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DANSK RESUME

Med de seneste og kommende års strukturændringer i det danske sundhedsvæsen forventes færre, men større, hospitaler. De nye sygehuse skal i fremtiden kunne håndtere et tiltagende patientflow, hvilket skaber både logistiske og
ressourcemæssige udfordringer. I forbindelse med oprettelsen af de nye sygehuse bliver én af de største ændringer oprettelsen af ”fælles akutmodtagelser”
(FAM). I praksis betyder det en samling af skadestuer, akutmodtagelser og observationsenheder beliggende på flere hospitaler og adskilt på de enkelte sygehuse til én drifts- og funktionsmæssig enhed. En FAM kommer til at dække et
optageområde på 200.000- 400.000 borgere, dvs. et 2-3 gange større befolkningsgrundlag end sygehusene i dag typisk dækker.
De danske regioner har indset, at en fælles modtagelse af akutte patienter
vil være et vigtigt skridt på vejen i opnåelse af højnet kvalitet i behandling
samt effektiv ressourceudnyttelse. For at sikre, at akutmodtagelsernes logistik
og ressourcer bliver anvendt bedst muligt, og at de dårligste patienter hurtigt
bliver identificeret og behandlet, vil det være et krav, at modtagelsesprocessen
formaliseres og evidensbaseres. For at kunne honorere disse krav gennemføres
en række tiltag, eksempelvis kompetenceøgning på akutområdet, nye samarbejdsformer, forbedret dokumentation og registrering samt brugen af triage. Disse
initiativer er imidlertid nye og ikke velvaliderede til dato. Det vil være hensigtsmæssigt at kunne måle effekten af de enkelte ovenfor nævnte tiltag.
Målet med dette ph.d.-projekt har været at udvikle en model til måling af
performance i en FAM. Den nye model er tilpasset således at kun de vigtigste
indikatorer analyseres for at give et samlet overblik over afdelingens performance. Yderligere er en grundigere forståelse af de indbyrdes afhængigheder
mellem indikatorerne søgt for at opnå dybere indsigt i FAM som system. Mod-

ellen muliggør monitorering af, hvor godt afdelingen performer over tid, herunder hvordan performance ændrer sig ved forskellige nye tiltag. I sidste ende vil
en sådan model være et vigtigt redskab til at imødekomme ledelsens vision om
at give patienten den bedst mulige behandling under sit ophold i FAM, samt at
opnå den højest mulige ressourceudnyttelse.

SUMMARY

Fewer and larger hospitals are expected in the forthcoming years due to the latest and on-going structural changes in the Danish healthcare sector. These large
hospitals must be able to handle an increasing flow of patients, thus creating
challenges for both logistics and resources. In connection to the establishment
of the new hospitals, one of the biggest changes is the new concept of emergency departments (called ”FAM”). In practice, the new emergency department
(ED) is a merger of the former ED, urgent care unit, and observation unit, where
most acute patients are to pass through a joint entrance. From here, patients
are either treated completely or transferred to other specialty in-hospital departments. The EDs at the new hospitals can expect to cover a demographical
area with 200.000-400.000 inhabitants, equivalent to an area two to three times
as large as the current catchment area.
The Danish regions have realised that the establishment of a joint reception
of acute patients in the ED will be an important step towards improved quality in treatment and better utilisation of resources. It is a requirement that the
reception process is formalised and evidence-based to ensure the logistics and
resources at the ED is applied in the best possible manner and the most urgent
patients are attended first. To meet such requirements, several initiatives are
launched. These are, for instance, improving current competencies, new working procedures, enhanced documentation and registration practices, and the use
of triage. All of the mentioned initiatives are new and not well validated to date.
It would be desirable to enable measurement of each of the initiative’s effects.
The goal of this PhD project was to develop a performance measurement
model for EDs. The new model comprises only the most important performance
measures that provide an estimate for overall ED performance levels. Further-

more, a thorough analysis of the interdependencies between the included performance measures was conducted in order to gain deeper knowledge of the ED
as a system. The model enables monitoring of how well the ED performs over
time, including how performance is impacted by the various initiatives. In the
end, the developed model will be an important management tool to meet the
management’s vision of providing the best possible care for the acute patient
meanwhile achieving the highest possible utilisation of resources.
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CHAPTER

1
INTRODUCTION

1.1

Transformation of the healthcare sector

Western European healthcare systems have continuously been transformed as
a result of various reforms since the 1980s (Saltman and Figueras, 1997). These
systems differ in composition but do share some common traits in terms of policies. The common traits are tendencies towards centralisation, new managerial
forms, and economic incentives to promote healthy competition all of which are
examples of new public management (Hood, 1995). Similarities in reforms of
various countries can be explained by the need to face a shared healthcare related problem caused by an ageing population, higher expectations on public
services, shrinking budgets, and fast scientific technology development which
changes best-practice treatment procedures (Blank and Burau, 2004).
In Denmark, fewer and larger hospitals are expected in the forthcoming
years due to on-going structural changes in the healthcare sector (Carlsen, 2009).
These new hospitals are planned to handle an increasing flow of patients, thus
creating challenges for both logistics and resources. According to the Danish
Health and Medicine’s Authority (DHMA), 21 hospitals that provide emergency
services will be the result of the new fully deployed healthcare structure scheduled for 2020. This is a reduction from the current 40 public hospitals (DHMA,
2014). With the introduction of the healthcare sector’s structure, patients will
be required to travel further for qualified treatment. In order to minimise the
inconvenience of larger distances, the hospitals are to be built with easy access
from highways or rail transportation, some will include helipads. Also, the primary sector is to be strengthened. Ensuring high quality pre-hospital care (i.e.
7
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outside the hospital) and early start of initial treatment interventions for acute
patients at the hospital are important focus areas for a well-functioning healthcare system (DHMA, 2007). The rollout of the new acute hospital structure is
controlled individually by the five regions of Denmark. Together, they have
outlined the overall plans, goals, and principles in a timeframe between 2007
and 2012. The emergency department (ED) is today already a focal point of
the plan for the handling of acute patients and will continue to be so with the
introduction of the new hospitals. Today, most EDs in Denmark are mergers
of urgent care units, former concept of emergency departments, and observation units. This is a new concept that ensures a joint point of entry for all acute
patients with the exception of a few selected patient groups (e.g., ST-segment elevation, myocardial infarction, obstetrics, and gynaecology). The Danish Health
and Medicines Authority have defined the new emergency department concept
(”fælles akutmodtagelse” or ”FAM”) as follows:
”The term ”fælles akutmodtagelse” (FAM) covers the shared physical
location at a hospital in one cadastre where acute patients can receive preadmission evaluation and where imaging diagnostics and treatment are provided by physicians from several specialties, regardless if treatment is provided on an outpatient basis or requires admission to in inpatient department. The FAM is staffed with physicians, nurses, and other healthcare
staff.” (freely translated from DHMA (2007)
The FAMs at the new hospitals are expected to cover a demographical area
containing 200.000 - 400.000 inhabitants, which is equivalent to an area two to
three times as large as the current catchment area (Holm-Petersen, 2010). It is a
requirement that the reception process is formalised and evidence-based to ensure that the logistics and resources at the FAM is applied in the best possible
manner and the sickest patients are attended first. Some of these requirements
are explained in detail in the Danish Quality Model (Hundborg, 2009). Establishment of the FAMs will be based on the recommendations made in the 2007
report by the Danish Health and Medicines Authority entitled Styrket akutberedskab – planlægningsgrundlag for det regionale sundhedsvæsen (DHMA, 2007).
Full implementation of the new ED is estimated to take between five and ten
years, thus the re-organisation is still ongoing at many hospitals. The burden of
treating and diagnosing acute patients will be moved to a larger extent from the
inpatient wards to the FAM. It is intended that more acute patients will be fully
treated and discharged directly from the FAM without admission to an inpatient ward - this is an important decision due to fewer inpatient beds becoming
available. Restricting the number of inpatient beds should be seen in the light
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of rapidly improved diagnostic options, for instance in telemedicine, and also a
general preference for patients returning home instead of being admitted. The
new FAM concept creates numerous management challenges which will be resolved through radical changes to the organisational architecture. Throughout
the rest of this PhD thesis, the term ”ED” will be used consistently instead of
FAM to avoid confusion. The reason is that FAM is a purely Danish concept
while ED is an internationally recognised term.

1.2

The Danish acute care system

Patient care provided during acute ambulatory visits or admission includes all
the activities starting from a patient’s first contact with the healthcare system
and ends at the point at which the patient is discharged to home. In order
for a patient to get in contact with the Danish healthcare system, the primary
care sector or the emergency call system (112) is the first stop. The capitol region of Denmark is a special case where a new non-emergency visitation unit,
named ”Den Præhospitale Virksomhed” (DPV) or ”1813”, was launched in January 2014. The 1813 unit is staffed with nurses and doctors with the purpose
of directing the region’s patients to the most appropriate care provider (DPV,
2014). Patients are to dial 1813 when their general practitioner (GP) is closed.
Although not encouraged, patients may also show up directly at the ED without first having contacted the primary care sector or the telephonic visitation
units.
In Denmark, contact can be made to the GP, the 1813 unit, or the emergency
call unit (112) dependent upon how ill the patients believe they are. Contact
to the primary care system can be directed to either the patient’s own primary
care physician or a regional primary care physician (vagtlæge) operating through
an urgent care system all dependent upon what time the call is made. During
opening hours, the patient is to call his or her own GP. If help is needed out of
the opening hours, contact needs to be directed to the primary care consultation
service. Contact can be done by telephone or by showing up in person. The primary care physician may be able to resolve their issue through telephonic consultation, dispatch an on-call physician (mobil lægevagt) to their private home,
refer them to an emergency department (skadestue/akutmodtagelse), or send an
ambulance (Pines et al., 2011). Ambulance dispatch is controlled by regional
units. The ambulances can provide advanced life support and can, dependent
on severity, be supported by physicians specialised within anaesthesiology and
nurse anaesthetists who can treat the patient on site. A conclusion to release
the patient can be made by the physician on site, provided that adequate treat-
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ment was given, making a visit to the ED unnecessary. Should the patient be
in need of further hospital treatment, the ambulance will in most cases transport the patient to an ED but can, in rare cases, also deliver the patient directly
to an inpatient ward. In the ED, the patient may be admitted to an inpatient
ward after having received diagnosis- and initial treatment services or be transferred to another hospital if relevant specialised care cannot be rendered on site.
The essential steps that make up emergency care delivery can be summarised
chronologically in the list below.
• Triage evaluation
• Emergency stabilisation/resuscitation
• Performance of focused history and physical exam
• Diagnostic studies
• Diagnosis
• Therapeutic interventions
• Pharmacotherapy
• Observation and reassessment
• Consultation and disposition
• Prevention and education
• Documentation
Any admission to an inpatient department can be characterised as either
acute or scheduled/elective. The difference between these groups is that the
elective patient is scheduled ahead of arrival to the hospital while acute patients must be greeted immediately. Note that an acute patient the hospital may
receive information of incoming acute patients. Acute admissions involve all of
the above outlined steps in the emergency care system to some extent.
Since the recommendations for the FAM concept is still in the process of being implemented, the scope of work in the ED has not yet changed drastically.
As more of the initial management of emergency patients shifts from inpatient
wards to the ED, it is expected that EDs will experience an increase in length
of stay (LOS) and census and this may lead to ED crowding in the future. According to Lippert et al. (2007), around 80 % of intensive care units (ICUs) are on
full capacity on a regular basis. Relieving occupancy rates is sought resolved by
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transferring patients between ICUs in the attempt to balance available resources.
Another option is to free capacity through cancellation of planned surgeries but
this option will only be considered in very stressed situations (Lippert et al.,
2007). Hospital crowding is thus a natural consequence of such high utilisation
rates and is a frequent scenario.

1.3

Preparing for future challenges

To cope with the increased patient flow, while making sure high levels of quality and efficiency are maintained, a wide range of initiatives have been launched
in the EDs to meet the standards dictated by the Danish government. International experiences from Australia, Canada, and the USA have demonstrated that
treatment quality in EDs can be improved by, for instance, the use of triage (Farrohknia et al., 2011; FitzGerald et al., 2010), optimising patient flows through the
ED (Wiler et al., 2010), introducing fast-track diagnosing and treatment for low
acuity patients in parallel with main patient inflow (Oredsson et al., 2011), and
better teamwork (Athlin et al., 2013). Such experiences serve as inspiration for
specific adjustments that strengthen the ED.
Another very relevant topic widely perceived as being imperative for a wellfunctioning ED is having specialty doctors employed fulltime in the ED. Danish
attending physicians currently employed in the ED are typically trained in wellestablished specialties such as general medicine, orthopaedic surgery, surgery
(parenchyma), or anaesthesiology (DHMA, 2014). In the USA, another relatively new specialty was established some 60 years ago by the name of emergency medicine (EM) (Graves et al., 1986). A doctor specialised within EM has
knowledge within three main domains: 1) clinical assessments, 2) leadership
and teamwork, and 3) education. Clinical assessment abilities crucial for the
emergency physician is first to be able to differentiate between the criticallyand less ill patients for timely treatment and second, to consider differential diagnoses ensuring a potential ”plan b” in worst case scenarios. Thinking of differential diagnosis should always be done regardless if the patient presents with
a prior diagnosis from the primary sector. Management abilities become important for optimal coordination between specialties that are required for treating
a patient suffering from multiple illnesses. With a broad general knowledge
of which specialties are required for the further treatment of a patient comes
higher flow efficiency. High flow efficiency will become realised since inpatient
wards, ambulatories, and surgery will to a larger extent be able to focus on those
patients that do need their specialised treatment. The ED holds great potential
for the education of medical residents. Supervision and education utilising the
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principles of apprenticeship gives a safe introduction for new doctors to the
management of acute patients. While EM as a specialty is not yet implemented
in Denmark, it is highly likely that it will be introduced within the upcoming
years (Mackenhauer and Petersen, 2014). Most recently, Sweden and Finland
introduced the new specialty with enthusiasm (Brabrand and Ekelund, 2010;
Hallas et al., 2013).
All these initiatives are launched with the overall purpose of improving the
quality and efficiency in the services delivered. What is highly warranted is a
performance monitoring tool capable of assessing the impact of these initiatives
on selected macro-level measures. These measures should connect to aspects
within quality and efficiency while being in line with the strategy of the department.

1.4

How to define quality and efficiency?

Quality in healthcare organisations is no easy concept to grasp. All stakeholders
have a general desire to improve healthcare quality but may have diverse understandings regarding how this is achieved. For example, clinicians are mostly
interested in evaluating the quality of services provided to individual patients.
The government may be more interested in ensuring that treatment provided by
the ED lives up to minimal standards while patients prefer best-practice treatment including state of the art technological solutions. Patients though have
less medical knowledge and are thus more attuned to whether the behaviour
of the healthcare professionals coincides with expectations and whether their
symptoms are relieved upon completed treatment. Any attempt to measure
quality in healthcare must take the complexity of diverging perspectives into
consideration. Most people believe that they can feel its presence or absence
when quality is experienced. However, when the question comes to how it is
measured, it becomes challenging to define exactly which scale can be used to
measure quality. Hence, it is not known how much of it is present at a given
point in time or when it is increasing or decreasing. In the highly heterogeneous
emergency care system where most acute patients are seen, quality is certainly
a multi-faceted variable.
In the ED, the whole spectrum of disease types is represented. Easily tracked
significant outcome variables rarely happen, for example mortality. The sickest
patients that hold the highest potential for measuring the effects of treatment
interventions are usually transferred to in-hospital departments or other treatment facilities further down the line of the hospital care system. The extent to
which diagnostic evaluations and subsequent treatment provided in the ED is
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difficult to determine when there is no option to assess the continuity of care.
Some definitions have been offered by healthcare organisations in an attempt
to capture the essence of quality-in-care. These however only sketch the broad
lines of the concept and are therefore highly abstract. One such definition was
put forward by the Institute of Medicine (IOM) in 2001:
”Quality of care is the degree to which health services for individuals
and populations increase the likelihood of desired health outcomes and are
consistent with current professional knowledge” (IOM, 2001b)
The above quotation provides a qualitative sense of the nature of healthcare
quality. However, it does not provide concrete parameters that can be applied
for measuring its presence or absence. The definition of quality may be anything
anyone wishes it to be albeit it must reflect values and goals of the healthcare
system and the society in which it exists (Donabedian, 2005). The IOM specified
several areas that are commonly referred to as comprising a medical care system
of high quality (IOM, 2001b):
Area
Safe
Effective

Patient-centered
Timely
Efficient
Equitable

Definition
No harm to patients from the care that is supposed to
help them
Provide the best possible evidence-based services to all
patients who could benefit and refrain from providing
services to those not likely to benefit (avoid under- and
overuse)
Provide respectful and responsive care in compliance to
individual patient preferences, needs, and values
Reduce waits and potentially harmful delays for both patients and care givers
Avoid waste, especially waste of medical equipment,
supplies, ideas, and energy
Provide continuous high quality of care regardless patients’ personal characteristics (i.e. gender, ethnicity, geographic location, and socioeconomic status)

Table 1.1: IOM’s proposed dimensions of quality in healthcare

Concrete measures for efficiency were not addressed in the subsequent National Healthcare Quality Report in 2001 because of the ”considerable methodological and measurement issues involved” (IOM, 2001a). Since then, there has
been a lot of work on conceptualising efficiency measures and major progress
has been done. Measuring efficiency adds another perspective to quality measurement and specifically highlights trade-offs in quality improvement. Hence,
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efficiency measures plays an important role in tracking the effects of health policy initiatives (Gerdtham et al., 1999). Despite the importance of this value, a
variety of definitions for efficiency exists, just as this is the case for quality. The
diversity in definitions results in confusion amongst stakeholders about adequacy or desirability of alternative measures of efficiency. To demonstrate the
variety in wording, a non-exhaustive list of definitions is provided in Table 1.2:
Author
IOM (2001a)
MPAC (2006)
Palmer and Torgerson (1999)

Definition of efficiency
Avoid waste, especially waste of medical equipment,
supplies, ideas, and energy
Using fewer inputs to get the same or better outcomes.
Efficiency combines concepts of resource use and quality
Health care resources are being used to get the best value
for money
Table 1.2: Different definitions of efficiency

Despite the common characteristics in these definitions, they differ enough
to cause confusion when it comes to measuring levels of efficiency (Burgess,
2012). Efficiency in this study is defined as being the relation between the
resources utilised to handle a given patient and the output of the healthcare
system. This definition is broad enough to comprise different in- and outputs
while allowing for flexibility of what to evaluate under the term ”efficiency”
and whether available data and methods support the construct.
As outlined, there are many methodological challenges to overcome in connection with the measurement of healthcare quality and efficiency. All stakeholders, be it caregivers, patients, regulators, or private companies, are interested in knowing the payoff resulting from spending increasing amounts of
funds on healthcare improvements. A clear perception of whether governmental subsidies increase the value of healthcare services provided is still warranted
today. There has to date not been developed a thorough systematic approach capable of determining whether healthcare quality and efficiency is on the rise in
the ED. In Denmark, great opportunities for performance measurement do exist and these have also been exploited in the past. Clinical registries, national
patient satisfaction surveys, national registries of adverse events and patient
complaints, and the Danish Health Care Quality Programme (for accreditation)
were all means that were utilised when the National Indicator Project containing performance measures for several different diseases was launched in 2000
(Mainz et al., 2009). This project specified quality standards with appertaining
indicators for six diseases being 1) stroke, 2) hip fractures, 3) schizophrenia, 4)
acute gastrointestinal surgery, 5) heart failure, and 6) lung cancer (Mainz, 2003).
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Performance measurement in connection to quality monitoring is thus a topic
that has received a lot of attention on a national strategic level but not to the
same extent on departmental levels. What is generally accepted though is that
insights into departmental performance levels indeed are important to pursue.
Since no generic approach to measure performance exist, individual healthcare
organisations perform ad hoc measurements according to whatever measures
they find most relevant.
This PhD thesis develops a generic performance measurement model that
consists of several performance measures mostly relevant for the clinical director but also for other stakeholders indirectly. Special emphasis is put in understanding the complex interactions that naturally occur when introducing
the many diverse performance enhancing initiatives. All acquired knowledge
throughout the study is condensed in a software platform that provides the clinical director with in depth insight into the department’s levels of performance
over time.

1.5
1.5.1

Scientific structure of the thesis
”Market basket” or ”balanced scorecard” approaches

Providing healthcare is highly complex in a variety of domains. Patients present
themselves based on symptoms rather than a prior diagnosis. Clinical decision
making contains several difficult steps such as what medication needs to be administered, correct treatment pathway, and likely diagnosis. These are all based
on an incomplete decision foundation. The staff in the ED experience varying
degrees of stress which depend upon patient arrivals and changes that occur in
the condition of existing patients. Caregivers have multiple tasks to administer
and must balance these according to acuity (e.g. spend time with current patient
versus see other urgent patients). Lots of activities are ongoing simultaneously
in an ED and many of these are recorded either manually or automatically in
various databases, creating a wealth of available data.
Because of the high degrees of complexity, there is a need to handpick a set
of performance measures that encompass this complexity. These performance
measures need to be defined and commonly understood while being in compliance with the seven IOM recommendations in order to cover the diverse nature
of acute healthcare delivery. Today, many healthcare managers are required to
spend excessive hours analysing archival data in order to gain new knowledge
about the system – time that could be used much more productively. A collection of such performance measures can be regarded as a ”market basket” or

16

Chapter 1. Introduction

”balanced scorecard” capable of painting a broad picture of an overall population based on a carefully sampled subset (Sorian, 2006). The warranted ”market
basket” or ”balanced scorecard” must reflect the broad patient population presented to the ED and the wide scope of treatment services provided by the ED
system to ensure a proper depiction of ED performance.
Discussing which performance measures to include is greatly debated worldwide. Some believe only a handful of performance measures are sufficient while
others are inclined to include a larger amount for higher levels of detail. Some
existing quality measurement frameworks for emergency care include representative disease entities of varying acuity to serve as intermediary measures for
how care is provided across the spectrum of patient diseases and acuity in the
ED. Examples of diseases that involve tracking of specific measures are asthma,
pneumonia, and acute myocardial infarction (Lindsay et al., 2002). Whatever
choice is made in regard to which specific patient diseases are of interest (if any)
then one should make sure that these represent the majority of patients treated
in the given ED, that they are valid across age groups, and that evidence supports a certain best-practice treatment that has high impact on recovery.
Establishment of a performance measurement model requires data gathering, filtering, and processing. Longitudinal internal benchmarking is made highly
difficult or downright impossible if data is gathered in a non-standardised manner. This problem appears as a result not only because registration practices
change over time but also from having multiple data handling systems that are
not connected to a shared data storage source for easy access. Adding to the
problem is the issue of cumbersome documentation protocols where acute patients are transferred from the ED to external healthcare providers or, initially,
are receiving patients from ambulance services. For instance, a patient may arrive by ambulance to the ED, be admitted to an inpatient ward after initial treatment, and be transferred to another hospital’s inpatient ward, before finally being discharged to his/her home. Here, there is a great need for standardised
exchange of information between transitions. Hence, a precise measurement of
performance puts great demands on the supporting information infrastructure,
preferably with a minimum of human interference.

1.5.2

Underlying mechanisms which drive behaviour

Causal mechanisms behind the processes that reflect social patterns play a major
part of this study. The ED can be regarded as a social construct involving heaps
of interrelated simultaneous processes between multiple professions. Enhanced
knowledge of the ED as a complex system can be obtained if these processes are
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understood in regard to how they impact with each other. Attention to causation
is a returning hot topic for many social researchers (Imai et al., 2011). The causation of mechanisms have been studied intensely in many different sciences.
Having a general definition that covers all of these domains does not exist. For
instance, disciplines within health sciences look at neurological networks while
social scientists study more diffuse phenomena (Hedström and Ylikoski, 2010).
However, some shared definitions are generally accepted.
Firstly, mechanisms are identified based on the outcome they produce. Characterising this effect must be done with care (see section 6 for an explanation).
Secondly, mechanisms are micro-level causal notions that cannot be reduced.
This can be a great challenge to overcome as socially constructed processes may
blur effects through unmeasured mediating variables. Interventions may also
not have sufficient effect for their impact to be traceable. A more straightforward and highly visible causal network compared to a social construct would be
that of a car’s engine (provided that the hood is open) (Mayntz, 2004). Here, the
engine’s components being fan, electrical wiring, battery, etc. can be physically
assessed. Such leisure is not possible when analysing social constructs. Thirdly,
mechanisms are comprised of structures. These particular structures contain
the driving components of the mechanism’s behaviour. This is analogous to
an airplane’s ”black box” where the researcher is interested in making the box
transparent in the sense that properties and relations causing the effect under
analysis become clear. Finally, mechanisms must be regarded as hierarchical in
structure. In practice, mechanisms can be broken into sub-mechanisms that ultimately relate to each other. There will at some point be an exhaustive level of
detail that can be regarded as fundamental. However, they may nonetheless be
relative to other mechanisms across sciences (Hedström and Ylikoski, 2010).
It seems apt to apply a mixed-research approach to cover the major processes’ interconnections relevant for the emergency care system. Qualitative
techniques cover a concise high-level business process mapping and a mapping
of ED employee representatives’ perception of how the processes relate. Statistical approaches are applied to elucidate if peer-reviewed literature conclusions
upon hypothetical causal links can be seen in empirical data material gathered at
the PhD project’s case hospitals. What statistical methods do not offer is insight
into the dynamics behind the causal mechanisms. To analyse such dynamics,
computer simulation comes in handy, especially that of system dynamics (Forrester, 1994). This study has produced a total of three journal papers upon the
subject of causal interrelations.
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Decision making effects made visible

Making decisions in a complex setting like the ED often puts the employee’s
cognitive abilities to a test. The employee may have a good understanding of
how the system works based upon individual interactions between variables.
However, the challenge grows when trying to predict how external policy alterations will impair system behaviour. What will the result be when specialty
physicians are introduced within emergency medicine? Will finishing treatment
in the ED result in better quality? Many variables are needed to determine plausible answers for such questions. Subtle system interactions will come into play
making the total outcome of such interventions hard to interpret. A clinical decision maker’s intuitive judgement and subsequent decision making is impaired
by complexity and stress. Since the precision of the decisions made in an ED are
very important, there is a need for support to compensate for natural human
deficiencies. An array of techniques originating from information science and
management science (MS) make it possible to set up performance measurement
models (PMS) in the shape of computer software, either as stand-alone tools or
imbedded within existing computer environments. Note that the overall goal
of a performance measurement system is to present the system-wide effects of
decisions that have already been made and implemented. This is not to be confused with a different type of program typically referred to as ”information decision support systems” (IDSS) as this is defined as ”an interactive computer-based
information system that is designed to support solutions on decision problems” (Lee
and Huh, 2006). The difference between the two is that while the PMS presents
retrospective performance data, the IDSS can be applied in real-time for concurrent decision making.
Variation in data needs to be assessed in order to determine the effects of
various initiatives launched in the ED at a given date. This can be done through
the use of process control charts that can assess the statistical probability of seeing special cause variations as a symptom of change in the system’s behaviour
(Hart and Hart, 2002). A complete performance measurement model consisting
mostly of control chart windows allows the ED decision maker instant insight
into the data trends. A high-level roadmap presenting 1) the overall idea of
the PhD thesis and 2) the different phases which the study has gone through is
presented in Figure 1.1.
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Figure 1.1: PhD roadmap of data mining enhanced ED performance measurement
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The cylinder in Figure 1.1 symbolises the hospital’s data warehouse which
comprises smaller in-hospital databases containing differentiated performance
measures. If the bottom path is followed, information retrieval happens with a
minimum or no prior data mining effort. System-wide effects become impossible to assess if evaluation is made based upon fragmented data elements in
isolation. Therefore, the upper path is what is desired. All the phases this study
has gone through are enclosed within the broken lined rectangle. To start off,
the performance measures are selected and retrieved from the data warehouse.
A cleaning, filtering, and processing of this data is required before any further
analysis can be conducted. Three attempts to understand the underlying patterns behind selected indicators were conducted. The first attempt was made
using basic statistical hypotheses testing of underlying drivers for sickness absence rates. The second attempt applied more advanced statistics through the
use of structural equation modeling, testing more hypotheses connected to patient satisfaction simultaneously. The last attempt applied computer simulation
of the admission processes at a major hospital in Boston, MA. All knowledge of
the underlying patterns behind the selected performance measures was encapsulated in a computer program. The computer program presents a guided user
interface that presents an intuitive and quick overview of the ED’s performance
by extracting and processing data automatically from the data warehouse.
To summarise, the outcome of this study is a data driven performance measurement model capable of assessing system performance in retrospect while
explicitly mapping the underlying mechanisms for causal explanation.
Each of the phases in the study is elaborated in much more detail in chapter
5.

CHAPTER

2
RESEARCH DESIGN

The following chapter will present the research questions and the scientific foundation upon which this thesis was built. Firstly, a brief introduction to the overall research problem is given. Next, the primary- and secondary stakeholders
are introduced together with their main interests. Identification of stakeholders
is paramount to specify research aims and to maximise the value of the practical outcomes. The meta-question is then stated and afterwards split into three
sub-questions that have a guiding purpose to ensure comprehensive treatment
of the task at hand.

2.1

Research problems

Clinical decision makers require a collection of comprehensible performance
measures to ensure a well-functioning department. It is of great importance that
these performance measures contain the core strategic values and are presented
in an intuitive way in order to allow a quick yet comprehensible overview.
Therefore, the paramount question for this research is phrased as follows;
How can a holistic performance measurement model be developed
which, using selected indicators reflecting quality and efficiency,
measure whether the patient receives better treatment by the introduction of organisational changes?
Making the performance measurement model holistic implies transparency
of how the performance measures relate. As a main focus, this thesis’ main
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concern is focussed upon how to present performance information based on
carefully selected measures seen in a broad operational context. The practical
outcome is a performance measurement model capable of holistically tracing
the effects of performance variations. Two different methods of indicator use
are usually mentioned in relevant literature which relate to the locus of control
and type of resulting action (Willis et al., 2007). External indicator systems are
of particular relevance for political, commercial or community groups as key
indicators which are monitored for performance verification purposes. On the
other hand, internal systems focus primarily on audit-feedback loops that allow
monitoring of departmental performance levels. This study strives to develop
an internal performance assessment tool for use by ED decision makers. The
research at hand intends to fulfil two goals; the practical performance measurement model holds special value for the emergency medicine community as it
strives to solve the given research problem while it also strives to carry out theoretical advancements within the current performance measurement literature.

2.2

Stakeholders

The stakeholders that take special interest into this study can be split in two
primary- and two secondary groups. The primary beneficiaries are the scientific
community, mainly from management science, and the ED decision makers. The
secondary stakeholders have an indirect interest in the work as successful implementation and future possibilities are of value. The acute patients that go
through the ED constitute a key client who benefit from high fidelity performance enhancing initiatives. Companies offering technological solutions, being
either of clinical importance or IT support, may see a potential in this study to
extend their existing businesses.
The four stakeholders make up the common players of modern healthcare
both as internal active players and external influencing actors. All stakeholders
hold different interests implying a varying degree of benefit they can gain from
this study.

2.2.1

Scientific community

This PhD project’s primary academic intention is to advance the understanding performance measurements in the healthcare community. This goal can be
achieved through the adaption of state of the art scientific measurement techniques grounded in systems thinking (elaborated upon in chapter 3). The work
provides new knowledge in terms of a novel performance measurement ap-
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proach and is demonstrated on the complex system of EDs. This progress in
theoretical development has future practical implications of interest to the scientific community.
Contributions to the ongoing scientific debate have been done through the
publications of journal papers targeted both at emergency medicine- and management science related journals. Furthermore, a number of presentations at
international conferences have also been conducted in order to gain quality
feedback so that the conference papers could be altered into subsequent journal
papers. By acquiring comprehensive knowledge of recent high impact publications, this study’s publications are based upon current trends and hot topics
in performance measurement literature. All contributions aim to reach a broad
audience that entails a critical reaction in terms of theory building by fellow
researchers.
The present work consists of four journal papers and six conference contributions. All journal papers are submitted to internationally peer-reviewed
journals, three of which have been published at the time of writing. The conference contributions come in the form of two conference papers and four poster
presentations, that were all abstracted in Scandinavian Journal of Trauma, Resuscitation, and Emergency Medicine. Both conference papers were presented at the
annual EurOMA conference in the years 2012 and 2013. All posters were presented at the annual Danish Emergency Medicine Conference (DEMC) in the years
2013 and 2014. The basic publication strategy was to cover a broad spectrum of
journals to demonstrate that the scientific relevance is interdisciplinary with the
scientific communities. Submission to either journals or conferences has been
done as successive steps moving towards the study’s final outcome.

2.2.2

ED decision makers

Adjusting the final model to consist of a practical hands-on IT solution is a
natural consequence of the close collaboration with clinicians and ED decision
makers. Consequently, the ED employees are obvious stakeholders in this PhD
project. The EDs at both Herlev- and Nordsjælland have taken a special interest
in the development of the project in their role as co-supervisors and sponsors.
Direct observations and continuous interviews have been conducted at both
departments which have had major influence upon the final outcome. Therefore, the suggested performance measurement model is tailored for optimum
usability in EDs. Inspiration to develop this performance measurement model
was not only sought from the primary collaborators. Perspectives and thoughts
from personnel at other EDs have also been taken into careful consideration.
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Such perspectives have not been restricted to national borders but have also
contained active participation from a major Northern American ED. Inclusion
of many EDs increases the potential for widespread use and it can reasonably
be assumed that other EDs will be able to benefit from the results of this study.
The potential for general use of these results is addressed in detail in the validity
section (see section 6).

2.2.3

Patients

With improved system performance insight for the ED decision makers, a natural beneficiary would be the patients. Today, patients themselves play a major
role in what is to be expected from the healthcare sector due to a shift in paradigms in modern healthcare (Pellegrino, 1999). Expectations are higher than
ever which makes it imperative for the ED decision makers to launch improvements of highest possible impact. A performance measurement model that can
aid in targeting areas of performance that hold great value for patients is a
means of meeting these expectations. Hence, there is every reason to believe
that an improved understanding of how efficient and high quality care can be
given in the ED will positively affect the patients.

2.2.4

Private companies that offer technological solutions

The rapid evolution of technological solutions has the potential of changing
modern healthcare to the better. Many functions in healthcare are highly dependent upon advanced medical equipment to not only aid clinicians in delivering
the best possible clinical treatment but also manage the progressively complex
processes within the hospital setting. Healthcare organisations are becoming
increasingly more dependent upon the suppliers’ ability to provide customised
solutions fitting their urgent needs. At the same time, the pace at which new
technological solutions are presented to the market is very fast which therefore
makes it important for the suppliers to know exactly the demand.
If this study’s recommendations are implemented in the ED’s existing performance monitoring dashboard, it will become more clear for suppliers where
to target future technological equipment and solutions with a greater degree of
scientific evidence.

2.3

Research questions

The overall research problem was split into three consecutive research questions. These research questions were formulated to ensure a natural progression
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throughout the study. Three independently defined stages framed the outline
for the most crucial steps involved in developing the final performance measurement model. Formulating the research questions has been under continuous revision throughout the research period. Learning new concepts and techniques has had the biggest impact upon the research focus and the research
question has been re-phrased accordingly to secure consistency. Dividing the
overall goal of the study into separate research questions is based upon the current pool of scientific management- and emergency medicine literature. Identified key scientific challenges, practical deficiencies, and methodological concerns identified in the current body of literature all constitute the empirical basis for framing the research problem. Also, the practitioners’ frustrations and
difficulties add to a more practical aspect of the research problem. Based upon
the theoretical- and practical considerations just mentioned, three research questions were formulated.
The first research question deals with which of the many suggested performance measures should be included in the performance measurement model
to-be developed. The second research question concerns a deeper understanding of the underlying mechanisms that connect the selected performance measures. Finally, the third research questions wraps up the complete study by
suggesting a generalizable performance measurement model for assessment of
ED performance. Each of the three research questions are elaborated further in
the following.

2.3.1

Selecting performance measures

The reason for collecting and monitoring various performance measures varies
according to perspective. Patients, clinicians, or policy makers have different
agendas thus they differ in opinions on what should be measured and which
priorities these measures should be given, in part because they are used for
different purposes (Cameron et al., 2011). Despite having narrowed down the
primary stakeholders, the debate amongst the international community of emergency physicians on what should be measured is still ongoing. Consensus on
a set of performance measures hampers the possibility of a standard evaluation
of overall ED performance levels.
Attempts to establish consensus upon a set of performance measures has
been sought; the latest was at the Second Performance Measures and Benchmarking
Summit on February 24, 2010 where 32 US emergency medicine leaders met to
discuss and debate key terminology and measures (Welch et al., 2011). Other
studies from, for instance, Canada and the United Kingdom have set up Delphi
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panels asking national emergency medicine experts to rate and debate selected
performance measures stemming from literature recommendations (e.g. Coleman and Nicholl (2010); Schull et al. (2011)). If the outcomes of such studies
are compared, the apparent result is a diverging set of recommended performance measures that also differ in their respective level of abstraction. The first
research question is defined as follows:
RQ1: Which performance measures should be used in order to assess quality and efficiency in an emergency department?
To answer this question to satisfaction, a comprehensive systematic literature review is required. Using PRISMA guidelines, contemporary meta-studies
on recommended, discussed, or analysed performance measures were analysed
and recorded (Liberati et al., 2009). All identified performance measures were
afterwards subject to a survey amongst ED staff at five different Danish public
hospitals with the purpose of ensuring that no important performance measures
had been disregarded. The included studies in the literature differ in their levels of detail. This means that some studies set up performance measures for
major patient groups, such as acute myocardial infarction (AMI), pneumatic-,
and asthma patients, while others rely on a broader set of measures independent of patient type (Graff et al., 2002). A finer grained selection of performance
measures does indeed enable comprehensive and in depth tracking of various
aspects of ED patient care and efficiency. However, the question is whether
such knowledge is deemed worthwhile with regards to the greater expense of
the effort required to make sense of such a vast amount of data? Is there an
appropriate compromise between level of detail and swift insight into current
performance levels that can be sought? How can such data be hierarchically
presented in an intuitive manner?
Such questions were the primary focus of the initial phase of the study in order to establish a standardised, consensus-agreed set of performance measures
which reflect ED performance and a. Or put differently, establishing the very
backbone of the future performance measurement model.

2.3.2

Dynamics behind the identified performance measures

Knowledge about which components will constitute the performance measurement model is the next and most challenging phase of the study. The selected
performance measures are to be linked according to, if possible, causes and effects. The situation is somewhat similar to knowing all the bones, nerves, blood
vessels etc. in the human body but without knowing about the cardiovascular
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system, pulmonary system, joints, and ligaments. To investigate such patterns
is no easy matter as the various performance measures identified in the first
phase are highly heterogeneous, non-linear in behaviour and may exhibit delayed feedback upon impact. However, the goal is definitely worth pursuing as
knowledge about how these interconnections interact will allow better control
over the system when it is possible to predict the consequences of the interventions that have yet to be performed. Hence, the next research question is stated:
RQ2: What are the patterns or linkages between the selected performance indicators?
Acquisition of the ability to recognise and develop causal relationships is
crucial for reasoning. It forms the very basis for learning to manoeuvre intelligently within a complex system. Great effort has been invested into examining causation, beginning with the Ancient Greeks, by philosophers, mathematicians, cognitive scientists, and computer scientists, and many others (Jonassen
and Ionas, 2006). Everyone operates on a common sense belief that causality
does exist. However, a more theoretical debate amongst scientists and philosophers about whether causality can be acknowledged at all has long been an
almost quarrelsome debate (Mazlack, 2007). Perhaps a complete understanding
of all potential factors may open for a crystal clear answer of whether an effect
will occur or not? Such a question is unlikely answered as it is not possible to
fully know if all elements of relevance have been included. However, not having complete insight should not be discouraging, since actions are carried out
based upon individual perceptions.
Any kind of analysis on causation will have to deal with imprecision, uncertainty, and incomplete knowledge (Mazlack, 2009). An approach which mixes
initial interviews with employees in the ED with subsequent quantitative analysis using statistics and computer simulation served as a means to answering
the second research question.

2.3.3

How a performance measurement model can be developed

The third and final research question is a natural development from the two previous research questions. The selected performance measures along with their
interconnections must be presented in a practical IT solution that preferably can
be integrated into an existing IT-based ED data repository. The developed performance measurement model must contain several features. For instance, data
is presented in an intuitive manner, early warnings are visible, it must be flexible and able to allow for future alterations, and tracking the systemic effects of
interventions must be possible. All causal interconnections are encapsulated in
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a guided user interface (GUI), allowing the user easy navigation while hiding
the underlying network complexity. How to develop the final model is central
for the third research question:
RQ3: How can a generalised performance measurement model be developed that can
monitor quality and efficiency on the basis of knowing about a series of performance measures and their relations?
At a first glance, this task resemble a classic consultancy task but the study’s
main focus remains an academic one, which is to draw generalizable conclusions rather than giving specific case-based recommendations and implementing these (Voss et al., 2002). Data applied to demonstrate the model’s capabilities
is retrieved from three separate EDs adding to the generalising potential of the
study.
Comparison of performance on selected measures becomes possible but it
is not intended in this study. Rather, the model should be applied for internal
longitudinal performance assessment only.

CHAPTER

3
SCIENTIFIC APPROACH

There can be a wealth of potential answers to the stated research questions if the
scientific approach is not addressed explicitly. The scientific approach serves as
the main guiding principle for both reader and researcher to understand how
the empirical material is gathered and how this should be processed. In the
following section, the choice of methodology that frames the entire research
conducted in this study is presented. All justifications made are intended to
inform the reader of the rationale behind both the approach and the subsequent
interpretation of results. Consistency, structure, and scientific validity can be addressed when following a rigorous scientific approach. This chapter addresses
the scientific potential and limitations that have gradually appeared throughout
the progress of the study. Elaborative explanations are also included regarding
the philosophy of science, and which methods have been selected and how the
question of validity is addressed.

3.1

Theory of science

How did the researcher perceive reality? This question is indeed an important
one and therefore critical to highlight in order for the reader to fully comprehend
the scientific approach. When conducting research, the actions of the researchers
is driven by the systems of belief by which they generate and understand knowledge and their claims upon reality. The systems of beliefs, or paradigms, can be
characterised by their answers to three categories of questions; ontology, epistemology, and methodology (Guba, 1990). Usually, a scientific hypothesis is
claimed to be a testable preliminary assumption (unlike a proposition) that can
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explain a phenomenon. What differ are the requirements for how the hypothesis can be formulated, tested, and subsequent results interpreted. This depends
upon the chosen theory of science. Theory as a concept covers a broad range
of aspects starting from the very abstract (almost philosophic) to concrete hypotheses of particular phenomena. A theory is a contemplation that describes
specific aspects of a phenomenon apart from other aspects that also may impact
the phenomenon (Danermark et al., 2002). Ontology is theory on what exists
in the world and how it exists. Epistemology is the theory of knowledge; that
is what can be known in the world and how this can be known. The question if something really exists belongs to the ontological field while questions
regarding methods and objectivity are addressed in the epistemological field
(Buch-Hansen and Nielsen, 2005). With methodology, knowledge is about the
methods applied to generate scientific knowledge. Any methodology section includes a number of methods alongside how to use these and in what situations
these become applicable.
In brief, ontology concerns overall assumptions about the nature of reality;
epistemology refers to the assessment and justification of proposed knowledge
claims; and methodology deals with the processes through which the knowledge claims are created (Orlikowski and Baroudi, 1991). Theory of science is
thus an overall theory about both science and research.
This study follows the philosophical theory of critical realism as founded
by Roy Bhaskar in the philosophy of science and later extended into the social
sciences by authors such as Archer et al. (1998) (Bhaskar, 1979). The paradigm
is put in relation to both theoretical applicability and practical benefits whilst
highly connected systems thinking (Mingers, 2014).

3.2

Critical realism

Critical rationalism emerged as a theory of science in 1975 when Roy Bhaskar,
a British philosopher, first developed the concept of transcendental realism in
his book, A Realist Theory of Science (Bhaskar, 1975). Bhaskar later developed the
perspective of critical naturalism, which was then merged with transcendental
realism and finally into the umbrella term critical realism (CR). CR originates
from the scientific theoretical discussions of natural sciences. However, having
originally been advanced as an alternative to positivism, critical realism later
began to highlight other perspectives such as sociology (Archer et al., 1998),
economics (Lawson, 1997) and also business disciplines such as management
(Ackroyd and Fleetwood, 2000) and marketing (Sobh and Perry, 2006). CR can
be regarded a more holistic substitute to both postmodernist and positivist ap-
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proaches.
CR claims that a reality exists beyond the understanding of human perception. Only some aspects of the world can objectively be perceived by our senses
(Johnston and Smith, 2008). Sometimes our senses are not fully reliable. Illusions and sense data can fool the senses, causing a misinterpretation. When an
event is misperceived, the incidence and properties of the event are separate
from our understanding which means that the mechanisms driving the event
operate beyond our awareness of its activity.

3.3

Ontology, epistemology and methodology

Bhaskar splits knowledge objects into either transitive and intransitive objects
(Bhaskar, 1975). Transitive objects are of intangible character and include paradigms, methods, and theories. These are of subjective character and will only
exist alongside human activity. Intransitive objects, on the other hand, are all
real things, structures, processes, mechanisms, and events of the world. The
distinctions between what is happening and what is perceived of that and between an event and what underlying mechanism that caused the event are the
very essence of critical realism. In CR, these distinctions form three nested domains of reality being 1) the empirical domain, 2) the actual domain, and 3) the
real domain and together these are called a stratification of reality (see Figure 3.1).
The empirical domain is a sample of the actual domain. The empirical domain consists of events that can be experienced through measurement and perception (Wynn and Williams, 2012). The second domain, the actual, is a subset
of the real which includes all events that are initiated by causal interactions between underlying structure and entities, regardless if these events are observed
by humans. Finally, the real domain contains all entities and structures that exist
in the world together with their built-in causal powers. The nesting of domains
is done in such a way that an event in the actual domain, caused by an activation
of an underlying mechanism, may not be recognised as a registered experience
in the empirical domain. Mechanisms may or may not be activated in the real
domain. They may even be counter-acted, thus not producing any noticeable
change in the actual domain. The overarching goal of CR is to make an attempt
to apply knowledge of experiences in a certain situation to analyse assumptions
on how the world works in terms of structures and mechanisms that must exist
in order for some outcome to have occurred (Mingers, 2004).
CR has an ontological view that the world exist independently of humans’
perception of it. Unlike positivists, CR does not assume knowledge to be final
and precise. This should be understood as a prerequisite for true realisation
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Figure 3.1: Stratified ontology after Mingers (2004)

of what knowledge is capable of explaining – not to be mistaken from scepticism. New knowledge originates in the social sphere which is constantly extending the episteme, i.e. the knowledge base. All new knowledge is building
on existing knowledge through extensions, reformulations, or reinterpretations.
Knowledge is therefore a social phenomenon produced by humans in a historical context. This is quite important when CR is applied as a research method
due to the ability to perform analyses that are built from a theory base grounded
in a common understanding, because the objects under investigation will have
to be theoretically defined prior to analysis (Danermark et al., 2002). Any analysis starts with an exploratory phase that serves the purpose of reaching beyond
the existing knowledge base thus bringing in new knowledge on the issue under
investigation.
CR is highly apt for a case study approach, giving the researcher numerous
degrees of freedom in terms of choosing between methods (Ackroyd, 2010; Easton, 2010; Miles and Huberman, 1994). No definite research method is recommended by Bhaskar – as long as the method of choice can shed light on a deeper
understanding of reality, it complies with CR (Mingers et al., 2013). Numerous
strategies for CR based research have been promoted including the identifica-
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tion of certain mechanisms, explanations to how the mechanisms interact within
context, and descriptions of the context within which the mechanisms are working (Ackroyd, 2010). A central point of departure in the methodology of CR is
that understanding of reality can never be achieved without the use of a theoretical language. The purpose of the chosen theories is to sort, explain, and
predict. The more accurate the theories can explain and predict certain phenomenon, the higher the validity. The results obtained when the theories are
tested against observations are quantitative connections and regularities.
A case study is an empirical enquiry with the goal of investigating a contemporary phenomenon from within its original context and is especially useful
when the boarders between context and phenomenon are not difficult to determine (Yin, 2009). Usually, a case study involves only few social entities or events
where data is collected from several sources (Easton, 2010).
”The case study inquiry copes with the technically distinctive situation
in which there will be many more variables of interest than data points,
and. . . relies on multiple sources of evidence, with data needing to converge
in a triangulating fashion.” (Yin, 2009)
Triangulation means undertaking different approaches to illuminate a particular problem. In this study, three EDs participated constituting three cases in
total. Inclusion of these cases had the power of promoting generalizable results
at the expense of limiting the time to go in depth with each of the cases. Such
considerations are elaborated upon in chapter 4.

3.4

Application of critical realism to this study

Now that the basics of CR have been explained, attention is turned towards why
this philosophy is particularly well suited for management science (MS) studies.
Mingers provides three arguments for CR’s suitability in relation to MS: 1)
CR enables the researcher to take a realist stance whilst accepting the major
points of critique towards naïve realism, 2) CR addresses both natural- and social sciences covering both hard- and soft approaches, and 3) CR potentially fits
quite well with the perceived reality as understood by MS researchers (Mingers,
2009). Point three can be argued for taking into consideration either the theory
of MS or by examining empirical examples of its practice. The latter may be
more difficult to argue for as theory falls short. Focus should then be on practical examples demonstrating an array of techniques accompanied with some
methodology for its use. Many examples of practical interventions can be found
which constitutes another problem. Two MS approaches have been applied in
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this study; systems dynamics and statistical modelling. Both approaches will be
presented in brief and explored relative to the overall philosophical frame.

3.5

System dynamics

System dynamics (SD) is a computer-aided simulation technique for business
and policy simulation modelling based on feedback systems thinking. SD can be
utilised on any complex dynamic system characterised by interdependent factors, information feedback, and circular causal mechanisms. SD was invented
in the late 1950s by Professor Jay Forrester who has made numerous valuable
contributions to the SD society. Most famous is the controversial book Urban Dynamics in which Forrester modelled the higher level balancing forces that control population, housing, and industry in a city (Forrester, 1969). The model
predicted the fidelity of suggested remedies to the city’s social problems and
became a source of inspiration for many governmental policy decisions. More
publications followed that promoted systems thinking to a broader audience.
The most known works include Limits to Growth (Meadows et al., 1972), The Fifth
Discipline (Senge, 2006), and Business Dynamics – Systems Thinking and Modeling
for a Complex World (Sterman, 2000).
The general SD approach starts with framing problems dynamically and
then goes on through iterative mapping and modelling stages, and then to finally to building confidence in the model’s behaviour and its implications on
present policies. Analytically, the underlying structure of any SD model consists of an intertwined system of nonlinear, first-order differential- or integral
equations,
d
x(t) = f (x, p)
dt

(3.1)

where x is a vector of stocks or levels, p is a set of parameters related to change
in the stocks or levels, and finally f being a nonlinear vector -valued function
(Richardson, 2013). Simulation runs are split into discrete time intervals of time
steps dt (which is user defined). Conceptually, systems are in SD modelled as
closed loops of causal feedback being of either balancing or reinforcing character. These loops are dominant to varying degrees, thus holding key information
to feedback understanding. Another fundamental aspect of SD modelling is the
notion of endogenous change. Changes in exogenous variables can trigger system behaviour. The causes to why the system behaves as it does are contained
within the system itself. All systems can be argued to be open systems in reality but this would be very hard to simulate as no model boundaries could be
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specified.
An example of a small system is one of a pendulum where a displacement
corresponds to an exogenous change (you pull the pendulum to the left or the
right) whereas the swinging of the pendulum upon release is caused by the system (the pendulum’s new position, momentum, and oscillations). Theory building and policy analysis are highly impaired by this perspective. Undertaking an
endogenous view eliminates the tendency, especially in social systems, to blame
others for the failure of policy initiatives. What makes closed loop causality and
feedback special is that it can be delayed, deceitful, and ambiguous. Any SD
model strives to make explicit the system behaviour that comes from within the
system itself.
The main building blocks in an SD model are stocks (levels) and flows (rates).
Components in simulation software are depicted as pipes (flows) with directions and boxes as stocks (see Figure 3.2). A typical analogy to this is one of a
bathtub (as stock) with a faucet (inflow) and a drain (outflow). A constant inflow gives a linearly rising stock whereas a linearly rising inflow results in the
stock rising in a parabolic manner etc.

Figure 3.2: Components of a stock- and flow diagram

Noting the causal mechanisms and feedback loops does not provide the full
picture of the dynamic system behaviour. To gain better knowledge of a system of interest, the modeller will, in practice, start by performing a qualitative
assessment of the system, formulate a dynamic problem definition, then ensure
inclusion of all relevant factors that affect system behaviour, and set up a causal
loop diagram depicting the either balancing or reinforcing feedback loops.
The diagram is altered into a stock and flow diagram in computer simulation
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software, such as VensimTM , where each component is analytically specified. It
is in the later stages when the model is able to recreate historical behaviour and
the robustness of the model has been tested that deeper insights are enabled.
Even though a discrete view on single events and decisions is consistent with an
endogenous feedback perspective, system dynamics is generally a continuous
view perspective. Applying such a perspective means looking beyond events
and dig deeper into the system structure and patterns behind these. Insights
into how the connections interact between system structure and behaviour are
the ultimate goal for a system dynamics researcher and stem from applying the
overall continuous perspective.

3.5.1

CR in relation to system dynamics

The basic paradigm of a system dynamics researcher corresponds well to critical
realism’s distinction between the real and the actual. All events that are experienced and where a possible explanation is desired are causally generated by the
system’s structure.
Another similarity between CR and SD is the emphasis on feedback structure. A clear distinction between the overt system behaviour and the underlying pattern of interconnections that is responsible for the behaviour was emphasised by both Sterman and Senge. They said that since ”behaviour follows
structure”, different people are bound to exhibit the same kind of behaviour
when put into the same system. Such a claim is remarkably similar to Bhaskar’s
distinction between the actual domain where events can be observed and the
domain of the enduring mechanism that cause the events (Mingers, 2009). In
a SD model, actual behaviour of the system is dependent on the strength and
balance of included feedback loops. Simulation of plausible events may or may
not reveal predictable changes in parameter values. Hence, a SD model can be
applied to explain both the occurrence and the absence of an event. When running a SD model, causal relationships interact with each other (the real) thus
creating different patterns of behaviour (the actual). Some of these patterns can
be further analysed by the modeller (the empirical) by opening various graphs
and tables within the modelling software and these patterns needs explanation
based upon the underlying system structure (Mingers, 2009). Generative mechanisms in CR describe a causal force that is the result from a configuration of
system structure. In SD, Senge describes four basic structures of SD models that
correspond to the before mentioned generative mechanisms (Senge, 2006, chapter 6). These basic models are coined ”system archetypes”; generic models that
contain a specific structure that can be seen in many situations and produce a
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predictable behaviour when active.
When it comes to the retroductive approach in CR, the explicit modelling
approach in SD is a great fit. A general approach starts by identifying a problematic or unwanted behaviour in a complex system (Martinez-Moyano and
Richardson, 2013; Sterman, 2000). Such behaviour is depicted by the use of
charts and graphs; these are referred to as reference modes (Sterman, 2000, page
90). Reference modes will depict descriptive data that show the development
of a particular problem over time. Hypotheses as to why this undesirable behaviour exists are then made and linked to the type of system structure that may
be responsible for its generation. The initial approaches is remarkably similar
to that of retroduction in CR. Factors, of relevance to the problem statement, are
listed and mapped using causal loop diagrams at first (Binder et al., 2004). How
these factors connect can be based on multiple sources of information. First and
foremost, they can be based on what Forrester calls ”mental models” (Forrester
and Senge, 1980). These mental models are maps of how the system behaves
and are contained in the minds of the people that have their daily routines inside the system. The mental maps connect the components of the system to an
overall working engine. When a causal loop diagram is in place, the modeller
will have to translate it into a stock- and flow model that can be simulated. If the
model is able to replicate the desired behaviour, there is better reason to believe
that the model captures the essential causal traits at work. Is the model then
validated? A SD model is recognised to be unprovable with reality. Attempts to
eliminate alternative explanations to model behaviour, is the main approach to
enhance trust in the robustness of the model. As Forrester and Senge wrote:
”We believe confidence is the proper criterion because there can be no
proof of the absolute correctness with which a model represents reality. . .
one tests a systems dynamics model against a diversity of empirical evidence, seeks disproofs, and develops confidence as the model withstands
tests.” (Forrester and Senge, 1980)
A validated model is therefore a model that contains important elements of
particular parts of a system, exhibit reasonable behaviour according to reference
modes and understanding, and can withstand various tests of extreme conditions. Such a model can then be used to improve the understanding of system behaviour when changing particular triggers. SD models therefore strive
to make the users aware of the causal mechanisms that dominate system behaviour more than trying to predict what will happen. This fact goes hand in
hand with Bhaskar’s diagnosis, explanation, and action methodology for introducing change.
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Statistical modelling

Statistical analysis is a different type of modelling which recognises explicitly
the uncertainty in a data set. The implicit theory of statistical modelling does
inherently not follow well the principles of CR. Statistical modelling is founded
on a conception, from Hume, of concurrent events, assuming that events happen
on a regular basis and these can be quantified over time resulting in a data set
of relevant variables (Hume, 1967).
A set of mathematical equations can be formed on the basis of the variables
which represents generalizable laws. Such a worldview is in essence empiricist
and goes in contrast to a critical realist understanding of the world (Mingers,
2003). Despite the criticism towards statistical modelling, critical realists do acknowledge its value, especially when it comes to assisting the researcher in explaining and learning from findings rather than to predict (Mingers et al., 2013).
This is true in particular for more advanced statistical techniques that go beyond basic hypotheses testing and strive to test causal mechanisms behind several variables. Critical realists applaud methods such as factor- and path analysis that explores latent constructs and causal interconnections. Three statistical
techniques have been applied in this study, namely hypothesis testing, structural
equation modeling (SEM) and statistical process control (SPC).

3.6.1

Hypothesis testing

A statistical hypothesis test is a technique of statistical inference applied when
statistically testing a hypothesis. Suppose there is an interest in testing if two
variables are related. What is desired is to statistically test whether this relationship can be justified on the basis of a data sample. Statistical inference refers
to one main question: ”What is the probability that the relationship observed
in sample data could come from a population in which there is no relationship
between the two variables?” (Knoke et al., 2002, page 88). If there is a high probability of obtaining a relationship even though none exists (called a type 1 error),
one should be very hesitant to conclude a general relationship between the two
variables in a population. On the contrary, if the chance for making a type 1
error is very small, the hypothesis stated in the beginning should be accepted.
There are several hypothesis tests to choose from. What determines the appropriate technique is determined by which scale the two variables that are to
be compared are measured in. Before setting up a hypothesis between two variables, which of the two is the dependent- and independent variable must be
stated. Variables can be 1) dichotomous, 2) categorical or 3) numerical. A dichotomous (i.e. binary) variable can be one of two options. Therefore, examples
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of such could be gender or any kind of yes/no questions. Categorical variables
contain several fixed options from a limited number of possibilities. Instances
of categorical variables include blood type (A, B, AB or 0) and a patient’s country of origin. Last, numerical variables can be measured on either a continuous
or discrete scale. Such variables answer questions that relate to frequencies, i.e.
”how many” or ”how much”.
Of relevance to this study was the method of statistical hypothesis testing
between two variables that were both measured on numerical scales. Pearson
correlation analysis (or merely ”correlation analysis”) is then an appropriate
technique to utilise for testing the hypotheses (Soyemi, 2012). Correlation procedures assume a linear relationship between two variables together with the
independent variable being normally distributed along the dependent variable.
Should the data violate the normality condition, the methods are still sufficiently
robust to yield acceptable results in terms statistical significance (Knoke et al.,
2002, page 169).
Visualisation of the data elements can be done by plotting all data elements
in a scatter plot. This visual representation will depict the relation between any
two numerical (continuous) bivariate variables. The closeness of the scatter to a
straight line can be derived numerically by calculating the correlation coefficient
(Miller et al., 2005, chapter 11). This correlation coefficient is given by:

n

r=

1 X xi − x̄ yi − ȳ
(
)(
)
n − 1 i=1 sx
sy

(3.2)

where r is the sum of products of the standardised variables divided by a
factor of n–1. The correlation coefficient can take a value between -1 through
0 to +1. A positive correlation coefficient means that the two variables linearly
follow each other’s development. On the contrary, a negative correlation coefficient implies an inverse linear relation between the two variables.
Having calculated the correlation coefficient, a statistical significance test can
be performed to determine the p-value. The null hypothesis states that the population correlation coefficient from which the data sample stem is zero (Sedgwick, 2012). The alternative hypothesis states that the correlation coefficient is
different from zero. It is two-tailed which means that the correlation coefficient
can be either < 0 or > 0. In order to determine if the obtained correlation coefficient is not due to chance, one must consult a Pearson correlation significance
table to see if the two variables correlate sufficiently compared to sample size.
Such tables are readily available on the internet and in statistical textbooks.
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Structural equation modeling

Since SEM is comprised from several related statistical techniques, there is no
single source of its origin. It dates back to the early 20th century with the first
attempts to what is now known as exploratory factor analysis, first explained
by Charles Spearman in 1904 (Fabrigar et al., 1999). Along came the basics of
path analysis by bio geneticist Sewall Wright in 1918, where observed covariances was first demonstrated to relate to parameters of a model that could show
causal effects among a set of variables. Wright can furthermore be attributed the
path diagrams which are graphical representations of direct and indirect causal
mechanisms that are still being applied today (Wright, 1921). Jöreskog, Keesling,
and Wiley came up with an integrative approach combining factor analysis and
path analysis in the early 1970s (Jöreskog, 1969; Keesling, 1972; Wiley, 1973).
This approach was later conceptualised by Bentler in 1980 in a framework (at
that time called the JWK model) that later provided the basis for the computer
software for model analysis; a program named LISREL (Jöreskog and Sörbrom,
1982). The JWK model has undergone several updates since then and is now
known strictly as SEM.
A SEM model can serve both a confirmatory and an exploratory purpose.
Confirmatory modelling is the usual scope of current SEM analyses and begins
with a number of hypotheses with limited impact in a causal model. The hypotheses need to be operationalised by importing measurement data before running the analysis on how well the proposed model fits the data. Causal assumptions made prior to model testing can then be falsified (Bollen, 1989). An example of SEM’s use can be found in Hölzel et al. where a causal model was developed to investigate factors on patient involvement in clinical decision-making
in connection to conflicts between patients and clinical staff.
Several pieces of information are required by the computer simulation software before a SEM analysis can be conducted. Which variables to include, their
proposed impact on each other, and their respective directionalities need specification prior to analysis. The a priori specifications represent the hypotheses
that altogether make up the model. In other words, a model is given from the
beginning of the analysis and the main question will be whether the empirical data is supportive. It can occur that the data does not provide sufficient
support for the model; hence the hypotheses need re-specification or the model
may be disregarded completely. Another important aspect is to test alternative
models (sometimes referred to as equivalent models) that may fit the data equally
well, sometimes even better, and/or be more parsimonious (Shah and Goldstein, 2006). Alternative models refer to competing models that contain other
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hypotheses but with the same variables included in the base model, which, in
practice, implies a change in direction of a particular hypothesis. Changing directions of hypotheses requires adequate support from literature and while the
model that provides the best results is retained, alternative models are rejected.
Variables are grouped in two categories being observed (manifest) or latent. Observed variables are the measured data elements acquired for instance through
a questionnaire. For latent variables, these must be measured on a continuous
scale. In SEM, these latent variables are theoretical constructs that are made up
from a number of observed variables that share a common aspect. An example
of such could be intelligence because there are no single measures that rightfully
can cover the whole meaning of the term. Plausible observed variables must
then measure a broad range of factors related to intelligence.
The difference between SEM and other statistical techniques is that SEM is
capable of analysing both observed and latent variables. In comparison, multiple regression and ANOVA analyses are only able to consider observed variables (Tabachnick and Fidell, 2013).
Sample size is important to consider since SEM is a large sample technique.
If the data set imported into the SEM analysis is too small, making the model
”under- identified”, standard errors may become inaccurate and the probability of obtaining wrong statistical estimates is increased. Naturally, one may ask
”what is then a sufficiently large sample for a SEM analysis?” To answer this
question, several aspects that impact model complexity needs to be taken into
consideration. For instance, large samples are needed if a highly complex model
is to be correctly analysed because it will inevitably contain numerous parameters compared to that of a simpler model. Additionally, the estimation type
can put more demanding requirements to sample size (several estimation options exist in current SEM software). Maximum likelihood is often chosen as a
default estimator in SEM (Kline, 2011, chapter 7). Distributional characteristics
need to follow a near normal shape imposing yet another requirement. If a low
complexity model is to be analysed using a maximum likelihood estimator, a
rule of thumb says that 200 cases is the minimum number of cases to include
(Shah and Goldstein, 2006). With less than 100 cases, any SEM model (unless
very simple) will not yield reasonable results.
A number of statistical tests need to be conducted to evaluate the fit of a SEM
model to a particular data set. These tests must comply with threshold limits
specified for each statistical figure, all of which have been subject to tightening
in the past years due to a general lack of methodological rigour in previously
published studies (Schreiber, 2008; Shook et al., 2004). With this said, there are
however four main reasons as to why statistical significance is of less impor-
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tance in SEM compared to that of other statistical approaches such as multiple
regression and ANOVA. First, SEM considers the evaluation of complete models, which implies a broader level perspective. Of course, statistical figures of
separate effects can be assessed but ultimately the decision is whether to reject/modify the whole model. Second, remember that SEM is a large sample
technique. Therefore, generated results have a higher possibility to be highly
statistically significant; something which is quite trivial when the sample is
large. In other words, Hays stated that if sample size is large, a statistical significant result can be extracted from practically any study (Hays, 1981, page 293).
Third, latent variables are estimates that are subject to change if the estimation
technique is changed or sometimes if other software solutions are used. The latter would bring about minor changes but these can however impact the p values
enough to affect hypotheses testing (ex. p = 0.052 vs. p = 0.048 for like effects
when testing at level of significance α = 0.05). Fourth, more emphasis is put on
estimating the magnitude of effects compared to the outcomes of the various
statistical tests especially when it comes to research in behavioural sciences.
In this study, statistics has been applied not only to empirically test relations
between factors but also to monitor process data and determine if changes to
the ED system has resulted in an improvement. The latter technique is called
statistical process control (SPC).

3.6.3

Statistical process control

Walther Shewhart, a physicist, is commonly referred to as being the inventor of
SPC in the early 1920s. He was employed at Bell Laboratories, USA at that time
and was responsible for improving the quality of telephones (Shewhart, 1928).
During his employment, he developed a theory on variation that provided the
foundation for modern SPC. Essentially, the theory can be demonstrated by
looking at five signatures spelling ”CMS”, written by the same person under
like conditions (see Figure 3.3).

Figure 3.3: Signatures

Two observations are of importance: 1) even though the signature has been
written under the same conditions and by the same person, the signatures do
show some variation, and 2) the variation lies within certain limits. One could
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justifiably claim that the process of writing looks stable if nothing is known
about the underlying process. What understanding of the signatures would a
traditional statistical approach allow? All five signatures would have to be compared to a standard. Some of the signatures would not live up to the standard.
If a statistical test was applied, one may find a signature that is much different
from the standard. The essential feature of Shewhart’s original theory on variation is that it can categorise variation according to the action needed to change
it.
Classical statistical analysis techniques allow for natural variation but needs
an aggregation of time series measurements that may impair decision making
(Benneyan et al., 2003). SPC is a branch of statistics that applies time series analysis methods together with a graphical depiction of data. The graphical representation can yield rapid and valuable insights in an intuitive fashion to lay
decision makers. Researchers and practitioners can use SPC and its various tools
(most importantly the control charts) to determine and communicate the impact
of healthcare improvement efforts.
A control chart is a graphical presentation of time series data that is able
to differentiate between common cause variation and special cause variation.
Common cause variation can be found in any process data and is caused by
chance. Special cause variation differs from common cause in the fact that variation in the process can be assigned to a cause outside the process. The control
chart is an easy way to monitor a process over time while determining if special
cause variation is present. Therefore, the technique is useful to determine if a
process is within statistical control and, if so, if interventions to the process have
had a significant effect. Note that if any special cause variation is present in the
data, this should be analysed and removed before the work on improving the
process can start. Also, control charts can be applied to highlight if a change to
the process has resulted in an improvement.
Any control chart is comprised from some basic components that are depicted in Figure 3.4. A center line represents the average (or sometimes median)
of the data sample corresponding to a completely stable process. Two horisontal
lines, the upper control limit (UCL) and the lower control limit (LCL), are also
plotted. Data points that happen to fall outside the control limits indicate a special cause variation worth of further investigation. Special cause variation can
also be indicated by the trend in which the process has developed over time.
Such indication is when a predefined number of consecutive data points are
decreasing- or increasing - in slope or if the center line is crossed a number of
times. As goes for any kind of statistical tool, SPC can at times be misleading.
There is the possibility for both type 1 errors (identifying special cause that is
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Figure 3.4: Random C-chart as example

merely common cause variation) and type 2 errors (special cause that is mistaken for common cause variation). Hence, Shewhart defined the control limits
at three times the standard deviation from the center line. If the data follows
a normal distribution, the span of the standard deviations in which the data
points fall is depicted in figure 3.5. 68 % of all data points would fall within one
standard deviation, 95 % within two standard deviations, and finally 99.73 %
within three times the standard deviation (Hart and Hart, 2002).
In the healthcare setting, many performance measures are of the lower-thebetter or higher-the-better character. Examples of important performance measures are laboratory turnaround times, patient satisfaction scores, medication
errors, infection rates, number of patient falls, door-to-doctor times, counts of
adverse events, and many more. One of many examples on the use of SPC in
healthcare can be found in Morton et al. (2008), where monitoring infection rates
at a hospital in Queensland, Australia lead to more efficient cleaning procedures
and introduced early warning indications of new outbreaks.
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Figure 3.5: Normal distribution with probabilities

3.6.4

CR in relation to statistical modelling

When considering statistical modelling methods, this approach leans, to varying degrees, more towards an empiricist worldview than that of CR. Several
contradictions to a critical realist view exists, some more severe than others.
First of all, causality as a term is rather crude being basically a Humean notion
of a constant series of events (Mingers, 2003). Quantified material is extracted, a
mathematical procedure followed, and the most sensible links are promoted on
the basis of a proposed model. The generated results are often used afterwards
for predictive purposes. Such use is a problem seen from a critical realist point
of view because one remain focussed on what can be empirically tracked and
do not make the effort in understanding the underlying mechanisms that may
explain the behaviour. Therefore, the researcher is left with poor grounds on
which to conclude if correlations are indeed genuine or bogus.
Stability of calculated regression coefficients alongside corresponding statistical level of significance are automatically assumed to include only the factors
that have major impact on the system being modelled. Implicitly, this means
that any other factor not included in the model has minor to zero effect on the
system’s behaviour. In reality, these assumptions may prove to be wrong since
there is no way of knowing what the impact might be if the number of factors
under analysis is expanded. Another quite unrealistic trait of regression is the
assumption of normal distributed data, unidirectional causality, linearity, etc.
These assumptions are commonly known not to be representative of real empirical data. As explained in section 3.5, the real world contains very complex in-
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teractions showing counterintuitive non-linear behaviour (Forrester, 1971; Hunt
et al., 2012).

Therefore, the original idea of testing models for statistical significance is as
follows: If a hypothesised model is assumed true (null hypothesis) then the
alpha level is corresponding to the probability of obtaining observed values
within a specified range (and reject the null hypothesis on the wrong basis, i.e. a
type 1 error). Bearing the latter statement in mind, agreeing that a basic statistical model is ”true” is deemed nonsense from a CR perspective, since the base assumptions are far from reality (Carlsson, 2010, chapter 15). All of the mentioned
statements make it possible for competing models to fit equally well to a given
dataset. Although guidelines to determine best-fits in a stepwise manner have
been developed, models are made up from intuition, experience, and usefulness
for the end-user (King, 2005). All these problems that now have been presented
may point in the direction that a critical realist would completely abandon any
kind of statistical testing, especially since empirical verification does not give
cause to concerns when causal effects may be present but not reflected in empirical measurements. Some statistical modelling is however seen as powerful in
CR but the purpose of such exercises must be re-considered.

Of main interest to the critical realist is the understanding of underlying
mechanisms that drive behaviour in a system. Some statistical analyses can
aid in this task, because these can be applied in an early exploratory phase, for
instance in identifying specific patterns in larger datasets. Testing models that
contain several hypotheses can provide results that point towards a number
of constraints that are responsible for generating an underlying structure with
a certain degree of non-randomness in the empirical data. The reader should
however keep in mind that the results could be biased by the data treatment
process. Still, detection of such patterns in datasets is quite difficult. Techniques
such as exploratory factor analysis, cluster analysis, and regression are useful
for provision of a starting point for further in depth investigations. Factor analysis and path analysis can take one step further in understanding patterns since
these two combine the identification of common factors making up a construct
and the application of differential equations that formulate the constructs analytically (Porpora, 1998). By regarding the problem as an artificially closed system where normally exogenous variables are controlled for, multivariate analysis can be very useful.

3.7. Validity
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Validity

It is paramount for the researcher to address the question of whether the conclusions made are valid and reliable. Had this study been similar to a clinical
experiment, validity could be sought by repeating a study to see if the same results were obtained. In organisational research, such experiments are no option
since the system in which these experiments were to be conducted would be in
constant change. To argue that the conclusions from this study are valid, thus
making a scientific contribution implies a workaround that the system under
analysis is not a closed one. Since the critical realist acknowledges that reality
cannot be described to perfection, the aim is to add to further understanding
of what is already known about a given phenomenon. Because identification
of underlying generative mechanisms is the main focus of the study, the concepts behind establishment of validity can be described through an extension of
Figure 3.6.
Identification and suggestion of solutions belongs to a scientific way of thought
and the techniques mentioned in this chapter are not a contradiction of CR. It
is the author’s belief that the approach applied to answer the stated research
questions comply to the frame of CR. Some points that provide arguments to
this are:
• An array of different applied research methods (direct observations, semistructured interviews, case studies, system dynamics modelling, and advanced statistical modelling) emphasises the coherence with CR due to the
fact that the research problem determines which methods are suitable and
not vice versa.
• The study can be regarded as somewhat interdisciplinary as theory from
management science, knowledge management, emergency medicine, and
philosophy are all included within the study. Digging into deeper layers
of understanding through more fundamental philosophical reflection or
even on a biological level is beyond the scope of this study.
• Approaches that are advocated by CR were utilised in order to answer
the research questions adequately. Such approaches encompass interrelated induction- deduction, abstraction, and retroduction (Buch-Hansen
and Nielsen, 2005).
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Figure 3.6: Research process and validity from a CR viewpoint (Johnston and Smith, 2008)
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• Fundamentally, critical realists acknowledge that all knowledge is fallible
while a separated reality exists. Such a perspective is revealed through the
manner conclusions are built throughout the research that has been conducted. The main focus has been to find conditional learning points leaning towards truth, since it is recognised that establishing absolute truth is
an utopian premise.
• Clarity of concepts is promoted as being extremely important by Bhaskar,
especially when working with social factors (Easton, 2010). Research that
is not built solely upon mathematical formulations definitely needs thorough explanation so that applied concepts and terms are defined in an unambiguous manner. More fertile grounds for future research probabilities
comes with clearer definitions.
The above bullets underline a clear distinction from a positivist worldview
which see reality as fixed, directly measurable, knowable, and where there is but
a single truth (Rubin and Rubin, 2012). Even though some statistics have been
applied to explore relationships between isolated areas of interest, the main focus remained an investigation of the generative mechanisms which are responsible for certain phenomenon to surface. On the contrary, the research is also very
much different from traditional social constructivism, since no real attention has
been given to explaining how technology or knowledge has been shaped by social factors. The research done in this study falls somewhere in between as it
implicitly reflects the assumption that it is an independent yet interwoven natural and social reality that is under analysis.

CHAPTER

4
EMPIRICAL FOUNDATION

This chapter will present the cases that have been included in the study. First, an
introduction to each of the cases will be given. Explained next are the details of
how the qualitative data was acquired. How the quantitative data was obtained
from each of the cases wraps up the chapter.

4.1

Included cases

Two EDs have financially supported this study, thus making them primary cases.
These are the EDs at Herlev and Nordsjælland Hospital respectively, both situated in the Capital Region of Denmark. Two co-supervisors have taken an
active interest into the study in their roles as senior consultants at the beforementioned EDs. Both co-supervisors have introduced the author to the daily
routines, provided assistance in data retrieval, set up interview appointments
with key personnel, and provided valuable feedback on both conference- and
journal contributions. Additionally, the Department of Emergency Medicine at
Beth Israel Deaconess Medical Center (BIDMC) in Boston, MA constituted a secondary case where a part of the study was conducted. The author collaborated
closely with a senior attending physician who, like the two co-supervisors, provided assistance in retrieving data, critically reviewed the author’s work and
allowed for direct observations during various shifts in the ED.

4.1.1

Primary cases

In the Capital Region of Denmark, the EDs at Nyt Hospital Herlev- and Nordsjælland respectively make up the main cases of the study (see Figure 4.1 for
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geographical location). Both hospitals are undergoing major structural changes
as dictated in the national hospital reform published in January, 2007 (DHMA,
2007). On a national basis, many hospitals will no longer provide emergency
care treatment. However, this does not impact the two primary cases.

Figure 4.1: Future hospitals in the Capital Region of Denmark

Nordsjælland Hospital consists of three facilities that organisationally function as one unit. In 2020, Nordsjælland Hospital will move from its existing
buildings to a single new facility in Hillerød, where hospital treatment for approximately 310.000 citizens is to be provided. Today, the main ED at Nordsjælland Hospital is located in Hillerød and is a joint unit consisting of an urgent
care clinic, trauma bays, observational unit, secretariat, and reception; that is
identical to the FAM concept explained in chapter 1. Two urgent care clinics
are also connected to the hospital. These are situated at Frederikssund Hospital
and Sundhedshuset in Elsinore. The ED staff at the main site in Hillerød currently consists of five specialty physicians of which three are specialised within
emergency medicine. These physicians are responsible for coordinating and supervising not only all acute patient procedures but they also act as mentors for
medical residents undergoing their education. Complex clinical decision mak-
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ing is done in collaboration with the hospital’s other specialty physicians.
Herlev Hospital is to be greatly expanded in order to cope with more patients, especially within the field of cancer treatment (REGH, 2009). Today, Herlev Hospital covers an area of 425.000 citizens but this number will increase by
50 % when the expansion is completed in 2018. The ED is currently structured
slightly differently than at Nordsjælland Hospital. The interdisciplinary teamwork is grouped in three teams denoted 1) medical, 2) surgical, and 3) urgent
care. The medical team primarily treats patients suffering from illnesses related
to oncology, haematology, neurology, and other medical conditions such as infections, impaired metabolism, and lung diseases. The surgical team focuses
on gastro surgery, gastro medical conditions, and urology. Finally, the urgent
care team treats both smaller and major traumas and illnesses connected to cardiology and orthopaedic surgery. Similar to the ED in Nordsjælland, specialty
physicians are summoned when more complex medical decision making is to be
conducted. An example of this is when ED patients are admitted to an inpatient
ward.
Both primary cases treat approximately the same amount of patients each
year (despite the catchment areas being different), refer to the same region, and
follow the Danish Emergency Process Triage (DEPT) scale (Skriver et al., 2011).
Although differently organised, both primary cases were willing to participate
as sponsoring partners of this study. They share an interest in expanding their
understanding of how to assess their department’s performance and to learn
more about how the effects of potential interventions can be tracked. The author has been introduced at both EDs to the daily routines of all staff professions
(within the ED and supporting departments), conducted semi-structured interviews, obtained data from diverse databases. The author has also had regular
status meetings with both co-supervisors.

4.1.2

Secondary case

Contact was established with the Department of Emergency Medicine at BIDMC
located in the Longwood Medical Area of Boston, MA. The visit to BIDMC was
conducted in a timespan from October 1st , 2013 to April 15th , 2014. BIDMC is
rated amongst the best hospitals in the United States and is one of several major
tertiary level one teaching hospitals situated in Boston affiliated with Harvard
Medical School. The ED at BIDMC differs from the two other cases in various
ways. First of all, emergency medicine as a specialty is well implemented and
recognised among hospital staff. Having specialised ED physicians is an important asset to BIDMC as more patients can be discharged upon completed treat-
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ment in the ED compared to otherwise (Anderson et al., 2006; Scott et al., 2009).
In its position as a level one hospital, more complicated patients are transferred
from other communal hospitals in Boston and its vicinity. An observation made
by the author was that the staff to patient ratio was about one to two. Therefore,
it is hypothesised that more attention to the individual patient can be given;
something that improves patient perceived experience. Having great human
resources is costly and should be seen in light of the US health care system being primarily pay-for-performance, whereas the Danish is primarily a tax paid
system. However, the patients that were admitted to BIDMC were often complex cases that required more resources before a diagnosis could be concluded
and treatment finished. The ED employees are organised in three teams consisting of medical residents, a senior physician, nurses, and technicians. The
teams are multidisciplinary and can therefore provide treatment regardless of
the patient’s chief complaints. From a performance measurement perspective,
the ED at BIDMC is an interesting example as they have developed a customised
real-time monitoring tool consisting of several performance measures. Data is
registered automatically and the IT platform is integrated to enable full patient
anamnesis, containing information about, for instance, laboratory tests on the
spot. Data is thus measured with high degrees of precision, ensuring construct
validity. In time, imaging results were to be integrated as well.
During the stay at BIDMC, focus was put on answering the second subquestion of how the various interconnections between the measures interact.
It was realised that the attention should be moved from looking at performance
measures to the underlying process which the performance measures reflect.
Therefore, focus was focused upon how simulation, more precisely SD, could
provide answers about these interconnections that are influenced by time delays and complex non-linear behaviour. A prior problem statement needs to be
formulated to set up the boundaries of a SD model. ED crowding was chosen
as the main topic, since this problem is worldwide and is also of great interest to the case hospital. BIDMC may in hindsight not be the optimal hospital to
investigate ED crowding effects as this is not perceived there as being a big problem. Reversing this viewpoint, it is interesting to identify what it is that BIDMC
does differently compared to elsewhere. The SD model comprises an analysis
of the admission process at BIDMC with special emphasis upon an emergency
protocol named ”Code Help”. This protocol can be activated when predefined
threshold values for ED census are met. Activation of the protocol alerts other
inpatient wards of ED congestion, resulting in either a relocation- or more rapid
discharge of current inpatients. Patient flow is improved and ED congestion
may be resolved. The outcome of the external stay became two conference con-
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tributions and a journal paper.

4.2

Data acquisition

Data from the included cases has been obtained in different formats. These can
be grouped into being either of qualitative or quantitative character.
Qualitative data
In this study, non-numeric data comprises direct observations and interviews. Both
categories are highly important to be able to create a more nuanced picture of the
research problem at hand as all information cannot be transferred into numeric
form.
Direct on-site observations served as a means to gain an initial thorough understanding of what goes on in the ED. These observations was used to map the
various generic processes and to identify which actors are present together with
their corresponding responsibilities. Observations were done of all included
cases as the organisations and procedures are not identical.
Interviews were conducted as semi-structured with questions posed in a deductive manner and as more loose discourse. Through interviews, empirical
material can be collected with as little interference as possible (Tong et al., 2007).
A semi-structured interview allows the interviewee to comment upon given
questions, thus resembling a more open conversation as opposed to a controlled
interview where precise answers are sought. Semi-structured interviews were
chosen for different purposes. These included identification of relevant performance measures, their interconnections, and validation of incremental findings.
Applying a model thinker’s mindset, information available to the researcher
about a given system exists primarily in the form of qualitative data being conceptions of the system and descriptive written information (Luna-Reyes and
Andersen, 2003). As mentioned in section 3.5, Forrester refers to these data as
mental models that exist in the minds of the actors in the system (Forrester and
Senge, 1980). Such information is invaluable especially when trying to connect
quantitative measures according to causal influences. The funnel of information
by Forrester and Senge demonstrates the value and richness of information in
the quest for understanding system behaviour (see Figure 4.2).
An approximately evenly distributed number of interviews were conducted
with all of the included cases with key representatives from each profession. By
doing so, a representative picture of the system seen from multiple angles was
obtained. The duration of the interviews was time restricted as not to keep the
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interviewee from her original tasks. At times though, interviewees allowed for
more detailed explanations.
Quantitative data A number of different data repositories were applied
to carry out the study’s quantitative
analyses. Through testing the simulation models and hypotheses on real
life data, validity was added to the
findings. Data was extracted from
both a number of internal databases at
the included cases and an external survey from a research center in the Capital Region of Denmark. An outline
of the acquired quantitative data follows in the following section.
Internal databases comprise several systems that each contains needed
information on the selected performance measures.
Unfortunately,
these systems are not integrated to Figure 4.2: Funnel of information (Forrester and
Senge, 1980)
an encompassing whole at the primary cases. The primary data sources
therefore include a total of five separate systems containing information on the
performance measures to be included in the final performance measurement
model. As Herlev- and Nordsjællands Hospital are both situated in the Capital Region of Denmark, it was observed that their data retrieval systems were
identical. The databases are listed in Table 4.1.
Besides these databases, internal patient- and employee satisfaction survey
results were obtained (only for Nordsjælland Hospital). Patient surveys were
conducted as semi-structured interviews with a small sample of patients during
a one-week period. The employee satisfaction survey was conducted by an external consultancy company. The most recent employee satisfaction survey was
distributed during the summer of 2014 and obtained a response rate of 85 %.
It contained 65 different questions regarding both physical- and psychological
work factors.
Data was stored more centrally at the secondary case hospital. This made it
easier to extract exactly the performance measures of interest for a user specified time interval. Two systems allowed for easy retrieval of many of the performance measures. These were the ED dashboard and the ED time log. The latter is
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OPUS Arbejdsplads
GS!Åben
Labka
CETREA

RIS/PACS
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Description
A patient administrative system similar to the
electronic patient journal
A support module for OPUS Arbejdsplads
Contains information on laboratory tests, blood work
and more
ED clinical logistics overview usually used
in real-time
PACS stores data from medical imaging devices
as images while RIS contains information on
patient demographics, examination orders,
and scheduling.

Table 4.1: Primary databases in use at the two primary case hospitals

an integrated part of the ED dashboard. The ED dashboard is a real-time patient
data tracking system used for managing workflows. Clinical-, registration-, and
time-stamp data are all imported into this system that can be readily monitored
by all employees at the hospital with large monitors and tablets. Time-stamps
are registered automatically in the ED time log, for instance by the implementation of an automatic recording algorithm behind a standard protocol. This
could be the triage time containing a start- and finishing time-stamp. Here, all
measurements on vital parameters for a given patient are registered directly in
a spreadsheet. Opening a new spreadsheet records the starting time, whereas
closing it records the finishing time.
External databases include one major patient satisfaction survey for all EDs
in the Capital Region of Denmark (Rimdal and Soerensen, 2012). This survey,
specifically targeting patients in the ED, was developed by the Center for Patient
Experience and Evaluation (formerly Unit of Patient-Perceived Quality) in 2013. The
survey was the first of its kind, involving only EDs, and reached out to 1940
patients by telephone in the period between February 20th and March 4th , 2013.
A total of 23 questions were posed concerning information levels, guidance and
parking, reception, waiting times, communication with staff, examination and
treatment, physical settings, and general contentment. 14 of the questions were
used as empirical foundation for the statistical analysis presented in paper three
(see section 5.3).

CHAPTER

5

INCREMENTAL DEVELOPMENT OF THE MODEL

This chapter will guide the reader through the step-wise development of the
final recommendations. Four journal articles serve as documentation for the
progress throughout the study. Not all published work is presented in this thesis since some of these are earlier works that were altered into journal format at
a later stage. For a full list of all published work, please revisit the list of papers. All articles, whether targeted for journal- or conference publication, have
been submitted to internationally known scientific publishers. The papers are
presented as to chronologically guide the reader through the maze of considerations and incremental work towards the final performance measurement model.
Main contributions of the separate articles are promoted to construct a logical
row of arguments leading towards the final recommendations.
The first article examines recent review articles on recommended, analysed,
and debated performance measures for ED overall evaluation. The outcome
of the literature review was an extract of performance measures that provided
the very foundation for further analysis of how these were connected. The second article opens up for a single performance measure to analyse underlying
leading- and lagging factors in depth. Sickness absence was the chosen factor
due to its intangibility and complexity. Statistical hypothesis testing was applied to explore which measures should be tracked thoroughly to hint at future
sickness absence levels. The third article broadens the scope of analysis to undertake the domain of patient satisfaction through a more advanced statistical
approach, namely SEM. The fourth article abandons the statistical approach in
favour of simulation. Here, a SD model is developed on a North American case
to examine ED crowding, especially in relation to return visits. All the articles
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provide a joint foundation which results in the proposed performance measurement model.

5.1

P1: Identification of performance measures

Background
Concerns on how to measure overall performance in EDs are widespread. This
comes in natural prolongation of the many restructuring initiatives that are being implemented in EDs worldwide. The new organisation of EDs must be seen
in light of an aging population, typically suffering from multiple illnesses. Such
patients are highly complex and need thorough examination before an initial
diagnosis can be concluded. Much emergency medicine literature addresses the
issue of performance measurement seen from an operational viewpoint with
special emphasis on ED waiting times and crowding (Kelman and Friedman,
2009). Initiatives targeted to reduce waiting times in EDs have mostly been neglecting other facets of ED quality of care. A one-sided focus on reducing waiting times will most likely leave other aspects of ED quality in care to deteriorate.
Thus, applying a balanced performance measurement approach that captures
multiple aspects of broad ED performance is warranted. Several calls for performance monitoring frameworks to insure quality and efficiency in healthcare
delivery have been made (Schull et al., 2011). Recommendations on which performance measures to monitor not only diverges but also suggest larger spans
of measures that compromise overview.
This study’s aim was to condense concurrent emergency medicine literature
on recommended performance measures for ED macro-level assessment.
Methods
A systematic literature review of internationally peer-reviewed review articles
in the databases of PubMed, Cochrane Library, and Web of Science was carried
out in the period of April through July, 2012. PRISMA guidelines were applied
(Liberati et al., 2009).
Results
1314 titles was the total gross outcome of all searches performed in the mentioned databases. 46 of the results were unique. These were subject to an inclusion/exclusion criteria run-through after having read titles and abstracts. The
search strings and resulting hits are presented in Table 5.1. PubMed differs
between the singular and plural forms which explain the distinction made in
parentheses.
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# Search
1
2
3
4
5
6
7
8
9
10

Variable search string
performance measure/(performance measures)
performance indicator/(performance indicators)
quality measure/(quality measures)
quality indicator/(quality indicators)
quality assessment
quality evaluation
performance assessment
performance evaluation
quality assurance
quality improvement
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# Hits
13/(46)
13/(36)
24/(47)
19/(200)
67
2
15
13
657
9

Table 5.1: Search strings and resulting hits of literature review

Articles would be included in the final review if the following criteria were
fulfilled: 1) the article’s main purpose was to discuss, promote, or analyse performance measures that best reflect ED performance, 2) the article was a review
article, and 3) the article included macro-level performance measures for overall
ED performance assessment. Exclusion criteria included 1) reference to specific
patient groups or illnesses, 2) a different setting than the ED, 3) not touching
upon performance measurement, 4) primary goal to investigate evidence behind selected indicators, 5) description of how performance measures is to be
applied now and in the future, 6) criticism towards particular performance measures, and 7) a language different from English. A flowchart of the filtering of
articles can be found in Figure 5.1.
14 articles met the inclusion criteria. These were read in full to note all performance measures mentioned. How many times a performance measure was
mentioned indicated a degree of consensus that the particular measure was important for ED assessment. The top 25 % of the recommendations is presented
in Figure 5.2. All identified performance measures were afterwards sorted by
the authors in three groups being 1) patients, 2) employees, and 3) operations
(Traberg et al., 2014).
Discussion
55 performance measures were identified in the included articles. The articles
differed in their approaches and recommended tracking of everything between
four to 44 performance measures. Most in focus were the operational timestamps indicating great attention to timeliness of care. Patient centeredness has
gained ground as patient satisfaction also proved to be of great importance, especially in the American studies where healthcare typically is privatised. Employee related performance measures were mentioned in only two of the 14 ar-
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Figure 5.1: Flowchart of article selection following PRISMA guidelines

Figure 5.2: Top 25 % of recommended, discussed, or analysed performance measures
in included literature reviews

ticles, suggesting employee relations being of less importance. Retaining expe-

5.1. P1: Identification of performance measures

63

rienced staff in the ED should be a top priority issue, since such resources are
crucial cogs for any ED to function. Great amounts of data are being recorded
so there are plenty of performance measures to choose from. However, which
performance measures appear most rich in information is still up for debate. A
deliberate decision not to include condition specific performance measures was
made early in the study. Such a decision is based on the objective of wanting
to measure general ED performance regardless patient groups. On the other
hand, it must be assumed that inclusion of specific performance measures targeted for monitoring aspects in care of representative patient groups could promote deeper understanding of the EDs performance. Concurrently, establishing
consensus on the various performance measures definitions is another key step
towards data-driven management. Definitions are at times changed making
time-series analysis difficult, thus compromising construct validity.

Conclusion
This systematic literature review identified which performance measures are
analysed, discussed, or recommended in recent emergency medicine review articles for overall ED performance evaluation. Consensus on which performance
measures should be closely monitored remains a challenging task. Besides a
precise definition of each performance measure, decisions on when and how
these are recorded should be standardised.

Experience gained
The systematic literature review revealed which performance measures should
be included as the backbone of the final performance measurement model. All
performance measures were categorised into three aggregated clusters being related to 1) patients, 2) employees, and 3) operations. Agreement on which performance measures to use for overall ED performance assessment is currently a
hot topic. Clear definitions on each measure are still to be agreed upon, making
the challenge of benchmarking impossible. Hence, the final performance measurement model is to be applied for internal process monitoring exclusively.
Having identified the relevant performance measures that are essential for
ED performance evaluation, the next phase of the study can commence. As
the ED is a highly complex and dynamic system, understanding the effects of
performance enhancing initiatives are dependent on knowing how the performance measures interact.
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5.2

P2: Unravelling a single performance measure;
sickness absence

Background
The healthcare sector has been experiencing several rounds of budget cuts worldwide since the economic recession began in 2008. A large expenditure of hospital budgets is for salary, implying that dismissing clinical staff was inevitable.
The mantra ”doing more with less” had taken first place since the ration between employees and patients increased disproportionally. How then is a wellfunctioning ED secured? One answer could be through employee retention. An
important, yet complex, indicator for employee well-being is sickness absence.
Lowering current sickness absence levels to a theoretical minimum is an important step in high utilisation of available human resources. But what are the main
determinants for sickness absence? How can it be improved?
This article travels deeper into the very structure of a single employee related performance measure, namely that of sickness absence. Management of
sickness absence rates is sought conceptualised through the development of a
proactive decision support tool directly linked to employee satisfaction survey
results. With such a decision support model, the ED decision maker can target
interventions for lowering sickness absence levels with higher fidelity.
Methods
A literature study of contemporary journal articles concerning factors directly
hypothesised to influence sickness absence was performed. The literature study
was supported by 1) three semi-formal interviews with human relations experts
at three case organisations in order to capture potential drivers for sickness absence not mentioned in literature and 2) conclusions from the ASUSI project (a
large national project, comprising many smaller projects, on sickness absence
factors in Denmark) (ASUSI, 2008). All factors identified were presented in an
encompassing overview that categorises factors into either voluntary- or involuntary absence. The authors introduced the term employee absence to rightfully
cover absence caused for motivational reasons. Statistical hypothesis testing
was conducted based upon past employee satisfaction survey scores and corresponding employee absence levels. Furthermore, the level of social capital was
quantitatively assessed. Empirical data material was provided by four Danish
public hospitals and one private pension fund (for evaluation of generalising
potential). Positively identified factors had to 1) show a statistically significant
Pearson correlation level in connection to employee absence rates and 2) be in
agreement with included literature conclusions. Any measure that complied
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with both conditions was included in the proposed decision support tool.
Results
The literature survey with supporting semi-structured interviews revealed a
gross portfolio of drivers for sickness absence rates. Categorisation of the drivers
was split into voluntary- and involuntary absence reasons (as presented in Figure 5.3).

Figure 5.3: Overview of factors with a direct influence on employee absence rates

The most significant results determined by calculated Pearson correlation coefficients while in compliance with literature conclusions were 1) fairness, 2) job
security, 3) total level of employee satisfaction, and 4) thoughts of leaving current position. Calculations of social capital levels were found to have an inverse relation
to employee absence rates. Altogether, four overall constructs obtained sufficient statistical power and was in compliance with literature conclusions. Three
of these constructs fit in the concept of ”social capital”, whereas the fourth concerns general employee satisfaction. The latter construct must address the 1)
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satisfaction with working conditions, 2) feeling of job security, and 3) whether
the employee has thoughts of applying for a job elsewhere. By addressing these
elements in employee satisfaction surveys, the scores can be transferred into a
decision support model to visually indicate critical levels that may result, or
explain, current absence levels. Figure 5.4 presents the four categories, underlying factors, explicit questions with appertaining scores, the calculated average
scores that determines the current level (being either high, intermediate, or low),
and lastly a colour code for the level.
The determinants’ levels can be quickly assessed in the ”employee absence
level diamond” presented in Figure 5.5 which automatically transforms the scores
from the check list in Figure 5.4. The diamond form in the center of the model
shows the categories’ status. The rectangles in the periphery make up the levels for the separate factors. The colour in each corner of the diamond shape is
determined by the average scores of the underlying factors.
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Figure 5.4: Check list sheet of determinants for employee absence
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Figure 5.5: Determinant’s status represented by shaded areas indicating focus area

Discussion
Questionnaires possess valuable information that can, with some data mining
effort, be applied for more accurate managerial interventions. The proposed decision support tool is not a stand-alone solution, since it has not yet been tested
in practice and may miss other important drivers. Other factors that may be
rooted in an organisation’s culture can reasonably well be hypothesised to have
a strong impact on what is considered ”acceptable” levels of absence. An example is mirroring your nearest manager’s absence patterns (Schreuder et al.,
2011). If the manager is often absent, it can be hypothesised that so will the
employees under him. With the decision support tool suggested, the manager
will have support to articulate given areas of focus that the employees see as
potentially pressing issues and is responsible for their absence rates. Interestingly, performance improvements and lowered employee absence rates was reported at Frederiksberg Hospital in 2011 in the wake of a major round of layoffs. (Drachmann, 2011). This was however a short- term effect that eventually
tipped towards an increase in employee absence, possibly due to high workloads. Such an effect suggests that employee absence behaviour is indeed a
complex phenomenon that displays non-linear behaviour. With a more sound
empirical foundation, multivariate statistical analysis is enabled, making it possible to extract even more information from the data material at hand.
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Conclusion
A comprehensive overview containing drivers for employee absence was developed through a literature survey with supporting semi-structured interviews.
Quantitative assessment through statistical hypothesis testing was conducted to
reveal main determinants for employee absence. The positively tested determinants were formulated into a decision support model for pinning down where
to launch high impact interventions that lowers current employee absence levels.
Experience gained
Opening up for one indicator in the performance measurement model revealed
a large sub-network of interconnected factors that can impact system behaviour.
This study was a first attempt to apply basic statistics so that determinants for
employee absence rates becomes clear. Three elements that together constitute
the term ”social capital”, together with all-round employee satisfaction, were
found to follow employee absence patterns. By extracting selected scores from
past employee satisfaction surveys and comparing these with concurrent absence rates, the management team is enabled some insight into early warning
symptoms of future absence rates. These findings were presented in a decision
support model that not only holds valuable information for staff retention but
can also be intuitively presented at staff meetings. A key conclusion was that
a precise identification of small subset of determinants can ease the overview
for the manager. The granular level of detail is comprehensive for many human behavioural factors; here demonstrated with employee absence at scope.
The findings made in this study are naturally implemented as an incremental
sub-module in the overall performance measurement model.
Analysing each and every performance measure in a similar manner would
be extremely time-consuming. Testing more hypothetical causal connections in
a single model can be done through the use of more advanced statistical methods such as causal modelling, or more precisely SEM (Kline, 2011). With more
complex quantitative models comes the demand of comprehensive empirical
material. With a proper data foundation, more robust conclusions on causal
mechanisms can be drawn.
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5.3

P3: ED patient safety and satisfaction drivers

Background
Few will argue against the meaningfulness of monitoring patient satisfaction as
patients are indeed a main stakeholder in the healthcare sector. Despite the general agreement, which aspects are considered most relevant to promote ED patient satisfaction is still an unsolved puzzle. The typical ED patient has no prior
diagnosis to his visit and will present himself with unique subjective descriptions of primary complaints. To which degree his expectations of service level is
met will determine his final opinion of the total ED visit. Practitioners and academics have proposed many hypotheses of factors being paramount drivers in
patient satisfaction – hypotheses based on qualitative research approaches with
very little supplementary quantitative testing.
Traditional hypotheses testing specify default models and assume no measurement error. Advancing to multivariate statistical techniques, like structural
equation modeling (SEM), enables testing of an a priori model consisting of
observed variables and latent constructs grounded in literature. Furthermore,
measurement error is accounted for. The model developed can shed light on the
power of the relations between the variables if specified correctly. This study
develops an integrated framework that includes four constructs reflecting key
aspects of patient care in the ED.
Methods
SEM is a statistical method comprised of path analysis, factor analysis, and multiple regression. The path analysis step displays directionalities between the selected variables, i.e. the hypothesised causal relations. An exploratory factor
analysis (EFA) is then utilised to make explicit the hidden structure (dimensions) of a set of variables. It reduces the attribute space from a larger number of variables to a smaller number of aggregated constructs and as such is a
"non-dependent" procedure (that is, it does not assume a dependent variable is
specified). The confirmatory factor analysis (CFA) can be initiated after the EFA
and serves the purpose of testing whether the empirical data fit a hypothesised
measurement model. This hypothesised model is based on a priori hypotheses
from included literature. In a CFA, several statistical key figures are used to determine how well the model fits to the data. A good fit between the model and
the data does not imply a ”correct” model, or even that it explains a large proportion of the covariance. A ”good model fit” only indicates that the model is
statistically plausible. The final SEM step derives unbiased estimates, regarding
error terms, for the relations between the latent constructs. MPlus version 6.12
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was applied for conducting the analysis (Muthen and Muthen, 2007).
This study applies secondary empirical data; a comprehensive patient satisfaction survey involving 1.940 ED patients at 11 Danish EDs, all situated in the
Capital Region of Denmark (Rimdal and Soerensen, 2012).
Results
14 questions in the patient satisfaction survey were found applicable for the
SEM analysis. Eligible respondents were only those that had responded to all of
the 14 questions (listwise deletion), returning a useful total of 685 responses after filtering out potential biased respondents, i.e. responses made by guardians
or relatives on behalf of the patient. The EFA revealed a total of four latent
constructs (see Table 5.2). These four constructs were named according to what
overall topic the questionnaire items covered. The constructs were named 1)
safety and satisfaction, 2) waiting times, 3) information dispersion, and 4) infrastructure. The left column in Table 5.2 states the questionnaire item number
identical to the numbering in the survey from which it has been extracted.
Question

Description

q7
q8
q13a

Intuitive signpost
Parking options
Wait times, actual
Wait times,
arrive to treat
Info, reason for wait
Info, progress in wait
Wait times, perceived
total stay in ED
Safety, correct treatment
Safety, symptom awareness
Safety, contact person
Safety, discharge
Facilities, overall assessment
Facilities, cleanliness
Total impression of ED
visit

q14
q15
q16
q17
q20
q25
q26
q27
q28
q29
q31

Construct
1
2

3

0.871
0.887
0.894
0.767
0.739
0.803
0.818
0.799
0.315

0.331

0.519
0.705

0.373

Table 5.2: EFA factor loadings (N=685)

4
0.883
0.867
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Four hypotheses on causal mechanisms between the four latent constructs
were posed based on literature conclusions. These are represented in a theoretical model shown in Figure 5.6.

Figure 5.6: Theoretical model of hypotheses to be tested

In brief, the positive sign in parenthesis indicates a positive effect on one
factor upon the other, specified by the arrow’s direction. The ”safety + satisfaction” variable becomes the dependent variable, while the rest are modelled as
independent. With the theoretical model in place, the CFA/measurement model
was specified and tested against the empirical data (Figure 5.7). The model fit is
adequate if the statistical key figures are within certain generally acknowledged
ranges (Kline, 2011).
In the CFA, all latent constructs are allowed to covary. The hypotheses depicted in Figure 5.6 were tested in Mplus version 6.12, alongside competing
models, and regression coefficients could be determined (Muthen and Muthen,
2007). Results for each hypothesis is reported in Figure 5.8.
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Figure 5.7: Measurement model (CFA) with appended model fit indices. Error terms have been omitted. LOS = Length of stay
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Figure 5.8: SEM results of tested hypotheses, non-standardised path coefficients reported only. Note: N=685, P < 0.05*, P < 0.01**

Discussion
Based on a large empirical sample from all 11 EDs in the Capital Region of Denmark, acceptable waiting times were found to be of greatest importance to the
patients, especially the time to initial assessment (also called the greeter time). A
close second was information dispersion, making the patient feel at ease and left
with the feeling that value-adding activities are ongoing. Three of four tested
hypotheses were statistically significant but small in sizes. ED patient satisfaction is an important measure that reflects both efficiency and quality in the ED,
yet is difficult to handle due to unique requirements and expectations from the
individual patient.
The model examined in this study does not take all relevant ED patient satisfaction aspects into account. Several other studies have examined other aspects
of patient satisfaction for instance the health care provider’s communicationand technical skills (Berg et al., 2012) and patient involvement (Hölzel et al.,
2013). There is a potential to combine these studies with the present study to
develop a more complete patient satisfaction SEM model. However, an extension of the model would add to the complexity and thus require an even larger
empirical sample. The benefit of testing more hypotheses related to ED patient
behaviour simultaneously is to shed more light on what aspects ED patients
value the most.
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Conclusion
A structural equation model was developed to analyse four key constructs driving overall ED patient satisfaction. Three out of four hypotheses were found
to be statistically significant based on a comprehensive empirical data sample.
An acceptable initial waiting time to see a health care provider was found to be
most important, followed by information dispersion between patient and employee, and finally good infrastructure. ED decision makers can now rank the
included factors’ levels of importance to insure the highest possible payoff for
resources invested in promoting ED patient satisfaction levels.
Experience gained
This study demonstrated that it was possible to test more hypotheses in one
model through the use of multivariate statistics. Patient satisfaction, another
highly complex performance measure of great importance to all the of study’s
stakeholders, constitutes a higher level aggregated cluster in the final performance measurement model. SEM was a useful technique to quantitatively test
causal relations between latent constructs. It would however prove significantly
more difficult to apply SEM on a larger scale model that is to consider a more
heterogeneous group of performance measures. Thus, a completely different
approach to understanding how the performance measures connect between
the patient-, employee-, and operations related categories must be considered.
An important insight in the study is made at this stage. The searchlight is
directed from looking solely at performance measures to gaining a better understanding of the dynamics behind the processes (of which the performance
measures reflect parts of). Simulation techniques can potentially show how processes in an ED are interrelated.
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5.4

P4: ED patient flow dynamics

Background
EDs worldwide are facing an increasing problem of having a supply and demand mismatch when it comes to patient intake. More and more patients seek
treatment in the ED while capacity is continuously being downsized. The typical ED patient suffers from multiple conditions. Such complexity makes it a
difficult and time-consuming task for the ED physician to conclude on which
treatment should be prioritised. A natural consequence is a clustering of patients in the ED, resulting in a blurred overview of critical patients, compromising timely treatment, and ultimately lower quality of care. The problem
is widely acknowledged and the Institute of Medicine, a recognised American health institution, updated their position statement on ED crowding with
a number of recommendations for mitigating the problem (ACEP, 2006). However, the problem has resisted the policy changes and remains an issue which,
to make matters worse, seem to increase. The causative mechanisms that appear counter-intuitive are yet to be identified. Simulation, more precisely system
dynamics (SD), is a technique that can be exploited to understand better the complex non-linear behaviour that ED crowding exhibits (Sterman, 2000).
The study examines two situations in the admission processes at a major
tertiary level one hospital in North America; 1) a baseline ”business as usual”
model and 2) a stressed model with a sudden increased patient inflow. A local
protocol (Code Help) is investigated for its system-wide effect . In more detail,
this goes in particular for the potential risk of having patients return due to
premature discharge as a delayed effect upon protocol activation. Additionally, four more generic parameters are examined in the baseline model being 1)
inpatient capacity, 2) bed assignment time, 3) transfer time, and 4) number of
incoming elective patients.
Methods
A SD model that shows the admission process at the case hospital was developed. In more detail, the model depicts two feedback mechanisms; one balancing the available inpatient capacity and one modelling the reinforcing effect of returning patients after initiating the local protocol. Furthermore, the
competition for inpatient beds is included through a parallel inflow of elective
patients. The model is built based upon direct observations, semi-structured interviews, archival data from October, 2013, and literature stemming from emergency medicine and healthcare management. The overall model with supplementary object descriptions is shown in Figure 5.10. The model is supported by
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two subviews that can be assessed in the model documentation. Full model documentation can be acquired with the author. Iterative qualitative assessments
were made to ensure a correct understanding of the process modelled. Quantitative testing of the model’s output compared to archival data with additional
assessment of system behaviour under extreme conditions strengthened belief
in the model’s robustness and validity.
Results
The SD model was first evaluated based on how well the simulated output resembled acquired data on ED census throughout the month of October, 2013. As
can be seen on Figure 5.9, the simulation output returns a good resemblance of
actual system behaviour. The jagged graph shows archival data while smooth
graph shows the simulation output.

Figure 5.9: ED census comparison (1st to 3rd of October, 2013)

With a model that adequately can replicate system behaviour and display
intuitive behaviour under extreme conditions, the next step is to vary parameter settings to identify levers of high system impact. Reported results are split
into their relation to either 1) the baseline model or 2) the stressed model with
sudden temporary increase in patient arrival.
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Figure 5.10: SD model overview depicting the admission process, the two feedback mechanisms, and the competing inflow of elective patients
requiring an inpatient bed. Auxiliary variables and sub-views omitted.

13
0.926 (0.59)
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Occupancy
time, max diff
ED census
time, max diff
ED boarders
time, max diff
Admitted patients
time, max diff

trigger, ED boarders
Base
7
0.9205 0.8971 (2.54)
51
61.02
64.34 (5.47)
67.5
6.153
6.503 (5.69)
70.125
453.7
442 (2.58)
51

trigger, ED census
Base 48 60

60.06 (1.57)
6.052 (1.64)
456.6 (0.64)

Table 5.3: Stressed model sensitivity test results for protocol trigger values

Occupancy
time, max diff
ED census
time, max diff
ED boarders
time, max diff
Admit patients
time, max diff

tot avail inpatient beds
Base 400
900
0.9167 0.9185 0.7891
(0.20) (13.92)
56
59.96 59.35 60.07
(1.02) (0.18)
139.5
6.031 5.967 6.043
(1.06) (0.20)
142.5
455.6 364.7 479.3
(19.95) (5.20)
100

bed assign time
Base 1.8
4
0.833 0.89
0.865
(0.79) (2.04)
24
59.53 56.72 62.03
(4.72) (4.20)
19.625
5.869 5.403 6.238
(7.94) (6.29)
24
438.6 440.3 437
(0.39) (0.36)
24

transfer time
Base 0.5
0.909 0.905
(0.43)
32
59.53 56.65
(4.84)
19.5
5.959 2.784
(53.28)
23.125
455.7 458.6
(0.64)
48

mean elective patients
Base
100
200
0.836 0.689 0.917
(17.59) (9.75)
16
61.82 59.96 59.14 59.98
(3.85)
(1.37) (0.03)
139.5
8.628 6.031 5.945 6.033
(44.79)
(1.42) (0.03)
142.25
453.2 414.7 340.8 455
(0.55)
(17.82) (9.72)
16

2.5
0.912
(0.37)
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Table 5.4: Baseline sensitivity test results for selected parameters associated with ED crowding
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Tables 5.3 and 5.4 presents the sensitivity analyses indicating baseline, minimum, and maximum values for the given parameter. In parentheses, the leverage potential is given in percent. The values reported have been extracted to the
time where the three graphs (base, maximum, and minimum) show the biggest
variance. Most leverage potential is found in the largest percentages deviation.
Note that there is no effect on varying the ED census trigger due to the threshold
being frequently exceeded.
Discussion
A SD model that specifically models the dynamics behind the case hospital’s
admission process was developed. First, the local protocol’s trigger values were
analysed based on four outcome parameters. Changing the ED census trigger
had no effect as it is exceeded on a daily basis. The ED boarders trigger was
identified to be the main lever of alleviating patient flow. If lowered to 7 boarded
patients (compared to a base value of 10), the payoff becomes a decreased occupancy rate and number of admitted patients with 2.54 % and 2.58 % respectively,
while ED census increases with 5.47 %. Some assumptions as to how many patients return when the protocol is activated, the delay to which protocol is activated until the effect can be measured, and average inpatient length of stay must
be taken into account when interpreting the results. With more accurate measures, the simulation model would become more robust, however the dynamics
would remain the same. Second, selected generic parameters connected to the
admission process that are generally seen as levers for ED crowding were analysed. Getting ED boarders transported to the stem ward faster than normal was
found to be the main lever that could ease ED congestion by 4.84 % while raising the number of admitted patients with 0.64 %. In connection, a lowered bed
assignment time enhances patient flow with slightly less than the transfer time
(ED census lowered by 4.72 %) with a subsequent small elevation in number of
admitted patients (0.39 %).
An enhanced knowledgebase would be obtained by focussing on the transition phase between departments. In that way, aspects from the receiving stem
ward may change system behaviour, identify other levers of interest, and alter
conclusions made from this study. In this study, SD has been demonstrated as a
learning platform for ED personnel to better understand how processes are interrelated and how to illuminate where to target potential interventions within
current span of control.
Conclusion
This study presents a SD model which examines an ED’s admission process at
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a major tertiary level one hospital in North America. In particular, the effects of
changing the trigger values for a local protocol for ED crowding alleviation were
examined. Additionally, several generic parameters were included in the analysis as a side objective. For the stressed model with protocol in scope, changing
the ED boarder trigger impacted the system the most. Of the generic parameters, bed assignment- and transfer times were found to be of main importance to
alleviate crowding situations. Non-linear complex systems, like an ED, are well
suited for analysis through the use of SD that is built from differential- and integral equations. In this study, the strength of SD is demonstrated by providing
ED decision makers a safe testing environment in which the effects of desired
policy changes can instantaneously be assessed.
Experience gained
By switching the attention from performance measures to processes, a deeper
understanding of the complex plays between actions and results is enabled. SD
was demonstrated to be a learning platform that support decision making, especially where past interventions do not show the expected results – or maybe
even contradict intuition. The human mind is capable of grasping immediate
effects of particular actions; something that is a lot more difficult when time delays come into play, when effects are non-linear and may be impaired by indirect parameters that are not acknowledged. SD combines mental models and
differential- and integral equations, both of which are imperative for understanding complex system structure. For instance, if an intervention’s effect is
absent and the time delay is not realised, the effects of the intervention is prone
to be falsely ascribed to other causes. The combination of human understanding
of causal mechanisms and computer simulation software holds great potential
in widening the general understanding of how interventions will impact a complex system. An understanding of how the processes link must not only be
sought in written- or numerical data. It is all in the minds of the experts who,
in this case, are the employees that work in the ED. If such information can go
from a tacit state to explicit through semi-structured interviews, the processes
can be conceptualised, compared, and in the end simulated after acquisition of
relevant data material.
Drawing on the knowledge of mental models, the final step of the study is to
make an attempt of connecting the identified performance measures and present
this in a guided user interface that can be linked to existing ED data repositories.
Presentation of the individual performance measures will primarily be done by
using statistical control charts to assess data variability.
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5.5

The final performance measurement model

Background
On a global basis, EDs are required to manage increasing numbers of acute patients due to a re-structuring of the healthcare sector and an aging population.
To be able to cope with these future requirements, there is a need to re-think
how acute treatment will be offered to ensure an acceptable patient flow while
maintaining high levels of quality and efficiency in care. Various initiatives have
already been launched in an attempt to optimise the ED patient flow. Examples
of such initiatives are formalised triage procedures and the launch of emergency
medicine as a separate specialty. However, a thorough understanding of how
these initiatives impact the ED performance as a whole remains unknown.
The final stage of the study concerns the development of a practical performance measurement model capable of presenting current performance levels in
an ED. Knowledge of 1) what to measure and 2) how the identified performance
measures relate constitute the novelty of the proposed model. Despite the study
being of an academic character, the proposed model is developed as a prototype
containing an intuitive guided user interface (GUI) which draws on several statistical quality control techniques to present variation in data. Focussing on data
variation makes it possible to assess if quality and efficiency, reflected in selected
performance measures, have been statistically influenced by an intervention.
Methods
Several methods were applied in the development of the final performance measurement model. Each of these is chronologically described in the following.
Semi-structured interviews
Establishment of the performance measures’ connections was based on semistructured interviews at three case EDs, two Danish and one North American.
39 interviews were conducted with key representatives across professions in the
ED. These representatives were senior physicians, medical residents, secretaries,
and nurses with varying responsibilities. Table 5.5 presents the number of interviews conducted based on the interviewees’ profession and affiliation.
The purpose and structure of all interviews was identical. The interviews
were carried out in the given ED with one interviewee at a time. Due to time
restraints regarding the interviewee’s work schedule, all interviews had a duration of maximum 30 minutes. The questions asked followed a funnel model
starting with open questions and then proceeded into more detailed questions.
Initially, the researcher made a brief introduction describing the purpose of the
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Profession
Senior physician
Medical resident/
junior doctor
Nurse practitioner
Nurse
ED unit coordinator
Secretary
Total
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Nordsjælland
4

Herlev
2

BIDMC
2

0

2

5

1
3
1
1
10

2
6
0
1
13

0
8
1
0
16

Table 5.5: Number of interviews by profession at the included case EDs

entire study and why the interview had been set up. The interviewee was presented to the collection of highly analysed, discussed, or promoted performance
measures which had been identified in the prior systematic literature review.
An A3 paper presenting the hierarchical framework of performance measures
served as a basis for the interview.
• ”Which of the presented performance measures do you believe best reflect quality in care within the ED?”
The interviewee primarily highlighted the most visited measures (those that
are consulted on a daily basis). Performance measures consulted less often but
on a weekly basis were highlighted in orange.
Having highlighted the commonly used performance measures seen from
the interviewee’s perspective, the interviewee was then asked to think of the
ED when it was under pressure (e.g. in situations with high workload and
many patients). Bearing this situation in mind, connections between relevant
performance measures were sketched on the A3 sheet.
• ”In situations where the ED is put under pressure, where can the effects
of the highlighted measures potential variations be seen in the rest of
the measures?”
The interviewee was encouraged to support these propositions/hypotheses
(based on what is measured/not measured) with narratives from their own experiences. Direct links would first be drawn but potential indirect links could
evolve as the interview progressed.
Data acquisition and filtering
Data on the identified performance measures was acquired at all included case
hospitals. Several staff members from all case hospitals and across departments
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provided assistance in collecting raw data. The data obtained was blinded to
eliminate patient sensitive information. All data elements needed to be within
the same time frame in order to make comparisons across performance measures possible. The author strived to collect three months’ worth of data from
the three included EDs. Extensive data preparation was necessary before presenting the data in the final performance measurement model.
Setting up the GUI
For most of the performance measures, data is presented in an appropriate control chart to quickly assess special- and common cause variations. Other statistical quality techniques, such as Pareto diagrams, support the control charts
where applicable (Montgomery, 2005). EpiData was utilised to generate the
control charts (Lauritsen and Packness, 2010). Microsoft Excel was chosen as
the standard developing platform due to its common use. Microsoft Visual Basics programming language was applied to set up the interface, thus allowing
the user to easily navigate between windows. Supporting material was implemented in the model so that the user can consult or update 1) definitions, 2)
choice of SPC charts and 3) connections between the performance measures.
Each of the three supporting windows are placed as shortcuts in a ”main menu”
where also the performance overview can be accessed.
Results
When the GUI is opened, the user starts from a main menu (see Figure 5.11).
Four options are available: 1) the main ED performance overview, 2) an SPC
chart selection guide, 3) complete definitions and data retrieval of included performance measures and 4) an overview of connections with appended causal
explanations. The ED performance overview is of main interest while the three
other tabs serve as supporting material. In the following, the supportive tabs
are explained first.
Starting with the second tab from the main menu, the SPC Chart Selection
Guide presents a decision hierarchy to assist in which control chart is appropriate
for a given data set (see Figure 5.12). While the guide provides a quick overview,
some prior knowledge of SPC is recommended.
The primary charts used in the model are the X̄&S for the different time
intervals and the U chart. The samples are largely above 10 and the sample
variance in the attributes data is high due to the ED census daily dynamics.
One control chart, named the G-chart, is used for attribute data that depict rare
events but is however not listed in the SPC chart guide. As a side note, all
tabs in the model includes a back function which is conveniently placed in the
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Figure 5.11: Final Performance Measurement Model; the main menu

Figure 5.12: Screenshot of SPC Chart Selection Guide
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top left corner. Information on how each performance measure is defined and
recorded can be found in the tab named Measurement Definitions and Data Retrieval (see Figure 5.13). This tab contains ten columns and 34 rows, one for each
performance measure. Starting from the left, a brief description of the columns
is presented in Table 5.6.
Column
Category
Cluster

Potential responsible for data extract
Observed variable
name
Explanation
Desired data

Data source
Definition
Scale
Diagram (SPC)

Description
The aggregate category being either 1) patients, 2)
employees or 3) operations
A lower level cluster that branches the aggregate category into appropriate themes under which the performance measures relate
Indicates the person who will be responsible for extracting data on the given performance measure
States the name of the performance measure as referred to in peer-reviewed emergency medicine literature
A brief statement of what the performance measurement includes
This category comes in continuation of the explanation category and specifies the requested data which
best possibly reflects the performance measurement
mentioned. The data precision may vary according
to what precision is officially required by the global
emergency medicine society
From which database the data can be extracted
The official definition as identified in peer-reviewed
literature
Denotes if the data is of 1) numerical, 2) ordinal or 3)
binary character
Provides an explanation regarding which control
chart was selected. Note that more than a single type
of control chart can be correct

Table 5.6: Explanation of columns in tab Measurement Definitions and Data Retrieval

It is imperative to register any changes in data registration procedures to
be able to maintain the relevance of the performance measurement model. The
third and last supporting tab (Underlying Measurement Network) contains all findings from the 39 interviews (see Figure 5.14). A similar construction as the previous tab applies with some exceptions. There are six columns in total. The first
three columns all hierarchically denote the variables starting with 1) the overall
category, 2) the lower level cluster and 3) the observed variable. The next three
columns are listed and commented in Table 5.7.
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Column
Potentially
nected to

con-

Hypotheses stated
Interview strength
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Description
For each of the performance measures (observed
variables), a number of other performance measures
are hypothetically linked. A drop down menu is enabled, listing each of the performance measures that
were identified to connect through the interviews
rounds
Every potential connection between performance
measures is explicitly addressed in a brief description
Indicates the number of times the given connection had been emphasised during the interviews. A
higher number thus reflects an intense focus or concern

Table 5.7: Explanation of columns in tab Underlying Measurement Network

The interconnections may change over time as processes and procedures are
developed. As for the rest of the performance measurement model, the connections must be maintained to ensure the correctness of the causal interconnection
that is sought highlighted.
The ED Performance Overview represents the last tab (see Figure 5.15). This
tab completes the information on the selected performance measures’ levels
which can be accessed from here. When applicable, the performance measures
are compared to an index in order to specify data trends. The trend will instantly
bring potential areas of low performance to the user’s attention. From the performance overview window, the user can click any performance measure (that
contains data) of interest to investigate this further. In Figure 5.16, an example
is shown to demonstrate how the user is presented to the trends in a single performance measure (here Adverse Events). The performance measurements left
empty are due to no data being possible to retrieve.
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Figure 5.13: Screenshot of tab Measurement Definitions and Data Retrieval

5.5. The final performance measurement model

Figure 5.14: Screenshot of tab Underlying Measurement Network
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Figure 5.15: The ED Performance Overview

5.5. The final performance measurement model

Figure 5.16: Example of performance measure overview; C-chart of adverse events alongside Pareto diagram depicting severity of incident
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Discussion
When this study was completed, the final performance measurement model was
launched as a prototype. Therefore, there are still elements that are work in
progress. Data is required to be manually processed before it is entered in the
appropriate windows. The performance measures that can be visually sketched
in control charts can be imported in a standardised format and subsequently
processed in Epidata with minimal effort. With other data types, some more
processing work will be required before analysis can be enabled. This is especially relevant for the raw data which arrives from external parties such as satisfaction surveys. The proposed model provides the ED decision maker with a
quick overview of key departmental performance levels. As performance measures merely indicate that a process or outcome may need attention, time must
be allowed to track down the causes for changes in system performance. Causal
tracing is made possible through the implementation of the underlying network
structure. However, the selected performance measures cannot display all possible dynamics of the ED system and it therefore will be necessary to search for
causal explanations of system behaviour through other means as well.
The initial motivation for developing a performance measurement model
was not alone to visualise the intertwined impact of interventions to the ED system but to also be able to enable tracking of performance in retrospect. Through
the use of statistical quality control methods, variations in processes are assessed
to determine if these are indeed caused by a deliberate intervention. What remains to be analysed more is the delay during which this effect kicks in. The SD
study on ED crowding factors clearly showed complex non-linear system behaviour; something that must not be forgotten when trying to comprehend how
a system truly functions. A further investigation of the time delays and magnitude of the interventions’ effects on the main processes in the ED is definitely
worth pursuing.
The proposed performance measurement model can be streamlined further
to create more value. What is required to strengthen the model is, first of all, a
supportive data infrastructure. At the two Danish cases, data is stored in multiple databases that are to be integrated into one shared platform to be completed within the next couple of years (REGH, 2014). A common data warehouse should make data extraction easier in the future, preferably without any
manual input involved. Another important prerequisite is to allow the necessary time to analyse the data trends. The model gauges many different key
aspects of ED performance that will require the user to carefully evaluate the
data trends of interest. As such, the model is not a standalone tool where the
user can put management on autopilot. Other extensions can be added to in-
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clude even more insights. A cost module is desirable to estimate expenses and
benefits of the various initiatives in the ED. Putting a price tag on processes and
procedures is no easy task, especially due to each patient requiring a unique
set of treatment interventions. However, assessing value for money, especially
seen from a top management viewpoint, will inevitably be a topic that must be
examined as budget restrictions and political pressure are still ombrageant.
Conclusion
A performance measurement model that presents the data trends of carefully
selected performance measures reflecting all-round ED performance was developed. The performance measures are connected based upon the relationship
between causes and effects, which permits causal tracing of changes to the ED
system. ED decision makers can draw benefit from the model to visualise both
1) the general status of the department and 2) assess if initiatives have had the
desired impact.
The model was set up as a prototype which requires manual input and processing of data. To automate this initial data preparation will in the near future
be considerably easier when an integrated healthcare platform is launched and
data can be stored in a shared data warehouse. Time must be allocated to properly understand what the data reveals and consequently which decisions are
needed to be made. Furthermore, continuous updates to maintain the purpose
of the model are important. Maintenance is a required consequence of frequent
model use. While intended as a prototype, the model serves as an inspiration
towards how a future performance measurement model could be implemented.
Experience gained
Performance measurement is imperative for the ED decision maker to be able to
gain insight into system performance and steer the department towards continuous improvements. A step towards a more data-driven performance approach
was attempted by demonstrating how an IT-software solution could look in the
future. Although still a prototype, the user is provided with a tool to visualise
how well the department is performing over time alongside knowledge on how
the processes are related. It is likely that system developers may find it interesting to adopt a similar approach for future off-the-shelf software solutions across
domains.
Understanding causal interactions is indeed a complex matter. In the developed performance measurement model, the connections are made based upon
the interviewees’ mental models. A greater understanding of how these are
connected in terms of magnitude of impact and time delays is desirable. This
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may in the future be investigated through simulation studies, such as the one
demonstrated on ED crowding factors. The synergistic effects of applying a
combination of exploratory statistics and simulation are promising in the task
to navigate the ED safely through the challenges that lie ahead.
Even though the collection of performance measures included has been discussed in contemporary peer-reviewed emergency medicine literature, there is
a need to continuously evaluate the appropriateness of each performance measure. Some performance measures may be replaced with other more locally
relevant ones. Such replacement is possible as the performance measurement
model comes with a higher of flexibility. Additional modules to understand the
quality of treatment for disease specific patients should be pursued in the future,
all dependent on which patient type is more greatly represented in the given ED.
Suggestions regarding which diseases that should be closely monitored include
sepsis, asthma, acute myocardial infarction, and pneumonia (Graff et al., 2002;
Schull et al., 2011). The developed performance measurement model could with
great benefit be implemented in already existing IT support systems which can
allow automatic data extraction. A closer analysis of the quality of data must be
conducted as the performance measurement model will only display the quality
that which is reflected by what the input data permits. If data is registered manually, technological solutions that automatically register diverse performance
measures should be considered. The less administrative work burden on the
clinical staffs’ agenda, the more value adding time to treat patients becomes
available.
It is the author’s hope that the suggested model will eventually be put into
practical use at the included case hospitals. Uncovering the true value of the
proposed solution can only be achieved through pilot testing. The pilot testing
of the model would have been the next step in the study if the required time to
do so had been allocated. The author hopes to pilot test the developed performance measurement model in the future.

CHAPTER

6
DISCUSSION

The research design and empirical standpoint frames the researcher’s play pen.
Conclusions are likely to differ if another research design and empirical lens is
chosen. Therefore, it is important to elaborate upon how the research problem
was addressed and to pose oneself the question if similar results would have
been obtained, provided a different empirical foundation. A critical look at the
three research sub-questions is done in relation to the chosen methodology and
the empirical material. Furthermore, all incremental conclusions throughout
the study are compared to the overall goal, namely the development of a generic performance measurement model for macro-level ED evaluation.

RQ1: Identification of key performance measures for emergency department
assessment
Which performance measures should be used in order to assess quality and efficiency in
an emergency department?
The starting point for the study was to investigate which elements which
would constitute the backbone of the performance measurement model. There
are many data elements to choose from as data recording at hospitals has become fairly cheap and accessible. Some would argue that all data elements
should be analysed to give the best possible insight into the condition of the
ED system. Analysis of such vast amounts of data would be extremely time
consuming and would lead to what Pettigrew coined ”death by data asphyxiation” (Pettigrew, 1990). Therefore, it was important to identify a minimum data
set that could provide a sufficiently comprehensive picture of the current state
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of an ED without compromising the level of detail. In other words, to strike
a balance between having a manageable number of performance measures the
capability of tracking all-round system performance.
Any potential performance measure should not only be of relevance to the
ED population (defined by patient type, diagnosis, and acuity) and basic process elements of emergency care. Additional considerations for healthcare decision makers include a series of other criteria that have been put forward by the
Organization for Economic Cooperation and Development (OECD) and the National Quality Measures Clearinghouse (NQMC) amongst others (NQMC, 2014;
OECD, 2013). The lists of requirements are elaborate and there are common
traits to be found. Despite some minor differences in these lists, they emphasise a general scientific soundness of the given measure (validity, reliability, and
evidence), whether the measure is feasible to obtain (already in use, potential
for benchmark, cost/burden to extract), and its susceptibility of impacting the
healthcare system. With the guidelines from OECD and NQMC, it should be
clearer to select performance measures that are rich on information. However,
the assessment of ED quality of care remains hampered by a lack of consensus
on appropriate measures.
A systematic literature review regarding which performance measures were
debated, recommended, or analysed was conducted. Several meta-studies were
identified which contained a similar goal of seeking consensus on a set of performance measures for use in overall ED performance assessment. Interestingly,
these studies’ conclusions diverged. This divergence of conclusions made it
necessary to complete a ”meta-study of meta-studies” that ultimately became
the study’s first journal article. Great experience on health quality measurement systems was found in peer-reviewed literature studies stemming from the
United States, Canada, Sweden, Australia, and the United Kingdom. In terms of
disease epidemiology profiles and socio-economics, these countries are comparable to Denmark. Also, each of the countries have either developed and specified complete performance measure data sets relevant to emergency care delivery, have set up models for gathering emergency care performance information,
or both. 55 macro-level performance measures reflecting aspects of emergency
quality care were identified. A striking lack of performance measures relevant to
the employees’ well-being became apparent. It is hypothesised that with a political agenda that stresses efficient and high-performing healthcare systems, there
has been a tendency to neglect the physical working environment of the staff.
Furthermore, measurement of employee satisfaction may dependend upon the
organisation’s culture. During the external stay at BIDMC in Boston, MA, no
official employee satisfaction surveys were performed. This may partly be ex-
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plained by an underlying cultural difference where employees take great pride
in being a member of a successful and highly regarded hospital. It goes without
doubt that the work in an ED is stressful and highly demanding. The ED as a
working place has become increasingly challenging as budget constraints limit
the number of hands available to take care of an increasing number of patients,
many of whom suffer from multiple diseases, thus adding to the complexity of
the task. The healthcare provider is a key asset to the ED. Hence, additional
performance measures relevant to the employees’ well-being should be added
to ensure a more complete assessment of the ED.
The 55 identified performance measures in the systematic literature review
were all presented to a selection of ED employees at five Danish hospitals being Nordsjælland, Herlev, Hvidovre, Bispebjerg, and Aabenraa. 82 employees
(out of 246) participated in an online survey that sought to critically assess the
importance of tracking each performance measures. The underlying reason for
this exercise was to retain or discard the identified performance measures while
encouraging the consideration of potentially missing performance measures relevant to Danish healthcare. A handful of employee related performance measures were suggested and added to the final performance measurement model.
It was chosen to develop the online survey in Danish, implying a translation
from English. Even though it was attempted not to lose any original meaning of
the original performance measures, the translation into Danish did cause some
confusion for a few of the respondents. A report presenting the results of the
online survey was later distributed to every survey participant. The report (in
Danish) can be acquired upon request. In general, the respondents all agreed
on the importance of the included performance measures. One performance
measure though was commented upon by several respondents. According to
the included literature, the rate of patients that leave without being seen by a
healthcare provider (LWBS) is an important performance measure that reflects
both patient satisfaction and safety. A comment from a respondent was as follows:
”Patients that leave before being seen by a healthcare provider often do
not require urgent treatment. Some [patients] are very impatient, partly
due to substance abuse problems and do not completely appreciate other
patients having a higher priority.” (Nurse, anonymous)
While personal experiences control a statement, the author had to remain
critical towards potentially discarding performance measures. In this case, not
all patients that leave prematurely are trivial cases and could potentially create
scenarios where the patient’s health is at risk, meaning that the performance
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measure must be retained (Welch et al., 2006).
Measuring all-round performance in an ED remains a subjective matter that
probably will continue to be a highly debated topic. With national initiatives
such as Sundhedsplatformen in the Capital Region of Denmark and the Centers
for Medicare and Medicaid in the United States, there is a reason to believe that a
set of performance measures needs to be rolled out on a broader level which will
be supported by an adequate data infrastructure (CMM, 2014; REGH, 2014). Of
paramount importance is a careful attention on defining the individual performance measures and maintaining these in a systematic way to ensure a sound
scientific foundation for performance measurement efforts.

RQ2: The relations behind the identified performance measures
What are the patterns or linkages between the selected performance measures?
Now that the pieces of the puzzle have been gathered, the next phase of the
study concerns how these fit together. The objective of science aiming at understanding mechanism-based phenomena across domains has for many years
been a highly discussed topic. However, only during recent decades has this
idea been systematically investigated (Bechtel, 2008). Several interpretations as
to what constitutes a mechanism-based explanation or causal relationship have
been proposed. The fundamental idea is rather straight-forward and can be described as follows:
”. . . At its core, it [a mechanism-based explanation] implies that proper
explanations should detail the cogs and wheels of the causal process through
which the outcome to be explained was brought about.” (Hedström and
Ylikoski, 2010)
Examples of cause-effect relationships from health sciences among measured
variables of interest concern treatments, exposures, outcomes, and preconditions (Pearl, 2001). Health science research has had a preference for statistical
analysis for estimating correlations between variables. What is underlined by
critics is the danger of mistaking a high correlation or covariance for a causal
relationship. An example of this danger is the correlation between patients’
coughing and fever. A causal mistake would be to conclude that patients are
coughing because they have a fever to a causally perceived high degree (or vice
versa). The only thing a high correlation will tell is that, for some reason, certain events generally happen simultaneously. Statistical analysis must therefore
be supported by a qualitative assessment if more robust conclusions on causal
relationships are to be made.
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Indeed, knowledge of why actions have a certain effect on the ED as a system will give the decision maker an important edge in the attempt of improving
quality-in-care. Therefore, the second sub-question in this study has been thoroughly investigated through multiple approaches, two of which apply statistics
and one which uses computer simulation on processes. All three approaches
have been documented in the form of journal articles. What makes causal analysis difficult can be illustrated in Figure 6.1. Here, the change in the system
(denoted intervention/action) is hypothesised to create a visible effect in a given
performance measure. The effect is impaired to an unknown degree by multiple factors. This phenomenon, where information gets ”lost in translation”, is
similar to that of a garden hose with holes. A garden hose with no holes would
maintain optimum pressure. If water leaks, there is an apparent waste – equivalent to losing information.

Figure 6.1: Challenges of analysing a potentially causal and attributable connection
between action and performance measure (adapted from Smith et al. (2009))

Starting from the top, random error is caused by chance and will be present
in any type of quantitative data. When calculating statistical estimates for a
hypothesised causal relationship, two types of error must be considered: type I
(false positive rate) and type II (false negative rate). The acceptable rate (α level)
of a type 1 error in a statistical set is usually defined as being 0.05 or 0.01 (called
the level of significance or p value). This means that there is a five in a hundred
or one in a hundred chance of identifying two variables’ (intervention/action on
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performance measure) relationship when in fact no relationship exists. Hence,
there is a need to recognise that a statistical test may be misleading. There is
also the potential of missing a relationship (type II error). A false negative result
is generally easier to accept compared to false positive ones, which is reflected
in a standard β level at either 0.1 or 0.2. With a β level equal to 0.1, there is a
10 % chance that the statistical test will show no relationship present when in
fact there is one. Variance in data needs to be assessed because if this is due
to a great variance present in the data set occurring from chance, it becomes
more challenging to draw accurate conclusions as to whether a relation between
two variables is present. Hence, frequent checks of how the data is registered
alongside both completeness and reliability serve to minimise random error.
Whereas error can happen by chance, it can also happen as a misspecification
in registration procedures. This type of error is denoted as systematic error. Inaccuracy and bias are introduced when error happens systematically. Evaluation
of both size and type of two variables’ relationship are obscured with systematic
error, as bias can distort the relationship into becoming more or less powerful
in size compared to the actual association. Systematic error can be reduced with
clear definitions of what needs to be measured and the data registration protocols that are designed to consider potential sources of bias.
Even if a relationship between two variables does exist having assessed both
random- and systematic error in the data sets, can we then be confident of the result? Confounding variables (or simply confounders) constitute yet another pitfall
that needs to be considered. The researcher can be deceived by the confounder’s
ability to indirectly moderate the relationship which is under analysis.

Figure 6.2: Confounding variable with moderating effect

A confounder can be a primary cause (or one of many causes) connected
to both the effect and the cause. The possibility of a faulty conclusion regarding a statistically significant effect between cause and effect, is a pitfall, while
the true relationship is controlled by the confounding variable. A practical, yet
simplified, example is a high correlation between sales of ice cream and deaths
by drowning. The wrong conclusion here would be to claim that selling more
ice creams inflict more drowned people. A confounder that must be added to
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the equation is the weather on the given day, as sunny days attracts more people to the beach while being good for the ice cream refreshment business. If the
confounder is not acknowledged prior to the testing, conclusions are likely to be
biased. Multivariate statistics is able to control for confounders if these are identified. In paper 3 on patient satisfaction and safety (explained in section 5.3), one
confounder was included in the level of contentment with waiting times being
a moderator between 1) satisfaction with information delivery and 2) general
satisfaction and safety.
There can be many possible confounding variables internally as well as externally in a social system, such as the ED, because it indeed is very complex.
All of these variables have varying degrees of impact upon system behaviour
making it a baffling challenge for the researcher to attribute observed processes
or clinical outcomes to an action/intervention. For instance, confounders must
be sought in patient characteristics, current ED policies, system features, and
healthcare resources. The ED has high degrees of socio-technical complexity,
which makes it increasingly more likely to miss confounders of importance.
Thus, the main inhibitor for inclusion of confounders is the lack of knowledge
and acknowledgement of their presence. Complexity was systematised by hierarchically categorising the identified performance measures into clusters according to relevance. A hierarchical model approach may be able to differentiate between the variation in data in a subset of the performance measurement
model (Moore et al., 2010).
Even though an intervention is thought to have a certain impact reflected in a
performance measure, there may be health policies that dampen or even kill the
desired effect. Any healthcare provider’s actions are heavily influenced by the
infrastructure and policies in the ED, also called the provider’s locus of control.
Sometimes, such policies are deemed likely to encourage a deviance from recommended clinical pathways for instance due to patient preferences. The effect
from health policies and practices on interventions to the ED system must therefore be acknowledged and assessed when of establishing causal links between
performance measures.
By now, it should be clear that determining causal relationships is not a
straightforward matter. A bias that does not involve statistical estimates has
been suggested by social psychologists is called attribution error (Rouse and Serban, 2011). This bias stems from a difference in perspectives when estimating
the causal effects from events that involved the participants. Over-emphasis of
circumstantial factors (outside locus of control) is often the case when trying to
explain outcomes that were related to own actions, whereas under-emphasising
circumstantial factors when looking at others. An example from healthcare can
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be found in a study by Golomb et al. (2007) where doctors had prescribed a
certain drug with following side-effects. The doctors proved reluctant to ascribe these effects to the drug and instead pointed to patient health behaviours
as being the true cause. In the attempt of developing a performance measurement model for ED assessment, internal physicians can be hypothesised to look
more towards external factors as potential confounders. Outsiders such as academics and healthcare staff from other departments may be more prone to seek
explanations within the system itself. Whether attribution error is occurring,
scientific rigour is underlined by the involvement of both internal and external
stakeholders for a more nuanced view on the ED system.
The last pitfall to be aware of is time delays between the change in the system and when the effect can be measured. This pitfall relates to the confounding variables and system complexity that can be ascribed to non-linear system
behaviour. If the outcome of an action can be seen or measured immediately,
nobody will question the cause and effect. An example would be putting your
hand on a hot stove; you instantly feel the pain, realise what has happened and
a reflex takes care of removing your hand from the stove. The non-linear behaviour of the ED was not realised from the study’s beginning. System dynamics is apt for modelling such behaviour through setting up an analytical model
that can show these interactions which the human mind is not able to process
intuitively.
With all the obstacles on the road to establishing causal relationships, the
challenge may seem overwhelming at a first glance. However, the study of
causal mechanisms is too important to abandon. No generic method can be
applied to cover all of the above mentioned topics. Various approaches must be
undertaken to cover some of these gaps. This has been demonstrated in three
of the four journal articles included in this thesis. These journal articles each
demonstrate how different aspects of the system can be examined through the
use of management science theory in the form of statistical analysis and computer simulation. The major take-home lesson learned was to look into how the
processes relate rather than focussing on the performance measures exclusively.
Correlating performance measures was possible but conclusions are acknowledged to be of exploratory nature compared to actual confirmation of the relationships. With clearer definitions of the performance measures alongside sticking to these over time, more robust analysis of the causal mechanisms is enabled
and should be supported with a thorough understanding of the underlying processes that drive the system, for instance visualised by computer simulation.
The final performance measurement model follows Forrester’s assumption on
the employees’ mental models being most rich on information when it comes to
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understanding how the causal mechanisms work (see Figure 4.2).

R3: How a performance measurement model can be developed
How can a generalised performance measurement model be developed that can monitor
quality and efficiency on the basis of knowing about a series of performance measures
and their relations?
This study presented a final performance measurement model that utilises
all of the acquired knowledge. The solution was set up as a prototype GUI utilising a carefully collected and processed data sample. In practice, it utilises the
previously developed hierarchical structure that encapsulates the underlying
knowledge on connectivity between the included performance measures. Current ED performance can be holistically assessed, in a user specified time window, through intuitive indication of upwards, downwards, or stagnating trends
in each performance measure. With such information, the ED decision maker
will be informed of areas that may have been affected by system changes and to
which degree this is the case. But can the interventions really be assessed with
confidence? Attention must be brought to the discussion of why causal mechanisms are difficult to guarantee. The included performance measures have been
connected but it would take further investigation to better understand the how
and to what extent these interact. Moreover, initiatives that change the ED working procedures are sometimes launched in parallel making it problematic to distinguish between which initiative had what effect. Bearing this in mind, it is important to state that the developed performance measurement model is no substitute for logical reasoning or instinct, since not all explanations can, and will
never, be found reflected in numerical data elements. Statistical process control
was deemed an apt technique to assess variation in as many performance measures as possible, while being easy to explain to outsiders. The technique has for
many years been applied in industry with healthcare being a late adopter. Information on selected performance measures of interest can therefore be dispersed
at morning meetings, via intranet, or maybe internal newsletters.
In terms of the generalizability potential, several cases were included in different stages throughout the study. All of the included cases shared their views
on which performance measures were of greatest value for broad ED assessment. These views were based on personal experiences and what is recorded
and analysed at the given site. Small adjustments were necessary when switching between a Danish and an American setting. Examples of performance measures that were irrelevant in the US were nurse practitioners (behandlersygeplejersker), since such a position simply did not exist at the case site. Instead medical
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residents were used. Surprisingly, no employee satisfaction surveys were routinely reported. No apparent explanation for this lack was provided but what
struck the author was the particular the pride exhibited by the employees regarding their work at the case site. Although merely a hypothesis, taking such
pride in being a member of an organisation could partly explain why no official
employee satisfaction surveys were conducted. Indeed, the three included cases
have had the greatest impact on the study’s final conclusions. However, it is the
author’s opinion that despite the minor differences in what need to be measured, the developed performance measurement model is of most joint benefit
to many EDs worldwide.
The performance measurement model developed in this study is of course
tailored for ED use. However, the issue of correctly measuring a carefully selected set of measures while understanding the underlying complex interactions
that drive performance is of great interest to other organisations across domains.
The approach utilised in this study can be extended to other domains that seek
deeper knowledge of how their system works under the surface.
Before the proposals can become successful in practice
As a word of caution, the road to a successful implementation of the developed
performance measurement model is not yet clear. Many performance measurement initiatives fall short despite having identified a seemingly right set of performance measures. Implementation can become obstructed due to three main
reasons which are infrastructural, political and focus (Neely and Bourne, 2000).
Overcoming these hurdles will significantly improve the potential for a successful implementation of the study’s propositions. In the following, each of the
three reasons are explained.
A lack of an appropriate infrastructure is the main sinner for cumbersome
performance measurement. The problem is that data is spread across the hospital based on content in databases that are incompatible for easy retrieval. For
instance, operational data exists in one format and laboratory results in another
format. Satisfaction survey scores, whether it is patients or employees, is usually the property of an external third party. If excessive time, effort, and resources are required for processing and understanding the performance data,
chances are that focus will eventually slip and the purpose of the developed
model fall behind. Often individuals responsible for building and implementing an encompassing and solid infrastructure drown in the attempt because it
simply takes too long. Building such a solid foundation is not something that
can be quickly implemented. Therefore, it requires great persistence to happen. In a highly dynamic environment such as the ED, there is a real need to
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maintain sufficient energy levels in the pursuit of completing this task. Should
the foundation of attention start to crack, frustrations with the implementation,
clarifying definitions of the performance measures etc. will be bound to appear,
implying that people will get annoyed with the process.
In terms of political issues, many people link performance measures to unpleasant staff monitoring methods. Many organisations, unfortunately, have
applied performance systems as a whip. Employees, regardless of rank and domain, can remember examples of performance measure misuse which point out
so called poor performers. In such organisations, where a culture of scapegoating exists, nobody likes performance measurement data to be accessible. There
exist the opportunity to game with data, especially if this is manually registered.
Gaming will occur whenever staff seek to embellish measured performance by
knowingly changing variables aside from clinical quality (Goddard et al., 2002).
If social influences on outcome are not sufficiently accounted for, healthcare personnel may indeed become reluctant to work in areas with disadvantaged social circumstances. To promote accurate measurement, the leadership in the
ED must introduce the performance measurement system in a way to eliminate
doubts of its purpose. It must eliminate or restrict its potential for misuse (Lilford et al., 2004).
Even when the organisation has been through the tough journey of implementing the performance measurement system with a supportive infrastructure, staff members will have to be selected to manage the measurement data.
The ED decision makers need to allow themselves sufficient time to analyse the
performance data, otherwise the effort is wasted. It is not enough to produce the
charts and reports. Time must be allocated to analyse the data trends in order
to decide what is going to be done differently during the following months or
years. The mantra in the 1990s was that we were measuring the wrong things;
this has now changed to measuring too much. Focus has to be on how to extract
value from the data gathered.
Validity and Reliability
Assessment of the study’s outcome boils down to whether the conclusions are
reliable and valid. Reliability refers to the demonstration of the operations of
a study can be replicated with similar results (Yin, 2009). Validity is closely
related to reliability and must be assessed from multiple angles. Since this study
applied the philosophical perspective of CR, some of the concepts of validity
are somewhat different compared to that of the traditional empiricist. Several
types of validity in CR have to be considered, being measurement validity, internal
validity, ecological validity and external validity. Each of these aspects is described
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in brief in the following.
For the critical realist, empirical evidence is important when it provides valuable information on the actual events happening in the research setting. Thus,
validity is not primarily reflected in the data but rather in a logical evaluation
of the link between event and data. Claiming adequate measurement validity
involves setting up a chain of evidence on the quality of the information that
the measurements enables. Measurement validity does not only concern empirical problems, like biased data, but also includes conceptual problems, such as
a measure’s ability to depict traces of an event. Cook and Campbell (1979) put
forward their highly cited definition of internal validity in 1979 which connects
to the empiricist’s perspective:
”[Internal validity] refers to the approximate validity with which we
infer that a relationship between two variables is causal or that the absence
of a relationship implies the absence of cause.” (Cook and Campbell,
1979)
In the viewpoint of the critical realist, the generative mechanisms are split
ontologically from the event patterns, meaning that internal validity concerns
more than events and their concurrences. Here, the main focus is on the identification of natural structures, mechanisms, or processes (beyond the researcher’s
scope) explained by using events and measurements (within the researcher’s
scope) (Archer et al., 1998). With high internal validity, it is possible to see the
difference between events and the operation of these structures, mechanisms,
or processes that cause the events. Ecological validity refers to whether a finding meaningfully reflects an event or process in the world (Kelly et al., 2010).
More precisely, it is the strength of the evidence that a particular mechanism
that causes events in a well-defined domain is identical to the theorised mechanism for the given phenomenon. Therefore, the ecological validity relates to
internal validity. Promoting ecological validity will positively affect the internal
validity but does not necessarily imply the opposite. Lastly, external validity can
be a tricky concept to grasp as it seeks to assess how a presumed causal mechanism can be extrapolated to other similar cases or even across domains. A study
with no external validity can only claim the conclusions to be valid for the particular case that was included. Usually, external validity is concluded based on
statistical biases in sample descriptive parameters. However, concluding that a
particular relationship is generalizable because of no biases does not convince a
critical realist of its correctness. The reason for the scepticism is due to the statistics merging empirical traces with an event, and event with a causal mechanism.
For a critical realist, the concern for external validity is more in the explanation
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as to why an identified causal mechanism would hold outside the research setting. External validity in CR therefore deals with the generative mechanism’s
activity in settings outside the study while ecological validity looks at how the
generative mechanism was activated through a particular change. Multiple tests
were necessary to account for all four types of validity. In Table 6.1, a summary
of how the different types of validity were approached is presented.
Validity type
Measurement

Internal

Ecological

External

Definition in CR
Evidence that the measurement provided valuable information of the events in
focus
Evidence of a specific mechanism having triggered the
event registered
Evidence that the hypothesised mechanism causing an
effect in the practice domain
was activated in the research
setting in a way that is reflective of practice
Evidence that the mechanism causing the events in
the research setting are valid
in other cases not included
in the study

Study tactic
Multiple sources of evidence, (data collection
and assessment)
Multiple sources of evidence (quantitative testing and qualitative confirmation)
Computer simulation and
consensus among study
participants

Inclusion of multiple
cases with adherence to
study protocol

Table 6.1: Concepts of validity in CR with study tactics

The various types of validity have been assessed in all published articles,
although not mentioned explicitly. Some issues within the ED setting deserve
mentioning as these will have an evident effect on the validity of the study’s
propositions. First of all, the ED is a highly dynamic environment that, at the
time of writing, is subject to many ongoing changes, some of these even being
launched in parallel. With a research setting in constant movement, new working processes may surface making it necessary to re-evaluate the causal mechanism foundation. The performance measurement model in itself is deemed
unlikely to lose its relevance since it has been made flexible as to add or discard
performance measures of choice. Another, potential danger for validity is the
fact that definitions on the various performance measures are still up for debate.
When local definitions and sampling techniques of data exist, it compromises
instrumentation validity making it difficult to compare performance over time,
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especially external benchmarking (Gardner and Wright, 2009). The study’s proposed performance measurement model has changed over time due to expert
opinion upon what to measure. This fact can decrease validity. Incremental
changes were however restricted making the effect on validity small in impact.
Thus, the proposals put forward were considered as valid in terms of these vulnerabilities.
Both clinicians and the scientific community involved in the research process
have supported the study’s findings. There was a general agreement that the
performance measures identified, alongside their interconnections, was in line
with their perception of how the ED system functions. There is reason to believe that the developed performance measurement model is of benefit to many
EDs that are in need of a comprehensive and intuitive performance monitoring tool. The scientific community (i.e. journals and scientific societies) have
shown their interest by accepting conference contributions and the publishing
the study’s results as journal articles. Both primary stakeholders acknowledge
the final proposals, thus adding to validity in context of EDs. Testing the robustness of these proposals can be sought by introducing more diverse cases which
may serve to identify validity problems that did not arise in the included cases.

CHAPTER

7
CONCLUSION

In the midst of a rapidly changing healthcare sector, the call for accurate performance measurement is louder than ever. There is now a worldwide focus
on how to exploit management science methods to enhance the understanding
of healthcare systems and a need to manage this understanding to their own
advantage. In Denmark, many changes are especially happening to the ED concept which currently lacks a sound solution to evaluate if these changes are for
the better or worse. Therefore, this study has a great interest both in terms of the
scientific potential and practical problem solving. Currently, the cases included
in this study are applying minimal data sets of locally selected performance
measures in an attempt of determining whether their departments are impacted
by performance enhancing initiatives. Sporadic retrieval of performance data
inhibits a holistic evaluation of departmental functioning as a systematic approach is not followed.
The study first considered which performance measures can provide a generic, broad and comprehensive overview. A systematic literature study of published meta-analyses supported by expert opinions revealed 35 performance
measures that were subsequently categorised into aggregated clusters entitled
patients, employees and operations. The novelty of the study consists of investigating interconnections between the various performance measures, both within
and outside the clusters. Three approaches were utilised, all of which were in
compliance with the philosophical view of CR. First, a single complex performance measure was analysed in depth using statistical hypothesis testing in
order to identify drivers for employee absence rates. The findings were presented in a decision support tool that could direct the decision maker’s atten109
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tion to areas in need of improvement to lower future absence rates. Second, the
aggregated cluster of patient satisfaction was modelled and analysed through
the use of SEM. This statistical technique was useful for testing multiple hypotheses simultaneously while accounting for measurement error. This advances
the knowledge base since basic statistical hypothesis testing does not assume
any measurement error. Third, a SD case study was conducted at a major tertiary level one hospital in Boston, MA. Here, the relevant worldwide issue of
ED crowding was examined with a specific primary focus on understanding
the complex non-linear feedback mechanisms of initiating a local help protocol
with system-wide effect. The focus was therefore moved from looking at performance measures exclusively to the dominant processes of which these performance measures reflect. Exploiting simulation to understand system complexity was a main lesson learned in the study and is something that should
be pursued more in the future. All knowledge was exploited in a practical ITsoftware solution that applied carefully gathered performance data from the
included cases.
Some obstacles need solving before a full implementation of the study’s proposals is advised. A supportive infrastructure that allows automatic retrieval
of relevant parameter values in a user determined time window must be established. Furthermore, the performance measurement model must not be misused
for control purposes, making the pitch of the proposal to the staff critical for success. Lastly, time for analysing the data generated through model use should be
allowed to gain the necessary understanding of how the system is performing.
The study leaves some open ended questions worth investigating in the future. While several possibilities will be explained in chapter 8, resolving and
agreeing on concrete definitions of the identified performance measures is a first
step to create a solid foundation for subsequent data analysis. The performance
measurement model can then be altered into a model that can be simulated, allowing for an enhanced understanding of system performance. This study has
generated results of scientific value based upon publications in internationally
peer-reviewed journals and presentations at conferences for both the management science and emergency medicine societies. A rigorous scientific approach
to iteratively test and verify the study’s sub-conclusions served to secure that
the developed performance measurement model is of high validity and reliability. Therefore, the study’s proposals are of value to EDs facing similar issues as
the cases included. Other organisations can with benefit apply the approach undertaken in the study to gain valuable insights into their system’s performance.
The study was launched because of a general desire to enable measurement
of the effects from performance enhancing initiatives in the ED setting. The re-

111

sults have proven that it is challenging yet possible to create a scientific model
with the capability to measure and connect a selection of essential performance
measures. Performance measurement initiatives together with a boosted system complexity understanding are becoming paramount for any organisation,
regardless of domain, to stay competitive and target high fidelity improvements.
For EDs, the developed performance measurement model is tailored to assess
key aspects of departmental performance and as such plays a vital role in supporting decision makers in their task of continuous improvements.

CHAPTER

8
FUTURE RESEARCH OPPORTUNITIES

Several opportunities for elaborating upon the results presented in this PhD
thesis exist. First and foremost, the final outcome of the thesis is a prototype
that has not yet proven its full potential. Implementation at the case hospitals
would strengthen the reliability and validity of the final performance measurement model. It is hoped that the performance measurement model can assist
the primary users (i.e. clinical directors) in assessing given initiatives and thus
to navigate their department towards continuous improvements. Some hurdles
need passing before full implementation is possible. Importing data from the
existing data warehouse at the given hospital needs to be automated. Setting
up algorithms within the software solution capable of doing so would be easiest if the relevant data elements are located in a single database. None of the
included cases had a single data warehouse were all data could be accessed.
Furthermore, it was concluded that not all data elements were recorded despite
these being recommended in international peer-reviewed literature. Full implementation thus requires careful sampling of the missing performance measures
over time. As the ED system is in constant change, the suggested prototype is
made flexible so that it can allow adding- or deleting performance measures in
the framework. This flexibility means that the system must be maintained and
occasionally updated so that it will not lose its value. Any performance measure added to the model must comply with the requirements for relevance to
the stakeholders, scientific soundness, feasibility in retrieving precise data, and
relevance to the overall ED’s strategy. Additionally, which other performance
measures new measures may connect to must be taken into consideration.
113
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Assessing data validity
Paramount to accurate performance assessment is high precision data. Much
of the data included in the performance measurement model can be derived
from different ED data repositories. Investigating the accuracy of this data is
an apparent research area in order to establish trustworthy reporting procedures for quality monitoring programs. For instance, if timestamps applied to
measure departmental success rates is inaccurately measured, the conclusions
drawn about current performance levels will be highly biased. With unreliable
data, performance measurement becomes inaccurate and can at worse be misleading (Smith, 1994). Indeed, there is a call for rigorous ED performance measurement, notably an understanding of how the data tracking systems record
the various measurements. Two overall types of electronic ED tracking systems
are available; active and passive (Gordon et al., 2008). An active tracking system
needs manual registration by the ED staff so that the system’s information to
be up to date. In contrast, passive tracking systems are automated registration
points that, for instance, can trace the physical position of patients and employees by the use of wireless sensor technology. A passive tracking system may
also be known as a ”real-time location system”. Accuracy of this recorded data
is deemed highly correlated with the distinction of the two data recording systems. It would be interesting to analyse the two data tracking systems and their
impact on data variation and accuracy. This could be achieved through a comparative study of selected identically defined performance measures at two or
more case EDs.
Condition specific performance measures
Adding extra modules to the proposed performance measurement model adds
a more nuanced view of departmental performance. Various performance measures for highly represented patient groups are of special interest to the primary
stakeholder, i.e. the ED decision maker. Some disease specific conditions that
are common in the ED are pneumonia, strokes, acute myocardial infarctions,
STEMI, sepsis, and asthma. Individual performance measures specific for such
patient groups provides more detailed information of clinical quality of care.
For example, a selection of recommended clinical measures for the three first
mentioned diseases is presented in Table 8.1.
Each of these specific conditions deserves to be examined in depth according to which performance measures should be recorded and how. Such measurements could further allow for national benchmarking amongst hospitals if
a consensus agreed set of performance measures is determined. While Table
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Disease
Pneumonia

Stroke

AMI

Measure
Patient oxygeniation assessment
Time from patient arrival to initial antibiotic
administration
Were correct antibiotics administered?
Blood cultures obtained prior to antibiotic
administration?
Time from patient arrival to stroke team notified
Time from stroke team notified to response
Time from lab tests ordered to completed tests and
interpreted
Time from neurosurgery evaluation to start evaluation
% administered aspirin on arrival
% administered beta blockers on arrival
% thrombolytics initiated within 30 minutes after arrival
% PCI within 90 minutes after arrival

Table 8.1: Examples of clinical performance measures for disease specific conditions;
PCI = percutaneous intervention (Graff et al., 2002; Lindsay et al., 2002; Schull et al.,
2011)

8.1 presents a number of clinical performance measures, it is worth noting that
one should not fall short on linking these to patient life quality. According to
Michael Porter of Harvard Business School, importance to the patients’ quality
of life after having received treatment must be emphasised (Reiermann et al.,
2014). Porter provides an example of German hospitals rendering high class
prostate cancer treatment with only 5 % post treatment mortality after five years,
regardless which German hospital conducts the surgery. However, patients are
also concerned about how well they function after treatment, i.e. issues with
incontinence and erection. Here, there are great differences between the success
rates of the hospitals. Measuring such outcomes gives a more holistic overview
of how delivered care works and provides a more qualified statement about
healthcare quality.
Economical assessment
The developed performance measurement model does not include financial viability and can therefore only be used to evaluate an ED’s operational performance in connection with the quality of outcomes. A cost efficiency analysis
of implementing the various changes is necessary to determine if an intervention is to be concluded as a success seen from a hospital manager’s viewpoint.
The reason for leaving out economical measures at first was a primary concern
of measuring the operational impact of initiatives. Inclusion of financial per-
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formance would move the model towards a more classic Balanced Scorecard
model which is believed to be of higher value to top-level hospital managers
compared to that of clinical decision makers. Indeed, it is challenging to put
price tags on the many procedures carried out in the ED, mostly because each
patient’s continuity of care is unique. On the contrary, it is deemed possible
to make estimates based on the total expenditure of treating a patient within a
certain patient group, possibly specified within triage levels. It is the author’s
opinion that assessing the return on investments makes most sense when rigorous measurement techniques are installed and maintained for some time before
specifying economical measures and when the stakeholder perspective of hospital managers is undertaken.
Even though the cost side of the initiatives is not included explicitly, the effects of launching these can be assessed on a series of performance measures
that all relate to operational performance. No generally accepted set of economical ED performance measures exist (to the author’s knowledge) but there may
be a possibility to develop such variables without actually measuring these in
reality. Computer simulation offers this possibility and is definitely seen as an
important area that should be exploited in the future. For this purpose, a discrete event simulation model is currently regarded the best choice as this simulation technique is usually applied for point prediction. A hybrid simulation
technique that combines the strengths of discrete event simulation and system
dynamics is another possibility for healthcare assessment. The hybrid technique
is fairly new and not many studies have investigated its benefits (Cernohorsky
and Voracek, 2012; Djanatliev and German, 2013).
Towards a decision support tool
The final performance measurement model has the potential of being reformulated into a simulation model as demonstrated in section 5.4. The qualitative
aspect of SD consisting of a causal loop diagramming was utilised to set up the
links between the included performance measures in the final performance measurement model. The possibility to extend this network into a quantitative SD
model, framing a particular problem of importance, would be of great value. It
must be emphasised that one should always model a problem and not an entire
system, because with no boundaries there would be basis for saying ”there is no
need to include that” when potential variables are suggested. A SD model aims
to develop a test environment where system policy changes can be assessed
instantaneously with no costs associated. The greatest payoff is the ability to
determine time delays and complex non-linear relations between variables –
something that holds great value to any decision maker regardless domain. Vi-

117

sualising performance levels of selected performance measures meanwhile assessing variations in processes is indeed a valuable goal worth pursuing. Extending insights into the very structure behind the processes responsible for
system behaviour kicks the current knowledge base to a higher level. Thorough
understanding of potential interventions’ effects would cause what to happen
in the system before launching these in reality would result in better performing
systems with higher value for money. When it comes to choosing a simulation
technique, SD is usually preferred to model problems at a higher strategic level
in order to get insights into the relations between various parts of a complex
system. Discrete event simulation is applied to model tactical- or operational
level systems for point prediction. An example where a discrete event simulation model would be appropriate in healthcare would be to identify resource
bottlenecks (Brailsford and Hilton, 2001).
Patient handoffs between departments or sectors
Currently, Danish patients in need of urgent treatment must first contact a GP,
the 1813 system (if in the Capital Region of Denmark), or the 112 emergency
call system before being referred to treatment at a hospital, first the ED and
maybe also an inpatient ward. Therefore, there is a lot of information being
handed over not only between sectors but also in the hospital. A ”transition”
or ”handoff” is a commonly used term used when two or more healthcare personnel make an exchange of responsibility, authority of an operation, or specific
clinical information (Cheung et al., 2010). Clear and effective communication
between the emergency physician and other healthcare personnel needs rigorous research as information tends to ”get lost in translation” (Knutsen and
Fredriksen, 2013). Most research looking at patient handoffs are qualitative and
exploratory in study approach with a focus on, for instance, patient safety factors (Siemsen, 2011). Standardised procedures and checklists have recently been
proved to have a positive impact on information exchange without increasing
process times (Dubosh et al., 2014). From an operational management viewpoint, there is a potential for applying simulation to either quantify the improvements of implementing handoff protocols through discrete event simulations or
investigate the dynamics behind information exchanges between sectors using
SD. Regardless of the choice of simulation technique, broadening the scope to
include either the in-hospital patient handoffs or handoffs from one sector to
another would allow for a more holistic view of emergency care delivery.
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APPENDED PAPERS

The four journal papers which this thesis is built upon are put in this final chapter of the thesis. The first three of these were published by the time of writing.
The final journal paper was currently undergoing its first review at Health Care
Management Science.
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Abstract
Background: Evaluation of emergency department (ED) performance remains a difficult task due to the lack of
consensus on performance measures that reflects high quality, efficiency, and sustainability.
Aim: To describe, map, and critically evaluate which performance measures that the published literature regard as
being most relevant in assessing overall ED performance.
Methods: Following the PRISMA guidelines, a systematic literature review of review articles reporting accentuated
ED performance measures was conducted in the databases of PubMed, Cochrane Library, and Web of Science.
Study eligibility criteria includes: 1) the main purpose was to discuss, analyse, or promote performance measures
best reflecting ED performance, 2) the article was a review article, and 3) the article reported macro-level
performance measures, thus reflecting an overall departmental performance level.
Results: A number of articles addresses this study’s objective (n = 14 of 46 unique hits). Time intervals and patientrelated measures were dominant in the identified performance measures in review articles from US, UK, Sweden
and Canada. Length of stay (LOS), time between patient arrival to initial clinical assessment, and time between
patient arrivals to admission were highlighted by the majority of articles. Concurrently, “patients left without being
seen” (LWBS), unplanned re-attendance within a maximum of 72 hours, mortality/morbidity, and number of
unintended incidents were the most highlighted performance measures that related directly to the patient.
Performance measures related to employees were only stated in two of the 14 included articles.
Conclusions: A total of 55 ED performance measures were identified. ED time intervals were the most
recommended performance measures followed by patient centeredness and safety performance measures. ED
employee related performance measures were rarely mentioned in the investigated literature. The study’s results
allow for advancement towards improved performance measurement and standardised assessment across EDs.
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Background
In Europe, many EDs have undergone organisational
changes [1,2]. Hospitals receiving acute patients are increasingly merged to larger organizations. Continuous
high expertise in the EDs is promoted through the presence of relevant resources, medical specialties and experienced staff [2]. In Denmark, the new concept behind
EDs consists of merging all acute admission units and
observatory units into one joint ED. The rationale for
re-structuring is first and foremost to cope with an increased amount of patients while securing delivery of
high quality and efficiency, concurrently with decreased
overall hospital capacity [3]. Promotion of interdisciplinary teamwork and earlier senior physician involvement
are examples of means to deliver timely and high quality
treatment to patients within the EDs, which is essential
for early diagnosis and provision of effective treatment
of the increasing number of patients with comorbidities
[4,5]. Other prevalent changes include introducing emergency medicine as a separate specialty [6] and formalised
use of triage systems [7]. Many different ways of
organising the ED is evolving and the costs and effects
are being debated [8]. A way of assessing the effect on
the re-organisation and the many local initiatives is
highly warranted.
Inspired by the private service sector’s way of monitoring and evaluating work processes, health care decision
makers have seen the importance of adopting a similar
view on management [8]. Hence, an increasing number
of quality- and performance measurement initiatives
have been integrated within the core operations. Performance measurement is a broad topic, which is rarely
defined in detail. Most commonly, it is referred to as the
process of quantifying actions, where measurement is a
process of quantification and following action leads to
performance [9]. Individual performance measures are
defined as metrics that reflect effectiveness and/or efficiency of an action. A selection of such performance
measures thus comprises of a performance measurement
system which enables a more comprehensive evaluation
of performance. Widely acknowledged performance
measurement frameworks such as the Balanced Scorecard [10] and Business Excellence [11] have been
implemented in health care to assure strategy alignment
with operations. Even though a high percentage of performance measurements initiatives fail, mainly due to either being poorly designed or too difficult to implement
in practice [12], successful implementation and use has
been reported [13,14].
The fundamental idea of quality assurance in health
care was originally to pass accreditations, whereas the
healthcare sector now strives to converge quality improvements wherever possible. Many EDs have accepted
the Institute of Medicine’s (IOM) report from 2001
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called “Crossing the Quality Chasm” [15]. In this report,
six quality domains are endorsed. These are safety, effectiveness, patient-centeredness, timeliness, efficiency and
fairness (equity). The terms efficiency and effectiveness
are often used interchangeably. Efficiency refers to the
effectiveness of specific procedures whereas effectiveness
regards the total outcome [15].
Different initiatives are continuously being presented
in EDs in response to the IOM domains. In the United
Kingdom (UK), crowded EDs were sought resolved by
the introduction of the four hour target as a primary
performance measure [16]. This means that only 98% of
the patients may stay within the ED for more than four
hours.
Focus on a single time-related measure does not necessarily correspond to high levels of quality and can potentially lead to dysfunctional behaviour [17]. Other
important performance areas become unmonitored
when focussing only on few ultimate measures. As an
example, patients are without adequate treatment transferred to other wards more rapidly to keep length of stay
in the ED within the accepted upper threshold limits.
This can lead to reduced quality, increased costs and difficulties in retaining staff (sustainability). The outcome
of the measure would be great yet the obtained quality
would be poor.
Asking the clinicians in UK EDs about the subsequent
effects of the four hour target resulted in a governmental
report in which a total of eight performance measures to
best represent quality were suggested by the Department
of Health [18]. Eight performance measures were chosen
on the basis of best possible evidence, formulated by layrepresentatives and are weighted equally (in theory).
The UK EDs are not alone in the dilemma of determining how to evaluate new initiatives on key performance measures aligned with department visions. Similar
problems such as crowding and scarce resources are
struggled with elsewhere in the world. The selection of
which performance measures to highlight also differs
according to stakeholder perspective [19]. A clinician’s
perspective on highly important performance measures
is distinct compared to that of a patient, policy maker,
or administrator, mainly due to the use of the measures
for varying purposes. The entities may be subject to alteration over time depending on evolving clinical evidence, new practices and procedures, public opinions,
and health system dynamics. Whereas a policy maker’s
chief concern involves public accountability or a measurement framework reflecting ‘pay for performance’, the
clinicians will demand procedural improvements for the
benefit of enhanced treatment outcomes and clinical
safety. From a patient’s perspective, the main focus will
be on patient centeredness considered excellent medical
treatment is delivered.
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Consensus is still lacking on which measures are considered to be most accurate, extensive, clearly defined,
and based on evidence [20,21]. Working towards a consensus of performance measures that reflect the general
performance of an ED and whether or not certain quality improvement initiatives prove efficient is clearly
warranted. A shared understanding of performance measures will enable continuous quality improvements and
benchmarking opportunities both internally and externally over time.
The aim of this article is to present an overview of the
highlighted performance measures suggested in internationally peer-reviewed review articles through the application of PRISMA guidelines.

Methods
Literature search strategy

This review gathers information on published results of
review articles highlighting performance measures suitable for overall ED assessments. Identification of such
articles was done through a systematic search in the databases of PubMed, Cochrane Library, and Web of Science conducted in the period of April to July, 2012. For
all searches performed, the term “emergency department” or “ED” was used as fixed standard phrases. A selection of combined searches was conducted using the
following text strings: emergency department, ED, performance indicator(s), performance measure(s), quality
assessment, quality assurance, and quality improvement.
To investigate synonyms to the variable search terms,
MeSH headings and wildcards were applied. The
searches, with the variable search terms, and resulting
number of hits are presented in Table 1.
PubMed differs between the singular and plural forms
of phrases, hence the distinction shown in parenthesis.
For example, the term “performance measures” is
recognised as a different keyword compared to “performance measure” although nearly half of the articles
reoccurred. A performed search is based on wordings in
Table 1 Search strings and resulting hits
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both titles and abstracts. The searches were performed
separately using Boolean operators: “emergency department” OR “ED” AND the given search term. All search
hits were filtered to only include reviews and structured
reviews in terms of article type. The searches were
performed according to the PRISMA guidelines [22].
Inclusion/exclusion criteria

Articles were included in the systematic review if they
managed to fulfil all of the following stated criteria: 1)
the main purpose was to discuss, analyse, or promote
performance measures that best reflect ED performance,
2) the articles were review articles, and 3) the articles reports macro-level performance measures, thus reflecting
an overall departmental performance level.
Articles were excluded if 1) they referred to a specific
patient group or illness, 2) the setting was different than
EDs, 3) they did not touch upon performance measurement, 4) they investigated evidence behind selected indicators, 5) they described how measures were used or
should be used in the future, 6) they directed criticism
towards vaguely defined performance measures, and 7)
the language was different from English.
Selection

Selection of articles was performed independently by two
of the authors (CMS and PJ) by reviewing titles and abstracts. If any doubts arose, the entire article was assessed.
Afterwards, a decision about possible inclusion was made
on the basis of a discussion between the two authors
(CMS and PJ).
Synthesis of results

According to the Traberg categorisation, all recommended
performance measures can be allocated into the three categories; 1) patients, 2) employees, and 3) operations [23].
Traberg’s framework was chosen due to its sensible division of performance measures into clusters seen from a
clinician’s viewpoint.

Results

Search

Variable search string

# Hits

Study selection

1

performance measure/(performance measures)

13/(46)

2

performance indicator/(performance indicators)

13/(36)

3

quality measure/(quality measures)

24/(47)

4

quality indicator/(quality indicators)

19/(200)

5

quality assessment

67

6

quality evaluation

2

7

performance assessment

15

8

performance evaluation

13

9

quality assurance

657

10

quality improvement

9

A total of 1314 titles were identified from the applied databases. 46 of these were unique. The unique titles were
scanned on the basis of both title and abstract. Then, the
inclusion/exclusion criteria were applied leaving 38 articles
to be read in full extent. Of the 38 articles, 14 of these met
the eligibility criteria and were included for further analysis.
A flowchart presenting the article selection process is
shown in Figure 1.
By accumulating all search hits presented in Table 1, 38
redundant articles were marked and excluded. A total of
1276 articles’ titles and abstracts were afterwards screened
based on the inclusion/exclusion criteria. Any article title

Identification
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1314 articles
identified through
database searching

Screening

1276 records after dublicates removed

Eligibility

46 articles screened

Included

38 articles read in full

8 articles excluded
n = 3 different setting than ED
n = 2 no relevance to
performance measurement
n = 3 clinical measures only
24 full-text articles excluded
n = 20 not pertinent
n = 2 investigated evidence
behind measures
n = 1 investigated usability in
measures
n = 1 criticism towards
measures

14 articles included
in further analysis

Figure 1 Flow-chart of article selection.

or abstract not deemed relevant by the authors were
discarded (n = 1230). These articles were discarded due to
1) being conducted in a setting different from emergency
departments or, 2) not relating to performance measurement, or 3) focusing on a specific clinical condition measure (for instance percentage of paediatric asthma patients
prescribed anti-inflammatory medication or time to antibiotics given to patients suffering from pneumonia [8]).
The initial filtering returned a total of 46 articles in
which all abstracts were read. Eight of these articles
adopted an approach which was not in compliance with
this study’s inclusion criteria. As an example of an excluded article, Persell et al., 2011 implemented and evaluated a quality improvement intervention, which
included several clinical condition specific measures
[24].
24 articles were not included in the final review due to
1) being non-pertinent, 2) investigated the evidence behind certain indicators [25,26], 3) described how measures were used and will be used in the future [27], or 4)
directed criticism towards vaguely defined quality indicators [28]. 14 articles remained to be analysed and
compared.
The reference lists of the 14 final articles were browsed
for possible relevant articles, yet none met the criteria for
inclusion.

Characteristics of the included studies

A comparison of the included articles is presented in
Table 2. The two last columns in Table 2 indicate first
the preliminary pool of performance measures analysed
and second the actual recommended performance
measures.
No literature older than ten years that reviews overall ED
performance measures was identified. The included articles
formulate their primary objective differently but ultimately
come up with a list of performance measures which reflect
key performance- and quality-in-care measures in EDs. All
these performance measures relate to a macro-level aspect,
implying that these are generally applicable. In terms of the
articles’ settings, USA and Canada have had the greatest
focus on how to assess performance in EDs based on publications. The UK, Sweden and Australia have now also
published their view on what performance measures to report. As units of analysis, paediatric EDs and general EDs
were both eligible for analysis in this article since there is
no difference in the generally applicable performance measures highlighted when referring to patient age. A differentiation between age and gender would be advisable if the
performance measures were matched to specific clinical
conditions.
With regards to the chosen approach, most of the articles apply a survey based approach consisting of two or
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Table 2 Presentation of included literature (* Focus indicates whether the suggested indicators are more generally
applicable or refers to clinical conditions (e.g. indicators related to specific ailments))
Corresponding
author

Year Objective

Focus*

Setting

McClelland
et al. [33]

2012 Examination of practical
aspects in collecting timebased ED measures

Time-related
measures
only (7)

American, EDs Structured interviews and
few data comparisons

7

7

Beniuk, Boyle &
Clarkson [29]

2012 To prioritise quantified
crowding measures to
assess current ED status

Overall (8)

International
EDs (USA, UK,
Canada,
Australia,
Netherlands
and Hong
Kong)

Standard three round
Delphi study

27

8

Alessandrini
et al. [15]

2011 Proposition of a
American,
Overall (13)
measurement framework
and condition PEDs
specific for PEC practitioners specific (1)
and administrators

Point of departure in IOM
recommendations.
Alteration into
Donabedian’s structure,
process, outcome
categorisation

120

14

Ekelund
et al. [34]

2011 1) To assess feasibility in
Overall (4)
gathering benchmark data
in Swedish EDs and 2) to
evaluate patient throughput
times and inflow patterns

Sweden, EDs

Comparison of variables
4
reflecting quality measures

Heyworth
[35]

2011 1) Benefits and drawbacks
associated with a single
time-related measure and
2) proposed quality
indicators to assess
timeliness, quality, and
safety

United
Description of current
Kingdom, EDs state in the UK; reflection
on the quality indicators
proposed by the
Department of Health

Schull
et al. [21]

2011 Seeks consensus on a set of Overall (11)
Canada, EDs
parsimonious quality-of-care and condition
indicators for an ED
specific (2)

Welch
et al. [32]

2011 Consensus of a standard set Overall (44)
of performance measures in
EDs related to patient flow

American,
North
American
Benchmark
Summit (367
EDs)

Coleman &
Nicholl [16]

2010 Identification of a indicators Overall (16)
usable for PCT
commissioners and NHS
decision makers to monitor
performance

Hung &
Chalut [30]

2008 1) Presents which indicators Overall (15)
are deemed most useful to
assess PEC and 2) which
measures are currently
being recorded

Guttmann
et al. [31]

2006 Development of measures
relevant for paediatric
emergency care (children <
19)

Sibbritt, Isbister
& Walker [36]

2006 Provision of a
recommended list of
performance indicators
from routinely collected
data in EDs

Solberg
et al. [3]

2003 Identification of measures in Overall (38)
EDs relevant for managing
crowding

Overall (8)

Method

Gross indicator Recommended
portfolio
indicators

4

8

8

Modified Delphi panel
technique, three rounds

170

13

Survey and audit

44

44

United
Standard three round
Kingdom, EDs Delphi study
and Urgent
Care Units

70

16

Canada, PEDs

2-part questionnaire
including a novel ranking
formula to prioritize
indicators

67

15

Overall (6)
American,
and condition PEDs
specific (8)

Structured panel process
with underlying literature
review

109

14

Overall (9)

Data collection and
following SPC analysis

9

9

113

38

Australia, EDs

American, EDs Expert consensus on 113
measures; 10 investigators
refined the measures to a
total of 38
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Table 2 Presentation of included literature (* Focus indicates whether the suggested indicators are more generally
applicable or refers to clinical conditions (e.g. indicators related to specific ailments)) (Continued)
Graff
et al. [8]

2002 How to critically evaluate
quality in an ED

Overall (9)
American, EDs Summary. Point of
and condition
departure in IOM
specific (29)
recommendations.
Afterwards alteration into
Donabedian’s structure,
process, outcome
categorisation

38

38

Lindsay
et al. [20]

2002 A systematic approach to
identify valid and relevant
measures in an ED

Overall (8)
Canada, EDs
and condition
specific (13)

104

21

Modified Delphi panel
technique, two rounds

ED Emergency Department, IOM Institute of Medicine, NHS National Health Services, PCT Primary Care Trust, PEC Paediatric Emergency Care, PED Paediatric
Emergency Department, SPC Statistical Process Control.

more rounds of questioning panel members (commonly
designated as the Delphi technique) [3,16,20,21,29-31].
This approach serves the purpose of finding consensus
for a given topic by filtering responses through every
stage. Two review papers report on interviews or audits
[32-34]. A single article refers to a British governmental
report [35]. Two articles elaborate on the IOM guidelines [8,15] and a single article includes performance
measurement tracking by the application of statistical
process control (SPC) [36].
A difference exists between the number of performance measures ultimately recommended and the gross
pool of indicators investigated for several of the articles.
These to amounts are listed as the two last columns of
Table 2.
Duplicate performance measures were filtered out only
if the wording differed slightly. The authors included
core measures if the level of detail was deemed too
specific. An example of a low abstraction level can be
found in Welch et al. 2011 where the performance
measure LOS is divided for admitted-, discharged-,
observational-, and behavioural health patients [32].
All recommended performance measures are presented
in Tables 3, 4 and 5 in compliance with Traberg’s three
overall categories.
Some of the suggested performance measures
connected to patients needs to be more precisely defined
before use. Often indirect measures have to be used instead and that explains the common use of unplanned
re-attendance as a performance measure, because it indirectly reflects a missed diagnosis or inadequate treatment. One may argue that the safety measures rather
reflect operational efficiency. Such measures’ both quantitative and qualitative character explains why they are a
part of the proposed framework. For instance, the number of unintended incidents is without value if not accompanied by a qualitative description to pinpoint what
went wrong.
Most highlighted in the cluster patient centeredness
was the outcome measure LWBS (patients who leave before being seen by a physician). This measure can be

hypothesised to be related to patient satisfactory levels,
as it is often related to crowding and extensive waiting
times.
LWBS is also regarded as an important measure due
to documented increased risks and adverse outcome in
patients leaving before being treated [19,21,29].
A high rate in LWBS points toward potential systemic
obstacles in patient reception or triage.
In terms of patient centeredness and satisfaction surveys, none of the included articles elaborates on which
latent constructs must be recorded to reflect overall patient satisfaction levels. Much other literature addresses
this issue using diverse approaches [37-39]. Employee
related performance measures are presented in Table 4.
Only two performance measures connected to employees are suggested by Sibbritt et al. 2006 [36] and
Welch et al. 2011 [32] (see Table 4). Insertion of the employee perspective in quality improvements has only recently been suggested by Crouch & Cooke in 2011 [40],
entailing that in the future there may be a change in the
demeanour of ED performance measurement. Employee
related performance measures provide a pointer to
which degree the current performance is sustainable.
Sustainable performance is also linked to measures such
as sickness absence rates, educational programme outcomes, and the amount of staff having the necessary
competencies to fulfil their respective job descriptions
[19]. In contrast to the employee related performance
measures, operational performance measures have
harvested more interest. These are presented in Table 5.
The operational performance measures deal primarily
with effectiveness mainly related to time based registrations. Changes in working procedures serve a two-fold
purpose; 1) timely treatment and 2) improving qualityin-care.
The main ED tasks are fast recognition and treatment
of time-dependent critical conditions plus fast disposition to adequate level of care. Therefore, the great focus
on time intervals is not a surprising result. LOS is far
the most used time interval. LOS is an indirect overall
measure of the efficiency of the whole ED stay. Keeping

Unplanned re-attendance
(<72 hours)

Satisfaction

x

x

x

x

x

x

McClelland
2012

x

x

x

x

x

Schull
2011

x

x

x

Sibbritt
2006

x

Solberg
2003

x

Welch
2011

Satisfaction (in general)/
survey

LAMA (Left Against Medical
Advice)

LBTC (Left Before
Treatment Complete)

x

x

x

x

x

x

x

x

x

x

x

Lindsay
2002

LWBS (Left Without Being
Seen)

x

x

x

x

x

Hung
2008

x

x

Heyworth
2011

Patients Who Left Before
Supposed To (PWLBST)

x

x

x

Morbidity/mortality

x

x

Graff
2002

x

x

Guttmann
2006

x

x

Ekelund
2011

x
x

Coleman
2010

Missed diagnosis

x

Beniuk
2012

Treatment errors

x

Medication errors

Alessandrini
2011

Unintended incidents

Patient
Complaints
centeredness

Safety

Patients

Table 3 Patient related measures
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Educational
positions

Work
Employee
environment complaint ratio

Occupation
profile

Employees

Alessandrini
2011

Beniuk
2012

Table 4 Employee related performance measures
Coleman
2010

Ekelund
2011

Guttmann
2006

Graff
2002

Heyworth
2011

Hung
2008

Lindsay
2002

McClelland
2012

Schull
2011

x

Sibbritt
2006

Solberg
2003

x

x

Welch
2011
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Time
intervals

Efficiency

Utilization

Planning

Operations

x

Guttmann
2006

x

Graff
2002

x

Heyworth
2011

x

Hung
2008

x

Lindsay
2002

x

McClelland
2012

x

Schull
2011

x

Sibbritt
2006

Solberg
2003

x

x

x

x

x

x

x

x

Triage -- Triage completed

Registration -- Discharge/
transfer

Registration -- Init. triage

x

x
x

x

x

x

x

x

x

Arrival -- Init. triage

Arrival -- Init. treatment

x
x

x

Arrival -- Hospitalization

x

x

x

Arrival -- Clinical assessment

x

x

Arrival -- Treatment space
x

x

x

x

Arrival -- Registration

Ambulance off-loading time

x

x

x

ED admission transfer rate

LOS (Length of Stay), total

x

Throughput

x

x

Number of specialty
consultations

x

x

Number of behavioural
health consultations

x

x

Overall medication usage

x

x

Number of laboratory studies

x

x

Number of ultrasonic studies

x

x

Number of MRI studies

Utilization rate (employees)

x

Number of CT studies

x
x

x

Welch
2011

Number of plain
radiographic studies

Number of ECG’s taken

Utilization rate (lab
equipment)

Boarding burden

x

x

Ekelund
2011
x

x

Coleman
2010

Acute load

x

Beniuk
2012

Bed occupancy rate

x

Alessandrini
2011

Table 5 Operational performance measures; Note: double dashes between factors indicates a time interval
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x

x

x

x

x

Bed ordered -- Bed assigned

x

x

(laboratory) Blood sample ordered -Blood sample result (lab
turnaround)

(bed
logistics)

x

x

x

x

x

X-ray ordered -- X-ray taken
(radiology turnaround)

x

x

x

x

Registration -- X-ray ordered

Hospitalization -- Discharge/
transfer

Disposition decision -Discharge

Init. encounter -- Discharge/
transfer

Init. encounter -- Clinical
decision

Init. encounter -Hospitalization

x

x

x

x

Init. encounter -- Init.
treatment

x

x
x

x

Data ready -- Disposition
decision time

(diagnostic
imaging)

x

Treatment space -- init.
encounter

Admit decision -- Discharge

Triage -- Init. treatment

Table 5 Operational performance measures; Note: double dashes between factors indicates a time interval (Continued)
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LOS short also means reducing crowding and keeping
an efficient patient flow. Despite that timely treatment is
one of the main performance goals for an ED, it is notable that time to treatment is only the ninth most
highlighted performance measure (see Figure 2). LOS is
often an easy parameter to retrieve from the ED computer system and is relatively easy to define. Time to
treatment is more difficult to define and often not as
easy to register in a standardised manner. In addition
one could argue that time to treatment should be divided into treatment time related to triage category.
Thus, data availability and easily defined measures could
influence the choice of measures. Indeed, other stakeholders than clinicians contribute to the focus of timely
treatment, especially in the wake of crowding. Such
stakeholders are patient associations, politicians, and the
media.
Presented in Figure 2 is the top 25% of the hits identified in the included literature.

except for some of the well-developed countries that
register much health statistics, for instance in Scandinavia. Especially mortality reviews engage clinicians and
serve as a means for continuous quality improvements
[19].

Discussion
The investigated articles differ in their approach, yet
share their primary objective which is to analyse, discuss,
or promote a series of performance measures that reflect
key performance metrics and quality-in-care in emergency departments.
No literature older than ten years that reviews overall
ED performance measures was found. During the recent
five years, there has been an intensified debate on ED
performance measurement. This comes in response to a
previous low prioritisation of the emergency medicine
area and an increase in ED patient volume over recent
years.
A qualitative approach in choosing performance measures seems dominant. Especially the Delphi technique
seeking consensus through either audits or questionnaires serves as a means to filter suggestions into core
performance measures best suitable for ED assessments.
A total of 55 different performance measures are
highlighted in the investigated literature. The level of abstraction in the included papers differs from four to 44
performance measures in total. Most of the suggested
performance measures are independent on patient specific indicators and thus serve to reflect overall ED performance levels.

Operations

Patients

Patient safety is challenging in the highly complex and
time critical environment with undifferentiated patients
in the ED. Thus, it is an absolutely essential measure
which is confirmed by several recommended measures
and is being suggested in most of the relevant literature.
Tracking the conclusive outcome, mortality and morbidity, seems highly warranted but can be difficult to obtain,

Employees

As the most apparent stakeholder, the patient must remain as the paramount focus and all internal procedures
must strive to yield as much value as possible to the
quality-in-care. In the periphery of performance measurement focus, treatment services are performed by the
employee, who is an essential resource for maintaining
the daily operations. High quality treatment and optimal
patient flow correlates with a high level of employee
contentment, low turnover, and great seniority [41].
In the included literature, the employee aspect has to
date not been given a high priority in the assessment of
ED performance [21].

Welch et al. raises the question of how and when to define that the actual patient progress has begun [32].
Does it start when the patient arrives at the ED or when
the patient is registered in the ED administration system? Ideally, the registration begins when the patient enters the ED facility but in practice this is difficult to
obtain. Therefore, the starting point often is at patient
registration. Local circumstances from patient arrival
to registration become a factor to include when
benchmarking externally.
How many performance measures to include?

Many emergency departments register large amounts of
data. Probably, not all registered data is being used. As
an ED decision-maker, it is impossible to investigate
causes and effects from all registered data. Therefore, it
is a necessity to determine which registrations appear
most rich in information. It is important to find equilibrium of the required number of performance measures
and invested work in collecting data. An extensive
amount of performance measures may enable detailed
analysis on the expense of extended time consumption.
Few performance measures have the advantage of quick
overview and thus lack the ability to take multiple aspects of performance into account. As can be read from
Table 2, the amount of recommended performance measures varies greatly as a result of desired levels of detail.
Criticism towards performance measurement in EDs

In parallel to the literature recommending certain performance measures, it is important to take notice of the
literature which adopts a more critical perspective towards the focus on performance measures [26]. In this
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Figure 2 Top 25% of highlighted performance measures in included literature.

literature, evidence and formalisation of ED performance
measures is questioned.
Evaluation of what is actually being measured, how to
provide evidence for the choices of performance
measures, and what the consequences are in implementation of any performance measurement framework is
essential.
The authors acknowledge that once a set of performance measures is agreed upon, these should preferably
be maintained over time to obtain sufficient data to add
statistical strength, validity and reliability to each measure. It is then, ED decision-makers are provided the
basis to decide whether to keep or discard given performance measures.
Sibbritt et al. suggests using statistical process control
(SPC) when monitoring the department’s performance
over time [36]. SPC is used to filter common cause variations from special cause variations. Application of SPC,
either control- or run-charts, makes it possible to track
alterations’ effects on key performance measures and is
increasingly used in International Health Institute related projects [42].
Data validity questionable

Gordon, Flottemesch, and Asplin report systematic errors and non-normal distributions in ED timestamps
which weakens the foundation on which managers make
their decisions [43]. Outcomes may also be prone to alterations if employees are given the opportunity to report better status than what is evident [44].
Once a set of performance measures are selected, validation should include a longitudinal study of the

retained set of performance measures to ensure construct validity and that clinical processes are driven in
the wanted direction [19].
Perspective

Future challenges include a consensus on which performance measures should be in current focus to grasp
crucial aspects of performance and contemporarily defining how these should be measured. Some performance measures may only be useful on a local level.
However, comparing essential performance measures between EDs could promote learning that supports further
quality improvements. It is imperative to agree upon
definitions on key terms and measures to promote comparability between ED efficiency and effectiveness.
A joint set of identically defined performance measures across EDs would be beneficial in terms
of benchmarking and ultimately continuous quality
improvements.
Further studies should investigate the interconnectivity
between the selected performance measures. Insight into
the performance measures’ mutual impact allows for
better understanding of ED performance. Furthermore,
the use of SPC is deemed a highly important tool in
data-driven leadership, since it is useful in measuring if
initiatives have the intended effects or variations occur
due to common causes.

Conclusions
A structured literature review served the purpose of
identifying which performance measures were analysed,
discussed or recommended to assess ED performance on
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a macro-level. The most emphasised performance measures were time intervals and patient-related measures.
Only few articles referred to the measurement of employee relevant measures.
In order to monitor the effect on different ED organisations and initiatives, consensus on a shared set of performance measures is needed. Consensus should include
agreement on how and when the data registrations are
gathered. These questions are crucial to address for
streamlining performance measurement, which could
allow for comparability between similar departments.
Moreover, investigation of the interconnectivity between the performance measures and how to measure if
launched initiatives have the wanted effects is a sensible
future research area.
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Abstract
Purpose – The purpose of this study is to first create an overview of relevant factors directly
influencing employee absence in the healthcare sector. The overview is used to further investigate the
factors identified using employee satisfaction survey scores exclusively. The result of the overall
objective is a management framework that allows managers to gain insight into the current status of
risk factors with high influence on employee absence levels.
Design/methodology/approach – The research consists of a quantitative literature study
supported by formal and semi-formal interviews conducted at the case organisations. Employee
satisfaction surveys were applied to analyse the development over time of selected factors correlated
with concurrent employee absence rates. Checking for causal results, comparisons with the included
published literature findings were also carried out.
Findings – Four major clustered factors, three of which constitute the term “social capital”, showed a
high degree of connection with employee absence rates. The factors are general satisfaction, fairness,
reliance and co-operation. Integrating the four elements in a management framework will provide
valuable and holistic information about the determinants with regard to current levels of employee
absence. The framework will be a valuable support for leaders with the authority to alter the
determinants of employee absence.
Research limitations/implications – Since a great part of the empirical material is supplied from
the healthcare sector, the results obtained could be restricted to this sector. Inclusion of data from
Arbejdsmarkedets Tillægspension (ATP) showed no deviation from the results in the healthcare
sector.
Practical implications – The product of the study is a decision support tool for leaders to cope with
levels of employee absence. The framework is holistic and can prove to be a valuable tool to take a
bearing of where to focus future initiatives.
Originality/value – Gathering former observational studies in a complete overview embracing
many relevant factors that influence sickness absence has not yet been attempted. Hospital
management is provided with valuable information when given insight into the factors that control
employee absence behaviour. Having this insight will enable the managers to promote a healthy
working environment, thus lowering employee absence rates to a minimum.
Keywords Key performance indicators, Sickness absence, Performance measurement, Decision support,
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Introduction
The health sector is currently under heavy political pressure. In recent years, rounds of
layoffs and decreasing budget limits have prevailed in Danish public hospitals due to
the economic recession that started in 2008 (Drachmann, 2010). Hence, a decreasing
Employee satisfaction survey scores and absence rates were supplied by Gentofte Hospital,
Hillerød Hospital, Bispebjerg Hospital, Southern Jutland Hospital and ATP.

amount of available resources will have to manage an increasing number of patients.
At the same time, managers also have to do an increasing amount of administrative
work alongside their daily operational tasks. These challenges haunt managers in
hospitals, who therefore need proper information in order to maintain the correct
treatment of patients and at the same time focus on maintaining a good working
environment. Thus, it is of utmost importance that the remaining staff attend work as
much as possible. How this is achieved could be through the retention of currently
available human resources in the workplace. High employee attendance can be sought
by directing the searchlight towards the reasons for employee absence and
investigating how this topic can be conceptualised.
In an effort to conceptualise employee absence, the term “sickness absence” is
elaborated. The term “sickness absence” itself is regarded by the author to be
imprecise. As an example, understanding the term “sickness absence” literally does not
correctly cover absence due to motivational reasons. Therefore, the term “employee
absence” is introduced in this paper instead, covering absence due to both lack of
motivation and being physically incapable of attending work.
Few attempts to conceptualise employee absence have been carried out to date;
those that have been undertaken have focused on motivation (Nielsen, 2008; Kristensen
et al., 2006; Kaiser, 1998) or from an economic point-of-view (Barmby et al., 2003). The
most cited model based on individual motivation on a unit level is still that of Steers
and Rhodes (1978).
Employee absence remains a complex phenomenon that can be caused by numerous
factors (Duijts et al., 2007). Asking employees in their natural working environment,
having fewer employees to treat increasingly more patients will intuitively result in a
poorer service level, increased waiting times and cancelled operations. Paradoxically,
the direct opposite situation has proven to be the case in the short term. Shorter waiting
times, lower mortality rates and sickness absence and higher patient satisfaction were
obtained at Frederiksberg Hospital (Drachmann, 2011). This fact speaks of high
complexity in coherence with sickness absence.
Common to most research is that a single or few factors is/are analysed in terms of
sickness absence in a variety of sectors. These factors are, for example, the influence of
work time (Laaksonen et al., 2010), workload (Roelen et al., 2007) and whether the
employee feels that he or she is part of a social community (Böckerman and
Ilmakunnas, 2008). The term “social capital”, comprised of the elements “reliance”,
“fairness”, and “co-operation”, has been verified to impact on working conditions and
employees’ wellbeing and is receiving increasing attention from all kinds of
organisations (Kristensen et al., 2008b). Since high scores in social capital are
equivalent to better working conditions and higher employee contentment, it is easy to
hypothesise that social capital may also influence employee absence patterns.
Emphasis on a more holistic and integrative approach in absence management is
suggested and desired (Dibben et al., 2001). In order to make such an approach, the
determinants of employee absence need to be recognised, but unfortunately they
remain elusive (Kaiser, 1998). Mapping and correlating formerly analysed factors with
direct influence on sickness absence will be an important step to understand which
determinants underlie sickness absence. When having pinpointed the determinants,
the stepping stone for future interventional studies in evaluating the effect of given
initiatives is prepared.
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For a more comprehensive assessment it is recommended to identify leading
(determining future events) and lagging measures (the outcomes) (Evans, 2004). To
identify the determinants of employee absence, many researchers carry out
comprehensive observational studies involving broad pools of participants
(Laaksonen et al., 2010; Nielsen, 2008; Michie and Williams, 2003; Munch-Hansen
et al., 2008). In this study, the approach has been to extract information using only the
scores from past employee satisfaction surveys.
The aim of this paper is to provide a clear and tangible overview of the factors
directly influencing employee absence. This is done by dividing the factors as
objectively as possible into two subcategories, i.e. voluntary and involuntary absence
(Chadwick-Jones et al., 1982). Identification of the factors leading to employee absence
enables analysis of determinants through:
.
calculating Pearson correlations (Johnson, 2005); and
.
calculating social capital.
Pearson correlations investigate the possible coherence of singled out factors with
absence rates, while social capital involves a different and more conceptual approach.
Encircling plausible determinants is thus performed using the two approaches. The
data material used for testing the literature findings on the case material is employee
satisfaction survey scores from a selection of Danish public hospitals. Interestingly,
one of the case organisations exhibits very low absence rates, while another is
burdened by high absence rates. Common to both is that they cannot explain why the
absence rates are as they are. This fact suggests a decisive difference in one or more
measurements in determinants. A practical framework showing the degree of
contentment in determinants controlling absence rate in the public healthcare sector is
proposed.
Methodology
In the research community of the Operational Management Department at the
Technical University of Denmark, the authors have previous experience with IDEF0,
which originally was a technique applied to modelling manufacturing processes, but
one that can be used for multiple purposes (Staccini et al., 2004). In this study the aspect
of layer representation had previously been applied to analyse the linkages between
patient and employee satisfaction. Employee absence was, among many other factors,
identified as an important factor connecting the two types of satisfaction. This allowed
deeper analysis of the contents contained in sickness absence, thus advancing one level
in IDEF0 terminology. Such an overview serves as an initial comprehension of the
complexity of employee absence while systematising the literature findings in
respective categories.
Analysing the causes of sickness absence
The present study is based on case research and focuses on sickness absence in detail.
The study comprises two stages. In the first stage, a new, thorough and more specific
literature study supplemented with structured interviews was performed. In the
second stage, a quantitative comparison of selected factors and employee absence rates
was made. The literature study served as a means of identifying the plausible
coherence of factors both interrelated and directly influencing the level of employee

absence. The fundamental literature was primarily based on all-peer reviewed journals
published after the millennium. The digital library of the Technical University of
Denmark was applied as a search engine. This digital library provides unified access to
more than 50 million scientific articles as well as e-books and journals. The specific
search words applied were “sickness absence” accompanied with more narrow terms
such as, for example, “healthcare” and “social capital”. Articles older than ten years
were only included if they were of special importance and in agreement with recent
publications.
Using an age criterion stems from the hypothesis that the healthcare environment
has undergone many changes during the last few decades. Correlations older than ten
years are, therefore, supposed to be of minor relevance.
Interviews were carried out in two rounds. Three interviews were conducted early
in the study to identify which factors primarily were leading to employee absence. The
interviews were of a semi-formal structure involving two senior doctors and two HR
consultants with a duration of approximately one hour. Both interviews involved two
interviewers, where one controlled the dialogue and the other took notes.
The first-round interviews served as a supplement to the literature study and
sought to cover possibly neglected factors. Two second-round interviews were
conducted four months later after having carried out the data analysis, undertaking a
similar approach. The purpose of the second-round interviews was to seek approval of
the results in the context of the case organisations.
Testing of the findings from the literature study and the interviews is based on a
selection of employee satisfaction surveys obtained from ATP[1], the paediatric
department at Hillerød Hospital[2] with an average of 6,500 annual discharges and the
radiology department at Southern Jutland Hospital[3] (abbreviated SHS in the
following) with an annual examination rate of 150,000 patients. ATP is a private
pension scheme managing a series of public work-related administrative tasks.
Inclusion of the ATP data was done with the desire to find possible cross-functional
similarities. Furthermore, a completed project concerning psychological working
environment and sickness absence (Mikkelsen et al., 2008) and two recently completed
projects by Merete Labriola (Labriola, 2006) and Martin Lindhardt Nielsen (Nielsen,
2010) respectively were also included. The results from these projects were used to
provide further evidence on behalf of the factors investigated.
The ASUSI project was initiated in 2003 at the request of the Danish government.
The ASUSI project (Mikkelsen et al., 2008) is based on five years of research, shedding
light on the socio-psychological causes of sickness absence. The project highlights
privacy matters, such as marital status, social inheritance and personality. The ASUSI
project is important because it contains data that are not included in standard
employee satisfaction surveys. Both Merete Labriola’s and Martin Lindhardt Nielsen’s
projects also concern the psychosocial working environment, but differ in their selected
approach.
A final theory for inclusion is the term “social capital”, here consisting of the three
interacting elements of fairness, reliance and co-operation skills (Kristensen et al.,
2008a). Social capital is commonly used as a means to measure potentially profitable
resources in an organisation. Quantification of social capital can be carried out by
gathering scores from four pre-formulated questions (Kristensen et al., 2008b).
Connectivity between a high degree of social capital and high satisfaction levels has
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been obtained across sectors (Nielsen, 2010; Thomsen, 2010). Since connectivity
between satisfaction levels and social capital has been confirmed, it is evident to test
whether a similar connectivity between absence level and social capital prevails.
Linkages described in the literature
A new and more specific comprehensive literature study was performed, giving insight
into which factors have been positively correlated with sickness absence in the
healthcare sector. Common to most of the investigated literature, an observational
approach was used, using surveys and interviews in order to clarify hypotheses of
possible relations (Roelen et al., 2007; Schreuder et al., 2011). Unfortunately, these
hypotheses usually give rise to new hypotheses that are left to be explored further.
Interventional research is thus highly necessary, but how the stated hypotheses are
tested in practice is not suggested. The present study results in a possible approach.
The factors identified were systematically grouped into two main categories:
(1) involuntary absence; and
(2) voluntary absence (Driver and Watson, 1989)
The difference between these two categories is that involuntary absence can be
described by the employee not being able to attend work, while voluntary absence can
be described by the employee not being willing (but able) to attend work. Quantitative
testing of the factors identified is made more obvious based on the amount of focus
given to them in the literature. The sorting of the various factors was done as
objectively as possible. Subjectivity cannot be avoided, since many of the factors could
possibly be placed elsewhere in the overview map. The authors have tried their best to
place the factors on either side of the voluntary/involuntary half. Validation of the
suggested overview chart was done by a specialist doctor in work medicine at the
Centre for Work Retention. Elaborating on the literature and interview findings, the
overview map of employee absence is shown in Figure 1.
Clarification of clustered elements
Notice that the linkages shown in Figure 1 indicate solely leading factors to absence
levels. Interrelated connections between factors are not shown, since these would only
contribute to enhanced complexity without adding further value. The reason for not
showing inter-connectivity is the desire to give a simplistic overview of a complex
phenomenon, without pruning down the level of detail.
Involuntary absence
With primary focus on the involuntary reasons for employee absence, the factors can
be clustered in a total of five different topics:
(1) working conditions;
(2) lifestyle;
(3) mental disorders;
(4) family causes; and
(5) common illnesses.
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Figure 1.
Overview of factors with a
direct influence on
employee absence level

With regard to working conditions, Laaksonen et al. 2010 found consistent associations
between sickness absence and the following factors:
.
heavy workloads;
.
hazardous exposure; and
.
ergonomic working posture.
Ala-Mursala et al. (2002) showed that poor health caused by lifestyle, involving high
alcohol consumption, smoking and obesity, had a negative impact on the level of
sickness absence in a Finnish cohort study involving municipal workers. Another
factor from the lifestyle topic contributing to sickness absence is excessive use of
medical products (Duijts et al., 2007).
Jensen et al. (2009) argue that mental disorders such as anxiety, stress and
depression all impact on the psychosocial working environment. When undergoing
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such mental changes, the risk of being absent from work rises. Identification of
employees with known sleep disturbances was found to be of great importance in the
prevention of health problems, both mentally and physically (Vahtera et al., 2006).
With regard to family causes of employee absence, two main concerns are highlighted.
Winkelmann (1999) argues that marital status and having a child predict one
additional day of absence per year.
The last cluster of elements was not mentioned in any of the papers in the literature
study, namely common illnesses such as headaches, having a cold or the flu (Mejlstrup,
2011). Even though this issue is not treated in the literature examined, common
illnesses are regarded as being the main reason for being incapable of attending work.
An interesting issue that arose is the individual comprehension of when one is too sick
to attend work. This fact brings a related topic of “sickness presenteeism” to the
attention, a topic that justifies a new study. Deciding to stay home can be considered to
rely on several parallel factors, thus adding further to the difficulty of differentiating
determinants in employee absence.
Voluntary and motivationally based absence
Voluntary, and thus motivationally based, absence is organised into three separate
clustered topics. These are factors concerning individual, sociopsychological and
economic job satisfaction (Løkke Nielsen, 2008; Kaiser, 1998; Kristensen et al., 2006).
Individually experienced factors are the same as getting a personal yield for a day’s
work effort. Less absence from work was predicted when having a high degree of
co-determination (autonomy) in a job, giving personal meaning. Variation in routines also
has an impact on absence level and is tightly connected to having undergone a higher
education (Notenbomer et al., 2006). Balancing the workload is very dependent on
personality features, both psychologically and physically (Bovier and Perneger, 2003).
Absence levels will rise if the workload increases. A means to boost the threshold value for
work effort is through recognition (Dieleman et al., 2003). Bovier and Perneger (2003)
additionally claim that greater seniority predicts lower absence levels.
Roelen et al. (2007) argue that being able to develop current personal skills will enhance
job satisfaction, thus lowering the total frequency of employee absence periods. The last
element making up the individually experienced job motivation cluster is the physical
surroundings. When exposed to a poor working environment, an increase in functional
inability seems inevitable regardless of ranking (Väänänen et al., 2005).
The socio-psychological factors are defined as being a social phenomenon. The
individual is affected by their co-workers’ attitudes, moral code and ethics (Rentsch
and Steel, 2003). Group coherence, the total number of employees in a department and
influence on team decisions all affect employee absence (Duijts et al., 2007).
The management style must be customised to fit separate teams, since guidance
and control is needed in variable amounts (Böckerman and Ilmakunnas, 2008).
Monitoring of teams becomes increasingly easier when expectations are matched
(Labriola et al., 2006). The clarification of team roles is of high importance when it
comes to employee absence levels, as stated by Salminen et al. (2003). Last but not least,
the absence culture and ethical norms must also be considered and can only be
influenced by company policies or restrictions to a certain extent (Johns and Nicholson,
1985).

All of the contractual relationships point towards economic job satisfaction.
Böckerman and Ilmakunnas (2008) point out that the employee will be influenced by
the contractual safety (i.e. job security), level of pay and the economic benefits of going
to work versus staying at home. When speaking of benefits, managers’ use of either
penalty or reward regulates employee attendance as well. Being tenured or working
only temporarily influences the level of absence (Koopmans et al., 2011).
A natural continuation of the explaination of absence due to working hours is
whether people work part-time or full-time (Harrison and Martocchio, 1998).
Furthermore, temporary regulations on sick pay in Germany proved to have a major
impact on attendance (Kaufmann et al., 2010; Puhani and Sonderhof, 2010; Ziebarth
and Karlsson, 2010).
Finally, age and gender are been placed in the middle, since this factor inflicts on
either side of the voluntary/involuntary cross line. Age and gender are personal
characteristics that add to the heterogeneity of employee absence; as an example,
personal comprehension of when “sufficient” illness has struck is highly independent.
It is important to note that none of the papers state that the given factors are of
governing causes but only contribute to the level of employee absence.
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Results
The derived results comprise two different approaches. First, the factors identified are
correlated in turn with absence rates. Second, the social capital is calculated for
selected departments.
Links identified in the literature correlated with gathered case material
The linkages identified in Figure 1 are correlated in turn with the employee satisfaction
survey results, searching for similar tendencies in absence level development. The
employee satisfaction surveys differ in structure, sample size and response rate. In
Table I, the sample size and response rate for the departments involved is presented.
The order in which the factors are correlated is dependent on the amount of focus
given in the literature studied. Pearson correlation coefficients are calculated, scouting
for either highly negative or highly positive values. Causality between results is
highlighted by comparing these with the literature reviewed and the results obtained in
the ASUSI, Labriola and Lindhardt Nielsen projects.
Added to the table are also non-comparable though high correlation coefficients
derived from a single department. In Figure 2, a schematic overview of the results
derived with accompanying shaded space threshold values is presented.
Notice that the boundaries for the apprehended intervals have been defined with very
sharp scales. Therefore, the reader is suggested to focus primarily on the correlation
coefficients shown in Figure 2. Only the newest of published satisfaction survey scores
were chosen for the analysis. The surveys chosen are only useful if the absence rates
appertaining to them are stated. Subjectivity cannot be avoided when selecting

Year of survey

2006

Hospital 1
2008

2010

2007

Hospital 2
2009

2010

Sample size
Response rate (per cent)

160
64

180
77.8

150
93.8

98
71.2

125
74

72
58

Table I.
Sample sizes and
response rates for
included employee
satisfaction surveys
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Figure 2.
Comparable results
between the radiology
department at Southern
Jutland Hospital and the
paediatric department at
Hillerød Hospital

indicative formulations for certain factors. For example, “fairness” is quantified by
collecting the responses to the question “Are conflicts solved in a just manner?”.
The most significant results obtained, using Pearson correlation and checking for
causality, are fairness, job security, general satisfaction with working conditions and
having thoughts about leaving one’s current job (see the column headed “Causality” in
Figure 2).
The correlation coefficient r is an expression of the similarity in development
between two graphs. The interval for r will always be [21; 1]. A positive value of r
indicates the same operational sign for the two graphs, whereas a negative value of r
indicates opposite operational signs.
The equation used for deriving the correlation coefficients is as follows:

r¼



n 
1 X
xi 2 x
yi 2 y
;
n 2 1 i¼0
sx
sy

where n is the total number of data sets correlated, xi and yi are the specific values of
the observations made in each data set, x and y are the average observational values,
and s indicates the standard deviation (Johnson, 2005, p. 374)).

Figure 3 shows the development between fairness and employee absence. The
Pearson correlation coefficient returns 20.821, and is thus highly negative. The result
indicates an opposite going direction between the two graphs, as can be seen in Figure 3.
The slope going from 2008 to 2010 becomes the dominant determinant in
determining the final correlation coefficient. The x-axis corresponds to the years in
which the employee satisfaction surveys were carried out. Two different y-axes are
depicted. The left y-axis is the interval for fairness, while the right y-axis is for absence
level.
Observing the development in job security contentment, a high positive Pearson
correlation coefficient is achieved. Job security took a steep dive during the observed
period, while the absence level seems to have followed the same tendency slightly (see
Figure 4).
Being content with the working environment proved to be highly positively
correlated with the employee absence level. This is a find similar to the results obtained
in the research of Labriola (2006) and the ASUSI study (Mikkelsen et al., 2008).
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Figure 3.
Fairness versus absence
level

Figure 4.
Job security versus
absence level
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Figure 5.
Working conditions
versus absence level

Figure 6.
Thoughts about leaving
current employer,
Southern Jutland Hospital
versus absence level

The question posed and used as underlying representation for working conditions
embraced both satisfaction with ergonomic posture, exposure to hazardous elements,
and also with having pleasant colleagues and good facilities. The graphical
representation of the development of working conditions versus absence level
demonstrates a very high positive correlation, as shown in Figure 5.
When an employee thinks of leaving the workplace it will result in a higher level of
absence (Figures 6 and 7). The graphical representations are made for the two
departments due to differences in the corresponding years in which employee surveys
were conducted. The scores are extracted only from positively formulated questions,
i.e. the percentage of employees who want to remain in their present position for the
coming years.
Turning away from correlation analysis, calculating the present level of social
capital can possibly be linked to the current level of absence. A total quantitative
measure of social capital can be derived from the scores accumulated from four specific

Healthcare
performance

75
Figure 7.
Thoughts about leaving
current employer, Hillerød
Hospital versus absence
level

questions (Kristensen et al., 2008a). The total score, which is indicated as social capital,
is calculated by multiplying the distribution of answers (in percentages) with a factor
of 0 to 4. Highly positive answers are multiplied by a factor of 4, and so forth.
For example, imagine a question containing five different answering options is
distributed as:
.
Very good, 12 per cent;
.
Good, 28 per cent;
.
Mediocre, 37 per cent;
.
Poor, 20 per cent; and
.
Very poor, 3 per cent.
The calculation of social capital is then carried out using the following approach:
ð0:12*4Þ þ ð0:28*3Þ þ ð0:37*2Þ þ ð0:2*1Þ þ ð0:03*0Þ ¼ 2:3 points:
The scores achieved by the analysed organisations match the statement of coherency
between the investigated factor and the absence level. Table II presents the calculated
scores for the questions applied to quantify the social capital. The social capital levels
are compared to the absence levels in Table III.

Hospital

Department

SHS
Gentofte
Hillerød
Bispebjerg

Radiology
All
Paediatric
Anaesthetics

The
management Confidence in
bears trust in
the
the
management’s
employees? announcements?
2.5
2.6
2.8
2.5

2.2
2.7
2.4
2.2

Are the
tasks
distributed
in a just
manner?
2.1
2.4
2.2
2.1

Are
conflicts Accumulated
solved
score, social
justifiably?
capital
1.8
2.4
2.4
1.8

8.6
10.1
9.8
8.6

Table II.
Scores obtained based on
separate hospital
departments
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The results presented in Table III suggest coherence between a high level of social
capital and a low level of absence. Continuous monitoring of the highly correlated
factors is recommended in order to minimise absence levels in future.
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Practical application of results
Knowledge of significant and controlling factors can be transformed into practical use
by creating a management framework. Accentuation and continuous monitoring of the
factors will give managers an instant status update on whether or not the analysed
department is in the danger zone of achieving high levels of absence. Hence, focus must
be directed towards those wards where low determinant scores are present.
The framework uses carefully formulated questions in order to attain a numerical
score representative for the separate factors (see Figure 8). The number of questions
used to evaluate a given factor ranges from one to five.
Starting from the left hand side in Figure 8, the superior categories are given.
Next, the significant clustered factors are stated. The “Note” column consists of the
questions used explicitly to quantify the clustered factors. The questions can be
incorporated as standard into future employee satisfaction surveys, providing a
foundation for assessing the development of the department’s social capital. In this
way, departmental budgets would not be burdened by another item of expenditure.
The scores are indicated here on a scale from 1 to 5. It is important to be cautious
when stating the questions because the scores have to correspond. In order to present
the scores in an intuitive and easily comprehensible manner, underlying macros
transform the average scores (seen in the far right-hand column of Figure 8) into a
shading code of dark, grey or light. Dark areas of interest require urgent attention.
Light dotted areas of interest (such as, for example, reliance in Figure 9) need further
monitoring to see whether the development turns better or worse. The striped areas
of interest are well-functioning areas that give no reason for alert. If, however, a given
score takes on a value near the threshold value between two intervals, the definitions
do not take this into account.
A high average score will be interpreted as being satisfactory, thus attaining stripes
(for example fairness in Figure 9). The questions must therefore be formulated
positively. The two columns on the right hand side of Figure 9 show first the numerical
score stated for the given question(s) and second the total average for the clustered
factor. More questions can be added. In order to achieve a more varied picture of the
present situation, a modification of the inserted questions can be made easily since the
framework is provided with the required flexibility to do so.

Table III.
Departments’ absence
rates compared to social
capital scores

Hospital

Department

Absence rate (average, per cent)

Accumulated score, social capital

SHS
Gentofte
Hillerød
Bispebjerg

Radiology
All
Paediatric
Anaesthetics

3.9
4.9
4.3
5.2

11.1
10.1
9.8
8.6
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Figure 8.
Example of a checklist
sheet
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Figure 9.
Dominant factors
represented by shaded
spaces indicating areas of
focus

The average scores are transformed automatically into a graphical representation that
highlights the state of the department/organisation in terms of employee absence risks
(see Figure 9).
The diamond form in the middle of Figure 9 reveals the overall clustered factors’
status. The squares in the four corners are the questions making up the given clustered
factor. The shaded spaces of the clustered factors shown in the diamond are
determined by the average scores of the values attributed to the questions in the
squares.
When the manager presents the scores to the employees, the graphical depiction
requires a minimum of explanation. The framework does not provide managers with
solutions as to how problems can be solved. This remains the manager’s task.
Considering the broad initiatives launched in the case organisations (Resting, 2010;
SHS, 2010), the management framework narrows the scope, specifically pinning down
the optimal target in the quest to bring down absence rates.
Discussion
There are many potential possibilities in performance measurement using
questionnaires. Through the use of questionnaires applied at two healthcare
departments, this study suggests a total of four overall elements to monitor when
managing the complex phenomenon of reasons for employee absence.
Concerning social capital, the scores from the four different questions are in
correspondence with the previously published absence rates (Kristensen et al., 2008a).
Only the scores from one of the hospitals differ slightly from the overall tendency,
being an opposite development between social capital and absence level. The reason
for this difference can be a variation in the formulation of questions used as indicators
for the scores.

At ATP the long-term focus on social capital has paid off in terms of high scores in
employee satisfaction with the benefit of low absence rates (Kristensen et al., 2008b).
The low absence rate at ATP must be interpreted by bearing in mind that employees
have the possibility of working at home. Therefore, the customer centre has been the
object of analysis, since the call centre requires employees to be present.
Questionnaires are regarded as a potential method to investigate unwieldy issues
such as possible reasons for employee absence (Traberg, 2010). Extraction of
information through the employee satisfaction survey scores obtained can prove
accurate, but there can be no guarantee that the management framework suggested in
this study is applicable as a stand-alone tool. To support future findings, it is
recommended that in-depth knowledge is gained about culture in a hospital
department by applying a combination of social science and semiotics (Latour, 2005).
The reason for recommending semiotics is due to its pragmatic approach
comprehending three terms, i.e. humans, structure and technology. Although
semiotics is a non-scientific approach, uniting these terms allows for in depth
insight into the culture prevailing at a Danish public hospital. This knowledge can
become explicit through interviews, workshops, and observations on site.
The limitations of questionnaires are described in much of the research literature,
focusing amongst other things on representative sample size (Skalland, 2011),
interpretation and understanding of the questions asked ( Johns, 1994) and
confidentiality issues in the health sector. Furthermore, the responses collected may
prove biased by the mood of the respondent. Employees showing a high degree of
satisfaction are anticipated to reply positively throughout a satisfaction survey. The
opposite result will be the case for employees with a low degree of satisfaction.
However, the questionnaires analysed were approved in terms of their validity by
external consultancy agencies, which speaks in favour of their statistical significance.
Since it is not obligatory for public hospitals to run employee satisfaction surveys,
such surveys are carried out rather sporadically and only once a year. Higher quality
data would allow for the use of multivariate statistical analysis, adding additional
validation to the results obtained.
This fact is an obstacle in terms of data analysis and comparisons across
departments. In the search to determine true findings, several hospitals were therefore
contacted and asked for the results of employee satisfaction surveys that they had
undertaken previously.
When doing comparisons of survey scores, it is important to interpret the results
with caution because of differences in the structure of the surveys. The various
consultancy companies providing the surveys present different standards and use a
wide variety of formulations in questions and presentations of the scores obtained
between customers. In years to come, more data will be readily available to further test
this study’s suggested management framework for its precision.
The results obtained from the interviews were basically gathered by applying the
research strategy of case studies (Yin, 1989). One of the strengths of this particular
strategy is that the researcher will gain in-depth knowledge about the subject of
interest in its natural surroundings. Generalisation of the results must be done with
care.
Regarding future application of the suggested framework introduced in this paper,
the factors identified through multiple case studies originate from the Danish
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healthcare sector. The application of this framework to other sectors has not yet been
tested. It may be that there are other more accurate factors dominating the level of
absence in the private sector.
Moreover, one cannot neglect the variation between individuals making it difficult
to pin down precise determinants in absenteeism that are valid for all. Generalisation of
the results must be done with caution, since only a handful of implied parties have been
included. To strive for a more solid basis for generalisation, the creation of a broader
international case study that would involve a larger number of public hospitals is a
way to obtain this. Having a broader span of data would allow for more in-depth
statistical analysis, thus accepting or rejecting the current indicators for absenteeism.
The framework is ready for use and can be merged with already existing
questionnaires. Monitoring the risk of possibly absent employees will open up the
possibility of taking preventive action if necessary.
Conclusion
Comprehension and specification of the determinants that control employee absence rates
was the main focus of this study. The approach started by conducting interviews and
scouting literature and afterwards analysing the scores from a wide selection of employee
satisfaction surveys carried out in the public healthcare sector. Having performed the
empirical study, provision of a tangible overview of factors directly influencing absence
rates, analogous to an IDEF0 chart, was made. The links identified were correlated with
concurrent absence rates to test for possible coherence in development over time.
The final product of the study was a management framework which can provide
healthcare managers with valuable and holistic information about the current status of
the determinants that control employee absence rates. The management framework
provides a practical and straightforward approach that transforms the examined
theory into a practical solution, which represents the contribution of this study to
sickness absence research. Additionally, the framework possesses a beneficial merging
with satisfaction survey standards as well as an easily comprehensible and visual
representation of scores. The manager is not only provided with insight into which
factors generally contribute to absence rates, but can also quantify the effect of
corrective actions. To support future findings from the use of the management
framework, initiatives to improve employee satisfaction must be suggested on the
basis of interviews and workshops with the employees concerned.
Since the suggested framework is not static, it is an iterative process to evaluate the
current determinants to test their validity.
Notes
1. See www.atp.dk/X5/wps/wcm/connect/atp/atp.com
2. See www.hillerodhospital.dk/menu/Afdelinger/Boerneafdelingen/
3. See www.sygehussonderjylland.dk/wm221871
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and Kivimäki, M. (2009), “Long working hours and sleep disturbances: the Whitehall 2
Prospective Cohort Study”, Sleep, Vol. 32 No. 6, pp. 737-45.
Corresponding author
Christian Michel Sørup can be contacted at: cmiso@man.dtu.dk

To purchase reprints of this article please e-mail: reprints@emeraldinsight.com
Or visit our web site for further details: www.emeraldinsight.com/reprints

PAPER 3

Health Systems (2014) 3, 105-116
Q 2014 Operational Research Society ltd. All rights reserved 2047-6965/14

WINI.palgrave-joumals.com/hs/

*

ORIGINAL ARTICLE

Patient safety and satisfaction drivers in
emergency departments re-visited - an
empirical analysis using structural equation
modeling

Christian M. S0rup 1 and
Peter Jacobsen 1
1
Department of Management Engineering,
Technical University of Denmark, Kongens
Lyngby, 2800, Denmark

Correspondem:e: Christian M. S0rup,
Department of Management Engineering,
Technical University of Denmark,
Produktionstorvet 424, room 229,
Kongens Lyngby, 2800, Denmark.
Tel: +0045 45254768

Abstract
How can emergency department (ED) decision makers contribute to increase
patient satisfaction rates? This question has been thoroughly investigated in
many hospital departments but not so much in the ED, which has led to a
number of untested hypotheses. Maximising value-added activities seen from a
patient's perspective has become an essential outcome in health care, meaning
that the untested hypotheses are in need of quantitative testing. This study
proposes an integrated framework in which four latent constructs reflecting
principal aspects of patient care are tested. The four constructs are entitled safety
and satisfaction, waiting time, information delivery, and infrastructure accordingly.
As an empirical foundation, a recently published comprehensive survey in 11
Danish EDs is analysed in depth using structural equation modeling (SEM).
Consulting the proposed framework, ED decision makers are provided with
information of where to launch high-impact initiatives to enhance current
satisfaction levels.
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Introduction
Many aspects <:Jf the emergency department (ED) make it an excellent
example of a complex health system. Several actors, such as doctors, nurses
and secretaries, are required to collaborate under time pressure and limited
space. Patient arrival patterns are difficult to forecast, since an ED can go
from quiet to busy and back to quiet in a very short time. When patients
enter the ED, their condition is typically unknown and is prone to possible
changes over time in a non-deterministic manner. Continuous monitoring
is thus an obligation in order to launch timely and appropriate action in case
of unforeseen deterioration of a patient's health. Furthermore, every patient
experiences a modifiable and continuous array of nursing and treatment
actions throughout the ED system. All these uncertainties make the ED
system subject to high degrees of variations, putting great demands on the
organisation's employees, processes, logistics, technology, and human
resources. When making the attempt to steer the ED towards continuous
quality improvements, it is paramount to identify key areas of where to
measure its obtained performance levels.
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The World Health Organization (2010) has suggested
three basic goals to include when assessment of a health
system is to be performed. These are (1) improving health,
(2) enhancing responsiveness to the expectations of the
population, and (3) assuring financial equitability: All
three goals are intertwined and are thus equally central to
consider when establishing a quality improvement programme. In this study, the focus will be on how to address
the expectations of the population (the ED patients)
because the task of including all three aspects in a single
study would become excessive.
Patient satisfaction has been considered a key outcome
to measure in the assessment of EDs and has attracted
much attention from both practitioners as well as academics especially throughout the last decade (Boudreaux
& O'Hea, 2004; Boudreaux et al, 2004). What still remains a
puzzle is which aspects to address to improve customer
value. Health care organisations have sought inspiration
in service industries but fall short because of the nature of
the health care customer service model. A striking difference is evident when a patient exhibits high levels of
satisfaction despite low-clinical care was delivered. Usually,
patients arrive at the ED with a predefined set of unique
expectations and requirements that must be met by the
health care providers (Toma et al, 2009). These expectations
tend to covary with level of acuity, since a patient requiring
urgent care is bound to be less critical in terms of satisfaction compared with that of a patient suffering from minor
injuries (provided that the urgent patient is treated adequately) (Smith et al, 2007). Nevertheless, there are common traits to be addressed in the attempt of promoting
patient perceived experiences. Most often, the communication between provider and patient is mentioned as the
primary driver for satisfaction, since a patient who is
continuously monitored, approached, and assured of
timely treatment will exhibit high levels of general satisfaction (Boudreaux & O'Hea, 2004; Welch, 2010).
Additional highly relevant drivers for patient satisfaction includes waiting times (Dinh et al, 2012), perceived
safety (Fenton eta/, 2012), and the health care providers'
technical skills (Toma et al, 2009). These traits are justified
in several studies but lack solid arguments for ranking
these in accordance with value adding actions (Taylor &
Benger, 2004). This study proposes an integrated framework in which four constructs reflecting key aspects of
patient care are tested. ED health care decision makers are
allowed insight into where resources are best utilised to
improve patient satisfaction. The important assumption
made in this study is that a patient's perceived safety
heavily influences patient satisfaction and is thus an
indirect indicator of satisfaction levels. This assumption is
well established in literature. Rathert et al (2011) investigated patient safety perceptions as the mediating variable
between service quality and patient satisfaction. Their
analysis showed that in two of the three cases patientperceived safety fully mediated the relationship between
service quality and satisfaction, the third case partly
mediated. If service quality is poor, rather than not
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meeting patient's predetermined expectations, this could
influence a patient's perception more heavily compared
with plain disappointment. Sorra et al (2012) examined
the direct correlation between general inpatient satisfaction and the employees' impression of patient safety and
found this relationship to be substantial. Hence, there is
some evidence that suggests patient safety and satisfaction
to be closely linked likely because of both being manifestations of a principal underlying hospital culture committed
to patient welfare.
Hypotheses to be tested
Common to most patients presented in the ED is a tendency
to overemphasise their need for urgent treatment. Often the
triage system is misinterpreted by patients to give unfair
advantages to those patients that arrive later than one self.
· Such an instance provides the source for a patient to perceive
the wait as being unacceptably long and feel neglected. In a
study by Bursch et al (1993), actual vs perceived waiting time
was investigated and found to be the essential parameter
that contributes to patient satisfaction rates. Their findings
suggest matching patients' expectations, so that presumptions of timely treatment are aligned with current workloads.
Perceived waiting times is also given the highest influence by
Kennedy et al (2008), who used 'patient who leave the ED
without being seen' as control variable.
Hl: Patients' satisfaction with waiting times is positively

connected to perceived safety and satisfaction.
Closely linked to a patient's satisfaction with waiting
times is a continuous flow of information of when he or
she can anticipate value-adding activities (Boudreaux et al,
2004; Taylor & Benger, 2004). If a patient experiences
unexplained or unclear wait, the time will feel longer and
may have a negative effect on general satisfaction and
security (Maister, 1985).
A study from Barcelona conducted in 2008 proved that
undertaking routine rounds of information delivery on the
patient's progress in the ED decreased the number of patients
who left before being seen; an outcome measure commonly
interpreted as an indirect measure of patient satisfaction
(Vidal et al, 2008). Information was delivered by oral tradition in the Barcelona study, but can be delivered through
different techniques. Currently, the impact of delivering
information through videotapes, closed circuit television,
and pamphlets are being investigated but has so far not
obtained the same positive result in patient satisfaction
(Welch, 2010). Information delivery is hypothesised to effect
satisfaction both on (1) perceived safety and satisfaction and
(2) waiting times. Hence, two hypotheses are proposed:
H2:

Delivery of precise in(onnatio11 on waiting times is
positively connected to patients' perceived safety and
satisfaction.

H3:

Delivery of accurate infonnation on estimated waiting
times is positively connected to patients' satisfaction witlt
waiting times.
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A new construct investigated in this study is named
Infrastmcture. This construct encompasses two aspects
being (1) how easy it is for the patient to navigate to the
correct treatment facility and (2) find an available parking
slot. Even though the construct may appear somewhat
peculiar at a first glance, both aspects have recently been
proposed to be important determinants for patient safety
and satisfaction rates (Kington & Short, 2010). A reason for
including proper signposting and guidance is because of
widespread general public confusion of the term ED. For
instance, in Denmark, the former urgent care unit and ED
were two independently working units, each denominated
differently. Through a recent restructuring of the preliminary hospital treatment facilities, it was decided on a
political level to merge these two units into one joint unit
(Holm-Petersen, 2010). Media disposition becomes important for informing the public when such a new concept is
launched. To date, familiarity with the new ED as a
concept still has room for improvement in Denmark
(Rimdal & Soerensen, 2012).
The merging of the two former units and concurrent
closures of smaller hospitals increases the amount of
patients to be handled. Hence, to ease the experience' of
getting to the ED, parking slots should be offered in an
adequate amount to avoid patients having to park far from
the ED. How to find ones way to the ED can become a
concern if it is not intuitively clear where to go and where
to park. If this becomes the case, a patient may experience
despair causing a feeling of insecurity to evolve.
H4: Satisfactory in(rastmcture is positively connected to

patients' perceived safety and satisfaction.
Despite researchers' intensive focus to highlight ED
patient satisfaction determinants, the variability in study
methodologies has been questioned and could potentially
lead to misunderstandings (Welch, 2010).
This study answers the call for a more confirmatory
approach in patient satisfaction research, incorporating a
priori hypotheses and testing these on a comprehensive
empirical data sample.
A framework will be proposed for ED decision makers to
target future initiatives to have the best impact in enhancing current patient satisfaction levels. A graphical presentation of the four analysed hypotheses along with direction
is presented in Figure 1.

Methods
Sample and procedure for data gathering
The Unit of Patient-Perceived Quality (UPPQ), a decentralised unit referring to the Capital Region of Denmark,
performs various patient surveys to map the general public
opinion on the encounter between patients and hospitals
or ambulatories on a national, regional, and departmental
basis. Results from the surveys are primarily applied for
quality improvement purposes, giving the hospitals an
opportunity to benchmark their current performance to

Christian M. Smup and Peter Jacobsen

107

Figure 1 Theoretical model.

other hospitals. Patients are also given insight into highperforming hospitals, thus able to choose a preferred
hospital accordingly. Unfortunately, patients in the
Danish EDs have not been subject to such a patient survey
until2012.
The first comprehensive patient satisfaction survey in
the Capital Region's EDs was conducted as a telephone
survey in the period between 20 February and 4 March in
2012. Only patients who had visited one of the 11 EDs in
the Capital Region of Denmark were eligible for the survey.
Eligible respondents were drawn from the given ED's
patient administrative database.
To identify which questions were to reflect all-round
ED performance the best, multiple approaches were
applied by UPPQ for triangulation purposes (Rimdal &
Soerensen, 2012).
In establishing the telephone survey, some prior investigation was carried out. Initially, a literature study including both national reports and international emergency
medicine literature was carried out to identify possible
patient satisfaction elements. Afterwards, UPPQ established a user panel where two representatives, a doctor
and a nurse, from each of the 11 EDs were summoned.
Eight themes identified in the literature study that reflect
typical aspects of patient experiences in an ED were subject
to elaboration. The themes were: (1) guidance of directions, signposts and parking facilities, (2) reception,
(3) waiting times (both actual and perceived), (4) relation
and communication between patient and staff, (S) examination, treatment and care in accordance to safety
and personal involvement, (6) information dispersion,
(7) physical surroundings, and (8) an overall evaluation
(Rimdal & Soerensen, 2012). Each theme was carefully
elaborated upon and suggestions to which key questions
should be posed were recorded. Subsequently, UPPQ conducted semi-structured interviews on location with ED
patients. These interviews contained questions about purpose of visit and which conditions should be fulfilled for a
positive experience and lasted in average 15 min each. 33
quantitative questions reflecting the eight themes reached
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consensus. Most questions utilised either a 3- or 5-point
Likert scale with a few questions open for additional
comments. One exception was the actual waiting times
where each time interval was categorised on a scale from
1 to 6. In order to include actual waiting times in this
study, the authors had to reverse the scale. The reversed
scale can be found in Appendix A2.
Before the main data collection, the survey was piloted
with a subsample of patients to ensure the content and
construct validity. Results from the pilot study are available from the authors upon request. The gross empirical
sample consists of 1940 ED patient responses. The distribution of responses was approximately 200 responses from
each ED. Few EDs were represented by a lower number of
patients as the attendance in the survey period was
correspondingly low. Only patients directly discharged to
their respective homes were included in the survey, which
excludes ED patients referred to other hospital departments.
A response analysis was conducted with gender as control
variable to test whether the applied sample is representative
for all ED patients. Males and females were found not to be
statistically different in their representation (Rimdal &
Soerensen, 2012). As the authors did not themselves conduct
the telephone survey, this study draws on secondary empirical data material. Not all respondents proved eligible in this
study because of possible bias. Responses made by either a
patient's guardian, relative, or parents were excluded for
further analysis (300Al). It is deemed possible that these
responses may reflect personal opinions rather than the
patient's experiences solely. The total sample that has been
used in this study contains a total of 685 patient responses.
Patient satisfaction data analysis
Three statistical techniques were applied to answer the
research question posed in this study. According to the
order used, these are first an exploratory factor analysis
(EFA), then a confirmatory factor analysis (CFA), and finally
structural equation modeling (SEM). The techniques will be
briefly described as follows.
Exploratory factor analysis
In this study, a prior analysis of the underlying structure
behind the selected variables was carried out through an
EFA. This technique is particularly suitable as it emphasises the presence of potential cross-loading factors and
illuminates unknown latent constructs, the latter being
constructs that cannot be directly measured. In doing
the EPA, an optimal number of latent constructs can be
determined along with individual factor loadings. Factor
loadings are numerical values that reveal direction and
strength of a single item on its latent construct. Highfactor loadings equal great coherence to a given construct. A prior EFA ensures that the following analysis will
reveal the best possible results with the empirical data
material at hand.
Attention to the theoretical foundation must remain in
focus as the calculations do not take causality into
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account. The more detailed description of the study's EFA
can be found in Appendix AI.
Confirmatory factor analysis
In the CFA, the number of latent constructs is specified
along with the relations between the observed variables
and latent constructs. EFA is different from CFA since the
latter is a hypothesis testing procedure. The CPA model,
which is commonly mentioned as a measurement model, is
specified in advance and the empirical data used for testing
the model consists of a correlation matrix containing the
correlations between all included observed variables. Factor loadings and error variances, that is the parameters of
the model, are estimated in order for the factor model to
generate a correlation matrix, which is as close an approximation as possible to the sample correlation matrix. There
are different methods of model estimation but the most
frequently used is maximum likelilzood, which has also been
applied in this study. Discrepancies between the two correlation matrices are used to evaluate how well the hypothesised model fits the empirical data. During the past 10 years,
which global goodness-of-fit measures to report and at
what threshold level have been subject to heavy debate
(Schreiber, 2008). This debate can be explained by the
questionable nature of several studies' results that draws on
the Jack of consensus on various statistical measures in SEM
(Shook et al, 2004). It is important to note that these
measures do not necessarily tell if the model is 'true' but
rather suggest if the model is statistically plausible.
This study uses threshold values recommended by Kline
(2011). Those factor models that fit the data well are
deemed plausible, whereas those that do not must be
either re-specified or rejected.
The widely acknowledged and commonly used two-step
approach by Anderson & Gerbing (1988) was followed.
The two-step approach involves 'a separate estimation
and respecification of the measurement model prior
to the simultaneous estimation of the measurement
and structural submodels' (Anderson & Gerbing, 1988,
p. 417). Unlike the one-step approach where measurement and structural models are estimated simultaneously, the two-step approach has the strength of being
purely confirmatory and the hypothesised model is tested
independently. With the measurement model confirmed
by sufficient model fit, a structural model served as means
to quantify path coefficients, while testing the relationships between the constructs. Whereas all latent constructs are allowed to covary in the CFA, in SEM only the
hypothesised paths are tested.
Structural equation modeling
To analyse relations among the latent constructs simultaneously results in a more precise estimation of constructs
while dodging biases related to single-indicator models. An
appropriate and powerful technique to do so is SEM.
SEM is a composite technique, which includes three
statistical techniques, namely, path analysis, factor analysis,
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and multiple regression that allows for modeling of complex 'causal' relationships between observed and latent
variables. Compared with other statistical procedures, a
more detailed set of assumptions about causal relations
can be accommodated by SEM.
It is important to note that SEM is an a priori technique,
implying that the technique is not suitable for exploratory
purposes.
In this study, SEM has been applied using MPlus version
6.12 (Muthen & Muthen, 2007) to test the hypothesised
relationships between the included latent constructs: (1)
waiting times, (2) information delivery, (3) safety, and (4)
infrastructure. In practice, the measurement model (CFA),
in which all latent constructs were allowed to covary, is
modified to only include the hypothesised links. SEM has
been chosen as the preferred analytical tool because of its
usefulness in testing the developed theoretical model as it
allows for concurrent estimation of many relationships
between observed/manifest and latent variables. Moreover, SEM takes measurement error into account. One
nested structural model (competing model) was assessed
to determine which model represented the best fit, thus
reflecting the underlying data set the most while still being
grounded in theory.

Results
Survey responses
In total, 1.940 patients reported their experiences in the
telephone survey. Of these, 53% were males and 4 7% were
females. The age distribution in the telephone survey is
presented in Table 1.
A sample of patients from all EDs in the capital region of
Denmark where drawn and the distribution of patients is
presented in Table 2.
Extraction of the 685 patient responses was done based
on a listwise deletion of the eligible 1358 patient
responses, that is, only patients who had answered all 14
questionnaire items were usable. No response rate has
been calculated for the telephone survey because of the
difficulties connected to this technique. The difficulties are
owing to the patients who could not be dialled because of
not having registered a telephone number or patients who
did not answer the telephone call. Therefore, more
patients could potentially have been included in the
telephone survey. The upper limit of 200 patients per ED
was set because of time limitations.
Exploratory factor analysis
A final set of mutually uncorrelated factors was extracted
through the EFA using varimax rotation. The rotated component matrix is presented in Table 3. As a requirement,
Table 1 . Age distribution among respondents
Age
Percentage

0-4
9

5-9
8

10-19
20

20-39
19

40-59
21

60-79
17

80+
6
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Table 2 Number of telephone interviews sorted by ED
Unit

Amager hospital
Bispebjerg hospital
Bornholm hospital
Frederiksberg hospital
Frederikssund hospital
Gentofte hospital
Glostrup hospital
Elsinore hospital
Herlev hospital
Hospital of Northern Zealand
Hvidovre hospital
Amount in total

Amount of patients surveyed

198
158
67
184
149
206
208
137
204
208
194
1.940

factor loadings must be > 0.7 to exhibit suffident affiliation
to a given construct (Farrell, 2010).
The two items denoted 'Facilities' were removed from
further analysis because of insufficient factor loadings. By
applying the EFA, it can be concluded that the involved
items defines four constructs to satisfactory. Subsequently,
the four constructs are linked to existing literature.
On the basis of prior research suggesting important ED
patient satisfaction drivers, Welch (2010) promoted five
key constructs and several constructs of minor importance
in influencing patient satisfaction rates. In this study,
patient satisfaction and safety is examined based on four
latent constructs developed through the prior EFA while
rooted in existing literature.
Following Welch (2010), a patient's expectation to be
treated wifh minimum waiting time has received a lot of
focus in the past decade. Waiting times are operationalised
in terms of both actual waiting times and the patients'
perceived waiting times. The previous is measured for (1)
the entire stay in the ED and (2) the wait from entrance to
initial encounter with a health care professional.
Adopted from Boudreaux et al (2004), infonnation delivery is measured since well-informed patients are likely
to feel more secure and thus exhibit greater degrees of
satisfaction (Krishel & Baraff, 1993; Thompson et al, 1996).
Unexplained and uncertain waits feel protracted and has a
negative impact on the patient's perceived wait, which
suggest a hypothesised causal link between information
delivery and perceived waiting times. Safety and Satisfaction
is another included construct that encompasses primarily
perceived safety but also contains a single element concerning an all-round evaluation of the entire ED stay.
The safety and satisfaction construct draws upon different aspects of how secure the patient feels about the
examination and treatment given, how secure the patient
feels in returning home, what symptoms to be aware of
after discharge and who to contact in case of exacerbation
when returned home. One additional control and outcome measure is included in the safety construct, namely,
the total impression of the ED visit. As safety can be
regarded as a more critical measure, it is found reasonable
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EFA factor loadings (n=685)
Construct

2
sp7
sp8
sp14
sp15
sp16
sp17
sp20
sp25
sp26
sp27
sp28
sp29
sp31
sp13a

Table 4
Cronbach's a

Safety and satisfaction (5-point
Likert scale)

0.825

Waiting times Rescaled (1-6)
Reverse scaled (3-point Likert ·
scale), (5-point Likert scale)

0.811

Infrastructure (newly developed)
(5-point Likert scale)
Information delivery (5-point
Likert scale)

0.687
0.677

0.871
0.887
0.894
0.767
0.739
0.803
0.818
0.799
0.315
0.519
0.705

0.331
0.373
0.850

Descriptive statistics
Items

Do you feel very secure, secure, insecure, or very insecure that you have
received the correct examination and treatment in the ED?
How do you evaluate the information about which symptoms you should be
aware of after you returned home?
How do you evaluate the information about who to contact in case you
experienced any symptoms after you returned home?
Did you feel very secure, secure, insecure, or very insecure in returning home
from the ED?
What is your total impression of your visit in the ED?
Waiting times distributed in triage levels
How will you describe the duration of wait time from your reception till your
initial examination?
How do you evaluate the length of the total wait time during your entire visit
at the ED?
How do you eva lute the posting of signs to the ED?
How do you evaluate the parking possibilites when you arrived at the ED?
Where you informed of why there was wait time from your reception to your
initial examination?
Where you continuously informed of the development in wait time from your
reception to your initial examination- for instance, by the personnel or
shown on an information board/screen?

by the authors to place an overall evaluation measure in
this construct.
Finally, the last measure denoted that infrastnccture is a
newly developed construct and refers to (1) the provision
of precise and understandable guidance to the ED and (2)
adequate number of patient parking slots near the ED. This
issue should receive special attention if new technical
terms for the ED are applied or the layout is changed.
Table 4 summarises all applied questionnaire items
accompanied with Cronbach's a as estimate for each
construct's internal consistency, which means how closely
a set of item relates as a group. In this study, a Cronbach's a
cut-off value of 0.6 was deemed sufficient as advocated by
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4
0.883
0.867

Intuitive signposting
Parking possibilities
Wait times, perceived (arrival to treatment)
Information, reason for wait times
Information, progress in wait times
Wait times, perceived (total stay)
Safety, correct treatment
Safety, symptom awareness
Safety, contact person
Safety, discharge
Facilities, overall assessment
Facilities, cleanliness
Total impression of ED visit
Wait times, actual

Construct

3

(Hair et al, 2010, p. 125). Specification of scales is stated for
each measure.

Confirmatory factor analysis

The CFA was used to evaluate the properties of the scaled
questionnaire items for each construct extracted from the
obtained patient satisfaction survey. Means, standard
deviations, and correlations for the observed variables are
presented in Table 5.
All four constructs displayed acceptable levels of reliability as indicated by (1) composite reliability ranging from
0.68 to 0.92; and (2) average variance extracted (AVE)
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TableS Correlation analysis including means and standard deviations
Numbers Items

1
2
3
4
5
6
7
8
9
10
11
12

Guidance assessment
Parking possibilites assessment
Waiting times, actual
Waiting times, perceived initial
Waiting times, perceived total
Information, waiting times reason
Information, waiting times
development
Safety, correct treatment
Safety, symptom awareness
Safety, contact person
Safety, discharge
Satisfaction, total impression of ED
visit

Mean

Standard
deviation

0.26
0.26
0.43
0.33
0.23
0.24
0.06

0.20
0.19
0.21
0.21
0.13
0.12
0.12

1.00
0.52
0.08
0.12
0.02
0.08
0.14

1.00
0.08 1.00
0.09 0.76 1.00
0.05 -0.07 -0.01 1.00
0.05 0.01 0.05 0.51 1.00
0.12 0.45 0.57 0.02 0.11 1.00

0.16
0.23
0.22
0.16
0.20

0.17
0.17
0.16
0.17
0.17

0.05
0.13
0.14
0.09
0.16

0.11
0.15
0.16
0.09
0.14

ranging from 0.78 to 0.93 (Fornell & Larcker, 1981). The
AVE number indicates the average amount of variation
that a given latent construct can explain in the associated
observed variables and should equal more than 0.50 (Hair
et al, 2010). As an example, latent construct A correlates
with observed variables x 1 and x2 • The square of the
correlation gives the amount of variation in the separate
observed variables that the latent variable accounts for
(called the shared variance). Averaging the variance across
the observed variables related to a latent construct ultimately gives the AVE (Farrell, 2010). The baseline measurement model is presented in Figure 2.
As follows, recommended fit indices were extracted to
assess how well the a priori model fitted the sample data.
The measurement model's x 2 test of model fit was found
to be significant (/= 152.126, df=48, P<0.001). Great
model fit is recommended to provide an insignificant
result above a P-value of 0.05 and is often mentioned as
measuring 'badness-of-fit' (Barrett, 2007). However, the :1
measure, in its nature as a statistical significance test, is
sensible to sample size, which nearly always results in a
rejection of the model when larger samples are applied
(Joreskog & Sorbom (1993); Kline, 2011). Again, the data
sample size was 11 = 685 for this study. Complete reliance on
the x 2 measure is unwarranted and criticised in literature,
drawing attention to other comparative fit indices. These
comparative fit indices measure incremental improvements
of the model fit by comparison of the hypothesised model
and a restricted baseline model. Root Mean .Square Error of
Approximation (RMSEA) is one measure that takes the error
of approximation in the population into account, while
being sensitive to the number of estimated parameters in
the model (Muthen & Muthen, 2007). RMSEA favours
parsimony as it will prefer the model with minimum
estimated parameters.
Cut-off values have lowered steadily during the past
decade and now, a value below 0.08 is considered a good

2

3

0.23
0.16
0.13
0.15
0.33

4

0.29
0.22
0.18
0.23
0.43

5

0.04
0.04
0.05
0.02
0.07

6

0.07
0.11
0.08
0.05
0.14

7

0.31
0.19
0.14
0.23
0.43

8

1.00
0.43
0.37
0.57
0.54

9

10

11

12

1.00
0.72 1.00
0.48 0.45 1.00
0.44 0.40 0.48 1.00

fit. Further, the Comparative Fit Index (CFI) considers
sample size and values above 0.90 indicates good model
fit (Hu & Bentler, 1999). If the survey instrument contains
items with different scales, the Standardised Root Mean
Square Residual (SRMR) can be calculated as an estimate of
the difference between the sampled and predicted correlation matrix. An SRMR value of 0 indicates perfect fit but
values below 0.08 are deemed a good fit (Hu & Bentler,
1999). The measurement models goodness-of-fit indices
were satisfactory. RMSEA equalled 0.056 with a 90%
confidence interval of 0.046 (low) to 0.066 (high). CFI
was 0.963·and SRMR was 0.049.

Structural equation modeling

Evaluation of the causal links between the latent constructs is examined in the structural model. The baseline
theoretical model (Model 1) that fitted the data sufficiently was tested (RMSEA = 0.058, CFI = 0.960, SRMR =
0.058, x 2 = 161.840, df=49, P<0.001). Afterwards, the
baseline model was compared with another nested structural model grounded in theory. Two models can be said
to be nested if one is a subset of the other (Kline, 2011,
p. 214). The two models (baseline and competing) are
depicted in Figure 3.
The fully mediated model (Model2) was compared with
the baseline model by removing the direct path from
information delivery to safety and satisfaction. Such a
change suggests that satisfaction with infrastructure and
safety and satisfaction is mediated by both information
delivery and waiting times and as such is a potentially
more parsimonious solution. Unfortunately, eliminating
the path between information delivery and perceived
safety seems to have damaged the model slightly because
of an increase in RMSEA (~RMSEA=+0.01), a decrease in
CFI (~CFI = -0.02), an increase in SRMR (~SRMR =+0.02),
and an insignificant increase inx 2 (~x 2 =+5.96, P<0.02).
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Triage levels

Wait acceptable
Correct examination
and treatment

LOS acceptable

Cause of wait

Continuous info
Safety in discharge

Signposting

Total impression of
visit

Parking possibilities

Figure 2 Measurement model (CFA). Error terms omitted. LOS= Length of Stay.

Figure 3

Baseline and competing SEM model.

Reviewing the fit indices, Model 2 obtains reduced
values that indicate minor misspecification compared with
the baseline model, even though the :1 test is only near
significant (at significance level a= 0.01). The nested models are presented in Table 6.
The latent constructs infrastructure and information
delivery comprise less than the recommended three
observed variables. This can result in an unidentified model
which is not possible to solve. Despite having two items
define infrastructure and information delivery accordingly,
model identification did not prove to be a problem since no
error messages was stated when the model was run (error
messages notify the user of identification issues). Mplus can
conduct a non-identification check through the use of the
singularity check of the sums of squares and cross-products
of first-order derivatives. Such a check will notify the user in
case of non-identification issues.
Requirements for the sample size depend on a row of
factors. Instances of such factors are amounts of missing
data, distribution of variables, reliability of variables, and
size of the hypothesised model (Muthen & Muthen, 2007).

Health
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This study contains a sufficiently large sample given the
relatively simple model making the authors confident of
the robustness of the results. In addition, the data sample
was prepared before Anderson and Gerbing's suggested
two-stage approach with no missing data, high-reliability
coefficients, and near normal distributed items.
Transformation of data was necessary because of a high
all-round level of patient satisfaction reported in the
empirical material (Rimdal & Soerensen, 2012), making
the response distribution skewed to the right. All items
were subject to a natural logarithmic data transformation
to enhance a near normal distribution character.

Hypotheses tested
By application of Model 1, that is, the best of the tested
structural models, it was possible to test and acquire
estimates of all stated hypotheses. Both standardised and
non-standardised path coefficients are reported in Table 7.
Beginning with the relationship between safety and
satisfaction and waiting time (Hl), a positive and significant
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Table6
Number

Model

0
1

Measurement model
Base line model
Modei1-0 difference
Delete Safe+Satis ON Info
Model 2-1 difference
Model 2-0 difference

2
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Fit indices for structural models
.ilCFI

CFI

0.963
0.960

RMSEA

0.056
0.058
-0.003

0.958

x2

df

152.126
161.840

48
49

167.800

50

.ilRMSEA

0.002
0.059

-0.002
-0.005

.il,r2

.ildf

9.71

0.001
0.003

5.96
15.67

p

P<O.Ol
P<0.05
P<O.Ol

2

Table 7 SEM results of tested hypotheses
Hypotheses

Description of path

Hypothesised direction

Standardised path coefficients

Non-standardised path coefficients

H1

Safe+Satis- Wait
Safe+Satis- Info
Wait-Info
Safe+Satis- Infra

+

0.425""
0.097*
0.051
0.161""

0.338*"
0.192*
0.127
0.156*"

H2
H3
H4

+

+
+

Note: N=685, P<0.05*, P<O.Ol**.

path coefficient was confirmed (r=+0.338, P<0.01). HZ,
which anticipated safety and satisfaction to be positively
connected with information delivery, was found to be
supported to a significant degree (r= +0.192, P<O.OS). Interestingly, the hypothesised relationship between waiting
times and information delivery (H3) did not prove statistically significant despite correct direction (r= +0.127, P<0.1).
Finally, safety and satisfaction connected to infrastructure
(H4) did receive support (r=+0.156, P<0.01). All regression
coeffidents extracted from the best fitted structural equation
model can be seen in Figure 4.

Discussion
ED patient satisfaction can be viewed as a key component
of a larger more complex ED performance evaluation
system built from performance metrics of special interest
to several stakeholders. This study adds to existing knowledge by introducing a more advanced statistical method
for testing hypotheses proposed in recent peer-reviewed
scientific literature. In this study, some of the key underlying mechanisms of what drives ED patient satisfaction
has been illuminated and tested. This new knowledge can
prove beneficial for multiple ED stakeholders as where to
put effort in order to enhance patient satisfaction levels.
Proven in this study, minimising waiting times will
increase safety and satisfaction levels the most; a result
consistent with much other literature findings. For instance,
Pines et al (2008) connect patient's length of stay (LOS) to
the likelihood of recommending the ED to others and
perceived overall hospital-care assessment. The key issue is
to limit the time interval from the time where the patient
arrives to the time for initial assessment, while the patient is
given the feeling that he or she is continuously being cared
for. Especially being cared for in a timely manner is highlighted by multiple authors as being the prevailing determinant in patient satisfaction (Welch, 2010). A recent study by

Figure 4 SEM results of tested hypotheses, non-standardised
path coefficients only
Note: N=685, P<0.05*, P<0.01**.

Dinh et al (2012) points out the coherence between actual
and perceived waiting times. Indeed, acceptable waiting
times is a subjective matter, since one patient may find a
certain wait too long, whereas another patient, suffering
from similar symptoms and within the same triage level,
would find the wait perfectly acceptable.
In continuation of waiting times, dispersion of continuous information acting as mediator was confirmed to be
the second most important measure in connection to
perceived safety and satisfaction. Past studies have shown
that improved information does lead to enhanced satisfaction levels and can be obtained by fairly easy changes, for
instance, handing out a business card upon first encounter
with the patient (Guss et al, 2013). However, not all
interventions have positive outcomes making information
delivery techniques a prospective research area for the
future.
The obtained SEM results were presented to the UPPQ at
Frederiksberg Hospital in February 2013. Of the 20 tenured
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employees in the unit, 15 participated in a 1 hour workshop, reflecting on the SEM outcomes and pinpointing
potential future research areas. The SEM results were
confirmed to be aligned with their experience based on
their former studies in other hospital departments, thus
adding to external validity (Karlsson, 2009).
Patient satisfaction data has recently been used in
similar SEM studies. SEM has been used to model and test
hypotheses, for instance, concerning the health care provider's interpersonal and technical skills (Berget al, 2012),
relationships between different decision-making-related
constructs (Holzel et al, 2013), and various background
variables connected to all-round patient satisfaction (Sabin
et al, 2007). As such, the studies mentioned each investigate
an isolated part in order to better understand the complexity
behind patient satisfaction. There is a potential to combine
these studies in a larger model to conduct a simultaneous
estimation of more relevant hypotheses. If such a model is
pursued, a better understanding of what the patients want .
during their ED stay will be obtained.
As an alternative to SEM, partial least squares regression
(PLS) could be applied in cases where the theory is not well
developed and where observed variables are likely not
to support a sufficiently specified measurement model
(McDonald, 1996). PLS applies limited information methods to provide some statistical estimates, which implies
minimal requirement of the data. This comes in contrast
to SEM, where overall optimisation in parameter estimates
is sought through a complete information estimation
technique (for instance, maximum likelihood). Examples
of PLS use in health care includes measuring out-patient
satisfaction (Wicks & Chin, 2008) and on best practice in
implementing a Balanced Scorecard (Lovaglio, 2011). In
this study, PLS would not be deemed sufficient to fully
exploit the potential of the empirical data set.
This study provides valuable information on which
patient satisfaction elements to monitor. As the hypotheses could not be disregarded, the constructs examined
could be implemented in already existing quality-monitoring systems. In this way, potential initiatives could more
easily be assessed if they have the wanted impact on
patient satisfaction rates and changes in procedures and
policies could be made accordingly.

Umitatlons
Some practical constraints do limit the interpretation of
the results obtained. On the other hand, these limitations
also make fellow researchers aware of potential pitfalls.
First, the obtained data set does not allow for preclusion
of alternative causal explanations. Reliability would be
enhanced if the study was replicated by the use of a
longitudinal study design. Second, all included latent
variables have been extracted and documented in published peer-reviewed literature. However, this does not
rule out the existence of other equivalently important
constructs, for instance, staff communication skills
and technical competencies (Berg et al, 2012). Much
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emphasised, and deemed to be the strongest predictors
of ED patient satisfaction, is the communication between
patients and health care professionals (Boudreaux et al,
2004). Interpersonal interaction with ED clinicians or
nurses can be improved by changes in attitude to promote expressive quality, for instance, by apologising for
prolonged waiting times, have good eye contact, appear
interested, and concerned when the patients describe
their problems, and explain test results and plausible
implications.
One potential shortcoming of this study is the fact that
the telephone survey, which provided the empirical foundation for the analysis, was not designed for a subsequent
SEM approach in mind. For future research with a wish to
apply SEM, it would be imperative to formulate survey
questions in constructs of three or preferably more questions (observed variables) each (Kline, 2011, p, 126). This is
in compliance with Anderson et al (1998) who recommend
aggregating patient satisfaction scores based on multiple
measures rather than on single measures. With sufficient
observed variables compared with model complexity, the
model will become over identified, meaning that it will be
theoretically possible for the simulation software to derive
a set of parameter estimates based on the input data.
Although, the telephone survey was not intended for
such an analysis, Likert scales were primarily utilised making it possible to apply SEM with reason. To advance current
knowledge, future studies could extent the presented model
with more latent constructs including control measures,
such as 'likelihood to recommend' and 'overall satisfaction'.
By inclusion of such measures, a separate construct denoted
'satisfaction' could rightfully be established thus disentangling safety from satisfaction in future studies. Normal
distributed input data is usually a general requirement for
SEM but is most often not the case in practice. Therefore, a
data transformation was necessary to modify the shape of
the data into an adequate distribution. Given the skewed
distribution of satisfaction survey responses towards a positive opinion, an altered Likert scale should be applied to
make the answers more normal distributed. For a 5-step
Likert scale, this could be defined as 'poor, fair, good, very
good, excellent' in order to give a more nuanced view on
satisfaction (Trout et al, 2000).
The authors acknowledge that other aspects on patient
satisfaction survey design improvements, such as respondent biases, survey timing, standardisation issues, crosssurvey comparisons, and language barriers are evident.
However, these instances are addressed in much other
literature. The analysed model was chosen for parsimonious reasons to reduce model complexity.

Conclusion
This study's key contribution is an empirical investigation
of four stated hypotheses in contemporary patient satisfaction literature concerning what patients prefer the most
when in need of services from an ED system. In a recent
comprehensive sample of patient satisfaction scores

An empirical analysis using structural equation modeling

stemming from 11 Danish EDs, three of four hypotheses
were confirmed with statistical significance by the use of
SEM. Even though the path coefficients obtained are of
minor magnitude, most emphasised is the connection
between perceived safety and satisfaction and waiting
times. If this link in particular is addressed in practice, ED
patient satisfaction feedback is likely to improve the most.
ED decision makers are endowed with insight to launch
initiatives with potentially higher impact, serving to refine
an important cog in a highly complex health system.
Future research includes extending the presented SEM
model with more latent constructs that potentially could
shed light on other valued patient satisfaction drivers. In
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addition, an interventional longitudinal study design is
deemed appropriate to see if specific initiatives targeted to
this study's presented results have the wanted effect on ED
patient satisfaction levels.
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analysis is an appropriate technique for categorising the
underlying data set. The method of extraction used was
the Principal Components Analysis with varimax rotation.
A gross list of 14 items listed in the third column of Table 4
were analysed on a sample of 685 eligible patients. KMO
equalled 0.767 that is in range of the acceptable boundaries (0.6; 1) (Tabachnick & Fidell, 2013). Bartlett's Test of
Sphericity tests the null hypothesis that the correlation
matrix is an identity matrix, thus rejection is wanted. This
test displayed a satisfactory P-value (P<0.001), since this
value must be significant at a= 0.05 (Nunnally &
Bernstein, 1994). Determination of the optimal number
of clusters can be estimated by Kaiser's criterion, which
relies on eigenvalues> 1 (Kaiser, 1958). Kaiser's criterion
revealed a total of four clusters. It is important to acknowledge that Kaiser's criterion is criticised for its unilateral
threshold value for the eigenvalues. This means that an
item with eigenvalue 1.01 is included, whereas another
item with eigenvalue 0.99 is excluded. Hence, the scree
plot was consulted for confirmation purposes. Again, four
clusters were found to be the optimum number of dusters.

AppendixA2
Table A2 Categorisation of actual waiting times
Minutes

AppendixAl
Selected measures from the survey instrument were examined for an initial unrotated solution by calculating the
'Kaiser-Meyer-Olkin (KMO)' measure of sampling accuracy
and 'Bartlett's Test of Sphericity' (Miller et al, 2005). These
two tests advise the researcher whether or not factor
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Abstract Emergency department (ED) crowding has

hospital managers can benet from virtual scenario test-

been an increasing problem worldwide. Previous research

ing within a safe simulation environment to immedi-

has identied factors that contribute to ED crowding.

ately visualize the impacts of policy adjustments.

However, the relationships between these remain incompletely understood. This study's objective was to
analyse the eects of initiating a local protocol to alle-
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crowding

·
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·

·
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·

emergency department

viate crowding situations at the expense of increasing
returning patients through the development of a system
dynamics (SD) simulation model. The SD study is from

1 Introduction

an academic care hospital in Boston, MA. Data sources
include direct observations, semi-structured interviews,

Emergency department (ED) crowding has for decades

archival data from October 2013, and peer-reviewed lit-

been acknowledged as an international problem com-

erature from the domains of emergency medicine and

promising health outcomes [16]. Hospitals have been

management science. The SD model shows interrela-

cutting the number of inpatient beds for budget reasons

tions between inpatient capacity restraints and return

while the demand for emergency care services is on the

visits due to potential premature discharges. The model

rise [4]. The American College of Emergency Physicians

reects the vulnerability of the ED system when ex-

(ACEP) updated their position statement in February

posed to unpredicted increases in demand. Default trig-

2013 along with various policy recommendations aimed

ger values for the protocol are tested to determine a bal-

at mitigating crowding situations [1]. Despite the rec-

ance between increased patient ows and the number of

ommendations, crowded EDs were still a growing prob-

returning patients. Baseline simulation runs for generic

lem. In 2006, the Institute of Medicine published their

variables assessment showed high leverage potential in

report entitled Hospital-Based Emergency Care at the

bed assignment- and transfer times.

Breaking Point with a warning that the current system

A thorough understanding of the complex non-linear

is not sustainable [9]. In response, The Joint Commis-

behaviour of causes and eects of ED crowding is en-

sion stated that every hospital needs a plan for dealing

abled through the use of SD. The vulnerability of the

with crowding in their ED [7]. However, congested EDs

system lies in the crucial interaction between the physi-

remain an increasing problem in which causative factors

cal constraints and the expedited patient ows through

remain to be fully elucidated [6]. While this paper refer

protocol activation. This study is an example of how

to crowding in the ED, the authors do recognise that
crowding is a symptom of a system-wide problem asso-
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ciated with potential deterioration of health outcomes
for patients regardless department [24].
Simulation studies are increasingly acknowledged as
a means to better understand the complex interconnections causing ED crowding [15]. Many of these are
discrete event studies while system dynamics studies
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are rarer. Examples of such include discharging strate-

For the admission process, all patients that enter

gies [25] and the competition for inpatient beds between

the ED undergo an initial ESI triage assessment [20].

ED- and elective patients [12]. Because of the problem's

Patients then receive medical evaluation and a prelim-

dynamic complexity, time delays through non-linear be-

inary diagnosis is established.

haviour and feedback mechanisms, ED crowding seems

In the model, treatment is either nished in the ED

apt for a system dynamics analysis. The problem is a

or specialized treatment is needed elsewhere in the hos-

classic example of policy resistance when attempted

pital. Patients requiring admission need to have an in-

interventions show poor results or even contradict in-

patient bed assigned. At the case study hospital, this

tended eects. According to Sterman, the problem per-

happens via an electronic request initiated from the ED

sists due to an imperfect perception of what constitutes

where the receiving ward can choose either to accept

the problem [21]. This study's focus is twofold. First,

the patient or request further discussion with the ED

a local protocol ('Code Help') for responding to ED

team. This solution was implemented as part of a Lean

crowding at a major tertiary level one teaching hospi-

initiative to avoid cumbersome telephonic consultation.

tal in Boston, MA is explored for its system-wide ef-

Next, patient admission is restricted by the bed occu-

fect on patient ow. When predetermined criteria are

pancy rate to avoid assigning more beds than available.

met, the policy can be activated so that inpatient wards

In case of ED crowding, the protocol can be activated

are bound to receive ED boarders by either reallocating

if three criteria are met:

current inpatients or discharge faster than normally. An
ED boarder is dened as a patient who remains in the
ED after having been admitted to an inpatient ward
but has not yet been transferred there [1]. Congestion
can dissolve but comes at the expense of a higher risk
of premature discharges [19, 5, 10]. Second, the model
considers the eects of 1) inpatient capacity [23], 2) bed
assignment time [18], 3) transfer time [2], and 4) number of incoming elective patients [13] as potential levers
for ED crowding.

1. ED boarders are 10 or more patients,
2. ED census is 54 or more patients, and
3. Criteria 1. and 2. are met for two consecutive hours.
Patients are either relocated or discharged faster
from the inpatient wards, thereby increasing capacity
for incoming patients. Hence, the patient ow is increased and congestion eased. The expense is an increased risk of discharging patients prematurely which
could result in more patients returning unexpectedly
[19, 5, 10].The model was built using daily historical

2 Method and Materials

2.1 Setting
The system dynamics model shows the admission process at the case hospital. Most patients go through the
ED in order to get a preliminary diagnosis and are either fully treated in the ED or, if further treatment is

data from October 2013 at the study site. Inputs to
the model include day of the week averages for patient
arrivals (shown in Figure 1), ED census registered every ten minutes, ED patients that await inpatient bed
assignment, and ED boarders. Vensim DSS version 6.3
was utilized to construct the model. Complete model
documentation can be acquired with the authors. The
model is simulated for a one week period.

required, admitted to an inpatient ward. 35 % of the ED
patients are admitted. Occasionally, the patient ow is
impaired partly due to ED boarding. This paper uses

2.3 Model validation

the notion of ED patients meaning essentially all acute

If the model is deemed suciently valid then the stake-

patients. This is true for the most hospitals today but

holders are more likely to be assured that the system is

some hospitals may still receive acute patients directly

replicated to satisfaction. Tenured physicians were iter-

at inpatient wards.

atively consulted to qualitatively agree on the correctness of the process, feedback mechanisms, and assumptions modelled. Quantitative testing of the model was

2.2 Model construction

done through comparison of model output to historical
data of ED census from October 2013. As advocated by

Three main elements constitute the model. These are

Sterman, replication of historical data does not provide

1) the ED admission process, 2) two feedback mech-

sucient evidence for a robust model [22]. Therefore,

anisms controlling the available bed capacity and the

the developed SD model was subject to a number of

eects of initiating the protocol, and 3) the competing

tests to ensure feasible behaviour under extreme condi-

requirement for inpatient beds by elective patients.

tions.
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Fig. 1

3

Hourly ED patient arrival pattern following Lane et al., 1996

2.4 Sensitivity testing

3 Results

3.1 Model structure
A simplied presentation of the main system dynamics
model is shown in Figure 2.
After model validation, several simulations were run

The main ow presents the ED patient journey with

with various parameter settings. Adjusting the trig-

special emphasis on the admitted patients. The model

ger threshold values to see the eects on ED crowding

includes two sub views (not shown). The rst sub view

level and returning patients was our primary interest.

is an exogenous mechanism that can generate an inow

In order that the protocol would become activated tem-

of patients in a user specied pulse, step, ramp, or sine

porarily, the baseline model was stressed through a sud-

wave function. This inow is directly connected to the

den surge of patients arriving within three hours. The

patient arrivals inow. The second sub view introduces

admission fraction had to be increased in the period

a memory function representing the third criteria of

of the surge after a small delay corresponding to pa-

the protocol, being thresholds for both ED census- and

tients having undergone treatment. Trigger values were

boarders respectively are met for two consecutive hours.

changed separately to determine the subsequent eects

The balancing feedback loop restricts the amount of

on the outcome variables. First, the ED census trigger

patients to be admitted. The auxiliary variable 'occu-

was allowed to vary from 40 to 68 (default = 54). Next,

pancy rate' returns a value of zero to one according to

the ED boarder trigger would vary from 7 to 13 (de-

how many patients are already admitted from the ED

fault = 10). The ED census trigger criterion is met on

and elsewhere in the hospital plus the ED patients that

a regular basis even in the baseline simulation. Based

have an inpatient bed assigned. With a higher occu-

on the semi-structured interviews conducted with sta

pancy rate it will become increasingly dicult to admit

physicians, the main indicator of ED crowding was the

new ED patients.

accumulation of ED boarders. It was expected that al-

The reinforcing feedback loop explicitly models the

tering this trigger would have the largest eect on the

return ow of admitted patients that have been dis-

system. The simulation model developed oer ED deci-

charged. Here, a fraction of discharged patients need re-

sion makers insights into other potential policy changes.

peated treatment upon discharge within 72 hours. This

The parameters analysed are inpatient capacity, bed as-

fraction increases when the protocol is activated be-

signment time, transfer time, and number of incoming

cause this implies a discharging of patients faster than

elective patients.

normal. The upper right corner in Figure 2 models the

4
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Reduced presentation of the system dynamics model with auxiliary variables omitted. Patients arrive to the ED based
on an average repeated diurnal pattern and stay in the ED until either discharged or admitted. Patients destined for admittance
rst need an inpatient bed assigned, becoming ED boarders when the inpatient bed is assigned and are then transferred out
of the ED. The feedback mechanisms, denoted R and B respectively, and the inow of elective patients are also presented.
Fig. 2

release time, equivalent to a patient's total time as inpatient. Activation of the protocol impacts the policy
release time and the protocol's eect will show after a
30 minutes delay. The before mentioned fraction of patients returning to the ED is based on estimates found
in literature [19, 5].

3.2 Model validation

Quantitative validation was done by comparing the simulation output for ED census to the acquired historical

Comparison of ED census data and simulation output
for rst 72 hours (October 1st to 3rd, 2013). The smooth
graph shows the simulation output while the jagged graph
shows imported historical data.
Fig. 3

data reecting the actual ED census throughout October 2013. Generally, there is a good t between the two

3.3 Sensitivity testing

graphs (see Figure 3). Extreme tests were performed
as to determine system behaviour when stressed. Con-

As the model can replicate actual behaviour adequately,

dence in the model's robustness was established be-

the study proceeds to testing how the ED census- and

tween authors and physicians involved in the develop-

ED boarders trigger values can change the model's be-

ment of the model.

haviour. Such changes correspond to an earlier or later
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activation of the protocol. Eects of parameter changes

the largest eect can be seen when changing the transfer

are measured on the occupancy rate, admitted patients,

time (53.28 % and 44.79 % respectively).

ED census, and ED boarders. Testing the settings for
each trigger is conducted in isolation keeping all other
parameters constant. The baseline model investigates
other relevant generic parameters that are potential
levers for alleviating ED congestion. All tests and their
eects are summarised in Tables 1 and 2 [17].
Two scenarios are used to compare the eects of
changing parameter values. These are the baseline model,
i.e. 'business as usual' corresponding to what was experienced in October 2013 and the stressed model, where
an exogenous surge of patients trigger the protocol temporarily. The model shows some sensitivity towards a
change in the trigger value for ED boarders. For instance, changing the threshold from a default value of
10 to 7 yields a 5.69 % increase in the number of ED
boarders, due to the number of returning patients while
occupancy is lowered by 2.54 % (see Figure 4). Varying
the ED census trigger had no eect on the system.

The eect of changing transfer times on ED boarders
(upper graph) and occupancy rate (lower graph). Lowering
the transfer time both decrease the number of ED boarders and the occupancy rate. Similarly, increasing the transfer
time yields approximately the same eect in opposite direction.
Fig. 5

Adjusting the inpatient capacity showed very little
impact on the ED census (between 0.18 % and 1.06
%). The results obtained on both transfer time and inpatient capacity are consistent with recently published
studies applying other simulation techniques [11, 8]. Being able to assign an inpatient bed faster shows some
leverage potential, implying enhanced communication
between the receiving inpatient ward and the ED. Lastly,
changing the number of incoming elective patients had
little impact on the ED census- and boarders, while
occupancy rates and the number of admitted patients

The eect of changing the trigger threshold for ED
boarders, measured on total number of ED boarders (upper
graph) and occupancy rate (lower graph).
Fig. 4

were impacted.

4 Discussion

Switching the attention to the baseline model, four

This study presents a system dynamics model capable

parameters were subject to analysis. These were the

of analysing the eects of a local protocol to alleviate

total inpatient capacity, bed assignment time, transfer

ED crowding alongside other more generic parameters

time, and mean incoming elective patients. In Figure 5,

that have been identied in the literature as relevant

6
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Stressed model sensitivity test results for protocol trigger values. The percentages of deviation to the default value
are in parentheses. The values have been extracted to the time where the three graphs (base, maximum, and minimum) show
the biggest variance. Most leverage potential is found in the largest percentages deviation. Note no eect on varied ED census
trigger due to the threshold being frequently exceeded
trigger, ED boarders
trigger, ED census
Base
7
13
Base 48 60
Occupancy
0.9205 0.8971 (2.54) 0.926 (0.59)
time, max di
51
ED census
61.02
64.34 (5.47)
60.06 (1.57)
time, max di
67.5
ED boarders
6.153
6.503 (5.69)
6.052 (1.64)
time, max di
70.125
Admitted patients 453.7
442 (2.58)
456.6 (0.64)
time, max di
51
Table 1

Baseline sensitivity test results for selected parameters associated with ED crowding
tot avail inpatient beds bed assign time
transfer time
Base 400
900
Base 1.8
4
Base 0.5
2.5
Occupancy
0.9167 0.9185 0.7891 0.833 0.89
0.865
0.909 0.905 0.912
(0.20) (13.92)
(0.79) (2.04)
(0.43) (0.37)
time, max di
56
24
32
ED census
59.96 59.35 60.07
59.53 56.72 62.03
59.53 56.65 61.82
(1.02) (0.18)
(4.72) (4.20)
(4.84) (3.85)
time, max di
139.5
19.625
19.5
ED boarders
6.031 5.967 6.043
5.869 5.403 6.238
5.959 2.784 8.628
(1.06) (0.20)
(7.94) (6.29)
(53.28) (44.79)
time, max di
142.5
24
23.125
Admit patients 455.6 364.7 479.3
438.6 440.3 437
455.7 458.6 453.2
(19.95) (5.20)
(0.39) (0.36)
(0.64) (0.55)
time, max di
100
24
48

Table 2

levers for crowding. Three main ndings can be extracted from the study.
First, the developed system dynamics was validated
both qualitatively, through iterative consensus-seeking

mean elective patients
Base 100
200
0.836 0.689 0.917
(17.59) (9.75)
16
59.96 59.14 59.98
(1.37) (0.03)
139.5
6.031 5.945 6.033
(1.42) (0.03)
142.25
414.7 340.8 455
(17.82) (9.72)
16

Finally, simulation of the baseline model yielded a
number of other relevant ndings. Fast transportation
of ED boarders is identied as the main lever for clearing ED congestion [20].

consultations with emergency physicians on the process

The current trends towards decreasing available in-

being modelled, and quantitatively, through satisfac-

patient beds should be evaluated in light of these eects.

tory replication of census data.

Bed assignment time was also revealed to be a potential

Next, the developed model was stressed so that the

focus area for improving patient ow. When decreased

protocol was activated in order to analyse the eects

to an average of 1 hour and 48 minutes (from a base

of changing the trigger values for both ED census- and

of 2 hours and 55 minutes), ED census is decreased by

boarders. Having an ED census beyond the threshold

4.72 % while the occupancy rate is elevated by 2.89 %.

limit is no rare incidence at the case hospital. The ED

Inpatient bed capacity did not provide great leverage

is routinely busy during the afternoon where patient

while changing the number of elective patients primar-

arrivals have been high for several hours. Patients typi-

ily had an inuence on admitted patients because of

cally arrive faster than those either discharged directly

idle capacity.

or leaving for an inpatient ward. However, the conges-

The SD model can be extended in several ways. A

tion is time limited since the patient arrivals will de-

benet of system dynamics is its capability of modelling

crease, giving the ED a chance to recover. Therefore,

human behaviour. Social aspects of care and human fac-

the ED boarder trigger is the parameter that can im-

tors can therefore be included, for instance the perfor-

pair the patient ow. If this threshold is lowered to 7

mance eects of coping with increased workloads [14].

from 10, ED census increases 5.47 % and ED boarders

Some of the constants included in the model can be

increase 5.69 % while the occupancy rate and number of

altered into dependent variables with further analyses.

admitted patients decrease by approximately 2.5 %. A

One such example would be the relation between faster

higher ED census is explained by the increased amount

discharging times on the probability of increased ED

of returning patients due to premature discharge from

patient returns. Additionally, the ED patients that do

an inpatient ward.

return for more treatment may be at a higher risk of get-

Balancing patient ow and returning patients: a system dynamics study on emergency department crowding factors
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ting admitted once more. Another possibility would be

tertiary care center and teaching hospital in Boston,

to focus on the transition between departments by ex-

MA. A side objective was to change the focus to more

plicitly modelling the receiving inpatient ward. Adopt-

general parameters hypothesized as alternative levers

ing a broader system focus would be an important rst

for ED crowding control. Through the development of

step in nding sustainable eciency improvements for

a system dynamics model, it was shown that, for the

the hospital as compared to looking at the ED in isola-

protocol, changing the ED census trigger had no ef-

tion [3].

fect on patient ow while the ED boarder trigger could
speed up the patient ow when lowered on the expense
of a slight increase in ED census. More generally, faster

5 Limitations

bed assignment- and transfer times had a positive effect on the patient ow and are thus a recommended

The simulation model developed is only an approximation of reality as perceived by a limited number of ED
physicians' opinions and is based on a limited data sample. Reality is much more complex than the model pre-

target area for potential process improvements. This
study underlines the capabilities of simulation as a feasible option in the search of sophisticated management
decision support tools for complex dynamic systems.

sented explaining the dierence in displayed behaviour
shown in Figure 3. Patients are treated as one large
quantity despite being categorized according to their
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The goal of this PhD project was to develop a performance measurement model for EDs. The new
model comprises only the most important performance measures that provide an estimate for
overall ED performance levels. Furthermore, a thorough analysis of the interdependencies between
the included performance measures was conducted in order to gain deeper knowledge of the
ED as a system. The model enables monitoring of how well the ED performs over time, including
how performance is impacted by the various initiatives. In the end, the developed model will be an
important management tool to meet the management’s vision of providing the best possible care
for the patient meanwhile achieving the highest possible utilisation of resources.
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