and some of their

respective tools and methods.

1.7 SCOPE

The scope of this dissertation is restricted to field services characterized by an
ongoing relationship between the service provider and the customer, in which

the same customer site is visited periodically.

Productivity is addressed from an OM perspective. The focus is on the ratio of

output to input, i.c., the output produced by the field operators (caregivers).
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Output is defined as the time the caregivers spend interacting with the home

care customers (i.e., the caregivers’ front office time).

The outcome of the home care services provided is beyond the scope of this
dissertation. That is, the study does not account for the quality of the service
(the internal quality of visits) or its effectiveness (health outcome). Thus, the
focus here is on the system’s ability to produce more services of the same level
ot higher quality. Higher quality refers to the notion that increasing the time
caregivers spend with their individual customers may increase the quality of the

service, while reducing the duration of visits may reduce quality.

The ultimate goal of any health service, in terms of quality, is to improve the
health of its customers (or patients) (Kane 2006). Therefore, performance
measurements in health services are commonly based on some form of health
outcomes. According to Wennberg (2010), the correlation between the volume
of procedures and the resulting health outcomes is not obvious, and in some

cases more can be achieved with less. However, Groop et al. (2010) argue that:

“the question of which volume and combination of treatments leads to the optimal [health] outcome
is beyond the scope of OM. Therefore efficiency studies must be based on the assumption that a
certain clinically justified level of service of a given quality is necessary, and the challenge is to

produce those at the lowest (or optimal) cost”.

The choice to focus on output rather than outcome is further justified by the
need to preserve practical and managerial relevance. The output that is
produced can be controlled and managed by the service provider. While the
output contributes to the outcome, the outcome is dependent on external
factors, such as customer behavior (e.g., compliance), the natural stagnation of
a customer’s health,” placebo effects (is the service helping me?), and random

events (e.g., injury) (Donabedian & Bashshur 2003).

This dissertation only analyzes the services produced by the case organization’s
own field service operations. Services outsourced to private providers (e.g.,
night time home care and home care of severly disabled individuals), or
provided by the organization’s sheltered housing (e.g., rehabilitative day care),
are beyond the scope of this dissertation. This will be further explained in

Section 4.1.

23 . . . .
Successful customer episodes of home care eventually end with the customers ‘dying in their
own homes’, never requiring a transfer to a more comprehensive form of care.
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1.8 RESEARCH APPROACH AND METHODOLOGY

This section describes the philosophical research approach and the

methodology used in this dissertation.
1.8.1  Research Approach

The philosophical research approach adopted in this dissertation is that of

pragmatism:

“Pragmatism argues that the most important determinant of the research philosophy adopted is the
research question — one approach may be ‘better’ than the other for answering particular
questions|. .. Jmixed methods, both qualitative and quantitative, are possible, and possibly highly
appropriate, within one study” (Saunders et al. 2007).

The pragmatic approach is motivated by the problem-solving orientation of
this research. By applying TOC principles it seeks to explore what constrains
productivity in home care in order to prescribe a way of improving it, and in
doing so, to shed light on the operational difference encountered when
transferring TOC to a field service context. In other words, this dissertation
secks to contribute instrumental knowledge for solving managerially relevant

problems.

With regard to management research, several authors have noted that the
academic knowledge interests, such as conducting explanatory research aimed
at theory-building, do not seem to coincide with the practical knowledge
interests and needs of management practitioners (Denyer et al. 2008; Hill et al.
1999; Holmstrom et al. 2009; Meredith 1998; Van Aken 2004). According to
Holmstrém et al. (2009), “this challenge is more fundamental than knowledge
transfer, it is one of diverging interests and means of knowledge production”.
Consequently, “academic management research has a serious utilization
problem” (Van Aken 2004). Hill et al. (1999) argue that “the reason lies in a
continuing concern over the lack of applicable results in what is a highly

applied field”.

Over the last 30 years there has been a call for “more practical, real world
research in OM” (Hill et al. 1999). Meredith (2001) argues that OM is a
pragmatic discipline and that OM research inherently addresses pragmatic
challenges. Ergo, problem-oriented research is particularly important in OM to
ensure practical relevance (Holmstrom et al. 2009). Swamidass (1991) contends

that “OM research has a very distinctive focus; it is the application of
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[OR/MS] to operations management problems in order to detive presctiptive

solutions”.

In reference to “a mistaken concern over research rigour” regarding practical

field research, Hill et al. (1999) note:

“the great majority of empirical OM work published is based on postal surveys and/ or interviewing
excecutives, where research method selection is made for reasons of practical convenience and academic
expectation. Given the level of complexity involved in understanding the OM perspective of business
issues then the emphasis should be placed on plant-based research.?* Conducting research on-site
and investigation through the analysis of relevant data, issues, developments and events ensures

relevance and validity essential to making an impact on business practice”.

This dissertation attempts to combine the academic knowledge interest with
practical relevance by adopting a design science approach. Several authors
(Denyer et al. 2008; Holmstrém et al. 2009; Van Aken 2004) have suggested
that design science research (DSR) is a methodology that can help bridge

theory and practice.
1.8.2  Methodology

“Design science research intends to add analysis and explanation,
specifications for interventions to transform present practices and improve the
effectiveness of organizations” (Denyer et al. 2008). According to Holmstrém
et al. (2009), design science is “an approach aimed primarily at discovery and
problem solving”. Design sciences, such as medicine and engineering, are
“prescription-driven”, seeking to create instrumental knowledge (Holmstréom
et al. 2009; Van Aken 2004). “Instrumental use [of knowledge| involves acting
on research results in a specific and direct way” (Van Aken 2004). While the
explanatory scientist typically takes on the role of an external observer, the
design scientist actively engages in finding a solution to a problem. For
instance, “explaining long lead times is different than taking action to reduce
them” (Holmstrom et al. 2009). The participatory approach is further
motivated by the notion that active participation in the problem-solving
process (e.g., designing and testing a solution) enables unintended

consequences to be identified.

Design science seeks to develop “scientific knowledge to solve a class of

managerial problems” (Van Aken 2004). The end product is typically a

24 By plant-based research, Hill et al. (1999) refer to empirical research methodologies, such as
case studies and action research, where the researcher engages ecither passively or actively with
the organization that is being studied.
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technological rule, defined as “a chunk of general knowledge, linking an
intervention or artifact with a desired outcome or performance in a certain
field of application” (Van Aken 2004). Denyer et al. (2008) favor using the
term ‘design proposition’ rather than ‘technological rule’, because they find that
‘technological rule’ implies “a rather mechanistic, precise instruction”. They
explain that the primal element of the design proposition is “the intervention
type I, to be used in solving the kind of problem in question”. “A design
proposition can be seen as offering a general template for the creation of
solutions for a particular class of field problems. For validation, design
propositions have to be field-tested using pragmatic validity” (Denyer et al.
2008).

Denyer et al. (2008) suggest following what they refer to as ‘CIMO-lgic
(Context, Intervention, Mechanism, Outcome): “in this class of problematic
Contexts, use this Intervention type to invoke these generative Mechanism(s), to
deliver these Ouwtcome(s)’. The context is the environment which the design
proposition (intervention) is constructed for. The mechanism refers to the
chain of events that are set in motion by the intervention. The outcome is the
result of the intervention, as conveyed by the mechanism it brings about.

Denyer et al. (2008) illustrate this using the following example:

“If you have a project assignment for a geographically distributed team (class of contexts), use a
Jace-to-face kick-off meeting (intervention type) to create an effective team (intended outcome)

through the creation of collective task insight and commitment (generative mechanisms).”

In this research, a field service, and more specifically home care, represents the
context. TOC is applied to identify the mechanism by which productivity can
be improved (sought outcome) — TOC holds that identifying and improving
the performance of the constraint directly translates into better system
performance (Goldratt 1990b). Identifying the constraint thus enables an
intervention to be designed that aspires to improve the performance of the
constraint. This intervention (design proposition) then needs to be field-tested

for validation.

1.9 STRUCTURE OF THE DISSERTATION

The remainder of this dissertation is structured as follows. Chapter 2 reviews
the Theory of Constraints, its three branches, and their relevant tools. The

focus here is on TOC’s main principles. The tools are largely described in their
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original manufacturing and distribution contexts, for the purpose of

simplification.

Chapter 3 briefly examines the literature on TOC in services in order to justify
the asserted research gap. The chapter points out the differences and particular
issues encountered when transferring TOC to a service environment.
Previously suggested modifications to the tools, performance measurements,
and their inherent terminology are presented, along with the authot’s
interpretations. The first part of the chapter ends with an overview of reported
TOC adoptions in different services, noting the wodest amount of attention field

services have received.

The second part of Chapter 3 provides a more comprehensive review of the
literature on TOC in a health service context. The review shows that home care
has been given limited consideration. The chapter concludes with an analysis and
discussion of the various definitions and revisions of the goal and the
performance measurements that have previously been recommended for

health services.

Chapter 4 describes the research setting. The home care unit that was studied

is presented in order to outline the characteristics of home care operations.

Chapter 5 describes the research design. The focus of the chapter is on the

research process and the methods used for data collection and analysis.

The empirical study comprises three parts. Chapter 6 presents the findings of
an ‘as-is” analysis performed to identify constraints and core problems. Chapter
7 describes potential solutions to the core problems in the form of design
propositions. These are subsequently field-tested through implementation in
the home care unit that was studied. Chapter 8 describes the outcome of the

‘intervention’.

Finally, Chapter 9 presents and discusses the contribution and implications of
this dissertation. First, TOC is discussed in a field service context. The first
research question is answered by reviewing the structural characteristics of field
service processes and comparing them with ‘conventional’ production
processes, which are common in both manufacturing and many facility-based
services. It is argued that in a field service environment the assumption of
dependent events is no longer a matter of course. The author further contends
that these differences render certain production management tools of the

logistics branch irrelevant for field services, while solutions originally devised
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for distribution become highly appropriate. The argument is based on the
notion that field services and distribution share the challenge of matching

supply with demand at various locations.

Second, the findings of the empirical study are summarized in order to answer
the second research question. Third, the managerial implications are reviewed.
Finally, the limitations of the study are stated, and suggestions for promising

topics for future research are provided.
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2 THEORY OF CONSTRAINTS

This chapter presents TOC. The objective is to recapitulate key elements of
TOC, focusing on the parts of the literature that are relevant for this
dissertation. The chapter begins by examining the foundational underpinnings
of TOC. These central ideas have given rise to a multitude of methodologies,
techniques, or tools for translating the theory into practice. The chapter moves
on to describe some of these tools, following the common categorization into

three branches: logistics, performance measurement, and thinking processes.

2.1 THE FOUNDATIONAL UNDERPINNINGS OF TOC

“There is a_famons story about a gentile who approached the two great Rabbis of the time and

asked each, ‘Can you teach me all of Judaism in the time I can stand on one leg?’

The first Rabbi chased him ont of the house, however, the second Rabbi answered: ‘Don’t do unto
others what you don’t want done to you. This is all of Judaism, the rest is just derivatives. Go and

learn.’

Can we do the same; can we condense all of TOC into one sentence? 1 think that it is possible to

condense it into a single word — focus.” (Goldratt 2010, p.3)

211 Focus

Being able to focus on what matters the most has tremendous utility. As
Goldratt points out, “focusing on everything is synonymous with not focusing
on anything” (Goldratt 2010, p.3). This section elaborates the foundational
underpinnings of TOC, explaining why focus is so important, and how the rest

of TOC is merely derivatives of this notion.

Although numerous authors have contributed to the the body of knowledge
that today constitutes TOC (Watson et al. 2007), its originator, the Israeli
physicist Dr. Eliyahu M. Goldratt, has arguably had the greatest impact on
TOC’s evolution throughout its 30-year history. Therefore, it seems fitting to
begin by discussing his perspective. In so doing, the author draws heavily on

Goldratt’s introductory chapter (Goldratt 2010) to the Theory of Constraints
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Handbook (Cox & Schleier 2010). It is perhaps the most comprehensive
summary of the body of knowledge on TOC to date.

In most systems there are several issues or problems that, if improved or
corrected, can support the performance of the system. In practice, we do not
have the resources, such as time and money, to address each one. The Pareto
principle, ot the 80/20 rule, helped distinguish the issues that had greater
relevance than others, by showing that 20 percent of the constituents (e.g.,
efforts, sales, capital etc.) yield 80 percent of the effect. Hence, to make the
most of our limited resources, we should focus on improving that which has
the greatest impact on the system. However, Wilfred Pareto himself noted that
the 80/20 rule is only true when no interdependencies exist between the
system’s constituents. The effect (i.e., the Pareto distribution) becomes
intensified with an increasing number of interdependent constituents, and the
greater the variability each constituent expresses. Organizations include both a
considerable number of interdependencies and variability. As a result, the
system’s performance is determined by a very small number of elements. For
this reason, Goldratt argues that approximately only 0.1 percent of the
clements determine 99.99 percent of the system’s performance. In the
vocabulary of TOC, these few key leverage points are known as constraints

(Goldratt 2010).

TOC holds that “cvery systens must have at least one constraint” (Rahman 1998,
p-337) that limits its performance relative to its goal. This assumption is based
on the reasoning that, without the existence of a constraint, the performance
of the system would be infinite (Rahman 1998). A constraint is defined as
“anything that limits a system from achieving a higher performance versus its goal”
(Goldratt 1988, p.453). Since the constraint(s) determine(s) the performance of
the system as a whole, improving the performance of the constraint(s) directly
results in better performance of the entire system (Rahman 1998). Focusing on
what matters the most here means that “wanagement of these few key points [the
constraint(s)] allows for effective control of the entire system” (Watson et al. 2007, p.391).
In reality, systems typically have very few constraints (Blackstone et al. 1997;
Goldratt & Cox 1984; Goldratt 1990b).

The conventional approach is to view constraints as being something
detrimental, which should preferably be eliminated (Blackstone 2001).
Contrary to this, TOC considers constraints as being neither positive nor

negative; they simply are (Breen et al. 2002). What they do offer is an
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opportunity to focus improvement efforts on what will have the greatest
impact on a system’s performance (Breen et al. 2002). In other words, a
constraint is a leverage point around which the rest of the system can be

managed and improved (Blackstone 2001).
2.1.2  Systems Thinking

TOC views all systems as a series of dependent events or processes (Breen et al.
2002; Dettmer 1997; D. E. Womack & Flowers 1999). This means that “the
performance of each event (or process) is dependent upon the previous event”
(Breen et al. 2002, p.40). Consider, for instance, a manufacturing process (or a
facility-based service process) where a certain production step cannot begin
before the previous step is completed (Goldratt & Cox 1984; Ronen & Starr
1990), that is, the sequence is dependent. Like the weakest link of a chain, the

constraint determines the throughput of the process.

Breen et al. (2002) illustrate this using a generic example of a process at an
outpatient clinic (Fig. 6). The series of production steps includes check-in,
screening by a nurse, a meeting with a physician, a prescribed vaccination given
by a nurse, and check-out. The average rate at which each step can process
patients differs (the processing rate of each step is designated by its size; the
processing rate is shown above). Since the constraint (the physician)
determines the output, the system can only process eight patients within the
given time frame. If, for some reason, the physician were only able to see six
patients, the output of the entire system would fall to six, no matter how many

patients the other steps could process.

17 16

13 14

Check-In K Screening Vaccination K Check-Out 8

Constraint

Figure 6. A simple system as a series of dependent events. The processing rate (i.e., capacity) of
each step differs; the output of the system is dictated by the constraint (adapted from Breen et al.
2002).

From this follows one of the cornerstones of TOC: “an hour lost on the
bottleneck is an hour lost on the entire system; an hour gained on a non-
bottleneck is a mirage” (Goldratt 2010, p.4). In other words, increasing the

efficiency of non-constraints does not directly translate into greater
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throughput. It might, however, cause the bottleneck to starve,” reducing the

throughput of the system.

Starvation occurs when the bottleneck runs out of items to process, i.ec., it
cannot be run at full capacity. This may happen when a series of dependent
events is subject to another phenomenon: statistical fluctnation. In practice,
fluctuations occur within almost every aspect of the process, such as the
processing rate of each operation, the lead time of the process, quality etc,
since “all processes have some degree of znberent variability” (Stikanth 2010,
p.182). If a system were to be composed of a single operation, the statistical
fluctuations would even out over time. However, in a system comprising a
series of dependent events, the statistical fluctuations of each step accumulate

downstream rather than leveling out (Goldratt & Cox 1984).

Returning to the example above, consider a situation where the processing rate
of the screening operation (prior to the bottleneck) suddenly falls from 17 to 5
patients because of several nurses simultancously falling ill (i.e., variability). The
bottleneck will now have only 5 patients to process, 3 patients less than its
capacity of 8 patients. Even if the screening operation could make up for this
loss by processing 11-17 patients the next day, the bottleneck could still only
process 8 patients (full capacity), and thus could not make up for the previous
lost throughput of 3 patients. Therefore, to ensure maximum utilization of the
constraint, the non-constraints should have protective capacity that allows
them to absorb disruptions occurring upstream from the constraint, before

these affect the performance of the constraint.

What is not a constraint is a non-constraint. Goldratt points out that it is
erroneous to think of non-constraints as being non-important. Because of the
interdependencies between the system’s elements, disregarding a non-
constraint can have a negative effect on the constraint, thereby reducing the

system’s overall performance.

“What is important to notice is that the prevailing notion that ‘more is better’ is correct only for the
constraints, but is not correct for the vast majority of the system elements — the non-constraints. For
the non-constraints, ‘more is better’ is correct only up to a threshold, but above this threshold, more
is worse. This threshold is dictated by the interdependencies with the constraints and therefore cannot
be determined by examining the non-constraints in isolation. For the non-constraints, local
optimum is not equal to the global optima; more on the non-constraints does not necessarily

translate to better performance of the system.” (Goldrart 2010, p.4)

2> Bottleneck starvation refers to a situation where the bottleneck operation suddenly runs out
of things to process, and therefore cannot be utilized to its full capacity.
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As such, TOC “epitomises systems thinking: a philosophy that recognizes that
the whole is much greater than the sum of its parts, and that a complex web of

interrelationships exist within the system” (Mabin & Balderstone 2003, p.570).
2.1.3  Different Types of Constraints

There are essentially three general types of constraints: 1) resource constraints
(demand exceeds capacity), 2) policy constraints (productive capacity is limited
by formal or informal rules), and 3) market constraints (capacity exceeds
demand) (Watson et al. 2007). While the former two are sometimes referred to
as internal constraints, the market constraint is also known as an external
constraint. It is worth noting that resource constraints in particular may

manifest themselves in different forms.

Ronen et al. (2006) explicate the different constraints, and their sub-categories,
in a health service context. They define a resource constraint (or bottleneck) as
“the most heavily utilized resource such that it cannot perform all its assigned

tasks” (p.51). Resource constraints may take the forms of (pp.54-56):

Shortage of a critical resonrce
Permanent bottlenecks
Peak time resource constraints

Seasonality [seasonal resource constraints]

SR s N >

Discrete events of resource constraints

A shortage of a critical resource is a traditional bottleneck, where the demand
for a particular resource, or group of resources, exceeds its capacity. Breaking
the constraint by adding additional capacity may be hard, for instance because
of the required training or capital investments, but it is generally feasible. A
permanent bottleneck refers to a situation where adding capacity is not
possible, e.g., because of short supply (e.g., the uniqueness of a particular
expertise) or the high cost of a particular resource (e.g., a magnetic resonance
imaging unit). A peak time resource constraint refers to a situation where the
resource shortage is not constant; a resource is only a bottleneck during times
of peak demand, while otherwise remaining a non-constraint (Ronen et al
2001). A seasonal resource constraint is a form of lengthy peak time resource
constraint where the increased demand varies with the season (e.g., the
incidence of flu peaks during a cold winter). Discrete events of resource

constraints occur as a result of unforeseen events, such as natural disasters that
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cause emergency departments to suddenly become overcrowded (Ronen et al.

2006).

In addition to bottlenecks, TOC recognizes another form of physical resource
constraint known as a capacity constrained resonrce (CCR). 1t is a resource that is
not yet a bottleneck, but may become one unless its capacity is managed
carefully (Umble & Srikanth 1990). According to Walsh (2010), a CCR
determines how much can be produced because it has less capacity than the
other resources. In other words, the CCR has the least amount of protective
capacity. For the sake of simplicity — and since bottlenecks and CCRs have
very similar effects on the system — the remainder of this dissertation will refer

to CCRs simply as bottlenecks or resource constraints.

A policy constraint is a formal or informal rule, such as an operating policy,
practice, or measurement, which reduces the system’s performance (Ronen et
al. 2006; Mabin & Balderstone 2000) by limiting the system’s productive
capacity (Watson et al. 2007). For instance, since people tend to behave
according to the way in which they are measured (Goldratt 2010), a
measurement that incentivizes people to seek local optima (suboptimization)
rather than global optima is a policy constraint that inhibits the system from
achieving its global goal. Additionally, a rule that historically may have been
appropriate may turn into a constraint when the environment changes (Ronen

et al. 20006).

In The Goal, Goldratt & Cox (1984) provide two examples of policy
constraints. The first is a decision to shut down a bottleneck operation during
the daily one-hour lunch break, which translates into the whole system losing
one hout’s worth of throughput. The second is the use of the measurement of
efficiency to monitor performance, which promotes local rather than global
optima. Ronen et al. (2000) illustrate a policy constraint in a healthcare context.
When a service provider is reimbursed on the basis of patients’ length of stay,
it reduces the incentive to discharge patients early. The ensuing prolonged
hospital stays, in turn, may increase the incidence of hospital infections, the

opposite of what the system seeks to achieve.

Several authors have argued that policy constraints are the most common form
of constraints, and that most resource constraints are in fact created by policy

constraints (e.g., Motwani et al. 1996a; Rahman 1998).
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There are two types of market constraints. Traditionally, a market constraint
refers to a situation where the system’s capacity to provide goods or services
exceeds demand. The other situation is when the output of the system is
reduced as a result of the constrained availability of a needed input, such as a
raw material in manufacturing. In other words, throughput is not constrained
by the system’s capacity but by the external supply of required inputs. (Ronen
et al. 2000)

An interesting argument proposed by Schragenheim & Dettmer (2001) and
Pass & Ronen (2003) is that all firms are subject to a market constraint, even
those experiencing a shortage of capacity. They assert that potential demand
for research and development, as well as marketing and sales, is infinite; the
product or service could always be ‘better’ and more sales could always be

achieved if more time was available (Pass & Ronen 2003).

Ronen & Spector (1992) and Ronen et al. (2000) further argue the existence of
a fourth type of constraint: a dummy constraint. It is an internal resource
constraint where the cost of the throughput-impeding bottleneck resource is
marginal. Thus, following the traditional TOC terminology a dummy
constraint can also be viewed as a policy constraint (Ronen & Spector 1992).
Ronen et al. (2000) provide an example from a hospital context, where the
constraint is the operating room. Realizing that the utilization of the operating
room’s cleaning staff was low, the management decided to cut costs by
reducing the number of cleaning personnel per shift from two to one. This
prolonged the time it took to clean the operating room between surgeries,
reducing the utilization of the bottleneck, reducing throughput, the cost of

which was much greater than the savings.

The example above also demonstrates a case of the ¢fficiencies syndrome (Ronen
1992): a state where the urge to increase the efficiency of all production steps,
“emphasizing the utilization of inputs instead of focusing on outputs” (Ronen
et al. 2000, p.144), lowers the efficiency of the whole system. Increasing the
utilization of non-constrained production steps does not increase system
output, but may cause suboptimization, increasing WIP and thus hampering
the production flow, reducing output while increasing operating expenses

(Goldratt & Fox 1986; Ronen & Starr 1990; Ronen 1992).

In summarizing systems thinking and the effect of constraints, Breen et al.

(2002, p.42) state:
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“If a system is doing well, not more than one of its components will be. If all links in the chain are
performing well, the system will not be. To operate within this conceptnal framework requires
synchronization across the links of the chain, i.c., resources, departments, and so forth, as well as a

new set of performance measures”.

2.2 TOCS THREE BRANCHES

The TOC body of knowledge can be categorized into three branches
(Lockamy & Spencer 1998; Mabin & Balderstone 2000; Spencer & Cox 1995):

1. Logistics
2. Performance measurement

3. Thinking processes

The /logisties branch, sometimes referred to as TOC’s operations strategy tools
(Mabin & Balderstone 2000), consists of what is perhaps the foremost working
principle of TOC, the process of ongoing improvement (POOGI), as well as a
suite of tools and methodologies for transferring TOC’s underlying ideas into a
variety of operational contexts, such as production (e.g., DBR and buffer
management), distribution (replenishment), and projects (critical chain). As
TOC was originally conceived in a manufacturing environment, the tools
associated with production management constitute some of TOC’s carliest

developments.

The performance measurement branch arose from the realization that traditional
cost accounting measurements encourage local rather than global optima, for
instance by promoting high efficiency at every step of production (cf. the
efficiencies syndrome) (Goldratt & Cox 1984; Goldratt & Fox 1986). TOC
prescribes a set of global measurements that monitor the system’s ability to
reach its global goal. “The motivation for this is that if a system as a whole is
to achieve its goal, it is best for the system’s individual parts to work in ‘sync’

rather than at their own individual speeds” (Mabin & Balderstone 2000, p.2).

The third is the #hinking process (ITP) branch, or TOC’s problem-solving
methodology. Since the majority of the constraints are policy constraints,
locating them, and consequently overcoming resistance to a required policy
change, may not be easy (Goldratt 1990b; Motwani et al. 1996a).
Acknowledging this, Goldratt (1990b; 1994) devised a generic set of logic
tools, or problem-solving techniques, referred to as the thinking processes.
Following Schragenheim & Dettmer (2000), Watson et al. (2007) argue that

“the TP tools provide a rigorous and systematic means to address
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identification and resolution of unstructured business problems related to

management policies” (p.395).

Similarly to POOGI, which secks to identify and manage constraints, the TPs
seek to determine the issues that hinder the system from reaching its goal.
Problems that are currently experienced, referred to as undesirable effects
(UDE's), are analyzed using effect-cause-effect logic in order to distinguish the
underlying core problems (the disease) from their effects (symptoms) (Kim et
al. 2008). The TPs help answer the three most fundamental questions any
manager faces: 1) what to change? 2) what to change to? and 3) how to cause

the change? (Goldratt 1990b).

Over the last thirty years, the emphasis of TOC has evolved from logistics, and
performance measurement, to the use of the thinking processes (Moss 2002).
According to Rahman (1998), some believe that it is the TPs that will have the
most enduring impact on business. Moss (2007, p.4) further holds that “it may
be the TOC thinking processes and problem-solving techniques that provide

the most benefit to services”.

Figure 7 illustrates the three branches of TOC and their corresponding
methodologies, techniques, and tools. While it is not the purpose of this
dissertation to review all of them, the bolded items will briefly be desctibed in
the following three sections. For a thorough illustration of each item, as well as
their application to a wide variety of functional areas and business
environments, the reader is advised to refer to Cox & Schleier (2010). More

references are provided in the following sections.
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Figure 7. The TOC branches and their various tools (revised and updated from Spencer & Cox
(1995, p.1501) and Mabin & Balderstone (2000, p.4))

2.3 LOGISTICS

This section reviews some of the methodologies and tools of the logistics
branch that are relevant for this dissertation. The section begins by describing
TOC’s process of ongoing improvement. Since it constitutes the principal
process for focusing improvement efforts, it is reviewed in greater detail. This
is followed by a brief overview of the drum-buffer-rope (DBR) scheduling
technique, buffer management (BM), and replenishment (R), the TOC solution

for distribution and supply chains.
2.3.1 Process of Ongoing Improvement

Originally verbalized in Goldratt (1988; 1990b), the central working tenet of
TOC is the five focusing steps (S5FS), a process that focuses the continuous
improvement efforts on what matters the most: the constraints (e.g., Rahman
1998). The 5FS evolved into what is now referred to as the process of ongoing
improvement (POOGI) (Watson et al. 2007), in which two prerequisite steps™
are added to the 5FS (Coman & Ronen 1995; Ronen & Spector 1992; Ronen et

al. 2001; Pass & Ronen 2003). The steps of POOGI are illustrated in Figure 8.

26 The prerequisite steps were first described by Goldratt & Fox (1986) and Goldratt (1990b),
but Ronen & Spector (1992) and Coman & Ronen (1994; 1995) added them to the 5FS,
referring to POOGI as the seven focusing steps.
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Figure 8. The process of ongoing improvement (POOGI) (adapted from Coman & Ronen (1995,
p-1406))

Below, each step is described. While numerous authors have outlined this
process, which was originally developed by Goldratt (1990b), the author draws
heavily on Ronen et al. (2006), who illustrate POOGI in a health service

context.

Step 1: Define the System’s Goal

In order to determine what constrains the performance of a system relative to
its goal, the goal itself must first be defined. Defining the goal is crucial
“because it should guide every decision and action in the organization” (Ronen
et al. 2000, p.48). The definition of the goal depends on the purpose of the
system. According to Goldratt (1990a), the goal of any system should therefore

be determined by its owners.

The goal is something an organization strives for but can never achieve (Ronen
et al. 2000). For example, in publicly traded for-profit businesses owned by
shareholders, the goal is to increase shareholder value. Simply put, the goal is
“to marke more money now as well as in the future” (Goldratt 1990a, p.12). Conversely,
in not-for-profit service organizations, Reid (2007, p.210) asserts that the goal
“usually involves exceeding customer service expectations”. Still, irrespective
of whether it is operating in a for-profit or not-for-profit environment, in

order for an organization to achieve its goal, two necessary conditions must prevail:
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“organizational financial viability and a safe and secure employee work

environment” (Reid 2007, p.210).

Goldratt (1990a) distinguishes between the system’s goal and the necessary
conditions for achieving it. The goal represents the reason for the system’s
existence. The necessary conditions, on the other hand, must be met in order
to improve and sustain performance versus the goal. For instance, offering
quality products or services, as well as satisfying employee stakeholder groups,
may be necessary or even a means for achieving the goal, but, at least in a
publicly traded for-profit environment, they do not represent the purpose of a
company. Goldratt (1990a, p.11) explains that “the organization should strive
to meet its goal within the boundaties imposed by the power groups |[e.g.,
owners, stakeholders], striving to fulfill its purpose without violating any of the
externally imposed necessary conditions”. Schaefers et al. (2007, p.228) note
that “a lot of confusion exists between the goal of a system and the necessary

conditions to achieve the goal”.

In a not-for-profit environment defining the goal can be less straightforward
than in a for-profit business. According to Ronen et al. (2006), the goal of not-
for-profit organizations should reflect their mission. “In such organizations the
goal is usually determined as achieving the maximum of some measure under
resource constraints (such as budget)” (Ronen et al. 20006, p.48). They also note
that not-for-profit organizations may have several goals, and that the goals may
be complex. For instance, Gupta & Kline (2008) describe the twofold goal of a
not-for-profit healthcare provider. “The financial goal is to make the money
required to run programs now and in the future while satisfying patients and
providing satisfaction and security for the professional and clinical support
staff now and in the future”, while “The clinical goal is to provide high-quality
clinical care” (p.283). The goal of health service organizations will be further

discussed in Section 3.2.2.

TOC holds that the goal should be system-wide (or global) to prevent
suboptimization; each constituent part of the system should promote the same
goal. While it may be undesirable to define separate goals for different parts of
the same organization, in practice this may be necessary in a not-for-profit
environment, because of goal complexity. In such a case, it is important to
ensure congruence between the local goals (e.g, those of a department) and the

goal of the whole organization (Ronen et al. 2000).
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Step 2: Determine Global Performance Measures

Measuring an organization’s performance relative to its goal, and determining
whether the individual actions and decisions help achieve it, requires
compatible global performance measurements (Ronen et al. 2000). “The
correct choice of measuring techniques, parameters, costing and control]...]is
the difference between improving organizational performance, and not doing
so” (Ronen & Pass 1994, p.10). Global performance measutes serve to
translate the goal into measurable units. “Relevant measures for a business

organization ate the value of the company and measures of economic value

added” (Ronen et al. 2006, p.49).

It is, however, often difficult to judge the impact of mid-level managerial
(local) decisions on the organization’s profitability. In realizing the fallacies and
shortcomings of traditional cost accounting, the TOC performance
measurement system was developed to help organizations evaluate the impact
of local decisions on the global goal (Gupta 2003). TOC defines a set of
operational performance measurements that are relevant at the operational
level, while still aligned with and promoting the global goal. The measurements
are throughput (T), inventory (I), and operating expense (OE). The

performance measures will be expanded in Section 2.4.

Step 3: Identify the Constraint

The first step of the 5FS is to identify the system’s constraint. This means
determining what limits the system from achieving a higher level of
performance relative to its goal. One approach to identifying the constraint is
to perform a load analysis; examining the capacity utilization of the system’s
resources in order to identify a possible bottleneck (Ronen et al. 2006).
Scheinkopf (1999), in turn, proposes asking the question: “What, if only the

system had more of, would enable it to increase its rate of goal attainment?”

(p-17).

Ronen & Spector (1992) suggest using a cost/utilizaton diagram (CUT). It
expresses the load of the resources on the vertical axes and their respective
costs on the vertical axes (Fig. 9), visualizing the load and the proportional cost
of the resources. They note that managers many times “fail to locate the
constraint because of the complex nature of the systems” (p. 2049) and assert

that the CUT diagram can help solve this problem.
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Figure 9. Cost/utilization diagram (revised from Ronen & Spector (1992, p.2049))

Step 4: Excploit the Constraint

Exploiting the constraint means making the most of current resources by
maximizing the performance of the constraint. This entails eliminating policy
and dummy constraints, and ensuring that the throughput governing resource
constraint is utilized to its full potential. The constraint can be exploited in two
dimensions: efficiency and effectiveness (Fig. 10). Efficiency refers to
maximizing the utilization of the resource constraint by ensuring that the
resource never runs out of items to process. This includes eliminating garbage
time; the time the constraint is utilized working on items that do not contribute
to the goal (e.g., working on defective products or administrative tasks).
Effectiveness implies that, since a resource constraint cannot supply all
demand, it should work on preferred items, the ones whose contribution to the
goal are the greatest relative to the time consumed by the constraint. For
instance, in a for-profit business, the bottleneck should work on the products
or services that generate the most income per constraint minute. (Ronen et al.

2006)
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Figure 10. Exploiting a resource constraint (adapted from Pass & Ronen (2003, p.716) and Ronen
et al. (2006, p.76)).

Step 5: Subordinate Everything Else fo the Above Decision

Once the constraint has been determined, a policy for managing the non-
critical resources, the non-constraints, is needed. ‘Subordinating everything else
to the above decision’ means managing the non-constraints around the
constraint. The non-constraints should serve the constraint, ensuring that the
constraint’s capacity is exploited to its maximum at all times. For instance, at
an outpatient clinic where the physicians are the constraint, all other resources,
such as nurses and clerks, should work to maximize the utilization of the
physicians’ time. In other words, instead of maximizing the efficiency of each
resource, the focus is on the efficiency of the constraints. This entails
maintaining protective capacity in the non-constraints so that they are available
to serve the constraint with additional work as needed. Additionally, to reduce
inventoty, the non-constraints should not supply more than the constraint can
process. TOC’s technique for scheduling the non-constraints according to the
processing rate of the constraint is known as drum-buffer-rope (DBR)
(Goldratt & Cox 1984; Goldratt & Fox 1986) and it will be outlined in section
2.3.2. (Ronen et al. 2000)

Step 6: Elevate the Constraint

To elevate the constraint means increasing its capacity in order to improve the
throughput of the entire system (Ronen et al. 2006). While the previous steps
dealt with making the most of the current resources, which often does not
require any additional infusion of capital, step 6 typically involves increasing
capacity through investment (Reid 2007). In the case of an internal resource
constraint, elevation implies acquiring additional equipment or manpower.

Ronen et al. (2006) further suggests offloading the constraint by transferring
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work from the constraint to non-constraints when possible.”” Subject to an
external market constraint, constraint elevation may involve marketing efforts

that seck to reduce the factors that limit market demand (Reid 2007).

Elevating a constraint may not be a matter of course. Ronen & Spector (1992)
note that a constraint does not necessarily need to be where it currently is, and
that deciding on its location is a matter of the utmost strategic importance.
They suggest using a CUT diagram to resolve this issue, as it may facilitate

identification of the most appropriate location for the constraint.

First, an organization must decide whether the constraint should be internal or
external. Ronen et al. (20006) assert that an internal bottleneck comes with the
advantages of “savings in resources and control over demand and over the
system” (p.115). They argue that it enables organizations to choose between
orders, customers, products, and services, increasing the organization’s ability
to control planning and implementation, and reducing operating costs. Then
again, an internal constraint may cause an organization to forego potential
business as a result of a shortfall in capacity, thus possibly losing markets to
competitors. Having a market constraint (excess capacity), on the other hand,
is more expensive because of the higher costs of investing in and maintaining
resources. And so, this approach is more suitable for environments where the

availability and costs of resources are low.

According to Ronen et al. (20006), the choice to maintain an internal resource
constraint may be apt if an organization has “a critical and expensive resource
whose capacity is difficult to increase, that presents a strategic advantage to the
organization, and is one of the core competencies” (p.115). They contend that
if an organization chooses an internal constraint, the constraint should

preferably be the most critical or expensive resource.

Step 7: If, the constraint was eliminated, go back to step three. Do not let
inertia become the system’s constraint.

This final step makes the 5FS (steps 3-7) a process of ongoing improvement.
Since a system is always subject to at least one constraint, if a constraint has
been broken, a new constraint must have emerged somewhere else in the
system. Therefore we should return to step 3 (step one of 5FS) and repeat the
process, to avoid organizational inertia becoming the constraint (Goldratt

1990b).

27 The author, however, argues that it is debatable whether offloading is part of constraint
exploitation (step 4) rather than constraint elevation (step 6).

41



Chapter 2 Theory of Constraints

When the capacity of a bottleneck is elevated to the point where it is no longer
a constraint, it is likely that a new internal constraint will surface, or that the
market becomes the constraint. This, in turn, requires new subordination
practices; creating new policies or rules for managing the non-constraints

according to the new constraint.

“What usually happens is that within our organigation, we derive from the existence of constraints,
many rules [...J. When a constraint is broken, it appears that we don’t bother to go back and
review those rules. As a result our systems today are limited mainly by policy constraints. We very
rarely find a company with a real market constraint, but rather, with devastating marketing policy
constraints. We very rarely find a true bottleneck on the shop floor, we usually find production
policy constraints |...]. And in all the cases the policies were very logical at the time they were
instituted.” (Goldratt 1990b, p.6)

POOGI will be used in concert with certain thinking processes (outlined in
Section 2.5), in order to first identify what constrains the productive use of

labor in home care, and consequently to propose a solution to the problem.

SES vs. Other Continnous Improvement Approaches

Reid (2007) discusses the differences and similarities between TOC and other
continuous improvement philosophies and approaches. The 5FS bears some
resemblance to the Plan-Do-Check/Study-Act Cycle of Deming (ot Shewhart)
(Deming 19806), in that both “represent an iterative approach to managing
continuous improvement” (Reid 2007, pp.212-213). Nevertheless, TOC is
more focused in its application than other mainstream approaches, such as
total quality management (TQM), six sigma, lean, and the Toyota production
system (TPS).

According to Reid (2007), TQM and TPS pursue productivity and quality
improvements “at any and every workstation in a process or subsystem in a
system” (p.213). Dettmer (1995) notes that the underlying assumption here is
that the individual results gained from improving separate system components

add up to an improvement of the performance of the entire system.

Likewise, lean and six sigma seck cost reductions by means of the elimination
of waste and reduction of variability “at any and every point in a process or
component of a system” (Reid 2007, p.213). Conversely, TOC focuses
improvement endeavors on the weakest link, the constraint that is limiting the
performance of the system as a whole. Again, the argument is that improving
the performance of non-constraints will not bring an organization closer to its

goal — “the sum of local optima is not the system optimum” (Dettmer 1995,
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p.81) — but can, in fact, have an adverse effect by causing the constraint to

starve.

As such, TOC does not replace the other continuous improvement
philosophies. TOC does, however, offer a way to focus them for better end

results (e.g., Jacob et al. 2009).
2.3.2 Drum-Buffer-Rope

Drum-Buffer-Rope (DBR) is the TOC technique for scheduling and managing
production. In essence, it provides a way of translating the principles of the
5FS into practice; a way of scheduling and managing production according to
the constraint. The literature on DBR is vast. The technique was first
introduced in The Goal (Goldratt & Cox 1984), later expounded in The Race
(Goldratt & Fox 1986), and thoroughly defined in several papers (e.g.,
Schragenheim & Ronen 1990; Gardiner et al. 1993; Umble & Srikanth 1990).
More recent publications on DBR include (Belvedere & Grando 2005;
Chakravorty 2001; Pass & Ronen 2003; Sadat 2009). In their extensive
literature review, Mabin & Balderstone (2000) note that DBR is one of the

most commonly applied components of TOC.

“DBR reduces scheduling complexity by focusing attention only on critical
resources, rather than all resources” (Gardiner et al. 1993, p.69). As noted
earlier, TOC views every system as a chain of dependent events, a fundamental
precept of DBR. Since the constraint limits the throughput of the entire
system, it acts as a drum, setting the pace of production. A time buffer placed
prior to the constraint protects it from running out of items to process,
ensuring that the constraint remains fully utilized, even when problems (e.g.,
fluctuation resulting from unforeseen events) occur upstream (an hour lost at a
bottleneck is an hour lost for the entire system). That is, “the buffer isolates
the[...]constraint from negative effects of the rest of the system” (Siha 1999,
p-2506). The rope is a mechanism for the release of materials. Materials are
released into production on the basis of the rate of consumption of the
constraint. While the buffer works to ensure that the time on the constraint is
exploited (step 4), the rope subordinates all non-constraints to the constraint
(step 5). “The ‘rope’ is a mechanism to force all the parts of the system to work
up to the pace dictated by the drum and no more” (Schragenheim & Ronen
1990, p.18). The ‘length’ of the rope represents the amount of inventory in the
system prior to the constraint, and it is determined based on the current size of

the buffer (Watson et al. 2007). “Since work-in-process inventory downstream
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of the constraint is negligible (Hopp & Spearman 1996), the rope acts to keep
minimal and constant inventory levels in the system” (Watson et al. 2007,
p-392). In other words, the rope assures that “inventory is at the lowest level
that will maintain[...Jconstraint performance at its maximum” (Siha 1999,

p.256).

“DBR is intended to address market or physical constraints” (Watson et al.
2007, p.391). Figure 11 illustrates DBR in two environments: 1) a production
process with an internal resource constraint (bottleneck), and 2) a production

process with an external (market) constraint.
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Figure 11. Examples of Drum-Buffer-Rope configurations in two environments (revised from
Watson et al. 2007, p.392)

According to Watson et al. (2007), buffers are conventionally considered to be
equivalent to WIP or finished goods inventory. In TOC, on the other hand,
three types of buffers are used: 1) zime buffers, 2) shipping buffers, and 3) capacity
buffers. “Time buffers offset the release of raw material by the protection or
buffer time allowed. The amount of work-in-process in the system is the
physical representation of the time allotted to a critical resource as measured by
time” (Watson et al. 2007, p.391). Time buffers can take the form of constraint
buffers, space buffers, and assembly buffers. The constraint buffer protects the
constraint from starvation. A space buffer placed after the constraint ensures
that the constraint can keep processing items even as disruptions occur
downstream. Assembly buffers protect convergence points, where one item
comes from a line with a bottleneck. Some finished goods inventory is kept in

a shipping buffer to protect the due date performance, and to allow quicker
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market response by delivering items in less than the lead time (Umble &
Srikanth 1990). Capacity buffers come in the form of non-constraints with
extra capacity, which help maintain time and shipping buffers when the
process experiences fluctuations in output, e.g., as a result of machine
breakdown or prolonged setups; extra capacity ensures that the non-
constraints can make up the lost time before it negatively affects the schedule

(Watson et al. 2007).

As mentioned earlier, according to Schmenner & Swink (1998) and Schmenner
(2001) a swift, even (or balanced) production flow is associated with increased
productivity. Blackstone (2010a) explains that the conventional approach to
seeking a balanced flow is to balance the capacity; making sure that every
operation or worker has an even load, works at the same speed, and is
preferably fully utilized.” TOC contradicts this thinking, secking a balanced

flow but unbalanced capacity; only the constraint should be fully utilized.

As illustrated by Goldratt & Fox (1986), balancing capacity can be counter-
productive when one is striving for a balanced production flow. The reasoning
is based on the existence of two phenomena: 1) statistical fluctnation, i.c., the
inevitable fluctuations inherent in each operation, and 2) dependent events, i.c., a
sequence-dependent process. If capacity is balanced, the combination of these
two phenomena causes fluctuations to accumulate downstream rather than
level out.” For instance, if operation A fails to process the designated amount
of items, the shortage is transferred to the following operation (B). Operation
B can now only process as many items at it has received, one less than its
capacity, the number it is scheduled to process. In the following round,
operation A manages to make up for the previous shortage by working extra
hard, processing the scheduled number of items plus the additional shortage
from the previous round. Operation B will only have the capacity to process its
scheduled items, not the additional ones. In other words, shortages are
transferred downstream while gains are not. This causes WIP to build up,
prolonging lead time and disturbing the evenness of the production flow

(Goldratt & Cox 1984; Goldratt & Fox 1986). If, conversely, only the

28 'This is in line with the common approach of keeping every resource busy at all times (i.c.,
high efficiency) — “if a worker doesn’t have anything to do, let’s find him something to do” —
which will lead resources to process more items than the constraint can consume, consequently
increasing WIP and lead time (cf. the efficiencies syndrome).

2 Note that for a single operation the statistical fluctuations would level out over time. The
dependent sequence of several consecutive operations, however, causes the fluctuations to
accumulate rather than level out.
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constraint is fully utilized and scheduled (Goldratt 1988), all other operations

“have excess capacity and can keep pace” (Blackstone 2010a, p.148).

As Blackstone (2010a) explains, the constraint buffer protects the throughput-
governing constraint from outages upstream. As outages occur the buffer is
consumed. “If the upstream workstations have the same capacity as the
constraint, the buffer can never be rebuilt and the constraint utilization

becomes a function of the vagaries of outages of upstream stations” (p. 148).

According to Watson et al. (2007, p.393), “rigorous testing of DBR indicates
that TOC systems produce greater numbers of products while reducing

inventory, manufacturing lead time, and the standard deviation of cycle time”.
2.3.3 Buffer Management

Buffer Management (BM) (Goldratt & Fox 1986) is an associated TOC technique
for managing the trade-off between lead time and protection of the constraint
(Watson et al. 2007). Too much protection or eatly release of materials
increases WIP and lead time, while too little protection may cause the
constraint to starve, jeopardizing throughput. “Basically, the idea behind buffer
management is to monitor the inventory in front of the protected resources
and compare the actual versus the planned performance” (Schragenheim &
Ronen 1991, p.74). This allows potential problems to be recognized before the
disturbances become critical, reducing avoidable expediting. In addition, it
allows managers to identify and focus improvement efforts on the issues that

cause the most disturbances in the schedule.

As explained by Umble & Umble (20006), buffers are commonly divided into
three time zones of equal length, a safety zone, a tracking zone, and an
expedite zone (Fig. 12). The buffer is monitored by observing whether or not
an item has reached its destination. Items that have not yet been received are
known as ‘holes’ in the buffer. Holes in the safety zone normally do not call
for action. Once the holes reach the tracking zone their progress is monitored.
Some holes in the tracking zone are common and action is typically not
required. If a hole reaches the expedite zone it is in danger of missing its
deadline. The question is then whether expediting is required. Expediting,
however, will not come as a surprise since the issue would have been noted in

the tracking zone.
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Figure 12. Buffer management (modified from Blackstone et al. (1997, p.606))

While BM was initially developed in a manufacturing environment, Umble &
Umble (2006) and Stratton & Knight (2010) have shown that it is applicable to
health services and can bring significant performance improvements. Ricketts
(2007) further develops BM for professional, scientific, and technical services

(e.g., accounting and consulting).
2.3.4 Replenishment

The literature regarding the TOC solution to distribution and supply chain
environments, known as replenishment (R), is scarce (Blackstone 2010a). As
described by Goldratt (1994; 2008 ;2009) and Schragenheim et al. (2009), the
basic idea is to let demand pull inventory through the supply chain from its
source based on actual demand, instead of pushing inventory through the supply
chain forecast demand. The rest of this section draws heavily on Blackstone

(20102), who summarizes the logic of replenishment in a retailing context.

Retailers usually have to order an entire season’s supply of items in advance
based on forecast demand. Since forecasts are constantly wrong,” the retailer
will run out of certain items (‘high-runners’) long before the season ends, while
being left with excess stock of slow-moving items. Shortages are associated
with the cost of lost sales, whereas excess stock must be sold at a heavily
discounted price (before it becomes obsolete), reducing the margin. Moreover,
storing large amounts of inventory is expensive, both in terms of storage space

and the investment required.

In a retail chain comprising several stores, this phenomenon manifests itself as
one store expetiencing shortages of a certain item and having a surplus of
another, while the situation at another store may be the complete opposite

(Fig. 13). In other words, the right number of items is not in the right place at

30 Schragenheim (2010, pp.266-269) provides a thorough explanation of the issues and fallacies
associated with forecasting.
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the right time, reducing sales, increasing overall inventory, ultimately impeding
performance. Geographical distances may make it both slow and expensive to
cross-ship items between stores in different locations afterwards when demand

has materialized.
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Figure 13. Disaggregation of stock inventory increases the mismatch between demand and
supply.

In brief, the TOC solution is to replenish each store frequently based on the
actual demand for items during the previous delivery period. At the outset,
each store only holds the maximum number of items likely to be sold during
the replenishment period (buffer). Furthermore, instead of large amounts of
stock being held in the individual stores, inventory is shifted from the point of
sale closer to its origin. Some inventory is kept in central warehouses, while
most is kept at the manufacturer. The reason lies in the mathematical fact that
aggregation reduces variation (e.g., Schragenheim 2010; Ricketts 2007). The
variation in demand is much lower at at a central warehouse than at individual
retailers, and lower still at the manufacturer or supplier. “This phenomenon
stems from the fact that fluctuations average out on the aggregated events
(assuming they are independent events)” (Schragenheim 2010, p.267). Here,
independent events refer to the fact that demand at one location is typically

independent of the demand at another location.

Ricketts (2010, p.869) notes that replenishment “is a radical departure from

conventional wisdom, which says inventory levels ought to be dictated by
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demand forecasts and infrequent shipments of large, economic order
quantities”. Replenishment was born out of the realization that the core
problem of distribution is reliance on far-reaching forecasts, which are always

wrong.

“TOC establishes flexibility instead of pushing for predictability. That is, rather than striving for
more accurate forecasts over longer horizons, TOC manages buffers that anticipate predictable

changes in demand or supply”. (Ricketts 2010, p.862)

In essence, replenishment is DBR applied to supply chains (Blackstone 2010a).
Replenishment has the advantage of reducing inventory throughout the supply
chain while increasing the availability of items at the retailer, a precondition for
increasing sales. According to Blackstone (2010a), practice has shown that the
increase in throughput far exceeds the additional transportation costs of more
frequent shipments. In fact, “shipping large batches to save shipping costs is
false economy” (Ricketts 2007, p.45).

Replenishment was originally intended for distribution and supply chain
management, and not as a solution for production management. The author
will, however, argue later (Chapter 9) that the problem which replenishment is
designed to solve is inherent in a field service context, and that replenishment
may therefore be an appropriate extension to the management of field service
operations. In a service context, replenishment has previously been modified
and applied to so-called “professional, scientific, and technical services” (PSTS)

(e.g., doctors, lawyers, and accountants) (Ricketts 2007; Ricketts 2010).

2.4 PERFORMANCE MEASUREMENT

“The productivity measures commonly used today attempt to measure local productivity without
considering systemic implications. These measures enconrage decisions that are connterproductive
when examined systemically. As a result, western management spends huge amonnts of time and
energy chasing goals determined by local definitions of factor productivity, virtually guaranteeing a
large number of decisions that are wrong for the organization as a whole.” (Blackstone et al. 1997,
p.597)

As noted earlier, the second step of POOGI is to define simple and
appropriate performance measurements. “It is widely recognized that
measurement schemes and incentives drive behavior” (Umble & E. J. Umble
2000, p.1063). Since people tend to behave according to the way in which they
are measured, the measurements should be designed in such a way that

performing well according to the measurements actually promotes the goal
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(Goldratt 2010). For the sake of simplification, the following section briefly
explains the logic of the TOC performance measurement system from a for-

profit perspective.
241 The TOC Petformance Measurement System

As stated by Goldratt & Fox (1980), if the goal is to make money now and in
the future, the ultimate measures of goal attainment are net profit (NP), return
on investment (ROI), and cash flow (CF). Each measurement determines a
different dimension of goal achievement. They explain that NP is an absolute
measure of the ability to make money; ROI relates the NP gained to the size of
the investment; and CF is a measure of survival (i.e., bankruptcy). When
enough cash is available, CF is not important. However, if an organization

does not have enough cash, nothing else matters.

“While bottom-line measurements are sufficient to determine when the
business is making money, they are woefully inadequate to judge the impact of
specific actions on our goal” (Goldratt & Fox 1986, p.20). It may be hard for
mid-level managers to assess the effect of their local decisions on NP, ROI,
and CF. The bottom-line measurements therefore need to be translated into
operational measurements that are relevant at the local level. These
measurements, however, need to be linked to the bottom-line measurements,
so that actions and decisions taken by an individual unit promote the global

organizational goal (Goldratt & Fox 1986; Lockamy & Spencer 1998).

Goldratt & Fox (1986) explain that the typical bridge used to guide local
decision making and to measure its impact on the goal is the cost concept (e.g.,
assigning costs to individual products or services) and cost procedures. TOC
reasons that the use of traditional cost accounting procedures “leads to
misalighment and a failure to achieve the goal” (Lockamy & Spencer 1998,
p-2049). Traditional cost accounting fails to create performance measurements
for local use that promote the bottom-line measurements (i.e., the level of goal
achievement) (Goldratt & Fox 1986). According to Spoede Budd (2010,
p.340), instead, “the accounting methodologies]...]serve to confuse and
obfuscate rather than enlighten”. For instance, traditional cost accounting
promotes high efficiencies at each production step, since maximizing the
number of units produced by each resource spreads fixed and overhead costs
over more units, resulting in a lower unit cost (J. F. Cox et al. 1998; Goldratt
2010). In other words, traditional cost accounting does not acknowledge the

limiting impact of a constraint. Non-constraints that constantly supply more
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than the constraint can process will create excess WIP, prolonging lead times
and increasing operating expense, and ultimately reducing performance

(Goldratt & Fox 1980).

In lieu of traditional cost accounting procedures, TOC introduces a set of
global operational performance measurements, which translate the goal into
operational language. The three basic measurements are throughput (T),
inventory (I), and operating expense (OE) (Goldratt & Cox 1984). In a for-
profit environment these are defined as (Goldratt & Fox 1986, p.29):

Thronghput — “the rate at which the system generates money through sales’™'
Inventory — “all the money the system invests in purchasing things the system intends to sell”
Operating Expense — “all the money the systen spends in turning inventory into throughput”

Lockamy & Spencer (1998) point out how TOC’s definitions of T, I, and OE
differ from their conventional definitions. Unlike the more common notion of
throughput as units produced or shipments, in TOC throughput is the same as
net sales; “revenues received minus totally variable costs” (Sullivan et al. 2007,
p.47). TOC values inventory (raw materials, WIP, and finished goods) as the
cost of (investment in) raw materials only, rather than as the cost of raw
materials plus the cost accumulated from each operation (i.e., value added).
Except for the investment in raw material, in TOC all costs are treated as
operating expense. In other words, operating expense includes all the costs,
such as direct labor and overheads, which conventionally would be allocated to
inventory as it progresses through the production process. Ronen et al. (2000,

p-210) explain:

The reason for measuring all inventories in terms of raw materials is that all conversion costs are
considered fixed operating expenses. This creates convenience and transparency in calenlating and
analyzing inventories. For example, an increase in the WIP inventory is obviously not from a
change in the way various costs have been loaded, but, rather, from a real increase in quantities.

This allows for quick corrective actions.

“According to cost accounting, when operations produce they absorb cost into
the inventory and this cost absorption is interpreted as increasing profit”
(Goldratt 2010, p.4). One motivation here is that increasing the value of WIP
inventory as it flows downstream (the conventional way), increases its asset

value on the balance sheet. This in turn encourages each operation to produce

31 Sullivan et al. (2007, p.47) offer a more general definition of throughput: “?he rate at which the

9

system generates ‘goal units™.
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to its full potential (more than the bottleneck can process), increasing WIP,
while camouflaging its detrimental effects™ on the company’s ability to achieve
its goal. TOC argues that no item, WIP or finished good, helps achieve the

goal until it is sold.

Figure 14 illustrates the relationship between the operational and the bottom-
line performance measurements. As demonstrated by Goldratt & Fox (1986),
increasing T (money coming in) increases NP, ROIL and CF. Reducing [
(money invested in things to be sold) increases ROl and CF and reduces OE. |
also has an indirect impact on NP though its effect on T and OE. Reducing
OE (money going out) increases NP, ROI, and CF.

L) L) 1

Net Profit Return on Investment Cash Flow
Throughput Inventory Operating Expense
T’ S 2 ‘3
Reduced lead time Reduced carrying

costs (e.g., space and
product obsolescence)

Figure 14. The link between the operational measurements and the bottom-line measurements
(revised from Goldratt & Fox 1986, pp.31&33).

The operational measurements can be translated into standard financial

measurements through simple calculations (e.g., Gupta 2003, p.650):
NP =T - OF

ROI_NP_T—OE
T

T
Inventory turns = 7

T
Productivity ratio (PR) = 0

3The negative effects of WIP include prolonged lead time, reduced responsiveness to changes
in market demand, higher inventory carrying costs (increasing operating expense, while
reducing cash flow and return on investment), reduced due-date performance etc. (Goldratt &

Fox 1986).
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According to Goldratt  (1990b) and Gupta (2003), the operational
measurements are applicable to any organizational level and ensure that local

decisions are aligned with the global goal.
2.4.2  Prioritization of Performance Measures

TOC holds that all actions and decisions should be made on the basis of their
ability to increase throughput, reduce inventory, or reduce operating expense
(Lockamy & Spencer 1998). Contrary to the conventional approach of giving
operating expense the highest priority (‘cost world thinking’ (CWT) (Gupta 2003,
p.650)), TOC considers throughput to be the most important, inventory
second, and operating expense third (Gupta 2003; Motwani 1996a). In other
wortds, the focus is on increasing throughput rather than on cost reduction. In
short, the logic is based on the notion that reducing operating expense will
ultimately reduce throughput, while throughput can, in theory, be increased
infinitely (Goldratt & Fox 1986). This is also known as ‘“Zhroughput world
thinking” (IWT) (Gupta 2003, p.649).

Founded on the concept of TWT, Boyd & Gupta (2004) and Gupta & Boyd
(2008) establish TOC as a theory. Acknowledging the absence of a unifying
theory in OM, Boyd & Gupta (2004, p.350) hold that TOC could serve as such
a theory, integrating “existing theory-like principles” and “a great deal of
existing OM research”. They discuss the relationships between TOC and other
OM concepts (Gupta & Boyd 2008).

Boyd & Gupta (2004) propose a construct, “throughput orientation”, consisting of
three dimensions — organizational mindset, performance measures, and
decision making/methods employed — and suggest several hypotheses for
empirical testing. The main proposition is that a higher degree of throughput
orientation would yield better organizational performance. Inman et al. (2009)
extend and test this model in a sample of 110 organizations. While their
findings do not support the “proposal that a throughput orientation leads
directly to organizational performance” (p. 352), they conclude that “TOC
implementation leads to improved TOC outcomes’ which, in turn, positively

impacts performance at the organizational level” (p. 352).

33 TOC outcome is measured by the following variables: throughput, inventory level, operating
expense, lead time, product cycle time, and due date performance (Inman et al. 2009, p.348).
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2.4.3 Not-For-Profit Organizations

According to Dettmer (1995), not-for profit organizations may typically have
reservations about TOC because of the original financial definition of
throughput. He argues that throughput need not be defined in terms of money,
but that it is more difficult to deal with non-financial measures. He further
suggests that throughput can be defined as a measure of the product or service

provided instead.

The performance measures are generally discussed in the context of services in
Section 3.1.2, and more specifically in the context of not-for-profit and public
health systems in Section 3.2.2. The performance measures for home care are

defined later in Section 4.2.3.

2.5 THINKING PROCESSES

“Any intelligent fool can matke things bigger, more complex, and more violent. 1t takes a tonch of

genius — and a lot of conrage — to move in the opposite direction.” — Albert Einstein

Most constraints are not physical by nature, but are, rather, managerial policies
and outdated organizational practices (i.e., policy constraints) (Goldratt 1990b;
Motwani 1996a; Rahman 1998). Locating them may not be a trivial task. In
order to identify policy constraints and successfully implement POOGI,
Goldratt (1990b;1994) and Scheinkopf (1999) developed a suite of generic
problem-solving tools, known as the thinking processes (IP). They have since
been developed and enhanced by numerous authors (e.g., Boyd et al. 2001;
Button 1999; Button 2000; Cox et al. 2005; Davies et al. 2005; Houle &
Burton-Houle 1998; Mabin et al. 2006; Mabin et al. 2001; Schragenheim &
Passal 2005). The TPs “present a roadmap for discovering solutions to
complex unstructured problems” (Watson et al. 2007, p.394). Because of the
generic nature of the TPs, several authors have noted that the use of the TPs
can be just as effective in services as in manufacturing (Coman & Ronen 1994;

Dettmer 1997; Moss 2007).

This section first provides an overview of the TPs; their foundations,
assumptions, and rationale. This is followed by a description of the central
concepts and the terminology, after which the process of constructing TP

diagrams is discussed, and specific TP tools are outlined.
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2.5.1 Overview of the TPs

The TPs are founded on the premise of systems thinking (Walker & Cox
2000). According to Dettmer (1995), systems thinking is based on four
principles (p. 79):

1) “The performance of an entire system is affected by each of its components.”

2)  “The parts of the system are interdependent. How one part affects the whole system

depends, to some exctent, on what at least one other part is doing.”

3)  “If parts of a system are grouped together in any way, they form subgroups that are
subject to the first two principles.”

4)  “If a system is performing as well as it can, not more than one of its parts will be.”

Furthermore, based on the concept of nberent simplicity’™ (Goldratt 2008), the
foundational assumption is that most of the numerous problems experienced
by organizations are created by one, or at most a few, underlying core problen(s).
The TPs surface the core problem(s), the common root cause(s) to a myriad of
seemingly disparate symptoms, referred to as wndesirable effects (UDEs), which
show that the system is not working as well as it could. According to Dettmer
(1995, p.6), the core problems are “rarely superficially apparent”, and “they
manifest themselves through a number of undesirable effects linked by a

cause-and-effect network.”

TOC holds that the conventional approach of engaging in improvement
efforts that alleviate the symptoms (‘fire-fighting’) does not eliminate the
reason for their existence, but may cause new UDEs to surface. Finding a
resolution to the core problem, on the other hand, will simultaneously remove

or lessen all the UDEs.

A commonly used analogy comes from healthcare (Burton-Houle 2001). The
process of making a diagnosis begins by observing a number of symptoms.
Acknowledging the ineffectiveness of treating symptoms, clinicians use cause
and effect in search of the underlying disease, the common cause of the

symptoms. A treatment plan is then created (e.g., surgery), which takes into

3 According to Scheinkopf (2010), the concept of inherent simplicity can be traced as far back
as to Sir Isaac Newton (1729) (Newton’s Rules of Reasoning in Philosophy), and his statement
that “nature is simple and consonant with itself”. In discussing inherent simplicity Goldratt
(2008, p.9) states: “The key for thinking like a true scientist is the acceptance that any real life
situation, no matter how complex it initially looks, is actually, once understood, embarrassingly
simple”. Scheinkopf (2010, p.730) further explains the concept of inherent simplicity as
accepting “the premise that every element of a system is connected to the system via cause-
and-effect relationships with other elements of the system”.
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account the uniqueness of the patient and the diagnosis, as well as other things
needed (e.g., pain relief, reducing or alleviating possible side effects) to ensure
that the treatment will work. Finally, the treatment plan is executed, with
consideration given to the uniqueness of the circumstances (the patient’s

situation).

Both POOGTI and TP arose from the realization that, while eatly works, such
as the Goal (Goldratt & Cox 1984), provided solutions, what in fact was really
needed was a process that would enable managers to create breakthrough
solutions on their own (Goldratt 1990b). Solutions may not always be directly
transferable per se. Wright & King (2006) and Wright (2010) discuss the
problems associated with the sharing of best practices in a health service
context. A major problem is that best practices from one provider are
transferred to another, in which the core problems or constraints are different.
Consequently, the transferred solution may not address the core problem, and

therefore not generate the desired benefits.

According to Walker & Cox (2000), the TPs provide users with the ability to
(p- 139):

1) Identify the core problem of a system

2)  Indentify and test a win-win solution (before implementation)
3)  Create an implementation plan (that is almost foolproof)

4)  Commaunicate the above without creating resistance

The TPs help the user answer three basic questions (Goldratt 1990b, p.20): 1)
“what to change?”, 2) “what to change 102", and 3) “how to cause the change?”. The
scope of this dissertation is limited to the first two questions. The current reality
tree (CRT) is used to identify the core problem, i.c., what to change (Rahman
1998). The CRT “depicts prevailing logical relationships responsible for the
current, and relatively poorly performing, state of the system under study”

(Reid & Cormier 2003).

The core problem is typically generated by a conflict between opposing
conditions, or actions, causing some form of problematic compromise to
emerge. A conflict resolution diagram (CRD) is used to visualize the conflict and to
surface hidden assumptions underlying the dilemma. This allows invalid

assumptions to be recognized and challenged, and valid ones addressed “in a

56



Thinking Processes

manner that invalidates them, reduces their importance or impact, and allows

for a resolution of the conflict” (Mabin & Davies 2010, pp.634-5).

Future actions ot solutions, known as zzjections, which resolve the conflict, are
designed. These are then integrated into a furure reality tree (FRT), “which
demonstrates logically that the proposed changes will produce a more desirable
future system state” (Reid & Cormier 2003, p.351), i.c., that the changes will
climinate the core conflict (or problem) and the resulting UDEs. In other
words, the CRD and the FRT answer the second question: ‘what to change
tor’. The TPs are interconnected, as the output of one tool is the input of

another (Watson et al. 2007)(Fig. 15).
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Outcome
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Figure 15. The relationships between the CRT, CRD, and FRT (revised from Watson et al. 2007,
p-395)

The remaining TPs, such as #he prerequisite tree (PRT) and the fransition tree (1'T),
help answer the third question: how to cause the change?’. The focus is on
change management issues, such as defining intermediate objectives,

identifying potential obstacles to the realization of the objectives, producing a
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detailed sequential implementation plan, and communicating the rationale and
overcoming resistance to change (e.g., Dettmer 1998). These issues, however,

are outside the scope of this dissertation.

Several authors have discussed the value of the TPs. For instance, according to
Mabin et al. (2006), whenever we seck a description of and solution to a
problem, we implicitly engage in cause-and-effect thinking. However, they
contend that this “[...] usually remains subconscious, intuitive, and thus
heuristic in nature, and we may fall into traps in that thinking [...]” (p. 37).
They argue that the TPs can raise our level of consciousness, structuring our
reasoning, and allowing for scrutiny and critiquing of our thinking. On the
same note, Hunink (2001) asserts that the human brain can only grasp seven
facts (plus/minus two) at any given time and that, therefore, laying out our
assumptions explicitly on paper allows us to broaden our views and to consider
all the pieces (the system as a whole), instead of homing in on a particular piece

of the problem.

The following first explains the central concepts and terminology of the TPs.
Second, the process of checking the validity and logic of the cause-effect
diagrams, known as the Categories of Legitimate Reservation (CLR), is outlined.
This is followed by a description of the CRT, CRD, and FRT.

Since the literature is well established — (Kim et al. 2008) note 114 peer-
reviewed papers — only the tools used in this study will be presented (i.e., CRT,
CRD, and FRT). According to a recent review of the literature (1994-2009) by
Mabin & Davies (2010, p.638), this constitutes one of the most frequently used
combinations of TP tools. They further note that, although the TPs were
designed as a complementary suite of tools, the literature suggests that the use

of single tools, or a combination of two or three tools, can be very effective.

A comprehensive literature review of the TPs and their methodological
evolution is provided by Kim et al. (2008). A thorough, yet concise, account of
the different TP tools and their cause-and-effect logic can be found in
(Scheinkopf 2010). Mabin & Davies (2010) cover the TPs’ “conceptual,
philosophical, and methodological foundations” (p. 660), comparing them to
other problem-solving methods (e.g., OR/MS). They also discuss different

variants of TPs and sequences of constructing them.
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2.5.2 Concepts and Terminology

The TPs are composed of a logical structure of entities connected by cause and
effect arrows. Scheinkopf (2010) explains that an entity describes an element of
a particular situation, such as a UDE or any other prevailing condition. To
preserve clarity, entities should preferably be expressed as complete yet concise
sentences. Graphically represented by a rectangle, entities can be both a cause

and an effect. For example, A causes B, and B in turn causes C.

According to Scheinkopf (1999) and Mabin & Davies (2010), the TPs are
constructed by connecting the entities using three types of “building blocks”.
The first building block is sujfzciency-based logic: “Could the proposed cause(s) by
itself (themselves) cause the observed effect?” (Schragenheim & Passal 2005,
p.100). This type of logic is used in both the CRT and the FRT. Sufficiency

comes in three forms (Mabin et al. 2001), as illustrated in Table 1.

Table 1. The three types of sufficiency.

Type of Sufficiency Graphical Representation It Reads...
(Mabin et al. 2001, p. 172)  (Scheinkopf2010)
1 " A is sufficient to canse B". An arrow illustrating the "Because" or
cause-and-effect "If A then B"

relationship between the
two entities.

2 \"If both A and C oceur together, |An elipse, or straight line, |"If A and B
then they will be sufficient to canse |across two cause-and-effect |then C"

B.” ArTOwWs.

3 " A and B (separately) both Two separate cause-and- Both arrows
contribute to C, and between them |effect arrows pointing to the |read "because"

are sufficient to cause C." same entity.

In a sense, the third form of sufficiency is a specific case of the first form; both
entities are sufficient to cause the effect, but in concert they serve to magnify

the effect.

The second building block is necessity-based logic, used in the CRD. Necessity
refers to the fact that one condition is requited to achieve a particular

objective: in order to have C we must have B.

The third building block is represented by “a set of rules governing the logic-
in-use and provides a protocol for establishing and challenging the existing
cause-cffect thinking and logic” (Mabin & Davies 2010, p.634). Originally
described by Goldratt (1994), these are referred to as the seven Caregories of
Legitimate Reservation (CLR). According to Mabin & Davies (2010, p.634):
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The CLR /... ]legitimize, depersonalize, and depoliticize any challenges to current thinking. Such
rules are used to add rigor to the modeling process and to check the validity of the constructed logic
relations|. .. | The result is a logical, structured, and rigorous process to guide managerial decision-
making, utilizing the intuition and knowledge of those involved and invoking challenges to existing
thinking using the protocols of the CLLR.”

2.5.3 Categories of Legitimate Reservation

The CLR represent a set of rules for constructing and testing logical arguments
(Walker & Cox 20006). They can be used to check both one’s own and others’
logic in constructing TP diagrams (Scheinkopf 2010). A so-called legitimate
reservation exists if the logic that is presented does not make sense (Rahman
2002). Following Rahman (2002, p.828) and Scheinkopf (2010) the CLR are
presented in Figure 16. The seven categories are divided into three levels, each

one probing more deeply into the scrutiny of the logic (Scheinkopf 2010).
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or the entity. Requesting an additional explanation of the canse-

“Clarity: Not fully understanding the canse-and-effect relationship B
effect relationship or the entity.”

actually exist.”

“Entity existence: Questioning the existence of the entity B
(canse or effect) by explaining that the cause or the effect does not
“Causality existence: Questioning the existence of the cansal

link between the cause and the effect by use of IF... THEN B
statement; by explaining that although we agree that both A and B

excist, there is no stated [apparent |link between the stated canse
and the observed effect.”

“Additional Cause: Explaining that an additional cause that

adds o the sige of the observed effect must exist. The canses B
magnify the sige of the observed effect and neither canse by itself
can totally explain the sige or extent of the effect. The

IF...THEN...statement is worded as follows: IF A AND C,
THEN B.”

“Cause insufficiency: Explaining that an additional non-
trivial canse must exist to explain the existence of the observed B
effect. If either of the hypothesized canses does not exist, then the AX

observed effect will also not exist. IF A AND IF C, THEN B.”

“Tautology: Being redundant in stating the canse-effect

relationship; cause is actually a recording of the effect, thus being B
redundant. If a tantology exists, you can state the cause as being

the effect and the effect as being the cause (e.g. the arrow could point l
in either direction). Therefore, the canse does not lead to the effect.”
‘Predicted effect (entity) existence: Using another effect

D 1o show that the hypothesized canse A does not result in the

initially observed effect B. On the other hand, if the original cause

does not result in the additional effect, then this supports the
original cause-effect relationship.”

D and —— = Original hypothesis

. and —— = Legitimate reservations

Figure 16. Categories of Legitimate Resetrvation (slightly modified from Rahman (2002, p.828)
based on Scheinkopf (2010))

2.5.4

Cutrent Reality Tree

The CRT secks to identify and illustrate the prevailing cause-and-effect

relationships between a system’s entities (Rahman 2002). The CRT “is

constructed from the top down by identifying undesirable effects (UDEs),”

% Walker & Cox (2006) suggest interviewing involved parties to establish UDEs.
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and depicting probable causes for those effects (effect-cause)”(p. 813). Noreen

et al. (1995) provide a set of steps for constructing a CRT:

1) Indentify a list of UDESs that describe the area being analyzed. It is recommended to
begin with a list of five to ten UDE;.

2) Connect one or more UDEs to other UDEs if they are causally related. Depict cause-
and-effect relationships with an arrow as shown in the categories of legitimate reservations

(CLR).

3)  Connect all other UDEs to the result of step 2. Scrutinize each [entity] and arrow along
the way via the CLR. Stop when all the UDEs have been connected.

4)  Read the tree from the bottom up, again scrutinizing each arrow and [entity] along the

way via the CLLR. Make any necessary corrections.

5)  Ask yourself if the tree as a whole reflects your intuition about the area being analyzed. If
not, check each arrow for additional cause reservations (CLR #4).

6) Do not hesitate to expand the tree to connect other UDESs that exist but were not
included in the original UDE list.

7)  Present the tree to someone or some group who will help you surface and challenge the

assumptions captured within.
8)  Decide that the CRT is complete. dentify the core problem or problems.

By logically deriving the cause-and-effect relationships between the elements of
a situation, the CRT can be used to make sense of ill-structured problems
(Walker & Cox 2006). Goldratt (1990b, p.28) argues that “common sense is

the highest praise for a logical derivation, for a very clear explanation”.

Identifying the core problem(s) helps avoid actions that only ‘treat’ symptoms.
According to Mabin & Davies (2010), the CRT is particularly useful if the

symptoms are created by policy constraints, in contrast to resource constraints.

The CRT is later used in the empirical study to derive the core problems of
EHC.

2.5.5  Conflict Resolution Diagram

The CRD is a tool for creating simple and practical solutions to problems. In
contrast to the CRT and FRT, the CRD structure is founded on necessity-
based logic.
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According to Goldratt (1990b), the core problem is commonly related to a
solution that compromises between two conflicting priorities. He states that
the mere existence of a problem means that there is something that prevents or
limits the achievement of an objective. In the case of a compromise, this
implies that at least two requirements (necessary conditions) exist that must be
met in order to achieve a common objective. He further argues that “whenever
a compromise exists, there must be at least one thing that is shared by the
requitements and it is in this sharing that the problem, between the
requirements, exists” (p. 38). In other words, some prerequisites (actions) for
satisfying the requirements exist, and the conflict arises between these
prerequisites (Fig. 17). Thus, “policy constraints identified in the CRT can
often be viewed as a conflict or dilemma between two opposing actions”

(Mabin & Davies 2010, p.634).

Objective Requirements Prerequisites

D. What action is
needed to fulfill
requirement B?

B. A requirement

for achieving the

objective

A. Common I Conflict
objective _J- . ayumpions _ 2

D’. What
(opposing) action
is needed to fulfill
requirement C?

C. A requirement
for achieving the
objective

Figure 17. Conflict Resolution Diagram (CRD).

Goldratt (1990b) suggests starting the process of creating a CRD by
determining the objective (A) and the requirements for accomplishing it (B and
C). Once these are known the prerequisite (conflicting) actions (D and D’) can
be derived. Walker & Cox (2006) provide a more detailed description of this

process.

A solution to the problem is then sought by articulating and examining the
assumptions underlying the arrows (AB, AC, BD, and CD’). According to
Mabin & Davies (2010), when the assumptions are verbalized, some are often
found to be weak or invalid, eliminating the conflict. They further assert that if
the assumptions are found to be valid, measures can be taken to ecither

invalidate them or diminish their significance. These solutions, actions, or
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conditions, jointly referred to as injections, can be used to deal with the

assumptions in order to resolve the conflict.

The CRD is later used to derive the core problem of the organization that was

studied.
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“TOC is best known in the manufacturing and distribution sectors where it originated, but services
are the dominant sectors in mature economies and the fastest growing sectors in emerging economies.
Althongh TOC has been applied in service enterprises, most applications thus far have been linsited
to services that resemble manufacturing or distribution closely enough that the same applications can
be applied. Those applications tend to focus on physical constraints, which are less relevant in most

service enterprises, and largely irvelevant in some.” (Ricketts 2010, p.859)

This chapter begins by summarizing the general challenges faced when
applying TOC to services. Second, the TOC performance measures are
discussed, focusing on inventory in different service contexts. Third, the
service environments to which TOC has reportedly been applied are listed.
Finally, the literature on TOC in field services is reviewed, in order to establish

the research gap.

3.1 OVERVIEW OF TOC IN SERVICES

3.1.1 Issues Encountered When Transferring TOC to Services

Ronen & Pass (2010, pp.849-850) provide a list of issues encountered when
transferring TOC to services, which they argue to be the reasons behind the
lesser popularity of TOC in service organizations than in manufacturing. The

issues include (pp. 849-50):

1) “The ‘production] manufacturing’ language”: Many TOC topics and terms
seem less relevant in, or even inapplicable to, a service environment
(e.g., batch size, setup, cost per unit, buffer etc.). However, Ronen &
Pass (2010) assert that these issues are “highly relevant” in services as
well.

2)  “Lack of immediate quick wins in operations”: TOC became popular in
manufacturing because it enabled significant improvements to be
achieved in a fairly short period of time. “Many of the improvement
areas that brought quick wins][...] have a lesser effect or are difficult to

achieve in the service environment”.
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3

4

5)

0)

7)

8)

“WIP-related problems are more difficult to resolve”: Implementing TOC in
manufacturing markedly reduces WIP inventory, bringing substantial
performance improvements. Reducing WIP in services may be less
straightforward, particularly if the WIP is non-physical (e.g., medical
claims waiting to be processed). Inventory in a home care setting will
be discussed in Chapter 4.

“No raw materials or finished goods success stories”: Raw materials (RM) and
finished goods (FG) atre not prevalent in the core processes of service
organizations. Therefore, the TOC methods to reduce RM and FG are
inapplicable to service organizations.

“Bottlenecks are usually not easy to identify”: Bottlenecks ate not visible in
service settings, especially if WIP is “virtual”. For instance, in physical
WIP there is typically a build-up in front of bottlenecks.

“Lack of body of knowledge (BOK) and experience on how to deal with service
organizations”: While manufacturing organizations are very similar to
each other, service organizations express a much higher degree of
“variation in processes, structure, and workflow”. Therefore practices
to improve service organizations are not generic. This dissertation
secks to further the understanding of the issues encountered when
transferring TOC to a particular class of service operations: field
services.

“Difficulties in defining the goals of not-for-profit service organizations”: In not-
for-profit service organizations the successful implementation of
improvement efforts is compromised by “the lack of a clear definition
of the goal”. Ronen & Pass (2010, p.845) argue that “in non-profit
organizations, the goal is to increase the relevant performance
measures versus the organizations goal” The goal of a not-for-profit
home care organization is defined in Chapter 4.

“For not-for-profit organizations, there are difficulties in measuring performance and
TOC is perceived as a business-oriented philosophy”: Translating the goal into
simple and practically relevant, yet appropriate, performance measures
may be difficult. The TOC performance measurements for home care

are defined in Chapter 4.

In addition, whereas capacity in industry is fairly rigid as a result of the limited

capacity of machinery (Motwani 1996a), Ricketts argues that in services “the

capacity of every resource, including the constraint, is usually adjustable within

limits”
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Despite these difficulties, Ronen & Pass (2010) argue that there are many TOC
tools, techniques, and methodologies that can be applied to services in order to

achieve considerable improvements.
3.1.2 Performance Measurement in Services

Perhaps the most widely noted characteristic differentiating services from
manufacturing and the distribution of goods in the TOC literature relates to
the manifestation of inventory, and in some cases, the lack thereof. Siha (1999)
notes that the original definition of inventory, as investment in things the
company aims to sell, may not be appropriate for services. She proposes that
“the identification of raw material, inventory, and throughput will facilitate the
transfer of TOC to service organizations” (p. 257). Operating expense is
generally considered to have the same definition, regardless of the type of
service organization (Ricketts 2007, p.16). While throughput assumes the
traditional definition in for-profit businesses (money generated from selling the
service), in-not-for profit organizations, the definition of throughput varies
depending on the goal of the organization. This is discussed in the context of

health services in Section 3.2.

It is widely accepted that a “service cannot be made in advance or stored as
inventory” (Ronen et al. 2006, p.210). However, this does not automatically
mean that no inventory-like entity exists in service organizations, but, rather,
that defining it in a meaningful way may be more difficult. The greater question
is: do services have something that clogs the system in a manner akin to
inventory in industry, and thereby reduces the performance of the service
organization? In other words, what, if reduced, will improve the performance

of a service organization or the service itself?

Several definitions of inventory® have been proposed for different service
settings, strengthening the argument that services display a high degree of
diversity, and that TOC concepts may require modification, depending on the

specific service environment that is targeted.

As noted eatlier, in facility-based setrvice environments, such as hospitals
b 3> bl
patients are akin to inventory in industry: raw material is represented by

patients waiting to enter the system, while the patients undergoing treatment or

3 Some authors prefer ‘investment’ to ‘inventory’, arguing that ‘investment’ is a more apposite
term in a service context, and that ‘inventory’ implies something physical, while inventory in
services can be virtual. However, the author will continue to use the term ‘inventory’ to avoid
misunderstandings.

67



Chapter 3 TOC in Services

waiting in line between treatments constitute WIP (e.g., Ronen et al. 2000).
Correspondingly, in the insurance industry, WIP could be defined as the filed
claims waiting to be or currently being processed. Ronen & Pass (2010, p.854)
argue that “in service organizations, inventory is mainly a metric for the

amount of WIP in the service process or in a certain department”.

Ronen & Spiegler (1991) define inventory as information: raw materials are the
data to be processed, WIP is data being transformed into information, and
finished goods are the information being stored. Other definitions of inventory
include “the unused service” (Stha 1999, p.263), such as empty seats on a plane
or available rooms in a hotel, as well as the “initialized human resource
capacity” in labor-intensive services (Stha 1999, p.263). The latter definition is
in line with the original definition of inventory as “the money invested in
things the organization aims to sell”. Service organizations “invest” in labor,
which they use to deliver services that they “sell”. This inventory can be
transformed into throughput, or if ‘unused’ for service delivery, perish (cf.
inventory obsolescence). It is noteworthy that this definition renders inventory
virtually synonymous with operating expense. This is because these types of
services are typically labor-intensive — i.e, ‘resources’ are practically equivalent
to ‘people’ (Ricketts 2010) — and labor consequently constitutes the bulk of the

operating expense.

Ricketts (2007) discusses inventory in the context of ‘professional, scientific,
and technical services’ (PSTS) (e.g., consulting, accounting, law). He explains
that in industry raw materials represent a buffer protecting production from
variability in supply, while finished goods are a buffer protecting against
variability in demand. In other words, supply and demand are disconnected
through inventories. In PSTS services, on the other hand, the raw materials
and finished goods inventories are combined into what Ricketts refers to as the
“bench” (p. 70), comprising people “without current assignments” (p. 70). The
bench is the buffer against both the supply of labor (the labor market) and
demand for labor (i.e., demand for service assignments). That is, inventory is

the available labor, a buffer protecting the organization from a shortage of
supply.

Interestingly, this means that operating expense and inventory (bench capacity)
largely measure different dimensions of the same entity; labor. Defining

inventory as the bench capacity implies that inventory designates the part of

the labor capacity (i.e., operating expense) that is not converted into services
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(i.e., output/throughput) (Fig. 18). While operating expense is the cost of the
total labor force, inventory can be measured in financial terms as the cost of
the bench capacity,” or in non-financial terms as a percentage of total capacity.
Since unused labor time is perishable and cannot be stored, inventory instantly

depreciates as operating expense.

Operating expense
(Input: total labor capacity)
|

Inventory (buffer time) Output (service time)
Bench capacity Labor on assignment

¥

Excample of T measurements:
> % of total capacity (h)
> % of operating expense (€)

Throughput: the goal units achieved
(e.g. money generated from selling the service, the
number of customers served, or the effectiveness of
the service)

Figure 18. Inventory as bench capacity.

Ricketts (2007, p.72) points out another factor distinguishing industrial

inventory from that of services:

“Inn industyy, inventory literally just sits somewhere. In services, resources do not sit idly on the
bench. Indeed, they are often exctremely busy doing things they cannot do while on assignment, such
as getting trained, mentoring other resources, developing intellectual property, and working on
internal projects. Thus, while physical inventories create operating expense, a carefully managed

service bench is an investment.”

In summary, inventory in services (e.g., WIP) does not translate clearly into
financial measures (Gupta & Kline 2008), but in some service environments
may still be an operationally relevant metric (e.g., PIP). There may, of course,
be investments involved, but these are directed towards “skills, intellectual
capital, assets, and service production systems” (Ricketts 2010, p.872). For
accounting purposes, these investments are akin to inventory in the
manufacturing of goods, in that they constitute the money invested in skills etc.

that the organization needs for service delivery.

37 Note that as inventory is part of operating expense, measuring it in financial terms bears no
relevance for accounting. However, it allows inventory to be measured in the same (monetary)
unit as operating expense (and throughput in a for-profit environment), for the sake of
comparison.

69



Chapter 3 TOC in Services

3.1.3 TOC Tools Modified for Services

The TOC tools of the logistics branch have been modified for particular
service settings. Although based on the same underlying principles, contextual
dissimilarities necessitate some changes to the way the tools are used.
Following Ricketts (2007; 2010), this section briefly summarizes the central
alterations pertaining to environments where inventory is defined as bench
capacity. The tools for services are denominated by an 5, whereas the original

tools for the manufacturing and distribution of goods are denominated by a ‘7.

Inventory Buffers and Replenishment for Services (R;)

“In the services context, inventory is not consumed in the same sense as
inventory is consumed by distribution” (Ricketts 2010, p.869). Apart from the
occasional exception, once inventory is shipped it rarely returns. In services, on

the other hand, resources typically come back from their assignments.

“Therefore Re is based on total consumption, while Ry is based on net consumption, which is the
difference between resources going out on assignments minus those coming back. Net consumption

Jor a given period can therefore be positive, negative, or zero”. (p. 869)

In services, inventory buffers, or the bench, are designed to cover net
consumption (Ricketts 2010). Resupply of resources is based on “incremental
demand and  attrition” (Ricketts 2007, p.71). For example, if five employees
return from their assighments, one employee quits, and six employees are
needed for new assignments, incremental demand plus attrition requires that

two additional employees be hired.

Much as different products are kept in separate inventories in industry,
different buffers allocated to skill groups protect service organizations from
shortages of various types of resources. Skill groups refer to groups of largely
substitutable resources, which share specific attributes, such as education,
geographical location, specialization, or language (Ricketts 2007). The buffers
serve the whole organization instead of separate projects or subunits, since the

aggregation of demand reduces variability (Ricketts 2010).

Drum-Buffer-Rope for Services (DBR;)

In DBRg, the rope signals materials release on the basis of the pace set by the
constraint (the drum). This ensures that the right jobs are started at the right
time (minimizing WIP), so that the constraint remains fully utilized, working

on appropriate jobs as dictated by present due dates. (Ricketts 2010)
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In many services, however, the provider cannot control the release of new jobs
into the process. New jobs come in the form of arrivals of service requests,
which often cannot be postponed. If the service provider is bound by an SLA,
yet cannot control the release of jobs into the service process, then the capacity
of the service process cannot be fixed. Therefore the rope and the buffer
operate differently. If the buffer protecting the constraint grows above a
certain threshold level, then the rope initiates an increase in capacity that in
time reduces the buffer to its ordinary range. Likewise, if the buffer decreases
below a certain threshold, the rope signals a decrease in capacity until the
buffer normalizes. In other words, DBR, manages buffers in operations where
capacity is fixed, while DBRg manages capacity in operations where capacity is

variable. (Ricketts 2010)
3.1.4 Overview of Application Areas in Services

The literature includes several accounts of TOC implementations in a broad
range of services. Excluding health services and field services, which are
covered separately in Sections 3.2.1 and 3.1.5 respectively, the service
environments to which TOC has reportedly been applied include: banks
(Bramorski et al. 1997; Reid 2007), engineering/product design (Motwani &
Vogelsang 1996; Yang et al. 2002), court systems (Niv et al. 2010), food
services (Adelman 1995; Reid & Cormier 2003), education (Goldratt R. &
Weiss 2005), government sector services, such as utilities (Shoemaker & Reid
2005) and the publishing of statistics (Pastore et al. 2004), military
organizations (Ronen et al. 1994; Guide & Ghiselli 1995; Srinivasan et al.
2005), PSTS (Ricketts 2007; Ricketts 2010), administrative processes (Feather
& Cross 1988), preventive maintenance (Chakravorty & Atwater 1994),
information systems (Coman & Ronen 1994; Coman & Ronen 1995; Goldratt
et al. 2000), insurance (Eden & Ronen 1993; Taylor & Sheffield 2002),
personal (white-collar) productivity (Cox et al. 2005), and employee retention

in police and fire departments (Taylor et al. 2000).
3.1.5 TOC in Field Services

Only one paper was found on TOC in a field service environment. Olson et al.
(1998) report a case study of a security system company. TOC principles are

used to improve the productivity of the installation process™ of security

3 As Klarman & Klapholtz (2010, p.894) note, “If there is an area in which TOC applications
can drastically improve the performance of the CS [customer service| staff, it is at the first
stage of its involvement in the service of the equipment, namely at installation of the
equipment or (in the so-called ‘turn-key’ deals) implementations”. [Continues on the next page|
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equipment at customer sites by redesigning the process. The problem faced
was that the technicians had become a bottleneck; they could only perform 26

installations per month, while there was a demand for 32 installations.

While exemplifying a field service, the process has very different operational
characteristics compared to home care. The installation constitutes a one-off
occurrence and the duration of one job is long (avg. 2.3 days per installation),
compared to home care, which consists of several short daily visits. Although
taking place at a customet’s site, the installation process resembles a project,
and perhaps also the operations of a job shop in manufacturing. The process
consists of many steps or sub-processes, several of which have to be
performed in a particular dependent sequence. As such, a specific step or sub-

process can become a bottleneck that prolongs the time it takes to finish a job.

In the study, the solution was to have three technicians work as a team on the
same order, instead of working on three separate orders. This shifted the
constraint from the technicians to the installation subprocesses. Because
several technicians worked in sync, it allowed non-constraint processes to be
subordinated to the constraint process. This reduced the completion time of an
installation by approximately 74%, allowing the team to complete more jobs

than they could otherwise have done if they had worked individually.

From an operational standpoint, the redesigned installation process is akin to a
manufacturing or facility-based service process, where several steps performed
by different resources need to be synchronized to improve the flow and reduce
the lead time. That is, one resoutrce or production step is a constraint, while the
others are non-constraints. On the other hand, if the process design suggested
by Olson et al. is not possible, and a technician works alone on several sites
during the same day (as in home care or as is common in the maintenance of
domestic appliances), distinguishing between constraint and non-constraint

steps in the process is more ambiguous.

A typical field service organization consists of several field operators working
alone on different jobs at different customer sites. These can be one-off jobs
(installations) or tepetitive jobs (maintenance), where operators visit the same
location multiple times. Since each operator for the most part works

independently of the other operators — their work does not need to be

They explore TOC in customer support service environments characterized by after-sales
services, comparable to the setting studied by Olson et al. (1998) and described above. Because
of contextual differences, Klarman and Klapholz’s contribution is not relevant for the
argument presented in this dissertation, and therefore will not be described further.
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synchronized — a single operator is either a constraint (demand for him exceeds
his capacity) or a non-constraint (he has additional time available). However,
from the employet’s point of view, the organization’s capacity is the aggregated
capacity of all its field operators in concert. If all operators are fully utilized”
simultaneously during a particular period of time, then the organization as a
whole faces a temporary resource constraint, although at the individual level,

the field operators are non-constraints.

The temporary resource constraint implies that no additional throughput can
be gained for that specific period, since capacity is fully utilized. In other
words, if demand exceeds supply for, say, three hours, but not for the rest of
the day, then performance is still limited by a peak time resource constraint
during these three hours, even though the total daily capacity exceeds demand.
That is, the temporary resource constraint limits performance; if the
organization had more capacity during peak times it could generate more
throughput. Naturally, this requires demand to be time-critical and incapable of
being postponed till later periods of excess capacity (e.g., fire departments).
Moreover, if time-critical customer demand is for a particular operator (or skill
group), then a resource constraint may occur even though other operators (or

skill groups) are available.

The type of setting explained above will be illustrated in the empirical study of

home care presented in Chapters 6 through 8.

3.2 TOCIN HEALTH SERVICES

This section provides an overview of the literature pertaining to the other
contextual aspect examined in this dissertation: health services. Different
definitions of the goal in health services and suggested performance
measurements are presented, concluding in a discussion of the general goal

definition adopted in this dissertation.
3.2.1 Overview of the Literature

Even though the health service has been one of the more prevalent fields of
TOC research within the service context, the literature on TOC in health
services still remains comparatively sparse. Ronen & Pass (2010) argue that the

relative popularity of TOC in health services is due to the fact that many

3 Here utilization means that the field operator is not free for dispatch to another job. In other
words, he is working on-site or in transit from one site to the next, or his next job is scheduled
to begin shortly and the operator cannot be assigned a new task.
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healthcare organizations, such as clinics and hospitals, resemble “production
lines” (p. 849). Their operations are cither comparable to different types of
plants present in manufacturing, or to projects. Ronen & Pass (2010, p.849)
argue that bottlenecks exist, “WIP can be easily seen”, and that performance
measures are “operations-like”. They further assert that “all the issues in which
TOC has proved its ability to improve are in the nature of healthcare

organizations” (p. 849).

Empirical Literature

Table 2 provides an overview of the empirical literature on TOC adoption in
health services (1999-2010). While the bulk of the papers presented illustrate
real-life TOC implementations, Table 2 also includes a few conceptual papers
that are based on empirical observations. Presented in chronological order, the
table indicates a) the type of health system within which the research was
conducted, b) the specific area or clinical specialization targeted (e.g., primary
care, emergency, oncology etc.), ¢) the specific TOC tools employed, d) the
constraints ot core problems that were identified, and ¢) the findings, and/or

the results that were achieved.

Out of a total of 19 studies, 9 (47%) were carried out in public health systems,
5 (26%) in not-for-profit ones, and 3 (16%) in for-profit health systems,
whereas only one (5%) involved a capitated health system. The distribution is
not surprising since public and not-for-profit health systems are the most
common types today (Schaefers et al. 2007). Five studies were performed

within the National Health Service (NHS) (UK).

The TOC tools associated with the logistics branch have cleatly been the most
popular. This seems only natural since a majority of the studies (14/19; 74%)
dealt with capacity management issues. POOGI or 5FS were used in one form
or another in 11 (58%) of the studies, buffer management in 2 (11%), and
DBR in one (5%), whereas thinking processes were employed in 6 studies
(32%). While all the studies reported beneficial results, only 7 studies (37%)
provided numerical evidence of performance improvements attained in

practice.
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The single study of DBR (Sadat 2009) was based on discrete event simulation,
mostly using empirical data as input. The findings suggest that DBR might be
suitable for the setting that was studied (oncology), which treated elective
patients. No implementations of DBR in practice were found, even though the
scheduling methodology constitutes one of the eatliest TOC developments.
Umble & Umble (2006) note that DBR is not applicable to settings where the
provider has no control over the arrival of patients (e.g., acute & emergency
services), meaning that no tactical gating mechanism is available (cf. materials
release). However, they suggest that DBR might be suitable for scheduling
clective health services. No studies on replenishment in a health service

context were found.

Except for a paper by the author and colleagues (Groop et al. 2010) on eatly
findings of the study presented in this dissertation, no papers targeted field
service operations or home care. The remaining studies targeted settings where
the service was provided through facility-based processes, i.c., through a set of
steps  performed by separate resources, requiring some degree of
synchronization to balance the flow of patients/customers or items moving

through the system.

Conceptual Literature

The literature also includes several conceptual papers and books adapting TOC
concepts for health services (Breen et al. 2002; Burton-Houle 2001; Leshno &
Ronen 2001; Motwani 1996b; Ronen et al. 2006; Schaefers et al. 2007). Ronen
et al. (2006) provide a large number of case examples of practical TOC
adoptions in different health service settings. Wright (2010) describes TOC in
the context of large-scale healthcare systems in general, and Wadhwa (2010)
discusses TOC in for-profit healthcare systems. Wright & King (2000)
commercialized TOC for healthcare in a business novel, explaining the
application of some TOC in a very realistic public healthcare environment
(NHS). The book largely focuses on the thinking processes. Overall, the
literature seems unanimous about the applicability of the thinking processes to

health services.

3.2.2 Defining the Goal and Performance Measurements in a Health Service

Context

While the literature agrees that TOC is suitable for a health service context,
there has been some debate regarding the definition of the goal, and

consequently, the definition of the performance measurements as well (the
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prerequisite steps of POOGI). By and large, there is a consensus that the goal
of for-profit health organizations is consistent with the generic goal of any for-
profit business (e.g., Breen et al. 2002) — “to make money now as well as in the
future” (Goldratt 1990b, p.12). Accordingly, the definitions of the operational
performance measurements remain the same, the only main difference being
that the WIP consists of patients (Breen et al. 2002; Ronen et al. 20006). In an
attempt to increase the applicability of the generic goal so as to incorporate any
kind of organization, Schaefers et al. (2007) rephrase the goal as “Zo continnously
make more ‘goal units’ today as well as in the future” (p. 231). Similar definitions are
provided in the TOCICO (Sullivan et al. 2007, p.47) and APICS (Blackstone
2010b) dictionaries. While this is arguably a very generalizable goal, the issue of

verbalizing the ‘goal units’ still remains.

In the context of not-for-profit and public health services, several definitions
of the goal and the operational performance measurements have been offered.
The author and colleagues (Groop et al. 2010) note that a number of authors
have proposed that the goal be defined in terms of the health outcome sought
(i.e., the effectiveness of the service) (Breen et al. 2002; Hunink 2001; McNutt
& Odwazny 2004; Schaefers et al. 2007; Sadat 2009), whetreas others have
defined the goal in terms of tangibles, such as money (Schaefers et al. 2007),
patients treated, or the volume of services produced (Gupta & Kline 2008;
Ronen et al. 2006; Wright & King 2000). The following first discusses the
intangible or health outcome-based approach, after which the tangible or

output-based approach is outlined.

Outcome-Based Definitions

Health outcome-focused definitions of the goal include ‘% maximize life
expectancy and quality of life at an acceptable cost fo society” (Hunink 2001, pp.268—
269), “to provide quality healthcare to a particular population now and in the future”
(Breen et al. 2002, p.42), “providing safe care while thinking of money only as an
operating expense — something to be reduced” (McNutt & Odwazny 2004, p.187), ‘%
matke more health, today as well as in the future” (Schaefers et al. 2007, p.231), ‘%
increase the quality and quantity of lives both now and in the futnre” (Sadat 2009, p.74),
and ‘%o increase the percentage stock of the healthy population” (Wadhwa 2010, p.904).
In the main, the argument is based on the notion that public and not-for-profit
health organizations exist to cure patients/customers, improve their health, or
increase their quality of life, not to produce outputs (e.g., medical procedures).
The volume of procedures does not always correlate with actual health

outcomes, and frequently more can be achieved with less (Wennberg 2010).

80



TOC in Health Services

As noted earlier, TOC holds that the goal should be defined by the system’s
owners (Goldratt 1990a), who, in a public health service context, are the
taxpayers (Schaefers et al. 2007; Sadat 2009). Schaefers et al. (2007) argue that
the taxpayer, as both the owner and customer of the system, wishes to
“maximize his life expectation with an acceptable to good life quality” (p. 232),

and that achieving this should therefore be the goal of the health system.

Since throughput should be defined as the rate at which the goal is achieved,
outcome-based definitions would entail throughput being defined as the “units
of health generated”, which may not be easy to measure (Breen et al. 2002,
p-42). Arguing that this still can and should be done, Schaefers (et al. 2007)
formulate a goal unit (LETLIQ) that accounts for both life expectancy (LE)
and life quality (LIQ). In short, on the basis of the goal unit, they develop a
formula for calculating the throughput (the difference in goal units before and
after an intervention) and inventory (the goal units absorbed by the system).
They assert that the definition of operating expense remains the same as in the

for-profit world.

Sadat (2009, p.75) argues that the model of Shaefers et al. (2007) “falls short in
showing a comprehensive relationship between all the performance measures
and the goal, especially when it comes to operating expenses”. She first
develops a system dynamics (e.g., Sterman 2000) model of TOC for publicly
traded for-profit companies. The model, which depicts the relationships
between the goal and various performance measures, is subsequently adapted
for public health systems. The goal and performance measures are modeled
from the perspective of an individual customer interacting with the health
system. The goal unit used is a quality-adjusted life year (QALY) (e.g.,
Drummond et al. 2005). The basic idea is that the individual seeks to maximize
his QALY. QALYSs can be gained or wasted by investing quality-adjusted time
in health (e.g., visiting a hospital). Sadat (2009, p.82) defines T as fotal QALY
gained, OF as total QALYs wasted, and I as fotal quality-adjusted time invested in

health. Correspondingly, the bottom-line measurements (cf. NP and ROI) are:

Total Net QALYs Gained = Total QALYs Gained — Total QALYs wasted

Total Net QALY
Total Quality Adjusted Time Invested in Health

Return on Health Investment =

Finally, Sadat (2009, p.94) uses the model to connect the goal and the system-
wide performance measures to two “low-level performance measures™

1)“average patient waiting time” and 2) “instances of delayed treatment”. The
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purpose is to evaluate the level of compromise between these measures that
would maximize the goal. The model is used to evaluate different simulation-
based scheduling scenarios including DBR in an oncology department (see
Table 2).

Although an early work, the model is perhaps the most extensive in terms of
its ability to translate an outcome-based goal into practical measurements. The
weak points are that the model assumes that certain values are known (an
individual’s total remaining QALY's) and that others can be measured (quality-
adjusted time savings). Unfortunately, these assumptions reduce the robustness
of the model, and thereby its applicability to everyday operations. While it
might be suitable for macro-scale policy and decision making, it is questionable
whether it can preserve the simplicity and managerial relevance needed for

actual implementation in daily operations.

Output-Based Definitions

Those in favor of output-based definitions acknowledge that the goal should
preferably be defined as something easily measurable and unambiguous, so that
clear and simple performance measurements can be derived (e.g., Ronen et al.
2006). While not disputing that improved health outcomes are the ultimate
putpose of not-for-profit and public health services, they note that health
outcomes may be both difficult to measure and dependent on external

variables (e.g., a customet’s lifestyle and random events).

In order for an organization to be managed effectively, decisions should be
based on their ability to move the organization toward its goal. If something is
hard to measure, the chances are that it will not be measured and monitored —
“what will not be simple, simply will not be” (Ronen et al. 2006, p.207). If
something is not measured, it is hard to manage. Following this logic, output-
based definitions of goal and performance measures can be argued to promote
the things required (e.g., treated patients) to reach the goal of improved health
outcomes (at least the part of the health outcome that the provider can affect).
For instance, it may be difficult to measure how the performance of the check-
in function at an outpatient clinic will affect the patients’ health outcomes. It
can, however, be synchronized to improve the flow of patients through the

clinic, a precondition for maximizing health outcomes.

Gupta & Kline (2008) hold that the goal of making money now and in the future
remains the same, irrespective of a system’s for-profit or not-for-profit status,

the only difference being that the former must make a profit. They point out
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that it is just as important to satisfy the two necessary conditions that allow for
the achievement of the goal: 1) “to provide a secure and satisfying
environment for staff now and in the future”, and 2) “satisfy its customers
(patients) now and in the future” (p. 283). Gupta & Kline (2008, p.283)
expound their reasoning through the twofold goal of a not-for-profit health

service provider:

“The financial goal is to make the money required to run programs now and in the future while

satisfying patients and providing satisfaction and security for professional and clinical support staff

now and in the future. The clinical goal is to provide high-quality clinical care. Attainment of the
[financial goal provides for the realization of the clinical goal. Both are possible without incessant
cost cutting and optimizing efficiencies across the system — hwo actions that seriously jeopardize the
Sfinancial and clinical goals as well as employee morale and job satisfaction”. (Gupta & Kiine
2008, p.283)

Building on this, Gupta & Kline (2008, p.283) define throughput as “the rate at
which the system generates money through sales (or patient care)”, i.e., the
money coming in from “patient co-payments” and “third party payers”.*
Inventory is defined as “all the money that the system has invested in
purchasing things the system intends to sell (or provide to patients)”, i.e., the
money the system currently ties up. They note that while patients are WIP, this
type of inventory does not translate clearly into financial measures. Again,

following the original definition, operating expense is the “money going out of

the system”, i.e., “wages, salaries, rent, and utilities”.

The obvious benefit of keeping to the original for-profit definition of the goal
and the performance measures is that the TOC concepts translate more easily
into a health service context. However, while the logic may hold in a not-for-
profit context, where providers need to make enough money to run their
health programs, the for-profit goal and performance measures are arguably ill-
suited to public health services, where the funding is typically based on a given

tax-funded budget.

Output-based definitions of the goal of public health services include “%o #reat
more patients, better, sooner, both now and in the future” (Wright 2010, p.958), and ‘%
maxinize quality medical services provided to its customers, subject to budgetary constraints”
(Ronen et al. 2006, p.48). The author finds that both definitions in essence

promote the same goal, although their wordings differ slightly. Both definitions

40" A closely related alternative definition of throughput in a for-profit environment is “the
reimbursement rate less the cost of drugs and medical supplies for the number of patients seen
and treated” (Kershaw 2002, p.2).

83



Chapter 3 TOC in Services

seek to “improve the quality and quantity of patient flow through health
systems” (Wadhwa 2010, p.906). Both definitions can also be interpreted to
implicitly incorporate the pursuit of health outcomes, while assuming that all
necessary conditions are satisfied. An output-based definition of throughput
could here be defined as the number of patients treated, or the hours of service
provided. Note that here throughput assumes the conventional meaning of
output. Inventory is typically defined as the PIP and the definition of operating

expense remains the same; money flowing out of the system.

In accordance with the pragmatic OM approach adopted in this dissertation,
the author chooses to follow the definition of the goal provided by Ronen et
al. (2006, p.48):

“to maximize quality medical services provided to its customers, subject to budgetary constraints”

The author’s interpretation is that ‘maximizing quality services’ means making
the most of current resources, both in terms of the level of quality and the
volume of services provided, given the current funding (budget) available. This
may include providing services to more customers (if the need exists or if the
population could benefit from increased service coverage), reducing waiting
time (quality), or improving the medical quality of the service currently
provided. In other words, health service providers should also maximize the

effectiveness of the service (health outcome).

The definition of the goal also presumes that the right volume of services with
the right level of quality is provided to customers who actually need it, i.c., that
no unnecessary service (‘overcare’) is provided. Idealistic as this assumption
may be, determining the right volume and quality of service that customers
actually need is best left to health professionals. Working from an OM
perspective, the presumption is that individual customers’ actual needs are
specified in their care plans (i.e., SLA). Thus the task of OM is to ensure that

the care plan is met, while making the most of the resources currently available.
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This chapter describes the home care organization that was studied, and
applies the TOC terminology and concepts to home care. The chapter begins
by presenting Espoo Home Care and its operations. The goal of home care, as
well as existing necessary conditions, are then discussed. The chapter
concludes with a definition of the TOC performance measurements used in

this study.

4.1 DESCRIPTION OF HOME CARE

Espoo Home Care (EHC) is a publicly funded primary care organization. It is
responsible for providing the statutory home care services for the municipality
of Espoo. With a population of approximately 245,000 inhabitants, it is the
second largest municipality in Finland. With an annual budget of €27.2 million
(2009), and a staff of 380, EHC provides a wide range of services, from
medical to supportive and social services. In addition to field-based home care
services, EHC runs a number of publicly owned service homes, the services of
which are essentially facility-based. This dissertation, however, only addresses
the field services, provided by a subunit of EHC known as Regional Home
Care, which serves clients living in their own homes, as opposed to service
homes. Regional Home Care has an annual budget of €18 million (2009) and a
staff of 320, comprising 86% of EHC’s total workforce. For the sake of
simplification, homse care will henceforth simply refer to the services provided by
Regional Home Care." Likewise, EHC will refer only to the Regional Home

Care unit.

4 The setrvices provided by Espoo’s Regional Home Care unit correspond to services that in a
broader international context are known by several names, such as home care (Chahed et al.
2009; Eveborn et al. 2009), domiciliary care, home and community care services (Lee-Fay et al. 2011)
and home care, welfare, and domestic services (Broekhuis et al. 2009). Home care should not be
confused with remote monitoring of patients or customers living at home through some
technology platform. Although home care may sometimes include such a component, home
care operations center around caregivers visiting their customers’ homes, where the bulk of the
services are provided.
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Home care is a statutory service, which seeks to enable people to live safely
and independently in their own home, even as their health and level of
autonomy deteriorate. EHC provides a wide range of services, such as the
administration of medication and monitoring of vital signs, personal care, and
support in homemaking. In addition, EHC coordinates a range of support
services outsourced to private providers, such as the delivery of groceries and

meals, safety services, and customer transportation.

EHC provides home care in two shifts during its office hours (7 a.m. to 10
p.m.). Night-time (approx. 10 p.m.-7 a.m.) home care services are outsourced
to a private service provider. Figure 19 illustrates the home care service system
and the division of services between public (EHC) and private service
providers, as well as the different services’ approximate distribution
throughout the day. The scope of this dissertation is limited to EHC, shown in

the gray area.

Publicly Provided Services

Therapeutic Day
Care in Service
Homes

Espoo Home Care (EHC)

f T T 1
7 a.m. 4 p.m. 10 p.m. 6 a.m.
* Transportation Night-Time Home
* Meal Service Care

* Grocery Service
* Outsourced Home Care
(e.g. severely dissabled

customers)

Customer Safety Service

Outsourced, Privately Provided Services

Figure 19. The distribution of home care services between public and private providers in Espoo.

Although age is not a discriminating factor when determining an individual’s
eligibility for receiving public home care, the vast majority of EHC’s customers
are eldetly individuals. Some, such as highly dependent, severely disabled

customers, receive additional home care services provided by a private
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organization. Support services, such as transportation and the delivery of meals
and groceries, as well as a round-the-clock customer safety service, are

outsourced to separate private providers.

T@mporar\' N N
L Exit o]
- Home Care Service
Contact Evaluation : Home
(Need) (Care plan) A 4 p
. Institutional
Continuous Home Care
Care
—
Decease
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Figure 20. The flow of customers through the home care service system.

Figure 20 illustrates the flow of customers through the home care service
system. The process starts with an expressed need for home care. Usually EHC
is contacted by a relative, hospital, or a neighbor, who believe a certain elderly
individual to be in need of home care. After the first contact, EHC is lawfully
required to evaluate whether the individual is eligible for home care within 7
days. Should an individual be deemed eligible and accepted as a home care
customet, a care plan (cf. service level agreement (SLA)) is designed, with the
customer’s individual needs being taken into account.” The care plan is revised
biannually or when changes in a customer’s condition so require. During the
evaluation customers are first divided into two main categories, temporary and
continuous home care customers. Temporary home care customers (0.4%) receive
services for a limited period of time (e.g., post-surgery rehabilitation), and exit
the system once their health improves. The bulk of the customers receive
continnous home care, meaning that they remain customers of EHC until their
death, or until their condition reaches a point where home care is no longer a
feasible option. The customers are then transferred to a more comprehensive
form of care, such as a service home or institutional care (i.e., primary care

hospitals).

Continuous home care customers are further divided into seven dependency
categories on the basis of the estimated amount of services they need monthly, as
measured by the cumulative estimated time it will take EHC to provide the

services. Customers in the lowest dependency category receive up to 4 hours of

42 Unlike many other European countries (e.g., Sweden, Denmark, and the Netherlands), in
which the evaluation is performed by an independent authority, in most Finnish municipalities
the evaluation is performed by the home care organization itself.
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home care on a monthly basis, while those in the highest dependency category

receive over 80 hours of home care each month.
411 Demand

This categorization is done primarily for reimbursement purposes. Although
EHC is publicly funded through taxes, a portion of the operating expense is
covered through customer co-payments (~9%). The size of the co-payment
varies according to the dependency category to which a customer belongs, as

well as the customer’s level of income.

The evaluation process determines actual customer needs and translates them
into demand through the supply of purchasing power (i.e., customer
acceptance). Thus, henceforth demand refers to the services that EHC is obliged
to provide, as determined by the care plan, while #eed refers to a customer’s
actual needs. As will be discussed later, the care plan (demand) includes the
timing of different home visits, which may not always be based on actual
customer needs, but rather on organizational practices. In other words, while
the services defined in the care plan must be provided, the timing of their
provision may be changed, as long as the particular service or visit is non-time-

critical.
4.1.2  Time-Criticality

Time-criticality refers to the time window within which certain visits need to
begin. A time-critical visit is one whose timing is important; certain tasks need
to be performed within a limited time window (e.g., 8-9 a.m.). Non-time-
critical visits comprise tasks that can be scheduled freely as their timing does
not affect the customers’ abilities to go about their lives. Furthermore, some
visits are semi-time-critical in that they can be scheduled within a slightly wider

time window (e.g., 9 a.m.-12 a.m).

There are two main factors that determine time-criticality: 1) medical, and 2)
practical/operational reasons. Medical reasons are, for example, medication
that needs to be taken at certain times. While many customers can take their
medication themselves, with others, such as those suffering from memory
disorders, the administration and consumption of medication need to be
monitored by a caregiver. According to the director of Espoo’s services for the
elderly, Professor of Geriatrics, Jukka Louhija (D.Sc.(Med.)), time-critical
consumption of medication is relatively rare. Rather, the time-criticality is due

to practical reasons. He explains that “if a certain drug needs to be consumed
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three times a day at six-hour intervals, postponing the first dose will postpone
the second and third as well and ultimately require a customer to get up in the
middle of the night to take the final dose”. Similarly, some clinical tests (e.g.,
blood sampling) and injections (e.g., insulin) need to be performed prior to
breakfast, dictating that a visit be scheduled around the time the customer

prefers to wake up.

An example of time-criticality for operational reasons is when customers
participate in therapeutic day care services at one of EHC’s service homes,
which are organized from 9 a.m. to 3 p.m. (approx. 40 customers per day). In
many cases a caregiver is required to assist a customer with getting ready for
the transportation, which arrives around 8:30 a.m. Likewise, caregiver

assistance may be needed upon the customer’s return.
4.1.3 Home visits

Home care is composed of many tasks that may or may not be interdependent.
Tasks are grouped and carried out as home visits. For instance, some
customers need assistance with their morning routines, such as getting out of
bed, getting dressed, and taking prescribed medication after breakfast. These
tasks need to take place in a certain dependent sequence, and it is necessary for
the tasks to be performed within a certain visit. Other tasks, such as bathing,
may be needed, but they are sequentially independent of other tasks and their
timing is non-critical, i.e., they can be performed at any time. Therefore, such
tasks can be decoupled from a certain time-critical visit and performed at other

times, during other visits.

The number of periodic home visits varies according to the customers’ needs.
The frequency of visits to individual customers ranges from the occasional
biweekly visit up to 4 daily visits, averaging 1.56 (SD 0.12)* visits per customer
served per day. On average, the caregivers serve 801 (SD 40) different
customers per day on weekdays, and 389 (SD 12) customers per day on
weekends, corresponding to a daily average of 1,189 (SD 55) client encounters
on weekdays and 671 (SD 44) on weekends. Even though the majority of the
service encounters are home visits, once in a while clients may visit EHC’s
local unit offices, e.g., for medication pick-ups, or matters are handled over the

phone, e.g., ordering groceries or meals. EHC has around 2,100 different

4 The numbers presented in this paragraph are based on an analysis of a 6-week period (Feb
9t to March 2204, 2009). The data ate explained in Chapter 5.
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customers simultaneously, so EHC typically serves roughly 40% of its

customers on weekdays and less than 20% on weekends.
4.1.4 Organization and Staff

EHC is divided into two major districts, Northern and Southern Espoo, led by
two service managers (Fig. 21). The two districts are further divided into 18
local units (9 per district) that serve separate geographical areas. Fach local unit

is led by a foreman, and employs 12-26 caregivers.

Espoo Home Care o
(EHC) Head of EHC

Northern | ¢ M, anager Service Manager Southern
EHC EHC
[ e e e e e B e |
10O O O N
' |
FC ORI G OF
I Foremen: 18 I
I @ @ Caregivers: 326 @ e I
: Skill Group 1:  75(23%) I
| @, @ Skill Group 2: 197 (76%) @ ,@ :
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I D D e D D e e e e e e Do a

Figure 21. Organization and staff (as of February 27th, 2009)

The caregivers comprise two skill groups: 1) registered nurses (23%), and 2) basic
employees (76%), the latter consisting primarily of practical nurses.” While most
of the visits are carried out by caregivers from skill group 2, certain tasks legally
require a higher level of competence and are therefore performed by registered
nurses (skill group 1). Focusing more on medical tasks than all-round
assistance and support, the activities of skill group 1 differ from those of skill
group 2. To some extent members of skill group 1 have more coordinating
duties (e.g., consultations with physicians), and offer supervision and support

of skill group 2, tasks largely performed at the office (i.e., back-office tasks).

4 “Practical nurse” is a nursing degree that requires approximately 3 years of training, as
opposed to the registered nurse degree, which requires approximately 4 years of training.
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The majority of the caregivers work full-time (approx. 8-hour shifts), with only
16% being part-time employees. Many of the part-time employees are part-
time retirees who work roughly every second week, meaning that when on duty

they do in fact work full shifts.
4.1.5 Daily Operations

In home care, the basic unit of analysis is a caregiver process (or workflow),
consisting of all the steps carried out by an individual caregiver during a shift.
Figure 22 illustrates a typical caregiver process. The shift starts at the office,
where the caregiver picks up things needed during the shift, such as a car,” a
worklist containing the order and timing of different customer visits,
customers’ home keys,“ medication, and measurement devices. Often a brief
meeting is held, during which the worklists are refined on the basis of
variations in supply (e.g., sick leave) and demand (e.g., customers returning
from hospital), which occur frequently. The caregiver then proceeds with

carrying out the home visits.

B Back-Office Time [] Home Visists B Breaks — Transportation
(Front-Office Time)

Y
Morning Shift \ Y J
Evening Shift

Figure 22. The caregiver process.

At some point, depending on the length of the shift, the caregivers are entitled
to a break. Sometimes caregivers return to the local unit office for their breaks.
In the above example, the caregiver then continues their route in the
afternoon. At the end of the route the caregiver returns to the office to return

the car, the customers’ home keys, and other appliances. At the office

4 The distribution of local units’ cars between caregivers depends on several factors, such as
the distance to customers. Some caregivers choose to use their own cars and receive
compensation for the kilometers driven. Many customers live close by, enabling caregivers to
walk or ride a bicycle to and between locations. In some instances caregivers pool cars when
their customers live in the same area.

46 Some customers may not be able to answer the door themselves.
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caregivers perform back-office activities, such as charting47 and submitting

customers’ grocery and meal orders to private providers handling the delivery.

The seties of home visits to different locations is referred to as a caregiver route,
and it is the main focus of scheduling and coordination. In other words the

caregiver route is the caregiver process, minus back-office time.

As each caregiver is assigned a route, there are as many routes taking place

simultaneously as there are caregivers on shift (Fig. 23).

10:50am = Route of Caregiver #

11:30am

12:50pm

9:40am

Figure 23. Conceptual illustration of three caregivers' simultaneous routes.

4.1.6  Scheduling

The caregiver routes are scheduled and carried out at the local unit level,
following the customers’ care plans. Scheduling is subject to a multitude of
restricting parameters, conventionally known as scheduling constraints. Following
the TOC terminology, however, the term “scheduling constraint” is somewhat
misleading. Since the scheduling constraints constitute immutable boundaries
within which a caregiver needs to operate, they represent necessary conditions that
need to be satisfied, rather than constraints that limit performance. Therefore,
to avoid confusion regarding the use of the word “constraint”, the so-called

scheduling constraints will here be referred to as scheduling conditions.

47 Charting involves entering visit information (customer visited, duration of the visit,
comments etc.) into the electronic medical record (EMR), as well as an occasional update of
customers’ care plans.

92



Description of Home Care

Home care scheduling has been reasonably well covered in the OR literature,
where it has been studied using mathematical modeling, simulation, or
optimization software (Akjiratikarl et al. 2007; Begur et al. 1997; Bertels &
Fahle 2006; Bredstrém & Ronngvist 2008; Cheng & Rich 1998; Eveborn et al.
2004; Eveborn et al. 2006; Eveborn et al. 2009; Martin & Wright 2009). Table
3 provides a description of different scheduling conditions. The list follows
Eveborn et. al (Eveborn et al. 2004; Eveborn et al. 2006; Eveborn et al. 2009),
who study caregiver route scheduling in a Swedish home care setting that is
very similar to EHC. They distinguish between hard scheduling conditions,
such as qualification requirements and regulations, and soft scheduling
conditions, such as client or caregiver preferences. The hard conditions are
definite and must be followed, while the soft conditions are preferred, and

should be accounted for whenever feasible.
Table 3. Scheduling conditions (summarized from Eveborn et al. (2004; 2006; 2009)).

Scheduling Type Description
Conditions
Time window  |Hard/ |Hatrd: the time-criticality of visits.

Soft  [Soft: customers' preferred time-window.

Skill group Hard |[Staff qualification requirements.

Multiple Hard |Some (albeit few) visits require more than one
caregivers caregiver.

Materials & Hard |[Caregivers may be required to bring materials (e.g.
equipment medication) or equipment.

Mode of Hard |Car, carpooling, public transport, bicycle or walking.
transportation

Travel time Hard |[Sufficient time to travel between locations.

Interdependency |Hard [Some tasks may require other tasks to have been

of tasks petformed (e.g. filling customers' medical dispensers
at the office).

Continuity Soft  |A service quality objective is to minimize the

of care number of different caregivers visiting the same

customer. A customet's personal (responsible)
caregiver should perform the visit if feasible.
Workload Soft  |The workload of individual staff members should be

distribution as even as possible.

Geographical Soft  |Staff should preferably serve clients within their

area local unit’s designated area.

4.1.7 Performance Measurement

The total available caregiver time (i.e., capacity) is divided into two major

components (Fig. 24): 1) front office (FO) time, defined as the time spent
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interacting with customers, and 2) back office (BO) time, referring to

everything else.

[ Front Office Time

Customer Encounters
(Home Visits)

Transp. Back Office Service Support Activities
(~12%)

Figure 24. Front office and back office activities.

BO time in turn can be divided into three main categories: 1) travel between
locations, 2) BO services, comprising activities that directly or indirectly affect
other services or the ability to provide them (e.g., charting, updating the care
plan, and placing customer orders), and 3) support activities, such as training,
management, and internal meetings. According to a 2004-2005 time survey,
travel accounts for 12 percent of total time. As will be explained in Chapter 7,
a commercial optimization software package (Ecomond Opti) was used to

verify this figure.

One of the most central operational indicators used in home care is the ratio of
FO time to total time (capacity) (henceforth utilization), which measures a
home care organization’s ability to utilize its capacity for home visits. Naturally,
since the utilization does not include the load of the BO services, it is an
approximation. The use of the utilization measurement is based on the notion
that the most important component of home care is the home visits. While
customers could perhaps do for a while without the so-called BO services, they
cannot do without the assistance they receive during the home visits.
Additionally, the load of BO activities is currently hard to monitor; as opposed
to the home visits (FO time), whose start and end times are recorded, BO time

. 48
leaves no time stamps.

In collaboration with management it was estimated that the maximum
achievable theoretical ratio of FO would be approximately 70-75% of capacity.
In other words, this is the point at which capacity is fully utilized, since back-
office activities would consume a minimum of 13-18% of capacity, while travel

accounts for 12%. This would be a considerable increase from the current FO

4 As explained in Groop et al. (2010) and Groop (2011), there are currently mobile platform-
based solutions on the market that allow BO services to be shifted to FO ones. This reduces
the measurement problem by integrating the load of BO services into FO time, improving the
accuracy of the utilization measurement. On the basis of my own experience, as well as on
discussions with several home care providers in Finland and Sweden, this has already been
achieved in a few municipalities in Finland, and in several in Sweden.
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ratio of less than 40%." Reaching the estimate would, however, require
shifting certain back office activities (e.g., charting) to front office ones
through the use of available mobile technology solutions (e.g., Groop et al.
2010; Groop 2011), something EHC plans to do in the near future. Without
this development, the maximum theoretical ratio of FO achievable would be

approximately 60-65% (23-28% back office activities).

The estimates were based on benchmarking best practices and an
approximation of the duration and frequency of different back-office activities.
For instance, a private provider who had recently taken over two local home
care units in a similarly sized municipality reported a sustained FO ratio of
62% (up from 52%),”" saying they believed there was considerable room for
further improvement. A public home care provider from southern Sweden
reported an FO ratio of 75% (only 4% travel), which, if converted into a figure
comparable with EHC, would be 67% (12% travel). Note that both of the
benchmark organizations performed charting activities during home visits

through the use of mobile technology solutions.

Since EHC is publicly funded, the financial measurements of NP, ROI, and CF
are largely irrelevant. However, adherence to budget can be argued to be
somewhat comparable to NP, the difference being that home care secks to

keep the operational expenses equal to or less than the budget.

CF is not an issue as temporary cash can be supplied from other cost units.
Thus, poor CF cannot cause bankruptcy unless the entire municipality defaults.
Besides, the funding is provided by the municipality, and receivables such as

customer co-payments only make up a marginal portion of the budget.

EHC does not gain any direct monetary return for the money (i.e., operating
expense) invested in home care. On the municipal level, however, the later
savings gained (e.g., reduced need for more costly forms of care) from an
investment in home care could, in theory, be compared to ROL. In practice,
the “return” comes in the form of FO time (output). Consequently, the closest
equivalent to ROI is the productivity ratio — the ratio of output (FO time) to

input (operating expense/budget).

49 According to discussions with the heads of numerous public home care organizations, this
seems to be a fairly common figure in Finland.

50 Presentation given by Mark Roth, CEO of Mediverkko Oy, at the “Kotihoito & Teknologia”
(Home Care & Technology) seminar in Helsinki, February 20d, 2011.
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The main bottom-line financial indicator used by EHC is wnit cost, measured as
the ratio of FO time to operating expense (i.e., the cost of one hour of FO
time). In other words, the key bottom-line indicator used is the productivity

ratio.

Note that in a home care context, the unit cost is not akin to product cost in
manufacturing, where overhead is allocated to distinct products. In home care
the unit cost does not relate to individual outputs, such as the cost of actual
home visits, whose durations (and, consequently, relative load) vary greatly.
Rather, the unit cost relates the largely fixed operating expense to the total
amount of FO time produced by providing an estimated cost of one hour of
FO time. As will be discussed later in the managerial implications (Section
9.3.4) the unit cost does not represent the true cost of producing an hour of
FO time, and should not be used as a basis for make-or-buy decisions. Unit
cost can, however, be used as an indicator of financial performance for internal

purposes.

4.2 APPLYING TOC CONCEPTS TO HOME CARE

This section applies certain focal TOC concepts to home care. The mission of
home care is discussed to provide a background for the definition of the goal.
This is followed by a brief presentation of central necessary conditions that
define the operational landscape. Finally, performance measurements are

defined on the basis of the definition of the goal.
4.2.1 'The Mission of Home Care

By providing customers with the right amount of customized assistance at the
right time, home care secks to enable customers to live independently in their
own homes for as long as possible. In other words, the mission is to maintain
or improve a customer’s state of health and to arrest its decline. The underlying
idea is that helping elderly citizens to live at home benefits both the individual,
by maximizing their quality of life, and society, by reducing the cost of care.
From the societal perspective, the objective is to reduce the portion of their
lives that individuals spend in more comprehensive, costly forms of care, such
as service homes and institutional care, by prolonging the time they can live at
home assisted by home care. Thus, the eatly-stage investment in home care

seeks to reap larger savings at later stages in the care delivery spectrum.
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With this background, the question is how to define the goal of home care in a
manner that would allow operationally relevant performance measures to be

derived.
4.2.2 The Goal and Necessary Conditions

Essentially, the goal of public home care can be divided into two components.
First, from a quality perspective, the goal is to maximize the quality of the
services provided. This involves ensuring that the services display high degrees
of conformance to given basic standards of care, and that the services are
customized to the varying needs of each individual by providing the right
amount of services at the right time. The presumption is that quality services
affect customers’ quality of life, and, to some extent, can arrest the decay in
customers’ overall state of health, prolonging the time customers can live

independently in their own homes (i.c., effectiveness: the ultimate goal).

Second, from an operational perspective, the goal is to maximize what can be
done with the given resources,” i.e. to maximize the ratio of output to input
(productivity). Since home care is highly labor-intensive, this means making the
most of the available caregiver resources by ensuring that the caregivers’ time is
used for the activities that benefit the customers the most: FO time (home

Visits).

Since the quality of the service is beyond its scope, this dissertation focuses on
the operational component of the goal. The assumption is that maximizing
what can be done with current resources leads to the maximizing of the quality
of the service and its effectiveness. The author believes this assumption to be
well founded, since according to my experience health professionals wish to
provide the best possible care for their customers. Thus, the pursuit of
continuously improving the quality is something that is naturally embedded in
care services. The ability to make the most of current resources, unfortunately,

is not.

In addition, since the care plan determines the contents of the service and sets
boundaries regarding its provision, the assumption is that improving
productivity will not reduce the quality of the service as long as the services are

performed according to the care plan.

5! In a publicly funded health system, the available resources depend on the budget provided,
the size of which is determined by policymakers through a political process.
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The Goal
To capsulize this twofold goal, the author chooses to use a slightly revised

version of the generic definition of the goal of health services:

The goal of home care is: “fo maximize quality[-adjusted care] services provided to its

customers, subject to budgetary constraints” (Ronen et al. 2006, p.48).

Necessary conditions

EHC is subject to a set of necessary conditions, which must be satisfied in
order to achieve the goal. While those related to scheduling have been noted,
the following provides an overview of some other fundamental necessary

conditions that define the operational boundaries of EHC.

Care plan. The services determined in the care plan must be provided. The
exception is during interruptions that occur, for instance, when a customer is

temporarily hospitalized. In other words, a// demand must be satisfied.

Capacity. Laws™ and collective agreements™ impose restrictions regarding the
working hours of the staff, such as the minimum and maximum lengths of
shifts, as well as the maximum working hours for a given period. The
caregivers are subject to a periodic working hour scheme. While the length of
shifts can be adjusted within specified limits, the contract states that full-time
caregivers should work 229.5h during a six-week ‘leveling’ period (the majority
of caregivers work full-time™). The working hours can be freely” scheduled for
the morning or evening shift, as long as the total number of working hours is
met. The morning (day) shift is prioritized, since an evening work bonus must
be paid to caregivers working the evening shift. In practice, these restrictions

translate into the majority of the caregivers working 8-hour shifts.

In sum, the duration of shifis is largely fixed, so the total capacity during an entire
shift (morning and evening) is essentially based on the number of caregivers at
work. Thus, the capacity is fairly rigid throughout the shift, and cannot be
adjusted according to the actual level of demand. From this it follows that
EHC cannot adapt a chase capacity strategy; i.e., capacity cannot be added and

reduced on the basis of fluctuations in demand.

52 The Working Hours Act

53 The municipal collective agreement (KVTES)

3 According to EHC, the availability of part-time labor is poor, in part, because of low overall
wages.

% In reality, a sustainable human resource policy dictates that EHC has to account for
caregiver preferences.
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Leased labor. EHC uses leased labor to cope with high levels of absenteeism
resulting from sick leave. In 2009, agreements stipulated that labor could only
be leased for 6+-hour shifts. While this was changed in 2010 — caregivers can
now be leased for shorter shifts — in practice, labor is leased for full (6+-hour)
shifts.

4.2.3 Defining the TOC Performance Measurements

To avoid confusion, the home care performance measurements are converted

into the TOC measurements.
Thronghput (T) = service time; the time spent interacting with customers (i.e. FO time).

Granted, this definition renders T synonymous with output. However, while
the health outcome (i.c., effectiveness) may be the ultimate goal of home care,
it cannot be used as an operational indicator, since the health outcome is
significantly affected by factors beyond the control of EHC, such as the natural
stagnation of customers’ health, individuals’ health behavior, and random
events. T can therefore be seen as the contribution to the creation of health

outcomes.

Inventory (1) = All the time not spent producing throughput (BO time). Inventory consists of travel
between locations and bench capacity, i.e., time spent at the office. Thus, inventory is the difference
between capacity and thronghput (Inventory=Capacity-Thronghput).

Since inventory includes travel between locations, it is appropriate to

distinguish the time not spent traveling.
Bench Capacity (BC) = Inventory-Travel

To maintain practical relevance, T, I, and BC will often be presented as a

percentage of capacity, denoted as T% and 1%.

Operating expense (OE) = The total cost of the system (i.e. capacity, leased labor, cars, materials

& equipment, outsonrced services, office leases etc.).

The bottom-line measurement of productivity (unit cost) is therefore:

T
Productivity= OF
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5 RESEARCH DESIGN

This chapter begins with a brief recap of the purpose of this dissertation, as
well as the research questions and the methodology used to address them. This
is followed by a review of the research process, after which the methods used

to collect and analyze the data are presented and evaluated.

5.1 RESEARCH QUESTIONS

The first purpose of this dissertation is to examine the distinctive characteristics of
Jreld service processes, in order to review the applicability of TOC to this environement. As
discussed earlier, the application of TOC principles to service organizations
may require some modifications (e.g., Ricketts 2007; Ronen & Pass 2010; Siha
1999). Ronen & Pass (2010) explain that while “production companies are very
similar to each other” (p. 849), service organizations display a higher degree of
variation, for example, in terms of structure, processes, and workflow.
Therefore, there are no generic solutions to the problems faced (Ronen & Pass
2010), and the different contextual characteristics play an important role. In
order to extend the applicability of TOC to a wide variety of services, their
unique characteristics need to be identified and TOC adapted accordingly

(Ricketts 2007). With this is mind, the first research question was defined:

Research Question 1: How does the structure and flow of field service processes differ from facility-
based service processes, and what are the implications for the applicability of TOC?

Research question 1 deals with contextual characteristics that serve as enablers

or barriers to the application of certain TOC tools in field service operations.

The second purpose of this dissertation is Zo apply TOC concepts to home care, in
order to study what currently limits the productive use of resources. Since home care is
highly labor-intensive, the primary resource is the caregiver staff. On this basis,

the second research question was defined:

Research Question 2: What constrains the productive use of labor in public home care?
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Research question 2 focuses on constraints and core problems that limit the

productivity of public home care organizations.

The empirical investigation of EHC secks to answer research question 2. The
contextual insight gained from this inquiry is then used in answering research

question 1.

5.2 METHODOLOGY

The study is driven by a pragmatic problem in need of a solution. EHC is
simultaneously experiencing both low productivity (i.e., high unit cost) and a
perceived lack of caregiver capacity. In addition, future demand is expected to
grow rapidly while the capacity will remain largely unchanged, because of a

combination of budget constraints and poor availability of labor.

As described eatlier in greater depth (Section 1.8.2), this dissertation adopts a
design science approach (Holmstrom et al. 2009; Van Aken 2004) following
CIMO-logic (context, intervention, mechanism, outcome) (Denyer et al. 2008).
TOC is applied to identify the constraints that limit the productive use of
resources. Since, according to TOC, constraints govern the performance of the
system, improving the performance of the constraints will translate into better
performance of the system as a whole. As such, this represents the generative
mechanism. Once the constraints have been identified, /nterventions that exploit or
break the constraint can be designed, which, when implemented in a particular
context (home care), seek to realize an oufcome that is sought (improved

productivity).

In sum, the central research products sought are the constraints and their
underlying core problems. Their identification allows appropriate
interventions, or general templates, to be designed for dealing with these types

of constraints and core problems in the specified setting, home care.

The tools used to identify and manage constraints are the 5FS (identify,
exploit, subordinate, elevate, repeat) and the TP (CRT and CRD). The
interventions or design propositions, on the other hand, refer to the real-life

actions that enable an organization to follow these steps.
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5.3 RESEARCH PROCESS

The study was performed as part of the PARETO™ project (2008-11), whose
purpose was to find and implement new and innovative solutions and working
methods that would adapt the service systems to better serve the needs of the
ageing population in Finland. The project was carried out by researchers at the
Institute of Healthcare, Engineering, Management, and Architecture (HEMA),
in collaboration with four Finnish health service organizations, one of which
was EHC. The following provides a brief overview of the research process.

The research was conducted by the author, aided by the staff of EHC.

Part 1: Jan 2009-Apr 2010. The research started in January 2009 with a
thorough exploration of EHC. The objective was to gain a rich understanding
of home cate operations and their dynamics. During this initial stage, data were
collected primarily using qualitative methods. In the fall of 2009, a quantitative
operational analysis of EHC was conducted, which allowed quantification and
measurement of the current state of affairs. This was followed by another
round of qualitative research aimed at interpreting the quantitative findings.
The insights gained from the research were analyzed using two thinking
processes (CRT and CRD), in order to identify the core problem that was
causing several UDEs and limiting productivity. These findings are presented

in Chapter 6 (Findings: Part 1).

Part 2: Apr 2010-Feb 2071. Based on the findings, an intervention was planned
and implemented. The intervention consisted of some basic operational
changes designed to improve productivity by targeting the core problem. From
May 2010 to February 2011, the changes were implemented in each local unit.
The author did not participate in the actual implementation, as change
management was outside the scope of the study. The intervention is outlined

in Chapter 7 (Intervention).

Part 3: March 2011-Sept 2071. After the intervention another quantitative
operational analysis was conducted (April-May 2011) to evaluate whether the
intervention had had the desired effect. The qualitative research was continued
in parallel to facilitate the interpretation of the new findings. Again, the new
insights, including previously overlooked core problems, were used to refine

the CRT. These findings are presented in Chapter 8.

5 PARETO is an abbreviation of the project’s Finnish title, and does not imply a Pareto
analysis. The PARETO project was funded by the European Regional Development Fund
(ERDF), one of the European Union’s funding bodies, and participating municipalities.
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Figure 25. Research Process

Figure 25, shows the timeline of the research process.

5.4 METHODS

This section presents the methods used in different parts of the study to collect
and analyze data. An overview of the methods is presented in Table 4. The use
of multiple methods is driven by the pragmatic approach adopted in this

dissertation.

To acquire the in-depth systemic understanding required to perform rigorous
TP analyses, the author needed to consider the perspectives of several
stakeholder groups, including caregivers, foremen, management, and external
home care experts. Gaining access to these perspectives involved using
different approaches. Additionally, different methods enabled the researcher to

test the validity of the data and findings.
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5.4.1 Quantitative Data Collection and Analysis

The quantitative research was conducted as a descriptive analysis of
longitudinal operational data. The principal component was a load analysis
(capacity utilization), showing the distribution of the workload throughout the
day. The main purpose of the load analysis was to examine the potential
existence of resource constraints by studying whether the capacity was fully
utilized at any given time. The operational data were aggregated to create a
graspable visualization of the system’s load, ensuing from the workload of each
caregiver’s individual service process. Load analyses representing the actual

realized situation were performed both prior to and after the intervention.

After the intervention, however, the planned load and the realized load were
analyzed separately. The purpose was to evaluate the effect of the intervention
on 1) the planned load, and 2) the realized load, in order to examine whether

the caregivers had, in fact, operated according to plan.

Also, following the intervention, and the realization of new core problems, the
need to compare operational aspects not covered by the load analysis emerged.
The focus was a comparison of the performance of local units, as well as the

allocation of resources between them.

Data Collection

Data were collected and combined from two separate information systems.
Data about the services (throughput; both planned and realized) were extracted
from the electronic medical record (EMR), while data regarding the capacity
were extracted from the workforce planning and accounting system (WPA).
The EMR data consist of visit information, which the caregivers are lawfully
required to enter into the EMR within a few days of the encounter. Three
separate data samples were extracted from these two sources, each sample

comprising a six-week period.

Before the longitudinal coverage of the final samples was decided on, a larger
24-week (Feb 9th to July 26th, 2009) test sample of the visit data (EMR) was
examined. The test sample showed a low degree of weekly variation in
throughput (SD 7%). In collaboration with EHC’s management, it was
therefore concluded that a shorter time period was adequate to illustrate the

home care operations with sufficient accuracy.

The decision to narrow down the data sample was motivated by the need to

process the data to eliminate human errors and inconsistencies. For instance,
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since data points such as the start and end times of a visit are entered manually
by the caregivers, some errors are inevitable. The data were processed by three
members of the EHC staff, assisted by the author. Because of the limited time,
as well as the fact that it was not considered that extending the time period
would markedly improve the reliability of the analysis, the data sample was
narrowed down to comprise six consecutive weeks. The samples used for the
load analyses, both before and after the intervention, consisted of more than
40,000 visits and 20,000 hours of throughput. Thus, the sample size was large

enough to render the effect of possible remaining errors minimal.

The choice of a six-week period was motivated by the fact that the caregivers’
shifts (i.e., capacity) are planned in three-week periods. In order to combine
the capacity data with the visit data for the same period, a multiple of the
three-week planning period had to be selected. Hence, data samples of six

consecutive weeks were chosen.

Data Samples

The following describes the data samples used in different parts of the study.

Data Sample 1>2. The first two data samples, used to analyze the actual realized
load, were collected both before and after the intervention. The pre-
intervention sample ranged from Feb 9™ to March 22™ 2009, and the post-
intervention sample ranged from March 7" to Apr 17" 2011. Below is a list of

key attributes included in the samples:

o The #iming and duration of customer visits (and other customer
encounters).

o The Jocal home care nnit and specific caregiver who performed the
service.

o Serwice type, e.g., regular home visit, evaluation visit, delivery of
meal/groceties, support setvice (e.g., sauna) etc.

o Service/ dependency category. The amount of setvice received monthly
depends on the customer’s dependency category, and services are
performed within the frame of the specified dependency category.
This attribute makes it possible to distinguish whether the service is
provided to a temporary or a continuous home care customer, and to
which dependency category a continuous customer belongs (e.g., 0-

4h/month, 5-10h/month etc.).
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o Total capacity; the timing and duration of caregiver shifts, including
breaks. This data sample did not specify the skill group of particular

caregiver shifts.

Data Sample 3. The third data sample, used to analyze the planned load and
compare it with the realized load (data sample 1), was only collected and
analyzed after the intervention (March 7" to Apr 17", 2011). Except for the
exclusion of capacity data, the sample contained the same attributes as data

samples 1 & 2.

Data Sample 4. The fourth sample, used to compare the performance and
resource allocation of the local units, was only collected and analyzed after the
intervention (March 7" to Apr 17", 2011). Unlike the previous data samples 1-
3, which could be automatically extracted from the previously mentioned data
repositorties, parts of sample 4 had to be extracted manually. This was carried
out by two members of EHC’s staff, following specifications provided by the

author. The key attributes included in the sample were:

o [ocal unit

o Own capacity (from data sample 2)

e ‘The leased labor capacity per local unit

o Total daily throughput (from data sample 2)

5.4.2  Qualitative Data Collection and Analysis

The qualitative research was conducted to attain a rich understanding of home
care operations. The objective was to build a thorough comprehension of
EHC’s social dynamics, its challenges, problems (i.e., UDEs), and their
relationships. The insights gained were used as inputs in the TP analyses, the
focus of which was to identify the core problems that hampered the

organization’s performance.

Several methods were employed to collect the data; each one is described
below. The mixed methods and data sources, both quantitative and qualitative,
allowed triangulation to check the validity of the findings. For instance, the
quantitative analysis permitted certain qualitative findings to be discarded as
common misperceptions, rather than facts (e.g., although thus considered by
many caregivers, the average duration of visits is not longer in the afternoon
than in the morning). Vice versa, the qualitative findings helped in the

interpretation of the quantitative results.
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The qualitative data were documented in the form of memos and diagrams
(Corbin & Strauss 2008), focusing on different themes, such as prevailing
UDEs, different practices, and the reasoning behind them. Because of the
longitudinal length of the study and the richness of the inquiry, data were
recorded in much greater detail in the early phases of the study, to ensure that
no crucial aspects were ovetlooked. However, as the study progressed and the
author’s understanding of home care operations deepened, the data recording
was modified so as to focus only on relevant new insights, such as different
aspects of practices and policies and the reasoning behind them. This was
motivated by the desire to separate the abundant noise from the important
issues in order to focus on the critical factors (e.g., UDEs). Additionally, a
saturation point was reached, after which few new insights were acquired

relative to the time spent collecting data.

Project Meetings

The core component of the qualitative methods was regular meetings with the
members of the project team (PT), held monthly, weekly, and, in some
instances, even on a daily basis, depending on the current phase of the study.
The PT acted both as a primary source of qualitative data and an interpreter of
other qualitative data gathered by the author. Between January 9" 2009 and
September 23" 2011, a total of 140 hours of PT meetings were held (48

meetings; average duration 3h).

The PT originally (Jan 2009-Apr 2010) consisted of seven members, including
the Head of EHC, a service manager, the main user of the EMR, a financial
planner, an IT system specialist, and the researcher. Five of the team members
had prior experience of working as caregivers in EHC, and thereby a
comprehensive understanding of the system from a health professional’s
perspective. In May 2010, just before the intervention, the team was expanded
to incorporate two caregivers. Their inclusion extended the vertical coverage of
the team, ensuring the representation of all relevant perspectives, top-to-
bottom. For the researcher, being able to discuss different topics with a core
group of people who were both “up to speed” regarding the developments and
represented different views was a great advantage. It enabled the researcher to
discuss different topics with a limited number of individuals without neglecting

any focal stakeholder group’s point of view.

The PT was instituted by management to act as the main agent of change. The

PT and the author engaged in interactive collaboration to solve the problem of
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low productivity. As such, the team helped interpret data and check and verify
the logic of the TP (i.e., the existence of entities and their causal relationships),
and participated actively in designing the intervention. Furthermore, wihtout
the author being involved, the PT was in charge of implementing the

intervention throughout the organization.

The work of the PT was supervised by a steering committee. It consisted of
senior officials (i.e., top management) from Espoo, including the director of
health and welfare, the director of services for the eldetly, the director of
finance and administration, and a union steward, as well as the original
members of the PT. The steering committee meetings enabled the researcher
to discuss and gather insights regarding higher-level policy issues, such as the
position of home care in the wider spectrum of Espoo’s health and welfare
service and staffing policy. A total of 19 hours of steering committee meetings

were held (10 meetings, average duration 2h).

Observation

Ethnographically inspired observations (e.g., Sorensen & Pica 2005) of daily
routines were performed to deepen the researcher’s practical understanding of
EHC’s operations by observing the service process and its intricacies at first
hand. According to Pope et al. (2002, p.149), observation “allows researchers
to uncover everyday behaviour rather than relying only on interview
accounts|...|and can be especially useful in uncovering what really happens in

particular healthcare settings”.

The researcher observed the work of three staff members, two caregivers and
one foreman, by following each one around for an entire shift. The
observations were non-participatory, i.c., the researcher did not actively engage
in the activities being performed during home visits, but acted as a passive
observer, recording the sequence and nature of the events (e.g., the timing,
type and duration of visits, travel time, exceptions to the plan, office activities

etc.).

In between the home visits, the staff members were informally interviewed to
get an overview of daily operations, the reasoning behind certain practices, and
challenges and problems that were currently being experienced. According to
Wolcott (1997, p.161), “informal interviewing — that is, interviewing that does
not make use of a fixed sequence of predetermined questions — is possible
because the [researcher] is the research instrument”. Bailey (1996, p.72) defines

the informal interview as “a conscious attempt by the researcher to find out
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more information about the setting of the person”. Groenewald (2004, p.47)
notes that “the [informal] interview is reciprocal: both researcher and research
subject are engaged in the dialogue”. The opinion of (Wolcott 1997, p.161) is
that informal interviews “facilitate getting information from people reluctant to
provide a structured interview but willing to talk casually to a neutral but

interested listenet”.

The small sample size of the observations (3 subjects for a total of 24 hours)
was motivated by the fact that it was a complementary rather than a principal
method of data collection, aimed at familiatizing the researcher with daily
operations. The observations were carried out during the eatliest phase of the
study and helped point the researcher towards particular areas of interest, such

as the UDEs experienced by the caregivers.

Interviews

Interviews were used to develop the researcher’s understanding of specific
topics that had surfaced throughout the investigation. A total of 33 hours of
interviews were conducted with 11 informants, 5 of whom were interviewed
multiple times. The informant included both internal experts and external
expetts. The majority of the informants (9/11) wete internal experts
representing different stakeholders of EHC, such as caregivers, management,
and administrative staff. The external informants (3/11) included the head of a
similarly sized Finnish home care organization, a development expert from yet
another slightly smaller Finnish home care organization, and the Health and
Wellness Director of a publicly owned municipal development agency, who
had played a key role in several earlier development projects in different home

care organizations.

The interviews with the internal experts sought to enhance the researcher’s
comprehension of different aspects of EHC. The external experts contributed
with insights regarding current problems faced by Finnish home care
organizations in general. Held at later stages of the inquiry, these interviews
provided an opportunity to reflect and compare the findings gathered from
EHC (e.g., UDE’s, operational practices, staffing, etc.) with home care in

general.

Driven by the problem-solving nature of the inquiry, unstructured, open-ended
interviews were used. Robson (2011, p.280) characterizes an unstructured
interview as one where “the interviewer has a general area of interest and

concern but lets the conversation develop within this area”. According to
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Sommer & Sommer (1992, p.108), this method is appropriate when exploring
“all the alternatives in order to pick up information, to define areas of
importance that might not have been thought of ahead of time, and to allow
the respondent to take the lead to a greater extent”. They explain that the
unstructured interview “leaves room for improvisation” (p. 108). While the
interviewer may have a general topic in mind, the sequence and specific

wording of questions are not predetermined.

Group Interviews and Workshops
Unstructured, open-ended group interviews, as well as workshops, were used
to explore certain topics with larger stakeholder groups, as well as to validate

the researcher’s understanding of different practices and their underlying logic.

The group interviews involved 10-15 informants, evenly divided between
foremen and caregivers in both skill groups 1 and 2. The group interviews
covered lower-level topics, such as the particular types of visits and their time-
criticality, scheduling, and office activities. In addition, the caregivers were
asked to provide an exposition of their typical day, including the sequence of
events. Two three-hour group interviews were conducted during the first part

of the study (Spring 2009).

Workshops were predominantly held with foremen and management, and
involved 20-25 participants. During the early stages of the study the workshops
focused on discussing current problems and practices. The workshops were
further used to communicate findings and the progress of the research project
to the foremen. After the intervention, the focus of the workshops shifted
from a descriptive mode (problem definition) to a prescriptive mode (solution).
On the basis of the post-intervention findings, the participants were divided
into smaller groups of 4-5 individuals and assigned the task of developing
potential solutions to current problems, such as scheduling and poor resource
allocation. A total of 10 workshops were held with a combined duration of 24

hours.

The findings were presented by the researcher and discussed for validation
purposes on four separate occasions, once before and three times after the
interventions. The pre-intervention findings were presented at the National
Home Care Congress in the City of Tampere (April 14", 2010), to an audience of
approximately 300 home cate professionals and related stakeholders from

around Finland. The post-intervention findings, including a simplified version
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of the CRT, were presented to the entire staff of EHC, divided between three

events, each with approximately 100 participants.

Thinking Process Analysis

The insights and contextual understanding gained from the qualitative data
collection (227 hours in total) were used as an input in the TP analysis. The
data collection provided “adequate intuitive knowledge about the system”,
enabling the researcher to “recognize and understand patterns in [the] system”
(Dettmer 1997, p.88). In accordance with research question number 2, the

scope of the TP was restricted to factors limiting the productive use of labor.

The TP tools used were the CRT and CRD, presented in Sections 2.5.4 and
2.5.5, respectively. Each TP was constructed by the researcher and tested for
validity using the CLR. The validation was performed in collaboration with the

PT and the director of Espoo’s services for the elderly on separate occasions.

5.5 EVALUATION OF THE STUDY

This section discusses the validity and reliability of the research methods and

data.
5.5.1 Quantitative Data and Analysis

Regarding the analysis of quantitative operational data, validity refers to how
well the variables (throughput and capacity) measure what they are supposed

to. Reliability relates to the replicability of the results. (e.g. Yin 1994)

A load analysis (e.g., Ronen et al. 2000) is used to identify whether a resource
constraint exists at some point during the day. The load consists of throughput
plus travel, which is compared with the available capacity at different points in

time.

Throughput consists of the actual timing and duration of customer encounters,
as entered by the caregivers into the electronic medical record. Because data
entry is done by hand, the possibility of error exists. As explained eatlier, major
errors were identified and corrected by EHC under the supervision of the
author before the data were analyzed. Because of the large sample size, the

effect of any remaining errors remains negligible.

Since the exact timing of travel was not available, the distribution of travel is
based on an estimate. It stands to reason that the distribution of travel time is

roughly proportional to the number of home visits performed. Since the
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correlation between the number of visits and throughput is significant
(correlation coefficient 0.9932), one can infer that the distribution of travel
time is also roughly proportional to throughput. The greater the throughput,
the more travel is required. Thus, the distribution of travel time (12% of
capacity) was estimated to be directly proportional to throughput. At an
aggregate level, this assumption is argued to be accurate enough for the

purpose of identifying possible resource constraints.

Data on capacity were extracted from the workforce planning and accounting
system. Since these data are entered semi-manually by the foremen, they too
may be exposed to human error. Since this information is used for calculating

salaries, it had to be assumed that the data were correct.

Since the data on throughput and capacity were extracted directly from the
electronic databases, in general, it is argued that the reliability of the data is
good. The only issue limiting the reproducability stems from the review and
correction of obvious data entry errors (all encounters with a duration longer

than 150 minutes wete reviewed, and, where necessary, revised).
5.5.2  Qualitative Data and Analysis

In qualitative research, the quality of the research methods is often evaluated
along the dimensions of construct validity, internal validity, external validity,

and reliability (e.g., Yin 1994; Voss et al. 2002).

Construct validity concerns the ability of the operational measures to reflect the
concepts that are studied. Using multiple sources to establish a chain of
evidence and letting key informants review and verify early drafts and findings
are recommended ways of improving construct validity (e.g., Yin 1994; Voss et
al. 2002). As illustrated eatlier, several sources of information were used,
including both internal (EHC) and external informants. Multiple sources and
means of data collection enabled triangulation to be performed (Voss et al
2002). The process helped to define and refine the entities used in the thinking
processes, ensuring that the entities correctly describe the reality. Special care
was given to portraying the entities as accurately as possible while maintaining
conciseness. Both the preliminary and final findings were presented, discussed,
and reviewed with several internal (e.g., PT) and external home care

professionals on numerous occasions, providing a loop of feedback.

Internal validity expresses the extent to which the claimed causal relationships

exist in reality (e.g., Yin 1994; Voss et al. 2002) . The cause-and-effect

114



Evaluation of the Study

relationships were originally derived by the author using the intuition gained
from longitudinal, in-depth field research (e.g., Scheinkopf 1999). Their
credibility was examined using the categories of legitimate reservation (CLR)
(Section 2.5.3), first by the author and later with key informants on separate
occasions. It is argued that this validation process reduced the risk of
erroneously considering indications of relationships to be factual causalities

(Yin 1994).

External validity refers to the generalizability of the findings beyond the specific
case that was studied (e.g., Yin 1994; Voss et al. 2002). Because of both the
problem-solving and the longitudinal, in-depth nature of this explorative study,
only one organization was studied. As such, this research does not purport to
be readily generalizable to other contexts. However, on the basis of
presentations for external experts and discussion with them, the phenomena
and the undetlying counterproductive policies and practices identified here
appear to be quite common in home care in Finland. These limitations will be

discussed further in Section 9.4.

Again, reliability relates to the extent to which the study is reproducable with
similar findings, given the same research material and tools (Yin 1994; Voss et
al. 2002). The use of a research protocol and the gathering of research material
in a database are viewed as appropriate means of ensuring the reproducability
of the research (e.g., Yin 1994). While the research material was not kept in a
database, the memos and diagrams were stored for possible later use. Given
the nature of the thinking processes, “[...] which blend basic scientific method
with powerful intuition [...]” (Scheinkopf 1999, p.45), a certain degree of
interpretation is always involved. The CLR, however, “[...] enable us to
evaluate the logic of others” (Dettmer 1998, p.57), and should therefore also

help in the reconstruction of their logic and findings.
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This chapter discusses the findings of the research conducted prior to the
intervention. The chapter begins by presenting the identification of a peak time
resource constraint. This is followed by a review of peak time demand,
focusing on the relative load induced by different dependency categories. On
the basis of the findings, it is argued that a great deal of service is provided
unnecessarily duting peak time. A TP analysis is used to determine a policy
constraint, or core problem, giving rise to the peak time resource constraint. A
CRT is used to show how a current practice leads to reduced productivity by
creating a situation which inhibits the organization’s ability to make better use
of its own labor. A CRD analysis is then performed to surface a false

assumption behind the practice.

6.1 IDENTIFYING THE CONSTRAINT

Following the 5FS, the first step is to identify the constraint. A load analysis
was conducted to examine whether EHC was subject to a resource constraint.
The load analysis compares the service time provided, or throughput, with the
available capacity (including leased labor), during the course of a day. A peak
time resource constraint exists if capacity is fully utilized during peak time,

while excess capacity exists at other times (e.g., Ronen et al. 2000).
6.1.1  The Existence of a Peak Time Resource Constraint

Figure 26 shows the load distribution throughout the day. The upper limit of
the figure displays the capacity. Load, or utilization, here refers to the combined
workload attributed to throughput and travel between locations. While
throughput represents the time spent interacting with customers (i.e., value-
adding time), travel is akin to the inevitable setups needed to provide
throughput. Thus, travel is an integral part of the workload associated with the

field activities.
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Figure 26. Load Analysis (6-week period: Feb 9% to March 2204, 2009).57

Both the distribution of throughput and capacity are based on cumulative
operational data from a six-week period. The difference between the
throughput and available capacity seems to be well explained by the estimated

distribution of travel.

A significant but temporary peak in the load can be noted in the morning,
culminating around 9 a.m. Roughly half of the daily throughput is produced
during a short 2-3-hour time window. In other words, Figure 26 shows #be
existence of a peak time resource constraint; during peak time no additional
throughput can be generated without increasing capacity. In the afternoon,
however, EHC is subject to a market constraint, since capacity exceeds

demand.

The demand peak has two major implications. First, a peak time resource
constraint Zmits the organization’s ability to serve more customers when future demand
increases as projected. Because of the time-criticality, some home care visits
must be performed during peak time and cannot be postponed to the
afternoon. According to the staff, as a general rule of thumb, the higher the
dependency ratio of customers, the more time-critical their visits will be. The
cutrent trend is to reduce the number of individuals in institutional care and

service homes, a shift that is likely to increase the amount of more dependent

57 The slight increase in capacity early in the afternoon is due to the overlap between the
morning and evening shifts.
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customers in home care. Thus, future demand can be expected to increase the

load more in the morning than at other times.

Second, since all demand must be satisfied, and the capacity is rigid and cannot
be reduced during a shift as demand falls, 7be peak time load determines the minimum
level of capacity required for an entire shift. A concentration of demand in the
morning consequently increases the level of capacity (temporarily) needed,
while increasing excess (bench) capacity in the afternoon, reducing

productivity.

In other words, since the peak time load determines capacity requirements, and
capacity is the largest operating expense, the peak time load largely defines
operating expense. An increase in the peak time load will directly increase
operating expense. Then again, a reduction in the current peak time load
presents the opportunity to cither reduce capacity (and operating expense), or,
alternatively, to serve a greater number of customers (increased demand).

Either way, the peak time load is a lever that governs productivity.

On the other hand, outside peak hours, EHC can cope with a significant
increase in demand without increasing capacity. There remains significant
excess bench capacity in the afternoon, even though (in the current operational
model), some time must be left for back office activities, such as charting, meal

and grocery orders, and occasional meetings.
6.1.2  Pre-Intervention Performance

Table 5 presents the values of the operational indicators for the six-week
period that was studied prior to the intervention. Based on the estimated
theoretical maximum T% of 60-65%, and a prevailing T% of 39%, the excess

capacity was roughly 21-24%.
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Table 5. Pre-intervention performance (6-week period: Feb 9th to March 22nd).

Indicator Value
Throughput (T%) 39.6%
Inventory 60.4%
Total Capacity 54855h
Throughput (T) 21726h
Esimated Bench Capacity1’2 48.4%
Leased labor' 4.2%
Number of Encounters 43354
Numbert of Customers 2438

! percent of capacity

? bench capacity=inventory-estimated travel
6.1.3  Analyzing Peak Time Demand

In the light of the demand peak, it was meaningful to analyze whether the
concentration of throughput in the morning was based on time-critical
customer needs, or merely operational practice (i.e., a policy constraint). Since
non-time-critical visits can be flexibly scheduled for times of lower demand,
the researcher sought to investigate whether the demand peak included non-
time-critical visits that could be postponed to ekvate the peak time load. As no

quantitative data on time-criticality were available, an approximate indicator

had to be devised.

According to the staff, the more service customers need, the more time-critical
visits their care plans will include. Put differently, in general, the number of
time-critical visits increases with the level of dependency; higher dependency
categories include more time-critical visits. For instance, highly dependent
customers typically need assistance with morning activities (e.g., getting out of
bed, morning routines, breakfast, and medication), requiring the presence of a
caregiver. Conversely, visits to customers receiving less than 10 hours of
service per month (i.e., dependency categories 1 and 2), are generally less time-
critical. These customers typically do not receive care every day. It can be
argued that if a customer does not need assistance on a daily basis, then it is

unlikely that the assistance, once received, is time-critical.”

3 The exceptions to the rule are occasional blood samplings, which either for medical or
operational reasons need to be performed in the morning. Medical reasons are, for example,
blood sampling that must be done prior to breakfast. Operational reasons are, for instance,
induced by laboratory office hours; the caregiver needs to get a sample to the laboratory before
noon.

119



Chapter 6 Analysis & Findings: Part 1

On the basis of this assumption, the lower dependency categories’ share of the
total peak time throughput was used as an approximate indicator of non-time-
critical services performed during peak time. These categories include
temporary customers and regular customers receiving only 0-4 and 5-10 hours

of service on a monthly basis.
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Figure 27. The relative load contribution of different dependency categories throughout the day
(2009).

Figure 27 shows that the throughput attributed to the two lower dependency
categories constitutes 43% of total peak time throughput. In other words,
services assumed to be largely non-time-critical contribute heavily to the peak
time load. This indicator is approximative, and provides an order of magnitude
regarding the share of non-time-critical visits of the peak time load. As
displayed in Figure 27, non-time-critical demand makes up more than a third

of the total peak time load.

From this it can be inferred that #he peak time load, and consequent peak time resource
constraint, is induced by poor operational practice (policy constraint) rather than actual time-
critical demand. The researcher therefore proceeded to investigate what policy or

operating procedure caused the load to accumulate in the morning.

6.2 THE CORE PROBLEM

On the basis of both the quantitative and qualitative insights, a CRT was
constructed in order to identify the core problem that was causing several

UDEs (e.g., artificially high peak time load), ultimately leading to low
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productivity. The understanding gained from the qualitative data collection
enabled the researcher to construct the entities” and detive their cause-and-

effect logic.
6.2.1 Undesirable Effects (UDEs)

The process of constructing a CRT begins with the identification of UDEs,
symptoms reflecting the fact that the system is not performing as well as it
could (e.g., Dettmer 1997). The pre-intervention research enabled seven

UDEs, listed in an arbitrary order, to be identified.

UDE#1. The ratio of throughput to labor capacity (1%) is poor.

This was the starting point of the investigation. T% expresses the
organization’s ability to make the most of its current resources. It is directly
linked to the bottom-line productivity measurement of unit cost, determining
how much throughput is provided with the current resources, as measured by
operating expense (.e. T/OE). At 35%, T% is low by both domestic and

international standards.

Since the pragmatic purpose of this study was to design a way of increasing

productivity, it is worth noting that 7% can be increased in three ways:

1) by providing more T with the current capacity. This can be done by serving
more customers, i.e., providing the current level of care to a larger
customer base (demand is projected to increase). Alternatively, more
services can be provided to the current customers, entailing a higher
level of care. This would need to be justifiable by health professionals,
and it is an unlikely development in the light of a projected increase in
demand and future economic viability. Finally, some currently
outsourced services (e.g., home care for disabled citizens) could be
handled by EHC. This, however, is also an unlikely change, since
outsourcing is done for strategic purposes;

2) by providing the current level of T with less capacity, which means either
reducing EHC’s own staff, eliminating the use of leased labor to cope
with peak time shortages (UDE#4 below), or both. Reducing the

reliance on leased labor is a development pursued by top

% Entities are elements of a particular situation, such as a UDE or any other prevailing
condition (Scheinkopf 2010).
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management.”’ Laying off staff, however, is sought to be avoided for
long-term  strategic purposes. These are, for example, poor overall
workforce availability and the recognition that demand will increase as
projected. It is noteworthy that the decision not to reduce the number of
EHC’s own staff markedly reduces the short-term ability to increase T%, since
leased labor only represents a relatively small share of capacity;

3) both of the above. The development sought by EHC is to let rising
demand account for an increase in T, while simultaneously reducing

leased labor capacity.

UDE#2. Many visits are needlessly scheduled in the morning.

On the basis of the quantitative findings (Section 6.1.2), many non-time-critical
visits are performed during peak time. This finding was further corroborated
by the caregivers, who admitted that non-time-critical visits are predominantly
scheduled on the basis of geographical proximity, so as to minimize travel. For
example, following a time-critical visit at a certain location, the caregiver
typically secks to visit other customers living nearby to “improve efficiency” by

reducing travel time.

UDE#3. The caregivers are subject to stress during peak time
Stress is conceived by the caregivers as perhaps the greatest problem. During
peak time the caregivers rush to perform a large number of visits within a short

period of time.

A commonly surfaced concern among the caregivers was that stress forced
them to spend less time with their customers than they should, compelling the
caregivers to rush through their tasks. According to the staff, this reduces the
quality of the service. One frequently encountered motivation and claim was
that customer loneliness is a common concern, and that “treating” it through
social interaction enables customers to remain living in their homes longer.
According to the head of EHC, one of the most common sources of customer

complaints is that they receive less service time than their care plan stipulates.

On the basis of both interviews and informal discussions with external experts,
stress during rush hours is a widespread problem in home care. Caregiver
stress has previously also been recognized as a problem in the literature (e.g.,

Eveborn et al. 2009).

%0 Top management refers to the consensus of high-ranking officials (above home care in the
organizational hierarchy). These insights were gathered through steering committee meetings
and interviews with individual steering committee members.
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UDE#4. A high level of absenteeism causes many shortages.
At roughly 8% of capacity (2009), the level of absenteeism as a result of sick
leave is high, and causes many shortages. Therefore, achieving design capacity

requires the use of leased labor.

According to the foremen, absenteeism is partially caused by stress which
makes the caregivers feel overworked. Eveborn et al. (2009) report a
considerable decline in short-term sick leave in a home care setting following a
reduction of caregiver stress. Although this suggests that the foremen’s
conjecture of causality between stress and absenteeism may be likely, this
assumption is not incorporated in the CRT, as the causes of absenteeism were

outside the scope of this study.

UDE#5. External labor is leased to cope with capacity shortages.

As illustrated earlier in Figure 26, roughly 50% of the entire daily throughput is
produced within a three-hour time window. The considerable peak in demand
means that a great deal of capacity is needed for a relatively short period of
time, during which capacity is fully utilized and becomes a constraint (even
with the addition of leased labor). Thus, absent caregivers are often replaced by

leased labor to cope with temporary shortages during peak time.

UDE#6. Significant bench capacity exists in the afternoon
Since the peak time load determines the minimum level of capacity required
for an entire shift (Section 6.1.1), and demand is concentrated in the morning,

capacity remains largely unchanged as demand drops in the afternoon.

UDE#7. Leasing labor increases bench capacity in the afternoon
Although leased labor is only needed temporarily during peak time, labor can
(currently) only be leased for longer shifts (minimum 6 hours), adding to the

bench capacity in the afternoon.
6.2.2  Current Reality Tree (CRT)

This section presents the pre-intervention CRT. Figure 28 provides an
overview of the CRT, which is broken down into different parts. For the
purpose of simplification, each part is shown and described separately (Fig. 29-
32). Certain entities are included in several parts, as illustrated by the
overlapping frames. Reading from the bottom up, part 1 describes the core
problem, while parts 2 & 3 illustrate subsequent branches of cause-effect
relationships. Part 4 then connects these branches, showing how the core

problem ultimately leads to the undesirable outcome of low productivity.
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Figure 28. Overview of the pre-intervention CRT.

Part 1

The first part of the CRT (Fig. 29) demonstrates how the core problem (1-2)
of minimizing travel to improve efficiency causes many non-time-critical visits
to be scheduled during peak time (UDE#2). As previously illustrated (Section
6.1.1), this creates an artificially high load in the morning, which in turn
increases the peak time capacity requirement. Since demand drops in the
afternoon, while capacity remains unchanged, overall efficiency is reduced.
Thus, the practice of minimizing travel is an “efficiencies syndrome” (Ronen et

al. 2000, p.144).
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Figure 29. CRT, part 1.

Figure 29 reads: if there are many time-critical visits in the morning (1-1), and all visits
to nearby customers are schednled consecutively irrespective of time-criticality to save travel (1-
2), then many non-time-critical visits are also scheduled in the morning (1-3). 1f many non-
time-critical visits are also scheduled in the morning (1-3), and non-time-critical visits need
not be scheduled in the morning (1-4), then many visits are needlessly scheduled in the
morning (UDE#T). Because many visits are needlessly scheduled in the morning
(UDE#T), few vistts are left for the afternoon (1-5). Because few visits are left for the
afternoon (1-5), demand drops significantly in the afternoon (1-6).

Part 2
Part 2 of the CRT (Fig. 30) illustrates how the UDE (#2) of non-time-critical
visits being scheduled during peak time leads to significant bench capacity in

the afternoon (UDE#06). Starting from UDE#2, part 2 of the CRT reads:
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Figure 30. CRT, part 2.

Because many visits are needlessly scheduled in the morning (UDE#1), the demand peak
in the morning is artificially magnified (2-1). 1f the demand peak in the morning is
artificially magnified (2-1), and all demand must be satisfied (NCH2),*" then the level of
capacity currently required to meet morning demand is artificially bigh (2-2). 1f the level of
capacity currently required to meet morning demand is artificially high (2-2), and capacity
cannot be reduced during a shift as demand falls (2-6), then the capacity for an entire shift is
Jfexced on the basis of peak time demand requirements (2-7). 1f the capactty for an entire shift
is fixed on the basis of peak time demand requirements (2-7), and demand drops
significantly in the afternoon (1-6), then significant bench capacity exists in the afternoon
(UDE#6).

Part 3

Part 3 of the CRT (Fig. 31) demonstrates how the UDE (#2) of non-time-
critical visits being scheduled during peak time leads to the use of leased labor,
which translates into both increased operating expense and bench capacity in

the afternoon. Part 3 reads:

61 NC denotes a necessary condition.
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Figure 31. CRT, part 3.

Because many visits are needlessly scheduled in the morning (UDE®2), the caregivers are
subject to stress during peak time even with full (design) capacity (UDE#H3). 1f the
caregivers are subject 1o stress during peak time even with full (design) capacity (UDE#3),
and a high level of absenteeism causes many shortages (UDE#4), then any level short of
design capacity is perceived as a shortage that must be filled to cope with peak time demand
(3-1). Because of this, external labor is leased to cope with capacity shortages (UDE#5),

and Jeasing labor increases operating expense (3-2).

If external labor is leased to cope with capacity shortages (UDE#S), and labor can only be
leased for full (6+-hour) shifts (NCH3), then leasing labor increases the capacity of an
entire shift (3-3).
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It any level short of design capacity is perceived as a shortage that must be filled to cope with
peak time demand (3-1), and demand drops significantly in the afternoon (1-6), then extra
(leased) capacity is only needed for a few hours in the morning (3-4).

If leasing labor increases the capacity of an entire shift (3-3), and extra (leased) capacity is
only needed for a few hours in the morning (3-4), then leasing labor increases bench capacity
in the afternoon (UDE#7).

Part 4
Part 4 of the CRT (Fig. 32) connects the previous parts, demonstrating how
the core problem ultimately impairs productivity (an undesirable outcome).

Part 4 reads:

[ 4-3. Productivity (T/OE) is low ] Undesirable Outcome

i

[ 4-2. Unit cost is high ]

3-2. Leasing labor 4-1. Labor capacity is UDE#1. The ratio of

increases operating the largest operating throughput to labor
expense expense (Z.%) capacm is poor
UDE#7. Leasmg labor UDE#6. Slgmﬁcant

increases bench capacity in | | bench capacity exists in
the afternoon the afternoon

Figure 32. CRT, part 4.

Because significant bench capacity exists in the afternoon (UDE#G), the ratio of
throughput to labor capacity is poor (UDE#T). This effect is magnified as feasing labor
inereases bench capacity in the afternoon (UDE#7). 1f the ratio of thronghput to labor
capacity is poor (UDE#T), and labor capacity is the largest gperating expense, then unit
cost is high (4-2). Again, this effect is magnified as leasing labor increases operating
excpense (3-2). Finally, if unit cost is high (4-2), then productivity (T OE) is low (4-3).

Summary of the CRT

In sum, the CRT illustrates how the core problem — visiting nearby customers
consecutively to minimize travel time — artificially concentrates demand in the
morning, creating a significant peak in the load. Since the capacity of an entire
shift must be set according to peak time requirements, the demand peak

increases the capacity requirements for the entire shift. As demand drops in the
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afternoon, considerable bench capacity exists in the afternoon, reducing 1%
and overall productivity. The CRT further shows how the core problem creates

all but one of the UDEs (UDE#4: a high level of absenteeism).
6.2.3 The Conflict Underlying the Core Problem

When travel logistics were being discussed with the staff, a frequently
encountered assertion was that efficient use of caregiver time is sought by
scheduling caregiver rounds in such a way that travel is minimized. In practice,
this translates into scheduling consecutive visits to customers living near to one
another. Caregivers visiting customers with time-critical needs will visit all
other customers located nearby while operating in a particular area, regardless

of the non-time-criticality of such visits.

Travel is a so-called necessary evil. In a field service, such as home care, travel
time is inevitable. However, travel per se does not add value to ecither
customers or the provider. Thus, it is intuitive to try to minimize travel time.
However, as the CRT illustrates, making the reduction of travel a scheduling

priority has far-reaching adverse ramifications.

As noted earlier (Section 2.5.5), the core problem often emerges as a conflict
between two or more conditions required for achieving an objective (e.g.,
Goldratt 1990b). The conflict pulls people in opposite directions, often
resulting in a compromise, which keeps the core problem from being

eliminated (Taylor & Sheffield 2002).

The following describes the conflict resolution diagram (CRD) used to
illustrate the conflict underlying the identified core problem (Fig. 33). The
bolded entity (D) shows the core problem, while the dotted boxes (AB, BD,
AC, CD’) state the assumptions underlying the requirements and their

prerequisites.
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Obijective Requirements Prerequisites

1
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more throughput with the i !
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1
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use of the available ﬁ Conflict
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the day by leveling during peak

i
demand ! demand
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by peak time demand requirements, CD’. Non-time-critical visits can

leveling demand makes possible be performed outside peak
better utilization of the hours, leveling demand

throughout a shift.

1
1
1
1
1
1
1
organization’s own labor: it lowers |
peak time load, reducing overall |
capacity requirements (and !
shortages), as well as bench capacity 1
. 1

in the afternoon. \

AC2. Eliminating demand peaks |
will reduce caregiver stress as the |
workload is distributed over a !

1

longer period of time.

Figure 33. CRD: the conflict underlying the core problem.

In order to make efficient use of the available labor capacity (A), EHC must minimize
travel time (B) to avoid wasting precious caregiver time. The assumption is that
the time saved can be transformed into throughput (AC). The prerequisite for
minimizing travel is to wisit all nearby customers consecutively (irrespective of time-
criticality) (D), as this minimizes the distances traveled (BD). In addition, EHC
mnst utilize capacity evenly throughout the day by leveling demand (C). Since the capacity
required is determined by peak time demand, leveling demand enables available
labor capacity to be utilized evenly throughout the day. It reduces the capacity
required to satisfy peak time demand (AC1), mitigating the influence of
shortages, while reducing superfluous bench capacity in the afternoon. It also
reduces peak time-induced caregiver stress (AC2), as the workload is
distributed over a longer period of time. The prerequisite for leveling demand
is to perform only time-critical visits during peak time (D), since non-time-critical

visits can be scheduled relatively freely outside peak hours (CD’).
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In the light of the demand peak, the assumption that the time saved by
reduced travel allows more throughput to be produced with the given capacity
(AC) is false. Granted, minimizing travel enables the caregivers to produce more
throughput within a short petriod of time (peak hours). However, some (non-
time-critical) throughput need not be produced during that period in the first

place, and it needlessly magnifies the demand peak.

As shown earlier, the ensuing temporary demand peak drives up capacity
requirements for an entire shift, capacity which cannot subsequently be
transformed into throughput as demand drops in the afternoon. In addition,
the demand peak renders the operations sensitive to shortages as a result of
variations in demand (e.g., customers returning home after being discharged
from hospital) and supply (i.c., categiver absenteeism), increasing the need to

resort to leased labor.

In sum, while visiting nearby customer locations consecutively enables more
throughput to be produced for a short period of time, it hoards non-time-
critical demand in the morning, increasing the overall capacity requirements,
reducing T%. Conversely, leveling demand by performing only time-critical
visits in the morning would enable less capacity to produce the same amount

of throughput, increasing 1%.
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7 INTERVENTION

This chapter describes the intervention designed to break the temporary
resource constraint through the elimination of the policy causing the core
problem. The intervention is broken down into two design propositions,
constructed by the researcher in collaboration with the project team (PT).
Supervised by the PT, the design propositions were implemented during the

course of an 11-month period, from May 2010 to March 2011.

7.1 DESIGN PROPOSITIONS

Following the identification of the constraint, the next step is to exploit the
constraint and to eliminate policy constraints. As noted in Section 2.3.1,
exploitation can be done in two dimensions: efficiency and effectiveness
(Ronen et al. 20006). Efficiency refers to maximizing the utilization of the

resource constraint, while effectiveness means working on preferred items.

In EHC, however, the resource constraint occurs because non-time-critical
visits are needlessly performed during peak time, during which capacity is
already fully utilized. Consequently, no protective capacity exists.
Concentrating demand in the morning artificially drives up capacity
requirements, and ultimately leads to the reliance on leased labor to cope with
peak demand. Therefore, rather than maximizing the utilization during peak
time, demand should be leveled to reduce the current capacity requirements,
improving the organization’s ability to cope with variations in demand and

supply, as well as future increases in demand.

Thus, subject to rigid capacity, exploitation should be sought in the
effectiveness dimension: working on ‘preferred items’ by performing only
time-critical visits during peak time. In other words, it involves eliminating the
policy of minimizing travel time by visiting nearby customers consecutively,

irrespective of time-criticality.
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Figure 34. Exploiting the peak time constraint by leveling demand.

The exploitation is conceptually illustrated in Figure 34. The primary focus of
the intervention is on the morning shifts, during which the bulk of the home
care visits are performed. Leveling demand seeks to utilize capacity evenly
throughout each shift (the dip around noon is due to lunch breaks). Since
leveling demand would leave protective capacity to deal with back office
activities, as well as variations in supply and demand, the use of leased labor
could be eliminated or significantly reduced. Excess bench capacity shows that

the current capacity could handle an increase in demand.
The intervention was broken down into the following two design propositions:
Design proposition 1: Level demand by offloading non-time-critical visits to off-peak hours.

Shifting non-time-critical visits to off-peak hours breaks the peak time resource
constraint, extending the market constraint to cover the entire day. This seeks
to improve the organization’s ability to make the most of its available labor

capacity, while making excess capacity transparent.

Offloading non-time-critical visits requires that the core problem be

eliminated, hence design proposition 2:
Design proposition 2: Prioritize level demand over minimized travel.

In other words, during periods (e.g., the morning) when time-critical demand is
prevalent, perform only time-critical visits. Break the policy constraint: do not
try to minimize travel by performing non-time-critical visits to customers living

nearby.
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Chapter 7 Intervention

Following CIMO-logic, the two design propositions can be combined into the
following joint proposition: in the context of public home care operations
(where capacity is rigid), level demand throughout each shift (zuzervention), to
improve utilization and to reduce the capacity required to satisfy demand

(mechanism), in order to improve the productive use of labor (sought outcome).

7.2 IMPLEMENTATION

While the researcher was in charge of designing the intervention, the
implementation was handled solely by EHC’s own staff, under the supervision
of the PT. The following provides a brief description of the implementation

process.

The intervention was implemented throughout EHC’s local units over a period
of 11 months, from May 2010 to March 2011. Because of the large size of the
organization, the implementation was broken down into three phases. During
each phase, the intervention was implemented in roughly one third of the local

units, assisted by three representatives of the PT.

As noted earlier, the customers’ care plans comprise a list of tasks to be
performed, which, when grouped into visits, constitute demand. Therefore, to
level demand, the customers’ care plans had to be revised in order to separate
time-critical tasks from non-time-critical ones.”” Since the scheduling system
did not distinguish between the two,” all care plans had to be manually

reviewed to codify time-criticality.

In some instances, such as customers receiving multiple daily visits, tasks were
re-arranged so that only time-critical tasks would be performed during morning
visits. In some other cases, a longer peak time visit was split into two visits,

one time-critical and another non-time-critical, to reduce the peak time load.

Once the care plans had been revised to account for time-criticality, EHC
employed an external contractor (Ecomond Oy) to do a one-off optimization
of the routes of caregiver skill group 2. The motivation for limiting the

optimization to skill group 2 was that it constitutes the bulk of the capacity

62 A visit is time-critical if at least one task to be performed during that visit is time-critical.
03 While time-criticality is not noted in the scheduling system, the caregivers know from
expetience which tasks are time-critical.
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(76%), and produces over 85% of T. Furthermore, the activities of skill group

1 include considerably more back office work.

The purpose of the optimization was twofold. First, EHC wanted to schedule
the visits so that each caregiver route had a 1% of at least 56-63% (i.c., 4.5-5
hours of throughput per 8-hour shift). At this stage, EHC wanted to ensure
that more than enough bench capacity remained to be able to deal with back
office activities. Second, EHC wanted to check how many routes, and thus
caregiver shifts, were, in fact, needed to cope with demand. As demand is

leveled, the number of caregiver shifts needed should be reduced.

Thus, the design propositions were implemented to level demand, while the
one-time optimization was performed to create a model schedule that
translated the revised care plans into practice. The model schedule sought to
help the caregivers make the transition from scheduling routes to minimize

travel to scheduling routes to level demand.
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8 ANALYSIS & FINDINGS: PART 2

“[...]the hardest constraints to change aren’t physical at all. They’re the policies we set.” (Ricketts
2007, p.16)

This chapter discusses the findings of the research conducted after the
intervention. The chapter begins by presenting and analyzing the outcome of
the intervention. The performance indicators before and after the intervention
are compared. On the basis of the findings, two previously overlooked core
problems are identified. As illustrated through an updated version of the CRT,
these core problems help explain why the intervention had a minor effect. A
CRD is used to analyze and propose a solution to the conflict behind one of
the core problems. The chapter concludes with a review of the developments

after the post-intervention follow-up period.

8.1 OUTCOME OF THE INTERVENTION

This section presents the outcome of the intervention, comparing the
situations before and after. Figure 35 shows the load distribution after the
intervention. Notably, not much has changed and the temporary resource

constraint remains.

Figure 36 compares the distribution of throughput before and after the
intervention. It shows that the curves are almost identical, especially during
peak demand in the morning. The reduction in throughput during the highest
peak (9 a.m.) is only 1%. From this it can be concluded that the intervention

failed to level demand throughout the day.
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Figure 36. Comparison of the distribution of throughput before (2009) and after (2011) the
intervention.
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Table 6. Comparison of operational indicators 2009-2011.

Indicator 2009 2011 Change
Throughput (T%) 39 % 37 % -2 pp’
Inventory 61 % 63 % 2 pp'
Esimated Bench Capacity2 49 % 51 % 4%
Total Capacity 53281h 54907h 3%
Throughput (T) 20798h 20215h -3%
Leased labor 4% 6% 31 %
Number of Encounters 44616 43354 3%
Number of Customers 2092 2402 13 %

! pp=percentage point
? Esimated Bench Capacity=Inventory - Estamated Travel

Table 6 compares the operational indicators before and after the intervention,
outlining their change from 2009. T% decreased by 2 percentage points (pp),
or 5%, with an equivalent increase in estimated bench capacity. This is due to a
minor reduction in throughput (T) and a slight increase in capacity. According
to historical measurements, T% tends to vary somewhat throughout the year
(approx. 3-4 pp). While the change is in the wrong direction, the 2 pp
reduction is within the limits of the natural variability of 7% (both capacity and

throughput show some degree of variation).

The increase in capacity is largely driven by a considerable surge (50%) in the
use of leased labor. From discussions with the foremen, it is apparent that
many absences resulting from sick leave come at short notice, perhaps only an
hour or two before the beginning of the shift. Therefore, for fear of labor
shortages, some foremen order leased labor in advance, ust in case’. This will

be further discussed shortly.

The minor reduction in throughput is interesting, considering that demand
increased in terms of the number of customers served. The reduction in
throughput is, however, most probably due to a strategic decision (made in
2010) to tighten the acceptance criteria for regular customers, in an effort to

slow the increase in demand.

EHC had noticed that many customers with only temporary needs for care had
been accepted as ongoing, or regular, home care customers. Consequently,
customers with negligible needs were served on a regular basis. In tightening
the acceptance criteria, temporary home care was emphasized. New customers
are preferably accepted as temporary customers, rather than as regulars in one

of the lower dependency categories. Since temporary customers typically leave
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the system after a while (unlike regular customers), the number of different

customers served may increase without an increase in throughput.

The result of this policy is displayed in Figure 37. It illustrates a shift in the
distribution of throughput between different customer categories. Figure 37
shows a significant increase in the temporary category, with a roughly
equivalent reduction in the two lowest dependency categories of regular
customers. It also shows an increase in the three highest dependency
categories. A plausible explanation is that some customers progressed to higher
dependency categories, while the tightened acceptance criteria kept the

previous categories from filling up with new customers.**

12009 =2011
25 %

20 %

15 %

10 %

% of Total Throughput

5%

0%

Customer Category

Figure 37. Distribution of throughput between customer categories 2009-2011.

8.11 Peak Time Throughput

Since the intervention failed to level demand, it is pertinent to analyze the
composition of the peak time throughput after the intervention (Fig. 38), to
analyze whether customers in the lower dependency categories (largely non-

time-critical demand) are still served during peak time.

64 Ideally, customers would enter the system in the temporary category, and move from a lower
to a higher dependency category as their health and level of autonomy deteriorate. In reality,
however, the decline may not always happen gradually, and sudden step-like changes can move
a customer up several categories within a short period of time.
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Figure 38. The relative load conttibution of different dependency categories throughout the day
(2011).

Figure 38 shows a slight improvement in this respect. The lower dependency
categories account for 40% of demand during the highest peak (9 a.m.). This
signifies a 3 percentage point reduction (or 7%) from the pre-intervention
situation.” On the other hand, the curve (the gray area in Figure 38) remains
essentially unchanged. This suggests that the reduction was not due to non-
time-critical visits being shifted to non-peak hours, but more probably due to
the tightened acceptance criteria. From 2009 to 2011, some of the customers
can be expected to have advanced from lower to higher dependency categories,

while the lower categories ‘fill up” at a slower pace under the new policy.

In spite of the 3 percentage point reduction in the lower dependency categories
during the highest peak, the total peak time throughput only declined by a
negligible 1%. A plausible explanation is that the throughput of the three
highest dependency categories, which include more time-critical demand,
increased by 13%. This suggests that the share of time-critical demand should

also have increased.

%A major difference is the composition of the less dependent categories. As previously
discussed, there is is a clear increase in the temporary category, with a roughly proportional
decrease in the two lowest dependency categories of regular customers. The total throughput
ascribed to the three least dependent customer categories remains largely unchanged.
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8.1.2  Analyzing the Intervention

The intervention can be broken down into two components: 1) planning, and
2) implementation. Planning refers to the steps taken to level demand, or
revising the customer care plans; identifying non-time-critical visits and moving
them to non-peak hours. Implementation, on the other hand, concerns the
execution of the new plan. This required breaking the policy constraint of
minimizing travel by visiting nearby customers consecutively. In other words,
the visits had to be assigned to different routes in a way that prioritized level
demand over minimized travel. Since the intervention failed to level demand, it
is appropriate to analyze whether the failure occurred during the planning or
the implementation stage, or both. This is done by comparing the distribution
of the planned load with the realized load (Fig. 39)

Unfortunately, data on the temporary customers’ planned services were not
available, since they are not registered in the electronic medical record.
Therefore, Figure 39 only compares the planned and realized load attributed to

the regular home care customers, representing 91% of the throughput.

Planned Load Realized Load

Figure 39. The planned vs. the realized load distribution (2011).

The comparison exposes two major differences: 1) the total amount of
throughput (T), and 2) its distribution throughout the day (i.e., the profile of
the load).

Difference in Throughput

The realized throughput drops by 37% compared to the plan. In investigating
the reasons behind this drop, the project team (PT) concluded that a part can
be ascribed to temporarily suspended care episodes. Suspensions occur when
customers are temporarily hospitalized because of illness or rehabilitation. In
general, the frequency of the suspensions should increase with a higher
dependency category. This notion is supported by the fact that the difference

between the planned and realized load is greater in the higher dependency
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categories (Fig 39: black area). According to the PT, as many as 20% of the
customer episodes may be suspended at any one time. According to the
caregivers, temporary suspensions are not always recorded, even though they
should be, creating some ambiguity regarding the accuracy of the plan.
Although not shown in the data, the suspensions were said to be implicitly
known by the caregivers, and the absence of certain customers acknowledged

in scheduling.

Furthermore, on the basis of discussions with the foremen and caregivers, it
was found that the customer needs tend to be overestimated in the care plan.
The motivation is that the customer co-payment is based on the projected
maximum need (i.e., the upper limit of the dependency category). While the co-
payment may be discounted if the customer received less service, the co-
payment remains the same even if the maximum limit is exceeded. To avoid
situations where actual customer needs are greater than expected, the need is

overestimated in the cate plan.

Difference in the 1.oad Profile
As illustrated in Figure 39, the planned and realized load curves have different
profiles, especially after the morning demand peak. While according to the plan

throughput drops by 50% from 9 a.m. to 12 p.m., in reality it fell by 67%.

During the planning stage of the intervention, the PT members in charge
expressed their concerns that the revision of the care plans (postponing non-
time-critical visits) was leading to the emergence of another peak around noon.
The plan shows another smaller peak culminating at 12 p.m.. This suggests that
the planning stage of the intervention succeeded in postponing some of the

demand to off-peak houts.

The total realized throughput of the two lowest dependency categories (Fig.
39: gray area) is 25% lower than planned. However, after the morning peak,
between 11 am. and 2 p.m., the realized throughput is 64% lower than
planned. While part of the 25% difference in total throughput can be explained
by overestimated care and suspended care episodes, the significant difference
after the peak is unlikely to be explained by these factors. The reason is that
there is only a 15% drop in the total throughput during peak time (8-11 a.m.).
The researchet’s interpretation is that non-time-critical demand planned for the

afternoon was actually performed during peak hours.
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Summary

In sum, the analysis suggests that the intervention failed in both the planning
and implementation stages. First, the revision of the care plan was unsuccessful
in leveling the demand (as illustrated in Fig 39: planned load). On the basis of
discussions with the PT, the most likely explanation is that the criteria for time-
criticality had not been tight enough. In other words, visits were given a time-
critical status on the basis of fairly light justification. Therefore, the revision
process failed to identify many visits that were, in fact, transferable to off-peak
hours. The other alternative is that very few visits were non-time-critical. This,
however, is an unlikely alternative since demand has been leveled in other
home care organizations.” This is emphasized by the fact that, according to the
Head of EHC, the relative share of customers in lower dependency categories
is very high in Espoo, compared to an average of large benchmark
municipalities. Thus, it stands to reason that many of EHC’s services should be

non-time-critical.

Second, while some visits had been postponed until off-peak hours, in reality,
they were still performed during peak hours. According to the foremen, the
policy of minimizing travel is deeply rooted in the organization and hard to

break.
8.1.3 Comparison of Local Units

In the light of the fact that the use of leased labor had increased, even though
throughput had decreased, it is useful to compare the performance of the local
units in order to analyze whether the use of leased labor was warranted. This is
done by comparing each local unit’s T% with the level of leased labor capacity
employed (Fig. 40). Because of the varying sizes of the local units, leased labor
is here measured in terms of its share (%) of total capacity. The use of leased
labor is argued to be justified if the T% still remains high. Then again, if T% is
low, the local unit’s own capacity should have been sufficient. Furthermore, a
large difference in T% suggests an uneven allocation of resources between local

units.

% One example is a home care unit in Malmé (Sweden), which the researcher visited in June
2011. According to an ‘in-house’ study performed by the unit, only one quarter of the home
care visits are time-critical. Additionally, data showing leveled demand in two recently
privatized Finnish home care units were presented by Mark Roth, CEO of Mediverkko Oy, at
the “Kotihoito & Teknologia” (Home Care & Technology) seminar in Helsinki, on February
204, 2011,
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Figure 40. Comparison of the local urits.

Figure 40 shows the local units’ performance in terms of T% in a descending
order (left vertical axis) and the respective level of leased labor employed (right
vertical axis). First, a significant difference in performance can be noted. The
performance of the best local unit is 17 percentage points, or 61%, higher than
that of the poorest-performing local unit. Since T% essentially measures the
level capacity available to produce a given amount of throughput, this implies
that the allocation of resources between local units is poor; the ratio of demand

to capacity is uneven.

Second, the use of leased labor varies greatly between the local units. Especially
noteworthy is the high level of employment of leased labor (20% of capacity)
in some of the pootly performing units (N6 and N9). This indicates that the
use of leased labor was unjustified, at least in these units. As noted eatlier, on
the basis of discussions with the foremen, the high level of leased labor in
some units is plausibly due to the practice of ordering leased labor in advance,

just in case, to protect against shortages.

Third, the fact that several of the units demonstrated a low level of T%, even
with a low level of leased capacity, suggests that these units are overstaffed by

design.

Opverall, it can be argued that with an average of less than 40% of capacity

spent interacting with customers (.e. T%), all use of leased labor is

67

unwarranted.”” Even the best-performing local unit is way below the estimated

67 This was also the conclusion reached by the external optimization contractor, according to
whom all scheduling conditions could be met without leased capacity.
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theoretical maximum T% of 60-65% (previously discussed in Section 4.1.6).
Rather, the issue is one of resource allocation, distributing the capacity between

local units on the basis of vatiations in demand and supply.

8.2 IDENTIFYING ADDITIONAL CORE PROBLEMS

The post-intervention research and analysis led to the discovery of an
additional UDE, and two previously overlooked core problems, or policy
constraints, which serve to reinforce both the demand peak and the reliance on
leased labor. This section first presents the UDE and the core problems. The
pre-intervention CRT is then expanded to incorporate the newly identified
UDE and the core problems. A CRD is then used to expose the conflict, as

well as the assumptions, underlying one of the core problems.
8.2.1 Undesirable Effect and Core Problems

The realization that the difference in performance between the local units is
significant, and that leased labor is employed even though many units have
significant excess capacity, brought the researchet’s attention to a resource

allocation problem.

Instead of capacity being considered as a shared pool of caregiver resources,
capacity is highly localized. Contractually, caregivers are employed directly by
the local units. The granted number of caregiver positions per local unit is fixed on the
basis of bistorical developments rather than actual demand (Core Problem 2). These
developments are, for instance, the perceived need for resources at different
points in time, the integration of the previously detached home services and home
nursing functions into home care (1993), and the merger of five separate home

68

care units into one (2006)”. Subject to a demand peak, the perceived need for

resources is bound to be high.

According to the researcher’s experience, and also on the basis of discussion
with the EHC’s management, localized capacity is a remnant of a personnel
administration practice that is very common within the public sector in
Finland. Therefore, this is argued to be a core problem, although in the current

environment, it could perhaps be interpreted as a necessary condition, as it

% EHC was established in 20006, as a result of the merger of 5 separate units. According to all
stakeholder groups, the aftermath of this organizational restructuring is still notable in the
form of somewhat varying “floor-level” practices in different local units. These include, for
instance, the distribution of tasks between the two skill groups. Although perhaps minor, these
differences are considered to be a barrier to the transfer of caregivers between units. EHC is
therefore working towards standardizing the procedures and practices.
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relates to prevailing contracts. Contractually, the caregiver positions could be
assigned to EHC, or a larger geographical area, as opposed to a specific local

unit. In other words, the change is within EHC’s sphere of influence.

Since capacity is not based on actual demand, local capacity usually exceeds
local demand. This was shown by the substantial difference between the
realized T% and the theoretical maximum. ‘Usually’ here refers to the fact that
sudden variations in demand and supply may cause local capacity shortages
during peak time, since demand currently remains concentrated in the
morning. With level demand, however, it stands to reason that fewer caregivers
could handle the current amount of demand, since it enables the workload of

individual caregivers to be spread more evenly throughout the day.

UDE#S: No caregivers are free for transfer to units experiencing shortages

The necessary condition of striving for good employee satisfaction dictates that
all staff be treated equally. Therefore, every attempt is made to assign each
caregiver an even workload. In other words, the workload is distributed evenly
so that each caregiver is assigned a route (core problem 3). In the light of
excess capacity, this means that the workload of each route becomes low, and
that caregivers are unnecessatily activated. Since all caregivers are activated
locally, the excess capacity is not transparent. Consequently, no caregivers

appear to be free for transfer to other units experiencing shortages.

Thus, instead of caregivers being borrowed from other units with excess
capacity, leased labor is typically employed. According to the foremen, some
temporary borrowing does occur between individual units, but there is no
systematic resoutrce allocation scheme in place for doing so. Rather, the
occasional borrowing of labor is based on personal relationships between
particular foremen. In addition, leasing labor is considered an easier option,
since possible excess capacity in other local units is not transparent. As a result,
the temporary re-allocation of caregivers is more of an exception than a rule,

and remains a small-scale enterprise.
8.2.2 The CRT Revised

This subsection expands the CRT to incorporate the post-intervention
findings. Again, Figure 41 provides an overview of the CRT, while the
extension ‘part 5’ is shown and described separately (Fig. 42). It illustrates how
the two newly identified core problems reinforce both the artificial

concentration of demand in the morning and the reliance on leased labor.
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Figure 41. Overview of the post-intervention CRT.
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Figure 42. CRT, part 5.

Figure 42 reads: If Jocal design capacity is fixed on the basis of bistorical developments
rather than demand (5-1), and design capacity exceeds local demand (5-2), then local units
typically have an excess number of caregivers (local buffer capacity exists) (5-3). It local units
typically have an excess number of caregivers (local buffer capacity exists) (5-3), and the
workload is divided evenly so that each caregiver is assigned a route (5-4), then the workiload
of each route is low (5-5). 1f the workload of each route is low (5-5), and most routes start
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in the morning (at the beginning of the shift) (5-6), and wvisits to nearby customers are
scheduled consecutively irrespective of time-criticality to save travel (Part 1) (1-2), then most
visits are scheduled in the morning (5-7). 1f most visits are scheduled in the morning (5-7),
and many visits are non-time-critical (5-8), then many non-time-critical visits are also

scheduled in the morning (1-3) (see Part 1: Section 6.2.2).

Because #he workload is divided evenly so that each caregiver is assigned a route (5-4), each
caregiver is activated locally (5-9). 1f each caregiver is activated locally (5-9), then buffer
capacity is consumed locally (5-10). 1f buffer capacity is consumed locally (5-10), then no
caregivers are free for transfer to units experiencing shortages (UDE#S). 1f any level short of
design capacity is perceived as a shortage that must be filled to cope with peak time demand
(see Part 3: Section 6.2.2) (71-3), and no caregivers are free for transfer to units
experiencing shortages (UDE#S), then external labor is leased to cope with capacity
shortages (see Part 3) (UDE#)).

8.2.3 Exposing Another Conflict

As noted earlier, core problem number 2 (Fig. 42: CRT, part 5) is created by a
contractual practice related to personnel administration, rather than a conflict.
To eliminate problem 2, current collective agreements require that the post
(.e., local unit) associated with each caregiver contract be re-negotiated.
Therefore, this subsection only presents the conflict and the underlying

assumptions associated with core problem 3 (cf. Fig. 42).

Figure 43 presents the CRD used to illustrate a conflict underlying core
problem number two (cf. Fig. 42). Again, the bolded entity (D) shows the core
problem, while the dotted boxes (AB, BD, AC, CD’) state the assumptions

underlying the requirements and their prerequisites.
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Figure 43. CRD: the conflict underlying core problem 2.

According to both the foremen and the caregivers, an important component of
employee satisfaction is ensuring that all caregivers are assigned an even
workload. This has also been noted by Eveborn et al. (2009). In order to assign
an equal workload to all caregivers (A), the workload shounld be evenly distributed between
caregivers at the local level (B), as well as between local units on the global level (C).
The latter means ensuring that each unit has the same ratio of capacity to
demand, or an equal amount of resources relative to demand, by re-allocating
capacity between local units on the basis of actual demand (C). To achieve B, all locally
available caregivers should be activated (i.c., assigned a route). On the other hand, to

achieve C, the local units should activate only as many caregivers as are needed
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to ensure that each route has a reasonable workload.”” This would allow non-
activated (excess) caregivers to be re-assigned to other units experiencing

shortages.

The underlying assumption (AB) is that a// locally available caregivers are needed. In
other words, all the caregiver positions allocated to a specific unit are justified.
On the basis of the findings, however, this assumption is argued to be false,
assuming that demand can be leveled. The number of caregiver positions
allocated to the local units is based on historical developments rather than the
current level of demand. As shown earlier, the T% of the local units ranges
from 27-45% (Fig. 40, Section 8.1.3), while EHC holds that a T% of 60% is
feasible. Thus, in cumulative terms, the capacity for the entire day exceeds
demand. On the other hand, a peak time resoutrce constraint exists, meaning
that the caregivers are temporarily needed during peak time. Therefore,
achieving a T% of 60% necessitates that demand be leveled by shifting non-

time-critical visits to off-peak hours.

The underlying assumption (BD) that activating all caregivers reduces stress
comes with an interesting twist. As previously illustrated in the CRT (Part 5),
activating all caregivers actually reinforces the artificial concentration of
demand in the morning, the main reason for the perceived level of stress.” The
argument is that a low workload per route allows the caregivers to prioritize
the geographical proximity of customer visits (i.e., minimizing travel) over their
time-criticality. Thus, non-time-critical visits are performed in between time-
critical ones. On the other hand, if capacity matched demand (T%=60%), then
distributing the workload evenly between the caregivers would be reasonable,

and the assumption would hold.

In sum, subject to local excess capacity, activating all caregivers reduces the
transparency of possible excess capacity, eventually forcing other units to rely
on leased labor (activated caregivers are not free for transfer). Unnecessary
activation of caregivers also contributes to the peak time load. Since, according

to the staff, this practice has become deeply rooted over time, it has eventually

0 EHC estimates a “reasonable” workload to be around 4.5-5 hours of throughput per 8-hour
shift, corresponding to a T% of roughly 60%. This would leave approximately 3-3.5 hours for
back office activities, breaks, and transportation (~1-1.5h). In the current environment,
reaching a T% of 60% per activated caregiver shift means that 38% of the capacity would
remain idle. On the same note, for EHC to reach a total 7% of roughly 60% would entail
cither a 38% reduction in total capacity, given the current level of demand, or a 62% increase
in demand, given the current level of capacity.

0 It can be argued that the peak time stress is induced by the practice of trying to fit non-time-
critical visits in between time-critical ones on the basis of geographical proximity.
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rendered the “excess” capacity “needed”. In other words, the practice has

given rise to a self-reinforcing loop.

8.3 DEVELOPMENTS AFTER THE FOLLOW-UP PERIOD

Workshops were held with the foremen in June 2011, after the 6-week post-
intervention follow-up period had concluded, to analyze the findings and
discuss why the intervention had failed. The foremen expressed their belief
that they had not succeeded in communicating to the caregivers why the
changes imposed during the intervention should be made. While generally
agrecing with the results and the cause-effect logic presented in the CRT, the
foremen were concerned that they would not be able to convey the full
message to the caregivers. It was therefore decided that the findings should be

communicated to the caregivers directly by the researcher.

The findings were presented to, and discussed with, EHC’s entire staff, on
three occasions, with approximately one third of the staff attending each time.
Since, in the short term, the only way to improve T% is to reduce the reliance
on leased labor, the unnecessary use of leased capacity was one of the focal

topics.

An analysis of the weekly number of leased labor shifts (Fig. 44) shows a
decrease in the number of leased labor shifts throughout the year’ (2011). A
comparison with 2009 shows that the decrease is not due to seasonal
fluctuations. The gray area illustrates the timing of the presentations (weeks 36-
37). Although a gradual reduction in the use of leased labor can be discerned
throughout the year, a particularly notable drop occurs in the weeks after the

presentations.

"'The data are based on reports provided by the labor leasing agency.
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Figure 44. The number of leased labor shifts per week: 2009 vs. 2011.

In 2011, the median number of leased labor shifts before the presentations
(weeks 1-37) was 84 shifts, (avg. 82.4, range 125-41), and the median after
(weeks 38-45) was 27.5 shifts (avg. 27.3, range 42-13). The difference is
statistically significant (Mann-Whitney U = 295, #, = 37 n, = 8, P < 0.001 one-
tailed), suggesting a substantial reduction in the use of leased labor after the presentation.
It should, however, be noted that only 8 weeks’ worth of post-presentation
data were available at the time of writing. Nevertheless, if weeks 1-37 are
compared with 38-45, the average number of leased labor shifts fell by 67%
(82.4 to 27.3).

If the average of weeks 38-45 in 2011 is compared with the average for the
year 2009 (avg. 73.9; range 109-42), the average number of leased labor shifts
declined by 63%. Assuming that this new level can be sustained, the economic
benefit is considerable. In 2010, the total operating expense of leased labor was
€800,000. The estimated savings from a 63% reduction in leased labor capacity

would thus be over €0.5M per year.

The analysis (Fig. 44) further shows that the number of leased labor shifts was
exceptionally high during the 6-week post-intervention follow-up period (2011;
weeks 10-15).” This may perhaps explain the 50% increase in labor capacity

since 2011, as well as the 2 percentage point reduction in 1%.

As noted eatlier (Section 6.2.1), in the short term, the only means available to
improve T% was to reduce the use of leased labor capacity. In this respect, #be

intervention seems to have been effective. Therefore, it can be argued that the minor

2 During the 6-week pre-intervention period (2009; weeks 7-12), the number of leased labor
shifts per week was normal, i.e., close to the year’s average of 73.9 shifts per week.
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decline in performance between 2009 and 2011 was due to the fact that the 6-
week follow-up period was close to the end of the intervention. After all,
implementing a change affecting deeply rooted practices (e.g., minimizing
travel) may take some time. In hindsight, the post-intervention follow-up
period could perhaps have been postponed. However, the researcher did not
have access to operational data for later periods. Thus the actual impact on of
the reduction in leased labor capacity on 1% could not be evaluated, and must

be left for future research.
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9 CONTRIBUTION & IMPLICATIONS

This chapter presents the contribution and the managerial implications. The
chapter begins by discussing the theoretical contribution related to TOC in the
context of field service, in order to answer research question number 1. This is
followed by a summary of the empirical contribution, which in turn answers
research question number 2. The managerial implications of the contributions

are then discussed. The chapter concludes with suggestions for future research.

9.1 THEORY OF CONSTRAINTS IN FIELD SERVICE

This section presents and discusses the theoretical contribution of this
dissertation. It opens up a discourse on the particular characteristics of field
service operations, and how these may affect the applicability of certain TOC
tools. At the heart of the argument lies a review of central TOC tenets, such as
the assumption of a dependent sequence of events, and how these tenets

pertain to a field service context.

The discussion applies new reasoning to the insights gained from the empirical
investigation. In doing so, the following subsections answer different aspects
of the first research question: How does the structure and flow of field service processes
differ from facility-based service processes, and what are the implications for TOC? First,
the characteristics of field services are outlined and contrasted with those of
‘conventional processes’ which are inherent in manufacturing and many
facility-based services. It is argued that these distinctive characteristics have
several implications. For example, the structure and flow of field services make
Drum-Buffer-Rope (DBR) scheduling inapplicable to this environment. Second,
the author contends that Replenishment can be used to improve resource
allocation in field services. The challenge is very similar to that of matching
supply with demand in a distribution context. Third, the applicability of
different TOC tools to a field service environment is discussed. The focus here
is on the hinking processes (TP), the process of ongoing improvement (POOGI), and the

TOC performance measnrement system.
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9.1.1  Structure and Flow of Conventional Versus Field Service Processes

The main contribution presented in this section is a description of the distinctive

characteristics of field service processes, and their implications for the applicability of TOC.

TOC was originally developed for a manufacturing environment, in which the
process (the units of analysis) consists of a series of production steps needed to
produce a final output. Each step is typically performed by separate resources,
and the workflow consists of the stream of items moving between production
steps. In field services, on the other hand, #he entire process is performed by a single
resonrce, and the workflow consists of that resource’s movement between
different sites. The service provided at each site constitutes a discrete ontput, and
the sequence of the site visits is not dependent. Instead of managing the flow of
interdependent processes, field service providers manage the flow of multiple

parallel, independent field service processes.

Before examining the implications this has for TOC, it is prudent to first
briefly discuss the assumptions related to conventional processes which are
inherent in manufacturing and many facility-based services. These assumptions

constitute prerequisites for the applicability of DBR.

Conventional Processes

“TOC views every organization as a chain of interdependent events” (Breen et
al. 2002, p.40). One of the central tenets, or assumptions, of TOC is that the
events (production steps, operations, or processes) are sequentially dependent
(e.g., D. E. Womack & Flowers 1999). The output of one step is the input of
the next; one step must be finished before the next can begin. In other words,
“the performance of each event (or process) is dependent upon the previous

event” (Breen et al. 2002, p.40).

In a manufacturing environment, a dependent sequence of events may be a
matter of course. Production lines are designed in such a way that items are
processed by different operations (e.g., assembled) in a particular order. (The
occasional work-arounds are typically exceptions rather than the rule.) Thus,
the operations are obviously dependent in that a bottleneck resource can

constrain the throughput of the process.

In a facility-based service environment, such as a hospital, the sequential
dependence of events may no longer be self-evident. The order in which a
patient is processed by different steps may not always be a primary concern, as

long as each step takes place. For instance, as Lillrank et al. (2011)
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demonstrate, the diagnostic process of head and neck cancer has several
alternative sequences. Production steps, such as visiting a physician, medical
imaging, and tissue sampling, are all necessary, but the order in which they are
performed is, to some extent, arbitrary. Thus, the sequence of events in such
an environment may be independent, or perhaps semi-dependent. In other
words, there may remain some in-process sequences that are still dependent,
and the number of alternative sequences is limited. Nevertheless, on an
aggregate level, the demand for a particular step (e.g., a department) may be
greater than its capacity, creating a bottleneck, which governs the throughput
of the system.” Using the chain analogy, even though the order of the links is

changed, one link still remains the weakest.

In both of these environments, the unit of analysis is a process, as manifested
by a series of operations, often performed by different resources (e.g., labor),
each operation contributing towards achieving an end result”* (e.g., a product
or treated patient). The process consists of “two or more steps that are
complementary but distinct in that they use different resources, skills or
equipment; happen in different places, or at different times” (Lillrank et al.

2011, p.195). This type of process is here referred to as a conventional process.

The task of OM is to synchronize the work of separate operations and/ or resources, in
order to improve the flow of items (e.g., patients) through the process. The
process flow is represented by the items moving through the process. Among
the main objectives are the reduction of both lead time and inventory (raw
matetials and WIP/PIP). TOC suggests that this is best done by scheduling all
operations on the basis of the constraint (i.e., DBR), and that seeking efficiency
on non-constraints will not reduce lead time and inventory, but can in fact be

counter-productive.

Field Service Processes

In a field service, such as home care, #he unit of analysis is a process, manifested by the
[field gperator’s movement between sites. This is conceptually illustrated in Figure 45,
using the home care example.” Visits to different sites resemble production

steps in a conventional production process. In a field service process, however,

73 The sequential independence may to some extent allow ‘work-around’, which can prevent a
true bottleneck from appearing. For example, if the physician is busy, then visit the imaging
department first, and return to the physician later etc.

™ For example, in a hospital environment, an ‘operation’ could be a surgical unit, while the
‘resources’ are its staff. It is not uncommon for these resources to work temporarily in other
units or departments as well.

7> Examples of other field services with similar characteristics include the repair of home
appliances and maintenance of elevators.

157



Chapter 9 Contribution & Implications

each production step (site visit) is performed by the same resonrce. The sequence of the
steps is not inherently dependent, since the output (service) of one step is not
the input of the next. In other words, #he performance of each event (or process) is not

dependent upon the previous event.

s mmmmEEEEEw RELLEEEELELY) RELEEEEEEEL L) RELEEEELEELL)
. . .

= Visit #N

Cunnns
tnnnns
Canmns

e

.
.

. = .
H 1]
H RITEETETETTD)
0

.
.

"
slosnnnnnnnn elssnnunnnnw «laanamnunnw, 3
»' L » =
v

[ - .
u .

. .
., .,
. u
. .
. .
0 -

CLITTTITTTITN H
Visic #1

’ CEEEETTETT T Y asmmmmmmmmEs

aluanannnnan, 5

tunnns

Caregiver Route

- Different customers (and locations) visited by the same caregiver
over the course of one shift

Home visits received by customers at different points in time

Figure 45. Unit of analysis: The caregiver process (toute)

The subjects (machines or customers) of the service at different sites are not
interconnected in any way. The only thing they have in common is that the
service is provided by the same field operator (input). However, since field
operator resources are often substitutable, the steps can potentially be
performed by any number of field operators. Hence, on a fundamental level, 7o
inberent dependence exists between site visits, nor between the sites and a particular resource
(field gperator). As a result, site visits can be scheduled in an arbitrary order and

assigned to any field operator.”

Still, in practice, assigning site visits to field operators does create a form of
sequential dependence (or semi-dependence) of events (the route), because the
visits share the same input. A field operator cannot move on to the next site
before the work at the previous site is completed. Should a delay occur (i.e.,
vatiation), it may affect the operator’s ability to proceed with the remaining site
visits. If the delay is minor, the field operator may be able to sprint to make up
for the lost time. If the delay is significant, then some remaining visits may
need to be reassigned to other field operators, if possible, to avoid loss of

throughput.

76 The exceptions are when a customer demands the service of a specified field operator, or
when a particular skill (scarce resource) requires that a certain field operator be dispatched.
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Constraints vs. Non-constraints in Field Service
This subsection discusses the manifestation of constraints and non-constraints
in field services, arguing that time-critical demand can create temporary

resource constraints in systems otherwise subject to a market constraint.

In a field service, such as home care, the process only consists of a single
resource, the field operator. If demand for the resource exceeds supply, it is a
constraint, meaning that the route is ‘full’, and no more throughput can be

produced. That is, each field operator is either a constraint or a non-constraint.

From a system perspective, however, zhere are as many parallel field service processes
as there are field operators. Therefore, the system is not subject to a resource
constraint unless every field operator is utilized concurrently. This is because
site visits can be assigned to other non-constrained operators. This is
comparable to a single operation (i.e., one production step) part of a
conventional production process. The operation consists of several machines
working in parallel, and it is therefore not a resource constraint until the

demand exceeds the combined capacity of all the parallel machines.

As illustrated in the empirical study, the home care unit is subject to a peak
time resource constraint, during which all caregivers are utilized. This means
that during peak hours no additional throughput can be provided.” In the
afternoon, however, the system is subject to a market constraint, as excess
capacity exists. Thus, while the individual field operators are generally non-
constraints (most have excess capacity), time-critical demand causes the system
as a whole to be subject to a temporary peak time constraint, during which all

caregivers are occupied concurrently.

As a result, a femporary resource constraint may exist, even though the system is subject to a
market constraint; the total capacity available throughout the day exceeds
demand. The author argues that this stems from the time-criticality of certain
services. For instance, a machine breakdown may require an immediate
response, and the dispatch of a field operator to the customer’s site. The field
service is inseparable (e.g., Moeller 2010) in that it is provided and consumed
simultaneously. Services such as home care or maintenance and repair cannot
be pre-produced and stored (i.c., unused labor inventory perishes). Time-

criticality stipulates that the service cannot be postponed and that the demand

77 Note that T'is measured in terms of time rather than visits. More visits could perhaps be
performed during peak time, but this would require each visit to be shortened.
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must be satisfied within a certain time window. If a service provider cannot

comply, then customers may take their business elsewhere.

In public home care, service providers are required to satisfy time-critical needs
as they occur, creating an imperative to maintain excess capacity. To reduce the
required level of capacity, it is therefore crucial that time-critical need be clearly
distinguished from non-time-critical need when determining the care plan (i.c.,

demand).

Implications
This subsection discusses the inapplicability of DBR to field services, and how
to subordinate individual resources to improve the efficiency of the system as a

whole.

If one resource performs all the production steps (site visits) in a process then
it works independently of other resources. The resource’s ability to process is
not dependent on output produced by previous operations. Since the freld service
process does not involve synchronizing the production rate of different resources or production

steps to improve flow, DBR scheduling is not applicable, at least in its traditional form.

Because of the dependent sequence of events of conventional production
processes, TOC holds that maximum utilization (‘efficiency’) should be sought
only at the resource constraint, since it governs throughput. High efficiencies
on non-constraints will not improve the throughput of the process. So to
reduce inventory and lead time, the processing rate of the non-constraints is

subordinated to the constraint.

As a field service process incorporates a multitude of largely independent
resources working in parallel, maximizing the efficiency of each resource will
increase throughput (provided that enough demand exists). There is no other

bottleneck resource ‘blocking the flow’.

However, sub-optimization may occur if the efficiency of the resources is
sought in the wrong way. Such an example was illustrated in the empirical
study. If, in a situation where there is excess capacity, high efficiency is pursued
by minimizing travel, it may have systemic ramifications. It can drive up the
total capacity needed to produce a given amount of throughput, while reducing

the efficiency of the system as a whole.

Thus, the efficiency of the individual resonrces should be subordinated to the efficiency of the

system as a whole. In the case of home care, this means that level service
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provision (load; the prerequisite being level demand) should be prioritized
above the efficiency of individual resources. The motivation is that level
service provision would reduce the minimum level of capacity required to
satisfy demand. Level demand would mean that demand could be satisfied with
less capacity, improving the efficiency of the individual resources. Alternatively,
if capacity remains at the current level, even if service provision were leveled, it
would improve the ability of the system to cope with increasing time-critical

demand.

Travel in between locations in home care is akin to setup in a manufacturing environment.
While unnecessary setups should be avoided, minimizing setups carries the risk
of increasing WIP and reducing flexibility. In home care, minimizing travel
shifts non-time-critical demand to times when time-critical visits are most
prevalent. Since capacity is more or less fixed, this increases inventory (bench
capacity) in the afternoon. Likewise, an artificially high peak time load reduces

the flexibility, or responsiveness, to fluctuations in demand and supply.

In other words, reducing travel in field services can be argued to be the
(inverse) equivalent of increasing batch sizes in manufacturing, to reduce setup
time. Small batch sizes may improve an organization’s responsiveness, but

requires more setup (cf. more travel).
9.1.2  Replenishment: Home Care as a Distribution Environment

Replenishment (R) was originally designed as a solution for the distribution of
goods in supply chain environments (e.g., Blackstone 2010a), rather than as a
tool for resource management in operations. The basic idea of R is to let actual
demand pull inventory through the system from its source, instead of pushing
inventory through the supply chain on the basis of forecast demand. In brief, the
motivation is that pushing inventory downstream to the final point of supply
(e.g., retailers) will probably result in a mismatch between demand and supply.
The undesired outcome is surpluses of slow-moving items and shortages of
‘high-runner’ items at individual locations. One retailer may experience
shortages of an item of which another one has a surplus; ie., the wrong
number or type of products are held at the wrong location, at the wrong time.
TOC suggests that replenishing retailers on the basis of the actual demand
(e.g., sales) during the replenishment period will alleviate the problem, and

eliminate the need to rely on forecasts. (e.g., Blackstone 2010a)
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Based on the empirical findings, the author argues that home care (and perhaps
other comparable field services as well) experiences a problem (or
phenomenon) that is fundamentally very similar to the one present in
distribution. The wrong amount and type of inventory is held at the wrong
location, at the wrong time. The amount of inventory held at different
locations is not based on actual demand, but rather on a form of forecast. The
difference is that in home care, inventory is made up of caregivers instead of
products, and inventory is distributed between local units. The fixed number of
caregiver positions (capacity) assigned to the local units is akin to a forecast. If
the forecast need for capacity is wrong, then a mismatch between supply and
demand arises. As a result of the similarity of the phenomenon, it stands to
reason that Replenishment may be applicable to this environment, as a solution

to the resource allocation problem.

The argument builds on the work of (Ricketts 2007), who develops
Replenishment and  Buffer Management (BM) for professional, scientific, and
technical services (PSTS). PSTS can be argued to share some relevant
characteristics with field services. In both cases, inventory is composed of
labor resources that are deployed on assignments, which may often require an
employee to visit the customer’s location (e.g., consulting, accounting). Since
Replenishment and BM target inventory, which in both field services and PSTS
is manifested as labor resources, it stands to reason that the same
Replenishment and BM mechanisms should be applicable in a field service

environment as well.

According to Ricketts (2007, p.74), “even though supply and distribution in
services differ from industry, the basic principles behind Replenishment are
still valid”. The original principles and their application in a service

environment are briefly outlined in Table 7.78

8 For a more thorough explanation, the reader is advised to refer to Ricketts (2007)
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Table 7. Replenishment principles applied to service (based on Ricketts (2007, pp. 74-75)).

No. [Principle Application to Service
1 |"aggregation reduces variation" "skill groups aggregate demand for
resources"”

2 |"buffers sized according to average time|"buffers are sized according to net

to resupply protect against shortage" resource consumptionl"

3 ["buffer zones provide a convenient|"buffer zones guard against both
reference that tells managers when action|resource shortages and excess"

is required"

4 |"buffer management driven by actual "buffer management utilizes a wide
demand protects against shortage while |variety of techniques for adjusting

avoiding excess" resource capacity”

1 . . . . .
the difference between resources going out on assignments minus those returning.

The Resource Allocation Problem

Before expounding on how Replenishment could be applied to home care, it is
sensible to first review the underlying core problem and UDEs, which it is
suggested that Replenishment solves. On a general level, the author argues that
Replenishment could be used to solve the problem of matching demand and
supply in different local units throughout the system, reducing the need to rely

on external (leased) labor.

As noted in the post-intervention findings, capacity is dedicated to local units
based on historical developments rather than actual demand. Since the total
available capacity typically exceeds total demand, local units have excess
capacity. As the workload is distributed evenly between all available caregivers,
all caregivers are activated, and consequently, unavailable for transfer to units
experiencing shortages. This creates a mismatch between demand and supply
at different locations. Excess capacity is consumed locally, while shortages

need to be filled with external labor.

The practice and consequence of activating all caregivers locally is presented
conceptually in Figure 46. The example illustrates a day shift in one local unit.
In the current state, all eight available caregivers are activated locally. This
results in the accumulation of visits in the morning, a low workload per route,
excess capacity in the afternoon, and a 1% of only 40%. In the future state,
demand is leveled so that it can be satisfied by five caregivers. This represents
the level of capacity needed to ensure that the T% per route is roughly 60%.”

This constitutes the base capacity. By activating only the minimum number of

7 As ecarlier noted, this is the level of performance currently sought by EHC. A T% of 60%
would still leave sufficient time for back office activities.
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caregivers needed to achieve this, three caregivers are left free for transfer to
any other unit experiencing shortages. In the example, however, one caregiver
remains unactivated at the local level. The unactivated caregiver constitutes a
local buffer, ensuring that the local unit can handle any sudden variation (e.g.,

emergencies), without the need to reschedule the other caregivers’ routes.

[. Office [ ] Visits @ Break | | Free for Transfer]

Current State

J

caregiver 1 @@L () 8N
caregiver 2 ([l (L)) () () (5 (D
Carcgiver3 @B (] () (D) N
Caregivers @) () SN O GO G | .,
caregiver5 @) (J0J) (S B0 S
cacgivers @ () (L) N
caregiver 7 (LI ) (DL (D
Carcgivers @ (0 (] ()G

821.m. 9I 1b 1I1 1‘2 1‘p.m. 2‘ flﬁ é‘t
Caregiver 1 . [:] D [:] D- D D - ]
Caregiver2 i (JUJ ) (JEEBC ) ()
Caregiver 3 B (CJC ) () GO0 (/OB — 7%=60%
caregvers @B () 0 0D 0O
Carcgivers @ () ) (B0 (/N

Caregiver 6 Local Buffer

Caregiver 7

Transfer to
resonrce pool

Caregiver 8

Future State

Figure 46. Multiple parallel field service processes. Dividing the workload evenly between all
locally available caregivers reinforces the artificial accumulation of demand in the morning.

Applying Replenishment to Home Care

Like pushing goods downstream and holding large inventories at retailers,
dedicating caregiver positions to local units means that caregiver inventory is
held at numerous locations. According to the principle of aggregation, the
variation in demand and supply is much greater at the local unit level than at
the global level. Therefore, #he anthor suggests that excess bench capacity (i.e., inventory)
be held at the global level in a common (‘global’) resource pool, from which caregivers be
distributed on  the basis of local wvariations in demand and supply. Following
Replenishment, each local unit should be resupplied or desupplied (Ricketts

2007), on the basis of the actual demand. That is, if local demand exceeds local
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capacity,”’ additional caregivers are supplied from the resource pool. Likewise,
if local demand decreases (e.g., as a result of hospitalizations) or local capacity
increases (e.g., caregivers returning from sick leave), so that excess capacity

emerges, caregivers are returned to the resource pool (i.e., desupplied).
g g
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Figure 47. Replenishment in a Home Care Environment.

This is conceptually illustrated in Figure 47. According to Ricketts (2007), the
common resource pool needs to consist of separate buffers for different types
of skill groups, whose resources are generally substitutable. As Ricketts notes,
“for purposes of Replenishment, skill groups in services are roughly analogous
to products in industry” (p. 76). In the case of home care, this means separate
buffers for basic employees and registered nurses. Naturally, additional buffers

can be used for special skills (e.g., expertise in dementia), or resoutrces can be

80 T% would be higher than a specified threshold level (e.g., 60%), or actual concurrent time-
critical demand requires a large number of resources.
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present simultaneously in several buffers. For example, registered nurses can
be present in both buffers, since they meet the requirements for performing all

types of home care activities.

It may useful further be to maintain a small local buffer, possibly divided
between skill groups. The motivation is that sudden variation, such as
emergencies, may require a quick response. If excess capacity is held at a
separate location, the resupply may inevitably take some time. To keep the
local buffer as small as possible, it may be reasonable to ‘fill it” with resources
from skill group 1. Since registered nurses have a higher level of qualification,

they are allowed to perform all activities and are therefore more substitutable.

Discussion

Aggregating excess capacity in a common resource pool is argued to have
several benefits. First, and perhaps most importantly, it increases the ability to
cope with variation by matching demand with supply throughout the system.
After all, variation in supply and demand is much lower at the global level than
in the local units. Thus, it will probably eliminate shortages and thereby the
need to rely on external labor. In practice, however, achieving the necessary
free transferability of caregivers between local units will require a renegotiation

of the caregivers’ contracts.

Second, it should serve to counteract the artificial accumulation of non-time-
critical services during peak time. Activating only as many local caregivers as
needed to achieve a certain T% threshold level means that there is not enough
local (base) capacity left at the local level to maintain uneven service
production. Without excess capacity, the natural tendency to divide the
workload evenly between caregivers is no longer a problem, but a sensible

human resource policy.

Third, it enhances operational transparency. Holding excess capacity in
common skill group buffers means that excess capacity is transparent and
actually free for reallocation, rather than ‘hidden’ and consumed locally
through unnecessary activation. Since the level of excess capacity is apparent, it
is possible to monitor how much the demand can actually increase before
additional resources need to be employed. Monitoring the need for resupply
may help determine whether the size of the base capacity and local buffer is
appropriate. If the same local unit requires frequent resupply, then its base

capacity or local buffer may need to be increased.
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Finally, since local units serve a mutual pool of customers, the author would
argue that reducing base capacity is likely to reduce the number of different
caregivers serving the same customer. Thus, it stands to reason that dividing
the workload between fewer staff (base capacity) would reduce the number of
‘familiar’ caregivers visiting the same customer. In other words, it may help
local units meet the quality guidelines. This consideration also reinforces the
justification of a local buffer, as caregivers supplied from the common resource

pool are bound to be ‘new faces’ unfamiliar with the customer.
9.1.3  Applicability of TOC to a Field Setvice Environment

The study suggests that the sbinking processes (I'P) are perhaps the most directly
applicable TOC tools for a field service environment. As illustrated in the
empirical study, they provide an effective way of determining the factors
underlying poor productivity. This corroborates Moss’s claim (Moss 2007, p.4),
that “it may be the TOC thinking processes and problem-solving techniques

that provide the most benefit to services”.

Because of the differing structure and workflow of the field service processes,
Drum-Buffer-Rope (DBR) scheduling is not appropriate, at least in its traditional
form. The process of ongoing improvement (POOGI), however, still remains
applicable, even though the subordination step takes a different form (the other

steps remain unchanged).

Rather than subordinating different operations in the same process to the
constraint using DBR, operations or resources working as ‘parallel’
independent processes need to be subordinated to the system’s constraint; this
takes the form of demand or the aggregated capacity of multiple independent
resources at different points in time. For instance, in the home care unit that
was studied, this means subordinating the efficiency of individual field
operators (caregivers) to the levelness of service provision. The motivation is
that level provision will increase the efficiency of the system as a whole, since
less capacity is needed to satisfy demand, and capacity can be utilized evenly
throughout the day. Level service provision also increases the system’s ability

to cope with increasing time-critical demand.

The author further argued for the applicability of replenishment to home care.
However, in the current environment, adopting replenishment would require
the renegotiation of caregiver contracts, which is a politically sensitive issue.

While it is accepted conceptually, according to discussions with home care
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professionals in both Espoo and other municipalities, replenishment could not
be implemented in the available time frame. And so its applicability needs to be

empirically verified through future research.

The TOC performance measurements are to some extent transferable to a
public home care environment. Some challenges are nevertheless present. First,
defining the goal in a comprehensive and unambiguous and yet easily
measurable way is difficult. As first suggested by Ronen et al. (2000), the goal
may be to “increase the relevant performance measures versus the
organization’s goal” (Ronen & Pass 2010, p.845). Second, as explained in
Section 4.1.7, the traditional bottom-line measurements, such as et profit (or
loss), return on investment, and cash flow are largely irrelevant in a public health
service environment. While the operational performance measurements can be
translated into productivity through simple calculations, they do not
incorporate any information regarding the effectiveness of the service. Since

this was beyond the scope of this dissertation, it is left for future research.

It stands to reason that TOC performance measurement of the system in its
traditional form would be applicable to the wider area of for-profit field
services. The only difference is that inventory consists largely of labor.
However, in field services such as maintenance (i.c., after-sales service), in
which spare parts inventories are present, inventory may perhaps be defined as
consisting of both labor and physical products. Essentially, both constitute
investments in things the company aims to sell. For a more comprehensive
review of other relevant performance measurements of this type of field

service, the reader is advised to refer to Klarman & Klapholtz (2010).

9.2 FACTORS LIMITING PRODUCTIVITY IN HOME CARE

This section presents the empirical contribution of this dissertation. It begins
by summarizing the central empirical findings in order to answer research
question number 2: What constrains the productive use of labor in public home care?
This is followed by a brief discussion of the effects of a peak time resource

constraint.

168



Factors Limiting Productivity in Home Care

9.2.1 What Constrains the Productive Use of Labor in Public Home Care?

Productivity is approached from an output perspective, i.e., the ratio of output
(or throughput™) to input. Thus, productivity can be improved by providing 1)
more throughput (T) with the current resources, 2) the current level of
throughput with fewer resources, or 3) a combination of both alternatives. On
the basis of the empirical findings, it is argued that the following factors
constrain the productivity of home care organizations, exemplifying the
characteristics outlined earlier in Chapter 4. Since the dominant input is labor
(i.e., caregivers), productivity here refers to /labor productivity. The first factor
describes the general phenomenon (or effect) that inhibits the productive use
of labor, while factors 2-4 explain the underlying core problems, or reasons for

the phenomenon’s existence.

1) Artificially high peak time load (uneven distribution of demand)

Since all demand must be satisfied, peak time load (i.e., demand+travel)
determines the minimum level of capacity needed.” Therefore, if the peak time
load is artificially high, the minimum level of capacity needed is artificially high
as well. The peak time load is artificially high because non-time-critical visits
are performed during peak hours. This needlessly shifts demand to the

morning, increasing the capacity requirements.

As few visits remain in the afternoon, while capacity remains largely
unchanged, the result is a high level of excess bench capacity during off-peak
hours. The bench capacity cannot be used to produce more throughput,
because most demand has been satisfied in the morning. In other words, subject
to an artificially high peak time load, more capacity is required to produce the given amount
of throughput. Conversely, if demand were level throughout the day, less capacity
would be needed to satisfy the given demand, and the capacity could be put to

productive use throughout the entire day.

2) Minimizing travel
Visiting nearby customers consecutively irrespective of time-criticality in order
to minimize travel means that non-time-critical visits are performed during

peak hours.

81 Note that the definition of throughput used in this dissertation renders it synonymous with
output.

82 Because capacity is rigid — i.e., capacity cannot be reduced as demand falls — peak time
requirements set the capacity level for an entire shift.
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3) Capacity is dedicated to local units

Since local design capacity is based on historical developments rather than
demand, excess capacity tends to exist. The fact that the capacity is dedicated
to local units limits the organization’s ability to reallocate caregivers between
local units on the basis of actual demand. Thus, if excess capacity exists it is
consumed locally, but if shortages occur, they are filled with external leased
labor.* In other words, while the organization as a whole has more than
sufficient capacity to cope with all shortages, dedicating caregiver positions to

local units encourages the reliance on external labor™ to cope with shortages.

4) Activating all locally available caregivers even though excess capacity exists

If, in a situation where excess capacity exists, each caregiver is assigned a route
(i.e., activated), the workload per route becomes low, meaning that some
locally available caregivers are activated unnecessarily. This has the following
implications. First, activated caregivers cannot be reassigned, forcing units
experiencing shortages to rely on external leased labor (or substitutes). Second,
assigning caregivers routes with a low workload promotes the accumulation of
non-time-critical demand in the morning. If all available caregivers are
activated, and the workload per route is low, and each route starts at the
beginning of the shift, then most visits are performed in the morning. (Each
caregiver is fully utilized as long as uncompleted visits remain on their route.
Consequently, capacity is fully utilized during peak time, although it need not
be.)

This fosters a culture where customer visits are largely concentrated into peak
hours. As demonstrated in this study, changing such a culture and the practices
it involves may prove difficult. When peak time shortages occur (e.g., as a
result of absenteeism), these are often filled with leased labor instead of

leveling demand so that it can be satisfied with fewer caregivers.”

8 Incidentally, this corresponds to the argument of TOC that in a production process delays
accumulate downstream, while saved time is lost.

84 The findings were presented to and discussed with the heads of several Finnish home care
units (November 29, 2011), according to whom the reliance on external labor is a common
problem. The only difference is that instead of labor being leased (which is rare), substitutes
are employed directly by the local units. The effect is, however, the same and the cost of this
practice is roughly equivalent to that of leasing labor.

% In the current environment, scheduling is essentially done manually using a primitive
scheduling interface, connected to the electronic medical record. As a result of the many
scheduling conditions, manual last-minute re-scheduling of the routes is time-consuming. As
illustrated by Eveborn et al. (2006; 2009), this constraint can be eliminated using scheduling
technology (optimization software), which largely automates the process, enabling quick re-
scheduling to take place.
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9.2.2 The Effects of Uneven Demand and the Ensuing Peak Time Resource

Constraint

First, as demand for home care is projected to increase, time-critical demand
targeting the morning can be expected to increase as well. Since capacity is fully
utilized during morning peak hours, it limits the organization’s ability to cope

with increasing morning demand.

Second, the fact that the capacity is temporarily fully utilized renders the
organization as a whole vulnerable to fluctuations in demand (e.g., customers
returning home after hospital stays) and supply (e.g., sick leaves). For instance,
if 10 visits are scheduled at exactly the same time, then 10 caregivers will be
needed. Consequently, a small fluctuation, such as one caregiver falling ill,

creates a shortage.

Third, the larger the number of simultaneous routes, the more vehicles and
other appliances that are needed. For example, if demand could be satisfied
with seven caregivers, but all 10 available caregivers are activated, then 10 cars
will be needed instead of seven.” Furthermore, if only seven cars are available
but 10 are needed, then some caregivers will most probably need to carpool to
different locations (unless other forms of transportation are feasible). This
serves to emphasize the natural tendency to visit all the customers in one area
before moving on to the next, since carpooling caregivers become somewhat

dependent upon one another’s schedules.

In other words, artificially high peak time load and the consequent poor
productivity pose a risk of becoming self-fulfilling. More caregivers are
(temporarily) needed, while eliminating the core problems behind the
artificially high load (e.g., minimizing travel) becomes more difficult, for
instance, because of the need to carpool. It should be noted that here the lack
of cars is a dummy constraint. Leasing additional cars is relatively inexpensive, but
may help eliminate the urge to minimize travel as a result of carpooling.
However, if demand were leveled, and only the required number of caregivers
were activated, then an oversupply of cars would exist. Therefore, while this
dummy constraint may exist in the current environment, it would vanish if
demand were leveled and only as many caregivers activated as were needed to

maintain a reasonable workload per route.

86 The inadequacy of cars was noted by numerous caregivers and foremen as a problem.
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9.3 MANAGERIAL IMPLICATIONS

This section presents and discusses the managerial implications. First, four
design propositions are briefly stated. These are combined and compressed
into two overarching design propositions following CIMO-logic. Second, the
practice and consequences of overestimating demand are deliberated. Third,
the costs associated with increasing demand are debated. The section
concludes with a discussion of the fallacy of basing make-or-buy decisions on

unit cost.
9.3.1 Design Propositions

This section summarizes the design propositions. The list of design
propositions presented earlier (Chapter 7: Intervention) is expanded to
incorporate replenishment principles. These are based on the post-intervention
identification of two additional core problems, which serve to reinforce the

artificial accumulation of non-time-critical demand in the morning.
Design proposition 1: Level demand by offloading non-time-critical visits to off-peak hours.

Shifting non-time-critical visits to off-peak hours breaks the peak time resource
constraint, extending the market constraint to cover the entire day. This seeks
to improve the organization’s ability to make the most of its available labor

capacity, while making excess capacity transparent.

Offloading non-time-critical visits requires the core problem to be eliminated,

hence design proposition 2:
Design proposition 2: Prioritize level demand over minimized travel.

In other words, during periods (e.g., the morning) when time-critical demand is
prevalent, perform only time-critical visits. Break the policy constraint: do not
try to minimize travel by performing non-time-critical visits to customers living
nearby. The capacity required to satisfy time-critical demand determines the

capacity level of the entire shift.

Following CIMO-logic, the two design propositions can be combined into the

following joint proposition:

In the context of public home care gperations (where capacity is rigid), level demand thronghout each
shift (intervention) to reduce the capacity required to satisfy demand (mechanism), in order to

improve the productive use of labor (sought outcome).
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Based on the argument that implementing replenishment principles may
resolve the problems related to poor resource allocation, the following two

design propositions are suggested.

Design proposition 3: Only activate as many caregivers locally as needed to ensure that the average

T% per route remains within appropriate threshold liits.

In other words, do not automatically divide the workload evenly between all
the caregivers at hand. If excess capacity exists, it will be consumed locally,
leading to reduced operational performance (1%) of the local unit. This
practice will further reinforce the accumulation of non-time-critical visits in the

morning, creating a false impression of the level of capacity actually required.

Although this design proposition was not systematically tested, some evidence
in its favor does exist. In the weeks after it was presented to the staff and its
underlying logic clarified, the use of leased labor decreased significantly

(Section 8.3.).

Design proposition 4: Maintain excess capacity in a common resonrce pool consisting of skill group

buffers, and resupply or desupply local units according to the actual demand.

Transfer excess capacity to a resource pool, from which capacity is reallocated

to local units according to the actual demand.

Again, following CIMO-logic these two design propositions can be combined

into the following overarching design proposition:

In the context of home care operations, implement replenishment principles (intervention), to
reallocate resources according to actual demand (mechanism), in order to reduce the effects of

inevitable variation (sought ontcome).

Transferability of the Design Propositions

The design propositions act as general templates for resolving classes of
managerial problems. This implies that the details of their implementation need
to be worked out separately in every organization. Note that since only one
home care organization was studied in depth, limitations to the transferability
of the design propositions may exist. For instance, assumptions such as

inflexible capacity may not hold in all home care environments.

That having been said, on the basis of discussions with home care
professionals from a large number of different municipalities in Finland, the
problems experienced appear to be the same, although their order of

prominence may differ somewhat. This suggests that the operations, policies,
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and practices in different home care units are fairly similar, which speaks in

favor of the transferability of the design propositions.
9.3.2 Overestimating Demand

As noted in Section 8.1.2, demand tends to be overestimated in the care plan;
customers generally need a lower level of service than planned. This obviously
impairs the transparency of actual demand, and thus may distort capacity
management by inhibiting the appropriate allocation of resources.
Opverestimated demand can create an exaggerated impression of the capacity

level required, both on the local and global level.

The implication is that the number of caregiver positions becomes inflated,
ultimately leading to excess capacity. As argued earlier (Section 8.2.2), excess
capacity, combined with the the natural tendency to activate all caregivers
locally, serves to reinforce the accumulation of non-time-critical demand in the

morning.
9.3.3 The Effect of Increasing Demand on the Cost of Home Care

There are two main drivers behind the projected increase in demand for home
care. The first and foremost is a growing elderly population. The number of
individuals eligible to receive publicly provided home care (according to the
current acceptance criteria) is expected to increase. The second driver is the
desire to reduce the number of individuals in long-term institutional care
(Ministry of Social Affairs and Health 2008). While the locus of this structural
renewal will be a transfer of customers from institutional care to sheltered
housing and residential units, a likely development is that home care will have
to serve more dependent customers in the future (i.c., the upper threshold for

home care eligibility may be raised).

In considering whether or not to transfer certain customers to home care,
policy and decision makers should consider the following. In the presence of a
peak time resource constraint (i.c., capacity is fully utilized), any additional peak
time demand will require a higher level of capacity. Since home care is labor-
intensive, and labor capacity constitutes a largely fixed and dominant operating
expense (~85%), higher peak time demand translates directly into higher operating

expense.’” On the other hand, in the presence of excess capacity in the

87 The assumption is that the duration of customer visits cannot be shortened in order to serve
more customers with the current capacity
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afternoon, satisfying increasing demand in the afternoon is virtually free, since this does

. . . .. 88
not require an increase 1n capacity.

In other words, a peak time resource constraint is a lever that governs the
operating expense of the organization. Increasing time-critical demand
targeting peak hours is bound to increase the cost of the system as a whole,
while more non-time-critical demand can be satisfied without any additional

expense.

Abandoning the Practice of Outsourcing Certain Home Care Services

In the case of EHC, this consideration also relates to outsourced home care.
To markedly improve T%, EHC needs more demand. Demand can be
expected to grow in the long term. In the short to medium term, however, one
way of increasing demand to improve 1% is to provide services that are

currently outsourced in-house.

Following the logic presented here, the author argues that the effect this may
have on peak time load should be one of the primary considerations. If the
currently outsourced services target peak hours, then taking over these services
is likely to require additional capacity (and operating expense), unless current
demand is first leveled. Outsourced services targeting the afternoon, however,

could be taken over by EHC without any notable extra expense.
9.3.4  Unit Cost Should not be Used for ‘Make-or-Buy’ Decisions

Unit cost, or the cost of one hour of throughput (the ratio of throughput to
operating expense), is the most commonly used bottom-line measurement of
productivity. Its use as a general financial indicator may be justified, as it
provides a relative measurement of how much throughput the operating
expense bought. However, it should not be taken as representing the actual cost

of producing one hour of throughput.

The peak time load determines the required level of capacity of an entire shift,
and capacity is the main driver of operating expense. As previously explained,
this means that the bulk of the largely fixed operating expense is determined by
the throughput produced during peak time. In other words, the actual cost of
producing an hour of throughput is considerably higher than the unit cost

during peak time, and is virtually free in off-peak hours.

8 The increased variable cost of serving more customers, such as additional fuel consumption
as a result of more travel, is negligible relative to the fixed cost of capacity.
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From this it follows that unit cost should not be used when making decisions
as to whether to provide a service in-house or outsource it to private providers.
Rather, from a financial standpoint, the ‘make-or-buy’ decision should be made
on the basis of its effect on the actual cost of providing the service, which in
turn is dependent on the timing of the service. Outsourcing some peak-time
services may be justified, since it reduces the need for capacity, and thereby
operating expense. Naturally, the operating expense thus saved would need to
outweigh the cost of outsourcing. Outsourcing services in the afternoon, on
the other hand, should be avoided. It does not reduce the need for capacity,
which is already fixed based on peak time requitements, but increases

operating expense.

Unit cost can only be used for the make-or-buy decision when deciding
whether or not to outsource an entire home care unit. Even then, it is hardly a
perfect indicator. Unit cost incorporates the operating expense attributed to
administrative staff, commonly shared by other health service units. The
administrative costs would typically remain when the home care unit was
outsourced. Consequently, some fixed operating expense is still left with the
parent organization. Although perhaps minor in relative terms, the remaining
operating expense needs to be recognized and gauged against the money

possibly saved from outsourcing,.

9.4 LIMITATIONS & FUTURE RESEARCH

TOC has been researched, adopted for, and implemented in a variety of service
industries, including health services, with very persuasive results. Nevertheless,
TOC has mostly been applied to facility-based services, which resemble
traditional manufacturing and distribution processes enough to allow for the
direct application of many TOC tools (Ricketts 2010). As this dissertation
highlights, TOC is suitable for a field service context, and home care in
particular, whose processes express a very different structure. The study has
shown that TOC can provide home care units with a systematic framework for
focusing improvement efforts on the things that matter most. More research,
however, is needed on TOC in field services and home care to find more

empirical support.

Because of the in-depth problem-solving nature of the research, only one
home care unit was studied. To validate the findings and the transferability of

the design propositions, these need to be tested in other home care units as
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well. The core problems identified using the thinking process may, of course,
be unit-specific. However, discussions with representatives of several other
home cate units suggest that the policies and practices identified here as core
problems are common. That having been said, their generalizability as core

problems need to be verified.

While the core problems may be unit-specific, the design propositions are
inherently of a more generic nature, in that they provide general templates for
dealing with certain phenomena: 1) unevenly distributed demand, and 2) poor
resource allocation. To judge from the literature (e.g., Eveborn et al. 2009), as
well as discussions with Finnish home care providers, these phenomena are
quite common in home care. Both phenomena are, however, very much driven
by necessary conditions, such as the somewhat restricted flexibility of labor
capacity, stemming from certain countries’ legislation and labor agreements.
Therefore the existence of the phenomena and their undetlying logics may not

hold in a wider international context.

The author suggests that future research be performed in the form of
longitudinal studies that incorporate a change management component. This
could, for instance, be done using the full range of thinking processes. After
all, it can be argued that the failure to reap the full benefits of the intervention

was due to a failure to communicate the underlying reasoning to the caregivers.

Replenishment (design propositions 3 & 4) could not yet be implemented in
the organization that was studied. Thus, the applicability of Replenishment for
a home care environment needs to be tested in future research. The author
also suggests testing the applicability of Replenishment in a wider range of field
services. As argued earlier (Section 9.1.2), field services share some distinctive
characteristics with professional, scientific, and technical services (PSTS), to
which Replenishment has been applied (Ricketts 2007; Ricketts 2010). This
suggests that Replenishment may be applicable as a resource management tool,

even in contexts where labor is not assigned to various local offices.

As explained eatlier, artificially high peak time load stems from the practice of
performing non-time-critical services during peak hours. To avoid this, non-
time-critical tasks need to be clearly distinguished from time-critical ones. The
author therefore encourages health professionals to study and define what truly

constitutes time-critical need.
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The different structure of field service processes may have additional
implications for TOC, which have not been identified in this dissertation.
Adapting TOC tools from the logistics and performance measurement
branches to a field service environment requires the characteristics of field
service processes to be fully understood and clearly defined. This calls for
other types of field services to be studied as well. If traditional drum-buffer-
rope scheduling is not applicable to this environment, then how should
organizations go about subordinating the processing rate of individual

resources to the needs of the system?

The author encourages further research on the applicability of buffer management
and hronghput acconnting to a field service context. The author believes that
buffer management may be a useful tool for managing skill group buffers in a
field service context as well (cf. Ricketts 2007). Also, as briefly explained, peak
time demand governs the operating expense attributed to capacity. The
question for future research is whether the throughput accounting concept of a
constraint-minute is applicable to this environment, even in the absence of

tightly coupled sequentially dependent events.

178



REFERENCES

Adelman, P.J., 1995. Applying theory of constraints in a service environment:
Hannah’s Donut Shop (a case study of performance, measurement and
manufacturing design). In APICS Constraints Management Symposinnm and
Technical Exhibit: Proceedings, Phoenix, Arigona, USA. pp. 1-12.

Agnihothri, S.R., Mishra, A K. & Simmons, D.E., 2003. Workforce cross-
training decisions in field service systems with two job types. The Journal
of the Operational Research Society, 54(4), pp. 410-418.

Agnihothri, S.R., Sivasubramaniam, N. & Simmons, D.E., 2002. Leveraging
technology to improve field service. International Journal of Service Industry

Management, 13(1), pp. 47-68.

Van Aken, J.E., 2004. Management research based on the paradigm of the
design sciences: The quest for field-tested and grounded technological
rules. Journal of Management Studies, 41(2), pp. 219-246.

Akjiratikarl, C., Yenradee, P. & Drake, P.R., 2007. PSO-based algorithm for
home care worker scheduling in the UK. Computers & Industrial
Engineering, 53(4), pp. 559-583.

Ala-Risku, T., 2009. Installed base information: Ensuring customer value and profitability
after the sale. Dissertation. Helsinki University of Technology. Available
at:  http://lib.tkk.fi/Diss/2009/  isbn9789522480064/  [Accessed
November 22, 2010].

Apte, A., Apte, UM. & Venugopal, N., 2007. Focusing on customer time in
field service: A normative approach. Production and Operations
Management, 16(2), pp. 189-202.

Bailey, C.A., 1996. A guide to field research, Pine Forge Pr.

Begur, S.V., Miller, D.M. & Weaver, J.R., 1997. An integrated spatial DSS for
scheduling and routing home-health-care nurses. Interfaces, 27(4), pp.
35-48.

Belvedere, V. & Grando, A., 2005. Implementing a pull system in batch/mix
process industry through Theory of Constraints: A case-study. Human
Systems Management, 24(1), pp. 3-12.

Bertels, S. & Fahle, T., 2006. A hybrid setup for a hybrid scenario: combining
heuristics for the home health care problem. Computers and Operations
Research, 33(10), pp. 2866-2890.

179



References

Blackstone, J.H., 2010a. A review of literature on drum-buffer-rope, buffer
management and distribution. In J. F. Cox III & J. G. Schleier, eds.
Theory of Constraints Handbook. McGraw-Hill, pp. 145-173.

Blackstone, J.H., 2001. Theory of Constraints - A status report. International
Journal of Production Research, 39(6), pp. 1053-1080.

Blackstone, J.H. ed., 2010b. APICS dictionary 13th ed., Chicago, Illinois: APICS
The Association for Operations Management.

Blackstone, J.H., Gardiner, L.R. & Gardiner, S.C., 1997. A framework for the
systemic control of organizations. Infernational [ournal of Production
Research, 35(3), pp. 597-609.

Blumberg, D.F., 1994. Strategies for improving field service operations
productivity and quality. Service Industries Journal, 14(2), pp. 262-277.

Boyd, LH. & Cox, J.F., 1997. A cause-and-effect approach to analyzing
performance measures. Production and Inventory Management Journal, 38,

pp. 25-32.

Boyd, L.H. & Gupta, M.C., 2004. Constraints management: What is the
theory? International Journal of Operations & Production Management, 24(4),
pp- 350-371.

Boyd, L.H., Gupta, M.C. & Sussman, L., 2001. A new approach to strategy
formulation: opening the black box. The Journal of Edncation for Business,
76(6), pp. 338-344.

Bramorski, T., Madan, M.S. & Motwani, J., 1997. Application of the Theory of
Constraints in banks. The Bankers Magazine, pp. 53-59.

Bredstrom, D. & Rénngvist, M., 2008. Combined vehicle routing and
scheduling with temporal precedence and synchronization constraints.
European Journal of Operational Research, 191(1), pp. 19-31.

Breen, A.M., Burton-Houle, T. & Aron, D.C., 2002. Applying the Theory of
Constraints in health care: Part 1 - The philosophy. Quality Management
in Health Care, 10(3), pp. 40-46.

Broekhuis, M., de Blok, C. & Meijboom, B., 2009. Improving client-centred
care and setvices: the role of front/back-office configurations. Journal of
Adpanced Nursing, 65(5), p. 971.

Burton-Houle, T., 2001. The theory of constraints and its thinking processes.
The Goldratt Institute, New Haven, Connecticut (US). Available at:
http://www.public.navy.mil/aitfor/nae/AIRSpeed%20Documents/ T
OC%20and%20its%20Thinking%20Processes.pdf [Accessed July 8,
2011].

Button, S.D.; 1999. Genesis of a communication current reality tree — the

three-cloud process. In Constraints Management Symposium  Proceedings.

Phoenix, pp. 31-34.

180



References

Button, S.D., 2000. The three-cloud process and communication trees. In
APICS  Constraints Management Technical Conference Proceedings. Tampa
(FL), pp. 119-122.

Chahed, S. et al, 2009. Exploring new operational research opportunities
within the home care context: the chemotherapy at home. Health Care
Management Science, 12(2), pp. 179-191.

Chakravorty, S.S., 2001. An evaluation of the DBR control mechanism in a job
shop environment. Omega, 29(4), pp. 335-342.

Chakravorty, S.S. & Atwater, ].B., 1994. How Theory of Constraints can be
used to direct preventive maintenance. Industrial Management, 36(6), pp.
10-13.

Cheng, E. & Rich, J.L., 1998. A home health care routing and scheduling
problem. , Technical Report CAAM TR98-04, Rice University.

Coman, A. & Ronen, B., 1994. IS management by constraints: coupling IS
effort to changes in business bottlenecks. Human Systems Management,

13, pp. 65-72.

Coman, A. & Ronen, B., 1995. Information technology in operations
management: a theory-of-constraints approach. International Journal of
Production Research, 33(5), pp. 1403-1415.

Corbin, J.M. & Strauss, A.L., 2008. Basics of gualitative research: Technigues and
procedures for developing grounded theory 3rd ed., CA: Sage Publications, Inc.

Cox, J.F. & Schleier, J.G. eds., 2010. Theory of Constraints Handbook, McGraw-
Hill.

Cox, J.F., Mabin, V.]J. & Davies, J., 2005. A case of personal productivity:
Illustrating methodological developments in TOC. Human Systems
Management, 24(1), pp. 39-65.

Cox, J.F. & Spencer, M.S., 1998. The constraints management handbook, CRC Press.

Cox, J.F. et al,, 1998. A cause and effect approach to analyzing performance
measures: Part 2 - Internal plant operations. Production and Inventory
Management Jounrnal, 39, pp. 25-33.

Davies, J., Mabin, V.J. & Balderstone, S.J., 2005. The theory of constraints: a
methodology apatt? — a compatison with selected OR/MS
methodologies. Omzega, 33(6), pp. 506-524.

Deming, W.E., 1986. Out of the crisis, MIT Center for Advanced Engineering
Study. Canbridge, Massachusetts.

Deming, W.E., 1988. Out of the crisis: quality, productivity and competitive position,
Cambridge University Press.

Denyer, D., Tranfield, D. & van Aken, J.E., 2008. Developing design
propositions through research synthesis. Organization Studies, 29(3), p.
393.

181



References

Dettmer, H.W., 2001. Beyond Lean manufacturing: Combining Lean and the
Theory of Constraints for higher performance. Port Angeles, US.

Dettmer, HW., 1998. Breaking the constraints to world-class performance, American
Society for Quality.

Dettmer, H\W., 1997. Goldratt’s theory of constraints: a systems approach to continuons
improvement, Asq Pr.

Dettmer, HW., 1995. Quality and the theory of constraints. Quality Progress,
28(4), pp. 77-82.

Donabedian, A. & Bashshur, R., 2003. An introduction to guality assurance in health
care, New York: Oxford University Press.

Drummond, M.F., Sculpher, M.]. & Torrance, G.W., 2005. Methods for the
economic evaluation of health care programmes, Oxford University Press, USA.

Eden, Y. & Ronen, B., 1993. Improving workflow in the insurance industry: A
focused management approach. Journal of Insurance Issues, 16(1), pp. 49-
62.

Eklund, F.J., 2008. Resource constraints in health care - Case studies on technical,
allocative and economic efficiency. Dissertation. Helsinki University of
Technology.

Eveborn, P., Flisberg, P. & Roénnqvist, M., 2004. Home care operations.
OR/MS Today, 31(2), pp. 38-43.

Eveborn, P., Flisberg, P. & Roénnqgvist, M., 2006. Laps Care--an operational
system for staff planning of home care. Eurgpean Journal of Operational
Research, 171(3), pp. 962-976.

Eveborn, P. et al.,, 2009. Operations research improves quality and efficiency in
home care. Interfaces, 39(1), p. 18.

Feather, J.J. & Cross, K., 1988. Workflow analysis, just-in-time techniques
simplify administrative process in paper work operation. Industrial
Engineering, 20(1), pp. 32-40.

Fortuin, L. & Martin, H., 1999. Control of service parts. International Journal of
Operations & Production Management, 19(9), pp. 950-971.

Gardiner, S.C., Blackstone Jr, J.H. & Gardiner, L.R., 1993. Drum-buffer-rope
and buffer management: impact on production management study and
practices. International Journal of Operations & Production Management,

13(6), pp. 68-78.

Goldratt R. & Weiss, N., 2005. Significant enhancement of academic
achievement through application of the Theory of Constraints (TOC).
Human Systems Management, 24(1), pp. 13-19.

Goldratt, E.M., 1988. Computerized shop floor scheduling. International Journal
of Production Research, 26(3), p. 443.

182



References

Goldratt, E.M., 2010. Introduction to TOC - My perspective. In J. F. Cox III
& J. G. Schleier, eds. Theory of Constraints Handbook. McGraw-Hill, pp.
3-9.

Goldratt, E.M., 1994. I#’s not luck, Great Barrington, MA: Gower.
Goldratt, E.M., 2008. The choice, Great Barrington, MA: North River Press.

Goldratt, E.M., 1990a. The haystack syndrome: Sifting information ont of the data ocean,
Great Barrington, MA: North River Press.

Goldratt, E.M., 1990b. What is this thing called Theory of Constraints and how should
it be implemented?, Great Barrington, MA: North River Press.

Goldratt, EIM. & Cox, J., 1984. The goal, Croton-on-Hudson, NY: North River
Press.

Goldratt, E.M. & Fox, R.E., 1986. The race 1st ed., Croton-on-Hudson, NY:
North River Press.

Goldratt, E.M., Eshkoli, I. & Brownleer, ]., 2009. Lsn’t it obvious?, North River
Press.

Goldratt, E.M., Schragenheim, E. & Ptak, C.A., 2000. Necessary but not sufficient,
Croton-on-Hudson, NY: North River Press.

Groenewald, T., 2004. A phenomenological research design illustrated.
International Jonrnal of Qualitative Methods, 3(1), pp. 1-26.

Groop, P.J., 2011. Coupling front and back office activities can improve
performance measurement, service quality, and provider efficiency —
case: home care. In The 12th International Research Symposium on
Service Excellence in Management (QUIS12). Ithaca, NY.

Groop, PJ., Rejjonsaari, K.H. & Lillrank, P., 2010. Applying the Theory of
Constraints to health technology assessment. International Journal on

Advpances in Life Sciences, 2(3 & 4), pp.1 15-124.

Guide, V.D. & Ghiselli, G.A., 1995. Implementation of drum-buffer-rope at a
military rework depot engine works. Production and Inventory Management
Journal, 36, pp. 79-83.

Gupta, M.C., 2003. Constraints management--recent advances and practices.
International Journal of Production Research, 41(4), pp. 647-659.

Gupta, M.C. & Boyd, LH., 2008. Theory of constraints: A theory for
operations management. Inzernational Journal of Operations and Production

Management, 28(10), pp. 991-1012.
Gupta, M.C. & Kline, J., 2008. Managing a community mental health agency: a

theory of constraints based framework. Total Quality Management &
Business Excellence, 19(3), pp. 281-294.

183



References

Gupta, M.C. & Snyder, D., 2009. Comparing TOC with MRP and JIT: a
literature review. International Journal of Production Research, 47(13), pp.
3705-3739.

Gupta, M.C., Boyd, L.H. & Sussman, Lyle, 2004. To better maps: a TOC
primer for strategic planning. Business Horizons, 47(2), p. 15.

Haugen, D.L. & Hill, A.V., 1999. Scheduling to improve field service quality.
Decision Sciences, 30(3), pp. 783-804.

Hill, T., Nicholson, A. & Westbrook, R., 1999. Closing the gap: a polemic on
plant-based research in operations management. International Journal of
Operations & Production Management, 19(2), pp. 139-156.

Holmstrém, J., Ketokivi, M. & Hameri, A.-P., 2009. Bridging practice and
theory: A design science approach. Decsion Sciences, 40(1), pp. 65-87.

Hopp, W.J. & Spearman, M.L., 1996. Factory physics: foundations of manufacturing
management, Boston (MA): Irwin/McGraw-Hill.

Houle, D. & Burton-Houle, T., 1998. Overcoming resistance to change the
TOC way. In APICS—Constraints Management Symposium Proceedings. pp.
15-17.

Hunink, M.G., 2001. In search of tools to aid logical thinking and
communicating about medical decision making. Medical Decision Making,
21(4), p. 267.

Inman, R.A,, Sale, M.L.. & Green Jr, K.W., 2009. Analysis of the relationships
among TOC use, TOC outcomes, and organizational performance.
International Jonrnal of Operations & Production Management, 29.

Jacob, D., Bergland, S. & Cox, J., 2009. Velocity: Combining Lean, Six Sigma and
the Theory of Constraints to achieve breakthrongh performance - A business novel,
New York: Free Press.

Kane, R.IL., 2006. Understanding health care outcomes research, Ontario: Jones &
Bartlett Learning.

Kershaw, R., 2002. Using TOC to “cure” healthcare problems. Acounting
Management Quarterly.

Kim, S., Mabin, V.J. & Davies, J., 2008. The theory of constraints thinking
processes: retrospect and prospect. International Journal of Operations &
Production Management, 28(2), pp. 155-184.

Klarman, A. & Klapholtz, R., 2010. Customer support services according to
TOC. In J. F. Cox II & J. G. Schleier, eds. Theory of Constraints
Handbook. McGraw-Hill, pp. 879-897.

Kujala, J. et al., 2006. Time-based management of patient processes. Journal of
Health Organization and Management, 20(6), pp. 512-524.

184



References

Lee-Fay, L., Melvyn, Y. & Henty, B., 2011. A systematic review of different
models of home and community care services for older persons. BMC
Health Services Research, 11.

Leshno, M. & Ronen, B., 2001. The complete kit concept — Implementation in
the health care system. Human Systems Management, 20(4), pp. 313-318.

Lillrank, P., 2009. Service processes. In G. Salvendy & W. Karwowski, eds.
Introduction to Service Engineering. pp. 338-364.

Lillrank, P., Groop, P.J. & Malmstrém, T.J., 2010. Demand and supply-based
operating modes—A framework for analyzing health care service
production. Milbank Quarterly, 88(4), pp. 595-615.

Lillrank, P., Groop, P.J. & Venesmaa, J., 2011. Processes, episodes and events
in health service supply chains. Supply Chain Management: An International
Journal, 16(3), pp. 194-201.

Lockamy, A. & Spencer, M.S., 1998. Performance measurement in a theory of
constraints environment. Inzernational Jonrnal of Production Research, 36(8),

pp. 2045-2060.

Lubitsh, G., Doyle, C. & Valentine, J., 2005. The impact of theory of
constraints (TOC) in an NHS trust. Journal of Management Development,
24(2), pp. 116-131.

Lusch, R.F. & Vargo, S.L., 2006. The service-dominant logic of marketing: Dialog,
debate, and directions, NY:ME Sharpe Inc.

Mabin, V.J. & Balderstone, S.J., 2003. The performance of the theory of
constraints methodology. International Journal of Operations and Production

Management, 23(6), pp. 568-595.

Mabin, V.J. & Balderstone, S.]., 2000. The world of the theory of constraints: a review
of the international literature, CRC Press.

Mabin, V.J. & Davies, J., 2010. The TOC thinking processes. In J. F'. Cox III &
J. G. Schleier, eds. Theory of Constraints Handbook. McGraw-Hill, pp.
631-669.

Mabin, V.J., Davies, ]. & Cox, J.F., 2006. Using the theory of constraints
thinking processes to complement system dynamics’ causal loop
diagrams in developing fundamental solutions. International Transactions

in Operational Research, 13(1), pp. 33-57.

Mabin, V.J., Forgeson, S. & Green, L., 2001. Harnessing resistance: using the
theory of constraints to assist change management. Journal of Enropean
Industrial Training, 25(2/3/4), pp. 168-191.

Martin, K. & Wright, M., 2009. Using particle swarm optimization to
determine the visit times in community nurse timetabling. In Proceedings
of the 7th International Conference on the Practice and Theory of Automated
Timetabling (PATAT08), Montreal, Canada.

185



References

McNutt, R.A. & Odwazny, M.C., 2004. The theory of constraints and medical
error: a conversation with Robert A. McNutt. Quality Management in
Healtheare, 13(3), p. 183.

Meredith, J., 1998. Building operations management theory through case and
field research. Journal of Operations Management, 16(4), pp. 441-454.

Meredith, J.R., 2001. Hopes for the future of operations management. Journal of
Operations Management, 19(4), pp. 397-402.

Ministry of Social Affairs and Health, 2008. National framework for high-
quality services for older people. Available at: http://www.stm.fi/
en/publications/publication/_julkaisu/1063089#en [Accessed January
25, 2011].

Moeller, S., 2010. Characteristics of services — a new approach uncovers their
value. Journal of Services Marketing, 24(5), pp. 359-368.

Morton, A. & Cornwell, J., 2009. What’s the difference between a hospital and
a bottling factory? British Medical Journal, 339(jul20 1), p.b 2727.

Moss, H.K., 2007. Improving service quality with the theory of constraints.
Journal of Academy of Business and Economics, 7(3), pp. 1-15.

Moss, HK., 2002. The application of the theory of constraints in service firms.
Dissertation. Clemson University (South Carolina).

Motwani, J. & Vogelsang, K., 1996. The theory of constraints in practice at
Quality Engineering, Inc. Managing Service Quality, 6(6), pp. 43-47.

Motwani, J., Klein, D. & Harowitz, R.; 1996a. The theory of constraints in
services: part 1 - the basics. Managing Service Quality, 6(2), pp. 53-56.

Motwani, J., Klein, D. & Harowitz, R., 1996b. The theory of constraints in
services: part 2 - examples from health care. Managing Service Quality,

6(2), pp- 30-34.

Niv, M.B., Lieber, Z. & Ronen, B., 2010. Focused management in a court
system: Doing more with the existing resources. Human Systems
Management, 29(4), pp. 265-277.

Noreen, EW. et al., 1995. The theory of constraints and its implications for management
accounting, North River Press.

Olson, C.T., Region, A. & Book, W., 1998. The theory of constraints:
application to a service firm. Production and Inventory Management Journal,

39 (Second Quarter), pp. 55-59.

Pass, S. & Ronen, B., 2003. Management by the market constraint in the hi-
tech industry. International Journal of Production Research, 41(4), pp. 713-
724.

Pastore, J., Sundararajan, S. & Zimmers, E.W., 2004. Innovative application:
How TOC can manage human resources and eliminate workforce

burdens. APICS - The Performance Advantage, (March), pp. 32-35.

186



References

Patwardhan, M.B., Sarrfa-Santamera, A. & Matchar, D.B., 2006. Improving the
process of developing technical reports for health care decision-
makers: Using the theory of constraints in the evidence-based practice
centers. International Journal of Technology Assessment in Health Care, 22(01),
pp- 26-32.

Phipps, B., 1999. Hitting the bottleneck. Health Management Magazine, pp. 1-3.

Pope, C., Van Royen, P. & Baker, R., 2002. Qualitative methods in research on
healthcare quality. Quality and Safety in Health Care, 11(2), pp. 148-152.

Rahman, S.U., 2002. The theory of constraints’ thinking process approach to
developing strategies in supply chains. International Journal of Physical
Distribution and 1ogistics Management, 32(9/10), pp. 809-828.

Rahman, S.U., 1998. Theory of constraints: a review of the philosophy and its
applications. International Journal of Operations and Production Management,

18, pp. 336-355.

Raisinghani, M.S. et al., 2005. Six Sigma: concepts, tools, and applications.
Industrial Management & Data Systems, 105(4), pp.491-505.

Reid, R.A., 2007. Applying the TOC five-step focusing process in the service
sector. Managing Service Quality, 17(2), pp. 209-234.

Reid, R.A. & Cormier, J.R., 2003. Applying the TOC TP: a case study in the
service sector. Managing Service Quality, 13(5), pp. 349-369.

Ricketts, J.A., 2007. Reaching the goal: How managers improve a services business using
Goldratt’s Theory of Constraints, IBM Press.

Ricketts, J.A., 2010. Theory of constraints in professional, scientific, and
technical services. In J. F. Cox IIl & J. G. Schleier, eds. Theory of
Constraints Handbook. McGraw-Hill, pp. 859-878.

Rintala, T., Jimsd, A. & Soukainen, J., 2010. Vanbuspalvelut - Sédnnollinen
kotihoito  (Elderly  services - regular  home  care), Valtiontalouden
tarkastusvirasto (in Finnish).

Ritson, N. & Waterfield, N., 2005. Managing change: the theory of constraints
in the mental health service. Strategic Change, 14(8), pp. 449-458.

Robson, C., 2011. Rea/ world research: A resource for users of social research methods in
applied settings 3rd ed., Cornwall: Wiley.

Ronen, B., 1992. The complete kit concept. International Journal of Production
Research, 30(10), pp. 2457-2466.

Ronen, B. & Pass, S., 1994. Focused management: A business-oriented
approach to total quality management. Industrial Management, 36(3), pp.
9-12.

Ronen, B. & Pass, S., 2010. Services management. In J. F. Cox III & J. G.
Schleier, eds. Theory of Constraints Handbook. McGraw-Hill, pp. 845-858.

187



References

Ronen, B. & Spectot, Y., 1992. Managing system constraints: a cost/utilization
approach. International Journal of Production Research, 30(9), pp. 2045-2061.

Ronen, B. & Spiegler, 1., 1991. Information as inventory: A new conceptual
view. Information & Management, 21(4), pp. 239-247.

Ronen, B. & Starr, M.K., 1990. Synchronized manufacturing as in OPT: from
practice to theory. Computers & Industrial Engineering, 18(4), pp. 585-600.

Ronen, B., Coman, A. & Schragenheim, E., 2001. Peak management.
International Journal of Production Research, 39(14), pp. 3183-3193.

Ronen, B., Gur, R. & Pass, S., 1994. Focused management in military
organizations: An avenue for future industrial engineering. Computers &
Industrial Engineering, 277(1-4), pp. 543-544.

Ronen, B., Pliskin, J.S. & Pass, S., 2006. Focused operations management for health
services organizations, San Francisco: Jossey-Bass.

Rotstein, Z. et al, 2002. Management by constraints: considering patient
volume when adding medical staff to the emergency department. The
Israel Medical Association Journal, (4), pp. 170-173.

Roybal, H., Baxendale, S.J. & Gupta, M.C., 1999. Using activity-based costing
and theory of constraints to guide continuous improvement in
managed care. Managed Care Quarterly, 7(1), pp. 1-10.

Sadat, S., 2009. Theory of constraints for publicly funded health systems. Dissertation.
University of Toronto.

Saunders, M., Lewis, P. & Thornhill, A., 2007. Research methods for business
students 4" ed., Pearson Education.

Schaefers, J. et al.,, 2007. A contribution to performance measurement in the
healthcare industry: the industrial point of view. International Journal of
Business Performance Management, 9(2), pp. 226-239.

Scheinkopf, L.J., 2010. Thinking processes including S&T trees. In J. F. Cox
T & J. G. Schleier, eds. Theory of Constraints Handbook. McGraw-Hill,
pp. 729-786.

Scheinkopf, L.J., 1999. Thinking for a change: Putting the TOC thinking processes to
use 1*" ed., CRC Press.

Schmenner, R.W., 2001. Looking ahead by looking back: swift, even flow in
the history of manufacturing. Production and Operations Management, 10(1),
pp. 87-96.

Schmenner, R.W. & Swink, M.L., 1998. On theory in operations management.
Journal of Operations Management, 17(1), pp. 97-113.

Schragenheim, A., 2010. Supply chain management. In J. F. Cox III & J. G.
Schleier, eds. Theory of Constraints Handbook. McGraw-Hill, pp. 265-301.

188



References

Schragenheim, E. & Dettmer, HW., 2001. Manufacturing at warp speed, Boca
Raton (FL): St. Lucie Press.

Schragenheim, E. & Dettmer, H.\Y., 2000. Manufacturing at warp speed: Optinizing
supply chain financial performance, CRC Press.

Schragenheim, E. & Passal, A., 2005. Learning from experience: A structured
methodology based on TOC. Human Systems Management, 24(1), pp. 95-
104.

Schragenheim, E. & Ronen, B., 1991. Buffer-management: A diagnostic tool
for production control. Production and Inventory Management Journal, 2(31),
pp. 18-22.

Schragenheim, E. & Ronen, B., 1990. Drum-buffer-rope shop floor control.
Production and Inventory Management Journal, 31(3), pp. 18-22.

Schragenheim, E., Dettmer, HW. & Patterson, J.W., 2009. Swupply chain
management at warp speed: Integrating the system from end to end 1% ed.,
Auerbach Publications.

Shoemaker, T.E. & Reid, R.A., 2005. Applying the TOC thinking process: A
case study in the government sector. Human Systems Management, 24(1),
pp. 21-37.

Siha, S., 1999. A classified model for applying the theory of constraints to
service organizations. Managing Service Qnality, 9(4), pp. 255-264.

Silvester, K. et al., 2004. Reducing waiting times in the NHS: is lack of capacity
the problem. Clnician in Management, 12(3), pp. 105-11.

Simmons, D.E., 2001. Field service management: a classification scheme and study of
server flexibility. Dissertation. State University of New York at
Binghamton.

Sinkkonen, S. et al., 2001. Kotihoidon sisilté ja tapaustutkimukset kotihoidon
organisoinnista yhdistetyssi sosiaali-ja terveystoimessa (Content of
home care and case studies on the organisation of home care).
Kunnallistieteellinen aikakauslebti, 29(3), pp. 177-195 (in Finnish).

Sommer, R. & Sommer, B.B., 1992. A practical guide to behavioral research, Oxford
University Press New York.

Spencer, M.S. & Cox, J.F., 1995. Optimum production technology (OPT) and
the theory of constraints (TOC): analysis and genealogy. International
Journal of Production Research, 33(6), pp. 1495-1504.

Spoede Budd, C., 2010. Traditional measures in finance and accounting,
problems, literature review, and TOC measures. In J. F. Cox T & J. G.
Schleier, eds. Theory of Constraints Handbook. McGraw-Hill, pp. 335-371.

Srikanth, M.L., 2010. DBR, buffer management, and VATI flow classification.

In J. F. Cox III & J. G. Schleier, eds. Theory of Constraints Handbook.
McGraw-Hill, pp. 175-210.

189



References

Srinivasan, M., Jones, D. & Miller, A., 2005. Cotps capabilities: TOC and
critical chain methodologies aren’t just for manufacturing anymore.
APICS Magazine, (March).

Sterman, J.D., 2000. Business dynamics: systems thinking and modeling for a complex
world, Trwin McGraw-Hill.

Stratton, R. & Knight, A., 2010. Managing patient flow using time buffers.
Journal of Mannfacturing Technology Management, 21(4), pp. 484-498.

Sugimori, Y. et al, 1977. Toyota production system and kanban system
materialization of just-in-time and respect-for-human system.
International Journal of Production Research, 15(6), pp. 553-564.

Sullivan, T.T., Reid, R.A. & Cartier, B. eds., 2007. The TOCICO Dictionary 1™ ed,
Washington D.C.: Theory of Constraints International Certification
Organization. Available at: http://www.tocico.org/files/members/
TOC-ICODictionarylstEDv1.pdf.

Swamidass, P.M., 1991. Empirical science: new frontier in operations
management research. Academy of Management Review, 16(4), pp. 793-814.

Sorensen, C. & Pica, D., 2005. Tales from the police: Rhythms of interaction
with mobile technologies. Information and Organization, 15(2), pp. 125-
149.

Taylor III, L.J. & Churchwell, L., 2004. Goldratt’s thinking process applied to
the budget constraints of a Texas MHMR facility. Journal of Health and
Human Services Adprinistration, 26(4), p.416.

Taylor III, L.J. & Sheffield, D., 2002. Goldratt’s thinking process applied to
medical claims processing. Hospital topics, 80(4), p. 13.

Taylor 111, L.J., Murphy, B. & Price, W., 2006. Goldratt’s thinking process
applied to employee retention. Business Process Management Journal, 12(5),
pp. 646-670.

Tepponen, M., 2009. Kotihoidon integrointi ja laatn (The Integration and quality of
home care). Dissertation. University of Kuopio (in Finnish).

Trietsch, D., 2005. From management by constraints (MBC) to management
by criticalities (MBC II). Human Systems Management, 24(1), pp. 105-115.

Tsitsakis, C.A., 2010. The problem of capacity management in Greek public
hospitals. In MIBES 2010, Management of International Business and
Economic Systems. pp. 541-545.

Umble, M. & Srikanth, M.L., 1990. Synchronons manufacturing: Principles for world
class exccellence, South-Western Pub. Co.

Umble, M. & Umble, E.J., 2006. Utilizing buffer management to improve
performance in a healthcare envitonment. European Journal of Operational
Research, 174(2), pp. 1060-1075.

190



References

Voss, C., Tsikriktsis, N. & Frohlich, M., 2002. Case research in operations
management. International Journal of Operations & Production Management,
22(2), pp.195 - 219.

Voutilainen, P., Raassina, A.-M. & Nyfors, H., 2008. [kddntyneiden palvelniden
undet konseptit (New Concepts for Services for the Elderly), National Institute
for Health and Welfare (in Finnish). Available at: http://www.stm.fi/
julkaisut/nayta/_julkaisu/1374605 [Accessed January 28, 2011].

Wadhwa, G., 2010. Viable vision for health care systems. In J. F. Cox III & J.
G. Schleier, eds. Theory of Constraints Handbook. McGraw-Hill, pp. 899-
953.

Walker II, E.D. & Cox II1, J.F., 2006. Addressing ill-structured problems using
Goldratt’s thinking processes. Management Decision, 44(1), pp. 137-154.

Walsh, D.P., 2010. Complex environments. In J. F. Cox III & J. G. Schleier,
eds. Theory of Constraints Handbook. McGraw-Hill, pp. 1045-1065.

Watson, E.F. et al., 1998. A simulation metamodel for response-time planning,.
Decision Sciences, 29(1), pp. 217-241.

Watson, K.J., Blackstone, J.H. & Gardiner, S.C., 2007. The evolution of a
management philosophy: the theory of constraints. Journal of Operations
Management, 25(2), pp. 387-402.

Wennberg, J.E., 2010. Tracking medzicine: A researcher’s quest to understand health care,
New York: Oxford University Press.

Wolcott, H.FF., 1997. Ethnographic research in education. In R. M. Jaeger, ed.
Complementary Methods for Research in Education. American Educational
Research Association.

Womack, D.E. & Flowers, S., 1999. Improving system performance: a case
study in the application of the theory of constraints. Journal of Healthcare
Management, 44(5), p. 397.

Womack, J.P. et al., 2007. The machine that changed the world, New York: Simon &
Schuster.

Wright, J., 2010. TOC for large-scale healthcare systems. In J. F. Cox III & J.
G. Schleier, eds. Theory of Constraints Handbook. McGraw-Hill, pp. 955-
979.

Wright, J. & King, R., 2006. We all fall down: Goldratt's Theory of Constraints for
healthcare systems, Great Barrington, MA: North River Press.

Yang, C.L., Hsu, T.S. & Ching, C.Y., 2002. Integrating the thinking process
into the product design chain. Journal of Industrial Technology, 18(2), pp. 2-
6.

Yin, R., 1994. Case study research, Beverly Hills, CA: Sage Publications, Inc.

191






O
~
©
O
a1
N
o
o
=~
a1
O
W

ISBN 978-952-60-4593-1
ISBN 978-952-60-4594-8 (pdf)
ISSN-L 1799-4934

ISSN 1799-4934

ISSN 1799-4942 (pdf)

Aalto University

School of Science

Department of Industrial Engineering and Management
www.aalto.fi

DOCTORAL
DISSERTATIONS





