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PREFACE

The work with this master thesis has been highly interesting and highly
challenging. The fact that we have six kids altogether, including newborn triplets,
has tested our personal capacities to a great extent. The thesis has been written in
many different places, at irregular hours, with many extra little helpers and tons of
goodwill and help from family and friends. Without all you guys this project
would never have been possible. However, we have really enjoyed the theme and
the importance of the topic and hopefully the content of the thesis will have
influence on and inspire people who want to utilize the powerful possibilities
computer simulation might have to offer managers and decision maker in the

health care sector in Norway.

It has especially been interesting to observe the operations at the call center at
Ullevél, and the supporting attitude we met from all the paramedics, nurses and
managers. We would like to give special thanks to Tore Karl Saupstad, Anne-
Lene Finsrud and Andreas Hansen for all the help and information provided of the
important parts of the call center operations. We would also like to thank them for
their honest feedback about all the challenges AMK is facing. We have also
appreciated the feedback and ideas from John-Martin Dervd and our supervisor
Atle Nordli. Lastly, we need to tell our beloved ones (Line and Tore) how much
we have appreciated their patience, love and support that made it possible for two

mums to finish a master thesis, and hopefully landed it with style...

Kathrine Hvalstad Leken Eirin Lie Storstad
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EXCECUTIVE SUMMARY

Time is the decisive factor in increasing chances of survival if critical
emergencies happen. Emergency medical services are types of services dedicated
to provide out-of-hospital acute medical care, and refer to the pre-hospital element
of care. In Norway, people in immediate need of medical assistance may call the
national emergency number 113 and the call is routed to the nearest emergency
medical communication center (AMK). As well as handling requests directly from
the public, AMK also answers requests from medical staff and —Eegevakten”

(Emergency Room).

With a growing population in Norway, in combination with a strong increase of
elderly people, emergency medical services are facing huge challenges in the
years to come on how to reduce pre-hospital response time. Moreover, the
Norwegian emergency medical care is struggling with tight budgets and scarce
resources, experiencing huge challenges in relation to its daily operations. AMK
Oslo & Akershus (AMK O&A) is facing several serious challenges outlined in
this master thesis. To shed light over the current situation at AMK O&A, as well
as getting important inputs for the simulation model, a data analysis is done before

the simulation is carried out.

The first goal of the master thesis is to illustrate how process simulation modeling
can serve as a support tool for decision makers at AMK O&A in improving the
performance of their operations and improve service quality for people in need of
immediate medical assistance. Thus, the next objective is to illustrate how
simulation modeling can be used to test different scenarios of what-if situations,
without having to test them on real life situations. In addition, the master thesis
gives guidelines to how a potential change process might be executed to achieve

sustainable success.

By analyzing the quantitative data, this master thesis is providing insights on how
the AMK O&A should organize its operations and how to use its resources better
to meet the increasing demand from the public and decrease prehospital response

time.

One interesting finding in this master thesis is that 2/3 of the incoming requests
are of non-urgent character. Based on this and the results of the simulation model

the thesis recommends separating the elective requests from the critical requests.
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There are alternative ways to organize a separation. Either, the elective missions
can be kept in house, just dividing the current organization in two, or AMK O&A
can outsource the elective, non-urgent, transportation to a third party. Outsourcing
to a third party implies both risks and advantages, while an in house separation
will leave AMK with more control. Irrespective of the choice made, change is
necessary. To give AMK useful advice on how to initiate a successful change
process the use of a multi-dimensional framework analyzing change from four
different perspectives will be suggested. A common analytical managerial failure
is myopia and looking at only certain aspects of a problem. Bolman and Deal
(2003) have made a multidimensional framework for analyzing change in
organizations which makes it easier to look at the same aspect from multiple
points of view and thus reduce myopia. They claimes that by using multiple
frames organizations and individuals can go beyond the limitations of habitual

perception to achieve a more systems-level perspective.

The master thesis concludes with the positive contribution simulation modeling
can have for the health sector, even though it argues for the need for more
accurate data on individual level. The last part of this master thesis discusses some

important areas for further research within this field.
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1.0 Research Question and Objectives
The main area of this master thesis is based on a special part of logistics called
operations research (OR). The technique within OR that is used is simulation,
where the focus will be on analyzing and improving processes. The main goal of
this thesis is to design a model that represents the processes at the AMK call
center and then test different what-if scenarios with respect to different ways of
using and organizing its resources and capacities to improve pre-hospital response

time.

The purpose is to illustrate how simulation can be used to find practical solutions
on how the pre-hospital response time can be reduced as a function of changes in
capacities and the usage of resources. The model will strive to be a good
representation of the real world. By experimenting with the model it will suggest
alternative ways of organizing the operations at the call center, and thus reduce
waiting time and queues. By enabling the model to have the opportunity to change

input values, the model can also be useful for other AMK centers.

By analyzing the quantitative data of the incoming requests to the AMK call
center in Oslo & Akershus, this research will address issues like number of
resources used and equipment necessary for running the operations. The different

effects of each of the different scenarios will be presented and evaluated.

Thus, an objective of this master thesis is to illustrate how simulation modeling
can help managers at AMK to test different scenarios of what-if situations,
without having to test them on real life situations. As well as being a potential
support tool for decision makers at AMK, this model can help and assist the
managers to make important strategic decisions regarding the future use of
resources and the organizing of their call center. The model will also demonstrate
how analysis and usage of quantitative data and simulation can contribute to more
powerful arguments towards politicians and other decision makers and thereby

improve pre-hospital response time.

As well as being a tool for analyzing current processes, the simulation model for
AMK O&A can function as a starting point for a planning tool with possibilities
for experimenting with different what-if scenarios. This can be used to spot
anomalous behavior that is a consequence of how managers are running the call

center today.
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Organizations and consultants using for example simulation and computer
modeling in business process re-engineering (BPR) have a purpose of improving
processes and organizational performance. However, review of the relevant
literature of BPR and organizational change has revealed that the two approaches
often have been studied in isolation, resulting in a gap both in theory and practice.
If results from simulation indicate that there is a need for change, theories on how
to initiate successful change projects should go hand in hand with conducting
simulation, but this is not often the case (Chen and Tsai 2008). With respect to
change there is a lack of a widely agreed-upon approach and this have led to a
considerable variance in the outcome of change initiatives. Many of these
restructuring change efforts, both public and private, have very low success rate
(Beer and Nohria 2000). According to change research only one third of these
initiatives achieve any success at all (Beer and Nohria 2000), and this is the main
argument why guidelines with respect to change are included together with

simulation in this master thesis.
On this background we formulate the following three problem statements:

1) —€an process simulation modeling serve as a support tool for decision
makers at AMK O&A by improving the performance of their operations
and the service quality for people in need of immediate medical

assistance?”

2) —€an the operations of the AMK call center be run differently to improve

pre-hospital response time?”

3) —H change is necessary, how can this be solved in a proper way at the

AMK call center?”

The AMK call center is the cornerstone of the provided emergency medical
services and they coordinate the resources available to meet the service need from
the public. This means that decisions and priorities made at AMK also affect other
departments and their use of resources. The management of AMK believes it is
important to first get rid of bottlenecks in its own department before other
departments are involved in the process. To show how operations research can
improve pre-hospital operations and reduce pre-hospital response time, this master
thesis will be a good starting point for improving the overall pre-hospital service,

but also contribute as an example of how simulation models can be used as
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improvement tools — tools which can be utilized by other health departments later
on. Moreover, the thesis will provide guidelines on how a necessary change

process can be conducted to achieve success in the public sector.
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2.0 Case Company - AMK

To understand the role and the processes of the AMK call center and make a
useful simulation model reflecting its situation, it is necessary to know how
emergency medical service in Norway is organized in general. Further, it is
important to understand how AMK at Ullevél is organized and what specific
challenges they are struggling with before arguing why mapping processes and

using simulation modeling can be useful in solving AMK’s challenges.

2.1 Emergency medical service

Emergency medical services are a type of emergency service dedicated to provide
out-of-hospital acute medical care and it refers to the pre-hospital element of care.
The main goal of most emergency medical services is to provide treatment to
those in need of urgent medical assistance, or arranging for timely removal of the
patient to the next point of definitive care. To reflect a change from a simple
system of ambulances providing only transportation to a system in which actual
medical care is given on scene and during transport, the term emergency medical

service has evolved (Wikipedia 2010).

Emergency medical services in Norway are operated both by the government and
by private organizations like the Red Cross. There are four regional health
authorities: Helse Ser-@st (Southern and Eastern Health Authorities), Helse Vest
(Western Health Authority), Helse Midt-Norge (Central Health Authority) and
Helse Nord (Northern Health Authority) which are providing most of the
secondary healthcare in Norway (Zakariassen 2010). Norway has a scattered
population with rural districts, many small towns and villages located far from
hospitals. To reach people living in these areas, ambulances are supplemented by

both helicopters and fixed wing aircrafts (Wikipedia 2010).

Often, the pre-hospital response time for the ambulances is the difference between
life and death in case of a cardiac arrest. The chance of survival decreases with 7

to 10 % per minute until professional help is given (EarlyWarner 2009).
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Fig. 2.1 — The chances of survival in case of cardiac arrest

This means each second counts in order to increase chances of survival
(EarlyWarner 2009). The suggested national goal — and not made legally binding
— 1is that any citizen should not have to wait more than 12 minutes in urban areas
or 25 minutes in sparsely populated areas for immediate emergency services.

However, this goal is not yet been achieved consistently (Pedersen 2009).

2.2 Description of AMK

People in immediate need of medical assistance may call the national emergency
number 113 and the call is routed to the nearest emergency medical
communication center (AMK). Today there are 19 AMK centers in Norway
(Zakariassen 2010). In Oslo and Akershus the pre-hospital division at Ulleval is
responsible for the regular ambulances, boat and air ambulances, the AMK call
center, as well as patient transportation (OsloUniversitetsSykehus 2010). With
responsibility of the citizens in Oslo and Akershus, AMK O&A is serving
approximately 25 % of the population of Norway As well as handling requests
directly from the public, AMK also handles requests from emergency rooms,
orders of patient transportation, internal requests etc. (LovData 2005). The
working environment of this call center can be envisioned as a room with several
open-space cubicles, in which people provide telecommunications services to

those in need of medical care (Gans, Koole, and Mandelbaum 2003).

AMK’s main task is to categorize between critical and less critical emergency
requests, send available ambulances and try to minimize the pre-hospital response

time. Because there are limited resources available in handling emergency
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situations, it is important to prioritize among the incoming requests to give those
in critical need first priority. To distinguish properly, all nurses/medical operators
at AMK use a medical index, called the Norwegian index for emergency medical
assistance (Lexow 2009). This is a procedure that ensures all callers are treated
consistently. Red response has first priority and is used when there is a life
threatening condition. The second priority is the yellow response categorized as
urgent emergency, but the condition in question is not considered life-threatening
at the moment, although medical attention is needed within short time. The last
priority is the green response which is characterized by routine content, typical
transporting treated patients from hospital back to institutions, so called elective
transport (Zakariassen 2010). Time is the critical component in increasing chances
of survival in a life-threatening situation and the point of using the index is to
quickly categorize the different incoming requests. Using the index is also
important due to the restricted amount of resources available (KoKom 2011), and
to ensure all patients are treated equally. The AMK call centre is open 24-7 at the
location at Ullevdl and the staff varies with demand and working load. The
allocation of an ambulance to a request is a separate function that occurs partly in

parallel with the request evaluation (Channouf et al. 2006).

In Oslo & Akershus the vehicle fleet consists of approximately 45 ambulances, 1
emergency motor cycle and 1 intensive care ambulance, situated in different
locations in the areas they are responsible for. The staff driving the ambulances
varies in competences and skills. The paramedics at the call center (those who
allocate and prioritize the use of ambulances) have to evaluate what competence
exists on the different ambulances at any time, besides finding available ones in

case of an emergency (Saupstad 2010).

The call center has 16 work stations in total, but only 8 are regularly used in
answering emergency calls and allocating necessary ambulances. The work
stations are staffed with two types of employees; nurses/medical operators and
paramedics/resource coordinators. Staffing is mainly scheduled based on
experiences from last period (Saupstad 2010). The paramedics are responsible for
one area or task each. One work station allocates the Oslo region, another Nedre
and Ovre Romerike and the third Asker, Berum and Follo. The last focuses on the
elective transportation of non-critical patients. There are uneven workloads for the

different areas, where the largest workload exists for the paramedic coordinating
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the Oslo area. Moreover, at any time one of the employees at work also functions
as the operating manager with the overall responsibility for the call center
(Saupstad 2010). For simplicity, the term nurse and paramedic will be used

throughout this master thesis.

2.2.1 Description of the work processes at the call center

The AMK center’s main task is to categorize between critical emergency requests
and less critical emergency request, allocate available ambulances and try to
minimize the pre-hospital response time. By doing this lives can be saved. To
describe the processes involved at AMK properly they will be presented as

according to six main steps.

Step 1: Incoming requests

The incoming requests are where the process starts. There are several different
sources that the requests come from and what priority they will get is decided by
the importance of each request. The most important requests come from 113, the
AMK hotline used by other emergency medical staff and calls from the
emergency helicopters. These requests are prioritized to be answered before other
types of request. For simplicity all the different requests are handled as one type
of request in this example. In the master thesis the different types of calls will be
incorporated in the model. The goal is to answer these requests within 20 seconds.
If a call is not answered within a few seconds an automatic answering machine
will give the callers a message that they have reached the immediate emergency
service center and the call will be answered shortly. Some calls are lost, due to
people dealing the wrong number or they simply hang up because the queue gets
too long. Those calls that are relevant are processed to the next step in the system.
However, some calls only need to be transferred. Other calls are sent to the next

step which is categorization of the calls.

Step 2: Categorization of calls according to index and ordering ambulances

The most critical calls mentioned above are always answered by the medical
operators. Their main task is to use the Norwegian medical index to categorize
between critical emergency (red — code 1), urgent emergency (yellow — code 2)

and non-critical emergency (green — code 3).

If there is a serious accident both the police and the fire department are notified

and acquired to send resources in addition to ambulances sent. If there is a single
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critical emergency (code 1) the nurse orders an ambulance from the resource
paramedics responsible for the relevant area. This mission gets the highest priority

which means that the ambulance goes with full speed and blue lights.

If there is not a critical emergency, the nurses check if it is an urgent emergency
(yellow code 2). If there is an urgent emergency the medical operator orders an
ambulance from the paramedic for the corresponding area. This mission gets the
second highest priority, which means that the ambulance drives fast, but with no

blue lights.

If there is not an urgent emergency call, the nurses check if it is necessary to send
an ambulance at all or if it is other actions needed. Non-critical calls acquiring an
ambulance are typically patient transportation. Some request are also rejected or

ended if the content is not relevant for any emergency assistance.

Step 3: Find available ambulances

The job of the paramedics is to allocate ambulances and make sure that the orders
from the medical operators are met. Red and yellow codes are always prioritized,
while green codes often have to wait when there are few available ambulances
present. Paramedics are responsible for their specific area and they have to
communicate with the other paramedics when they need to borrow resources from

another area.

Step 4: Confirm and accept
The ambulance staff has to confirm and accept the different orders. If busy they

cannot be used, but if they are available they are sent to the emergency scene.

Step 5: Treatment of patients and delivery to destination
The fifth step in the process of handling an incoming request is when patients

need to be treated and sent to hospital or the emergency medical wards.

Step 6: Fulfillment

The last step of the process is to hand over the patients to the hospital or other
relevant institution. After the hand over the ambulance needs to be prepared
before it is available for its next mission. Sometimes the ambulances carry
patients with risk of transferring critical diseases. In such cases the ambulance

needs to be sterilized.
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To summarize, the process starts with the incoming requests, which are then being
categorized according to medical index before orders for ambulances are made.
The next is to allocate ambulances and treat patients before sending them to a
hospital or emergency ward (Saupstad 2010). In the end the ambulances need to

be prepared for their next missions.

2.3 Main challenges

AMK is experiencing several challenges. In the following, these challenges will

be elaborated on and discussed.

2.3.1 High absenteeism

A major challenge for the AMK department is the high and increasing numbers of
sickness absence. According to numbers given from Saupstad (2010), the analysis
shows that for 2009 and 2010 the total average sickness absence was
approximately 16 % for both years. In 2009 the department began with a high
share of absence, but with a decreasing trend towards the end of the year. In 2010
the trend was the opposite with increasing sickness absence throughout the year

and approximately 26 % for the last month.

30

25 B

20

15

M Shortterm

10

Tegneomride

M Longterm

Total

o o o o o o o o o o o o
R S S PG I
> o PP & o A B & o N 2
R N = SN R RN >
I K kS % 5 et » ) 5
T e e S g
P ¥ 0 v v v v ¥ ¥ ¥ v
VR U AP A F @ RS >
S ¢ @ g g @ o S S

Fig. 2.2 — Absent due to illness at AMK from 01.01.2010 to 15.12.2010
Source: (Saupstad 2010).

When coworkers get sick the managers at AMK encounter problems in replacing

them. At least for short-term absenteeism this is due to the limited pool of
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available workers to step in for the sick ones (Saupstad 2010). Adding recruitment
challenges and low flexibility among the paramedics — further discussed in

paragraph 2.3.3 — the allocation becomes even more demanding.

The use of teams at AMK is an instrument to reduce the absenteeism. A team is
defined as those working the same weekends. Teams are believed to support a
better working environment by helping employees to develop a greater sense of
belonging to the workplace. The idea is that the threshold for sickness will be
higher if the employee knows that absence will affect his or her regular colleague
and not just a random person. Even though a lot of the communication is done
using the phone, a great deal of communication is also conducted through body
language and signs between the nurses and the paramedics. To organize the staff
in teams might increase the performance of the work force, which again might
increase the welfare at work and decrease absent due to illness (Saupstad 2010).
However, the initiatives done to implement actions to prevent absenteeism seem
not to be enough as the call center is struggling with this issue. The figures of the

sickness absence show an alarming trend for the AMK call center.

2.3.2 Little flexibility due to many 100 % position

The labor union of OUS has strong power when it comes to the strategy of
recruiting for new positions. According to Saupstad (2010), the labor union is
present at all meetings, even management meetings. The policy of having only
100 % contracts with full time workers is a strategy of OUS and this strategy is
important for the union to try to maintain and implement. However, staff can work
less than 100 % if they wish to, and in such cases managers at AMK try to gather
enough hours to create another full time position. But for those wanting to work
less the same number of night and weekend shifts is applicable as for a 100 %
position. This is due to the workloads in the weekend and getting the shift plan to

work with the team structure.

With a policy of employing no part-time positions it is hard to staff the
department according to the varying needs and this can give little flexibility for
the managers. This makes it challenging to make good shift plans supporting both
the organizational needs and the needs of the individual employees (Saupstad
2010). There exist several benefits of employing part-time workers in an

organization. It can be an efficient way to keep costs down when there is no need
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for full-time coverage and it can increase recruitment and retention of staff by
offering family-friendly working practices. Another advantage can be to expand
the pool of potential recruits or increase the ability for the organization to respond
to change and peaks of demand (BusinessLink 2011). A successful change project
with respect to the use of part-time and full-time workers was started in the health
care sector in Hurum Municipality in 2006. The municipality struggled with many
of the same challenges experienced by AMK and to address these issues they
initiated a change process where the main goal was to give employees within
health care institutions the freedom to choose their own work schedule (Kveseth
2009). This meant that they could choose how much and when they wanted to
work (Kveseth 2008). This project has been highly successful and it can be a good
example to illustrate alternative ways of staffing the AMK call center to increase
the flexibility and plan the operations in a less demanding way by allowing for the

use of part-time positions.

2.3.3 Competence and Recruitment of staff

Employees at AMK need special competence and experience. Communication
skills and managing stress are required. This creates a need for people with very
special types of competence (Saupstad 2010). To work at AMK one has to be a
nurse, an authorized ambulance worker or a paramedic. Nursing is a three-year
bachelor degree (Utdanning.no 2011), while ambulance workers’ education is a
four-year program at secondary school (Utdanning.no 2011). Paramedics have a
one-year college degree building on the latter (Ambulanse-norge 2006). Only
nurses handle critical incoming requests from the public or other health personnel
(113 and AMK hotline) and are categorizing the different incidents by using an
index. The recruitment of nurses is demanding in the sense that it is difficult for
AMK to attract people. The list for being an operator at AMK is set very high,
something that is contributed by AMK itself (Saupstad 2010). Viewed in the light
of the index, the requirement of nursing education may be too strict. The index is
a recipe to be followed, to some extent freeing the nurse in the handling of an
incoming call. The job of the paramedics is to find an ambulance to cover the
incident as fast as possible with the, at the time, available ambulance(s). This
means that they always have to plan ahead. Preferably, not all ambulances should
be in use simultaneously. Further, the paramedics make sure that ambulance

workers’ breaks are adhered to. They are fully responsible for organizing these

Page 11



GRA 19002 Master Thesis 01.09.2011

breaks, using their personal judgment to allocate them (Saupstad 2010). An even
more important part of the paramedics’ work is to keep track of the expertise
available on each ambulance at any time to be able to delegate the missions
appropriately (Larsen 2009). Health work and acute medical background is
necessary because such knowledge and experience are regarded as invaluable in
understanding situational contexts. The paramedics can use their knowledge and
experience in giving the unit out in the field what it needs of information and
preparing the ambulance personnel for what they most likely will meet at the
scene of the incident. In diffuse situations the paramedic can help clarifying if the
mission should be categorized as an urgent or critical mission. The paramedics are
tested for their geographical skills, and a test must be passed for the paramedics to
be approved to conduct independent work. The test is about describing the
shortest route to/from addresses/places to nearest hospital, which sectors belong to
given addresses and what the different hospitals have to offer. The test is hard and
developed by AMK’s professional charge of paramedics (Saupstad 2010). Today
the budget of the department is based on 45 contracts for nurses and 27 contracts
for paramedics. Of the 45 fulltime positions for nurses, there are 42 positions
taken. The three remaining positions will be filled in close future. For the
paramedics there are 27 positions. However, only about 2/3 is occupied.
Recruitment of paramedics has been very hard (Saupstad 2010). Working as a
paramedic at AMK one needs a high degree of experience, ruling out the young
and newly qualified workers. Moreover, at AMK the paramedic actually does a
type of office work, excluding those who want to practice their medical skills out
in the field. Further, one needs to have knowledge of the geography of the area(s)
with associated addresses, as well as being in possession of particular personal
skills. Besides experience and local knowledge personal skills are important in
order to utilize the pool of ambulances properly. Examples of such personal skills
are awareness, sociability and robustness against stress. Considering that it can
take years to become really good at coordinating effectively (Saupstad 2010), this
mix of factors makes it challenging for AMK to recruit and schedule the

paramedics properly.

When it comes to working methods the paramedics do not have any written rules
or methods to follow when allocating the ambulances. Ongoing decisions are
made by the paramedics’ own personal judgment. Red prevails over yellow and

yellow prevails over green. In worst case a green tour must be cancelled to
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accomplish a red tour or the green can be combined with the red. Most often these
are not preferable solutions, but still the best one can do. What specific ambulance
to send on a mission depends on where the different ambulances are at the time. In
principle there should always be one vacant ambulance prepared to take a possible
emergency mission. If this happens all resources will be in use until the situation
settles down. Sometimes a balance issue occurs, for example whether an
ambulance on a green mission should continue with a yellow mission after
finishing the green one or if a vacant ambulance far away should be put on the
yellow mission instead. The paramedics consider what is most appropriate.
Instead of sending the vacant ambulance, a paramedic can decide that the mission
has to wait for the ambulance on the green tour if the paramedic knows that the
vacant one will spend 25 minutes to reach the yellow incident, while the other
ambulance on a current green mission will finish this one in 5 minutes and arrive
the yellow incident in further 10 minutes. The problem with this way of working
is lack of documentation for future needs. AMK cannot freeze the described
situation. It may, for any reason, be questioned why the vacant ambulance was not
immediately being put on the red mission. Hence, there are difficulties in
documenting the situation and preserving snapshots of the totality. An electronic
system, a computer with a human brain making decisions by a set of criteria,
could have solved this problem. Then one could go back in time to document and

argue for the decisions that were made in the past (Saupstad 2010).

2.3.4 Too many violations of the working environment act

According to the Norwegian government, the purpose of the working environment
act is to ensure safe working conditions and equal treatment among workers. It
also ensures that the working environment forms a basis for a health-promoting
and meaningful work situation (Government.no 2010). With many people absent,
not all positions possessed, increasing workloads, and no extra staff to use, there
have been several violations of the working environment act at AMK O&A.
Overtime work is in use almost constantly (Saupstad 2010). The management tries
to spread the burdens evenly among the employees. Those who have worked the
fewest overtime hours during a period are asked first to step in. One tries to avoid
double shifts because experience has revealed that the threshold for making
mistakes is lower after too many hours at work. However, often there are no

alternative solutions. Hence, the working environment act will be violated. These
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violations are often due to people working double shifts, working too many
weekends in a row, having too little rest between duties etc. (Saupstad 2010).
According to Dagsland (2011) the Norwegian Labor Inspection Authority is
worried about the work pressure at Oslo University Hospital and the many

violations of the working environment act (Holgersen 2011).

2.3.5 New digital emergency network

Emergency communication is one of the most vital and critical aspects of
emergency response (DNK 2010). The implementation of a new digital
emergency communication network has been delayed several times
(DagensNaringsliv 2009). As a consequence, AMK has had to train people again
and again. This has been very costly and hard to manage within tight budgets and
no extra resources to use in conducting the training. AMK has been forced to send
staff to this project without being able to replace workers at the call center. This is

both due to no extra money given and no extra staff available (Saupstad 2010).

2.3.6 Long queues for elective transportation

The job of the paramedics at AMK is to find available ambulances to cover the
different incidents as fast as possible. Red (full speed with blue lights and siren)
and yellow (fast, with blue lights, but no siren) are always prioritized no matter
what. Because there are not enough resources at all times the result is long waiting
time for green tours (elective transportation) for which there is no critical or
urgent situation. And since ordinary ambulances are used for all types of
transportation, elective tours can be ordered in the morning and sometimes not be
accomplished before the evening. Even though this way of organizing the
transportation is negative for one non-urgent patient group, it creates flexibility
and a better utilization of the ambulances. Alternatively, elective transportation
could be separated and run independently of emergency transportation.
Previously, taxis with beds for patient transportation was used, but due to
difficulties with needs for special agreements with respect to traffic rules and

regulations, the taxi drivers did not want to keep such missions (Saupstad 2010).

There are varying skills among ambulance drivers. One may distinguish between
three main levels of competences: paramedics (authorized), ambulance workers
(authorized) and ambulance assistants. Regulatory requirements are that there

must always be two health workers onboard each ambulance. The driver must
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have an authorization, i.e. be a paramedic or an ambulance worker, and the second
person must have been through courses as described in the acute regulation
(Regjeringen.no 2005). This is the absolute minimum. When ambulances are
staffed according to the minimum only it makes fewer ambulances available for
red and yellow tours (Erichsen 2010) and the job of the paramedics at AMK even
tougher. As a result, unnecessary waiting times for elective tours happen on

regular basis (Saupstad 2010).

2.3.7 Cultural issues

A large part of the population in Oslo comes from foreign countries. AMK is
experiencing huge challenges related to cultural issues. In 2010 there lived
approximately 160.000 immigrants in Oslo, forming 27 % of the total citizens.
From the year 2000 the population of immigrants has grown with 69 %
(OsloKommune 2010), illustrating that many of the request to AMK O&A are
made by people from other countries with other cultures and other languages.
Moreover, there are cultural differences among people from different parts of
Norway and different parts of the city. Cultural issues also relates to language

issues, different expectations and drug abuse (Saupstad 2010).

2.3.8 Attention in the media

Over the last years the AMK department has experienced some heavy incidents
being broadly debated in the media (VG 2011a), (AmbulanseForum 2010b). An
oversimplified and negative approach towards AMK has made the reputation of

the organization being greatly challenged (Jamtli 2010).

All the challenges listed above makes the running of the AMK O&A quite
problematic. In the next section arguments for why it can be helpful to make a
simulation model for improving the performance of the operations at the AMK

call center will be outlined and discussed.
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3.0 Why find the relationship between resource use,
capacity and pre-hospital response time?

In this part, arguments supporting the study will be given. Resource allocation in
public services is highly relevant, and utilizing the scarce resources allocated is of
great importance (Channouf, L'Ecuyer, and Avramidis 2006). Besides the
organizational challenges mentioned above, the most critical challenge for the
Norwegian public services and the AMK call center in particular, is too long pre-
hospital response time. Pre-hospital response time is the time between when a
person calls 113 (dnnringer ringer”) to the ambulance reaches the patient
(—Enheten fremme hos pasienten™), as can be seen in the figure below (Folkestad,
Gilbert, and Steen-Hansen 2004). AMK has influence on a) the time called the
-access time 113” (-Aksesstid 113”), which is the time between a person calls 113
and AMK answers the call, and b) AMK’s response time (-AMK-reaksjonstid).
The latter is the access time plus the time it takes from AMK answers the call to it

gets able to notify the ambulance unit (AMK varsler enhet).

Figur 1
=Hendelsen reinnringer  ~eAMK = Enhsatan = Enh@ten fremime
rintreffar TiF e syarar ryickar ut hos pasanien
r= A0 K varsiar anbat
Tid
Aksesstid 113
R ——
AbE-reaksjonstid | Enhetens reaksjonstid Utrykningstid
i L i
= S e =
Publikuems td Prehospital responstid
e S—— -

De wiktigste prehospitale tidsbegrepene (3)

Fig. 3.1 — Description of the term pre-hospital response time (Folkestad, Gilbert,
and Steen-Hansen 2004).

AMK is struggling to meet quality requirements and wants to improve its future
processes. Therefore, this thesis looks at ~-AMK’s response time” with primary
focus on —access time 113 and hence the incoming calls to AMK. Below are the
most important arguments why a process simulation model may be helpful in

improving AMK’s situation.
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3.1 Too long pre-hospital response time

In Norway emergency medical services are operated by the government but also
by private organizations like the Red Cross. There are four regional Norwegian
health authorities; South-Eastern (Helse Ser-@st), Western (Helse Vest), Central
Norway (Helse Midt-Norge) and Northern (Helse Nord) Health Authorities,
providing most of the health care in Norway (Wikipedia 2010). AMK O&A is a
department in the Pre-hospital Division of Oslo University Hospital (OUS). OUS
is owned by Helse Ser-@st which is governed by Helse- og omsorgsdepartementet
(Ministry of Health and Social Affairs) (OsloUniversitetsSykehus 2010).

Organizational charts can be viewed in the appendix, figures 11.1-11.3.

Norway has a scattered population with many small towns and villages located far
from hospitals. To reach the population in these areas, land ambulances are
supplemented by  both  helicopters and  fixed wing  aircrafts
(Luftambulansetjenesten 2011). The national goal is that any citizen should not
have to wait more than 12 minutes in urban areas or 25 minutes in sparsely
populated areas for emergency services. As stated above, this goal is not yet been

achieved consistently (Helse-ogSosialDepartementet 1998).

AMK and the Pre-hospital Division in general are facing several challenges
affecting pre-hospital response time. The social committee at the Norwegian
parliament pronounced as early as in 1996 that the pre-hospital emergency offer
needed to be strengthened. It argued the importance for the Ministry of Health and
Social Affairs to compose demands for distinct parts of the emergency medical
chain. In 1997 a group was appointed that published the report Nar det haster...”
and this discussed the requirements within emergency medical preparedness
(Helse-ogSosialDepartementet 1998). The Ministry of Health and Social Affairs
presented in July 2000 the white paper number 43 (1999-2000) about the
emergency medical preparedness (Sosial-ogHelseDepartementet 2000). In a report
—Akuttmeldingen 2001 the Norwegian parliament was asked to put forward a
finance and time schedule for strengthening the ambulance service based on the
requirements for reduced response time. On behalf of the Ministry of Health,
SINTEF made a report in 2002 about the financial consequences of the new
requirements for response time for the ambulance service (Myrbostad, Lauvsnes,
and Johansen 2005). Office of the Auditor General in Norway documented that in

2004 there were 574 047 day and overnight stays in need of emergency medical
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assistance. Same year the ambulance service had 495 324 missions with running
expenses of 2.3 billion NOK (OAG 2006). Regulations about requirements within
the emergency medical service outside hospitals came in 2005 (LovData 2005).
The Public Accounts prepared —-BPokument nr 3:9 2005-2006 about the
investigations of emergency medical preparedness. In March 2009 the big picture
of the review about pre-hospital service was presented, in which the main focus

was on the AMK call centers and the ambulance service (MoHCS 2009).

As time is the critical component in increasing chances of survival when life-
threatening incidents happen, a focus should be on reducing pre-hospital response
time. Interestingly, AMK O&A has — according to a figure provided by the
Ministry of Health — the longest access time of all AMK call centers in Norway.

Average access time to AMK O&A was 18.8 seconds (Jamtli 2010).

Responstid ved AMK

Sekunder
=
=]

+ o Inkludert talemelding
\;’2‘ B Uten talemelding

Fig. 3.2 — The figure illustrates the response times in seconds for the different

AMK call centers in Norway (Jamtli 2010).

3.2 Few quantified recommendations

A second argument why the content of this master thesis may be important is the
lack of formal Norwegian recommendations for quality and efficiency in the chain
of survival. A report commissioned by the Ministry of Health and Social Affairs
proposed standards for response intervals in emergencies: 90 % of the population
in cities and urban areas should be reached by an ambulance within twelve
minutes. In rural areas, 90 % should be reached within 25 minutes (Helse-

ogSosialDepartementet 1998). Since the important factor in determining survival
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after out-of-hospital cardiac arrest is how fast the ambulance personnel reaches
the patient, improved services at the call center will positively affect the total pre-
hospital response time. Allocation of ambulances does also depend on these
services (Pedersen 2009). National requirements for access times at AMK centrals
are not defined. However, in Helse Vest and Helse Midt-Norge targets for access
time are set to be maximum 10 seconds (Helse-Midt-Norge 2010). Also
internationally there are policies for access times. For instance, in San Francisco
in California emergency calls must be answered within 10 seconds (Hennessy
2009). If a person in Oslo or Akershus calls 113, (s)he runs the risk of waiting
much longer. AMK tries to respond a call within 20 seconds. However,
sometimes it has problems with obtaining even this goal (Saupstad 2010). On
behalf of Statens Helsetilsyn, Norstat has gathered activity data from several
AMK centrals (StatensHelsetilsyn 2011). A review of the thirty requests Norstat
made to AMK O&A revealed a spread of from 121 seconds (more than two
minutes) to 4.7 seconds. In interviews, nurses have reported that due to lack of
resources there have been regularly waiting times of 1-2 minutes for emergency
calls and that losing calls due to long response times is not unusual
(StatensHelsetilsyn 2011). If the simulation model will be able to illustrate how
AMK may use its resources in a wiser way, this will give a better starting point

for the rest of the chain of survival and in the end actually save lives.

3.3 Improving social welfare

Improving social welfare is highly relevant in today’s society which is facing an
increasing proportion of elderly people and a population requiring more and better
services. Thus, better organizing of the emergency medical services is essential
(MoHCS 2007). The demand for emergency medical service consisting of pre-
hospital medical care and transport to medical facility is increasing throughout the
developed world. The main reason for this is the aging of the population
(Channouf et al. 2006). In Norway, the fraction of people over the age of 67 is
dramatically increasing and estimated to be approximately 1.4 million in 2050,
compared to around 600.000 today (Jamtli 2010). General population growth is
another close related factor to be taken into account. In Norway there is expected
a substantial growth in the years to come. By the year 2060 the population is

estimated to reach around 7 million people. All these trends will have huge
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impacts on the health sector in Norway and the emergency medical services in

particular (Saupstad 2010).

3.4 Provide arguments supported by quantitative data

AMK O&A analyzes very few of its quantitative data and many of its decisions
are based on experience and previous procedures. By analyzing available data this
master thesis will contribute to stronger quantitative arguments for the decision
makers higher up in the system. Considering the intense media attention directed
towards AMK the last few years, the timing of this project may also be ideal.
AMK reports that it is under increased pressure, with a steadily growing work
load and no budget increases since 2004 (Saupstad 2010). From 2004 to 2009,
incoming emergency requests grew from 60,958 to 85,000 (Jamtli 2010). In
March 2011 Statens Helsetilsyn investigated the situation at AMK and considered
the workforce to be so marginal that AMK is not able to operate safely

(StatensHelsetilsyn 2011).
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Fig. 3.3 — The figure illustrates the development of incoming requests for 113 to

the AMK call center in the period 2004-2009 (Jamtli 2010).

Another source illustrating a growing workload is the figure showing that
ambulance missions have increased with approximately 40 % from 1999-2009.
One explanation for the growth is the increase in the population of Oslo and

Akershus in the same period. In 1994 there lived approximately 900.000 people in
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this area compared to a bit over 1.1 million in 2009 (Jamtli 2010). The ambulance
missions are forecasted to become around 180.000 missions per year in 2020.
During the same period budget allocations has not increased in the same pace and

the number of somatic hospital beds has decreased (Jamtli 2010).
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Fig. 3.4 — The figure illustrates the development of the amount of somatic hospital

beds in Norway from 1999-2009 (Jamtli 2010).

The figure above indicates that there will be an increased need for transportation
between hospitals, institutions and nursing homes. A reduced number of somatic
hospital beds may lead to an increase in elective transportation, tying up more
resources and leading to longer pre-hospital response time for critical incidents.
Since critical response is prioritized before non-urgent missions, fewer somatic
hospital beds may lead to an even lower service level for elective transportation.
At first hand this means longer waiting. An implication of this is that if the
organizing of the emergency department is the same as today it is likely that the

planning of the elective transportation will be even harder.

These facts are indicating the importance for emergency medical services to be
better organized. Scarce resources need to be utilized in the best possible way to
meet these challenges and reduce pre-hospital response time. This master thesis
will contribute with quantitative knowledge of the processes at AMK and come up

with useful advice on how to handle these challenges.
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3.5 Conclusion

There seems to be a potential for applying quantitative models like the use of
simulation models in the emergency medical service areas. This thesis is rooted in
a practical problem at one of the most important emergency medical service
centers serving a large fraction of the citizens of Norway. One might think AMK
O&A and other related medical departments would be using operations research
techniques already. However, this is not the case and this thesis will thus make a
valuable contribution. Moreover, health care is in general a highly variable,
complex and dynamic system, where we believe that simulation can help doing
analysis to make the system more efficient. Simulation can be used to justify the
costs of major changes by quantifying the outcome and up- and downstream
impacts (IIE 2010). How these changes might be addressed for achieving success

will also be discussed in this master thesis.

In the next section the theoretical foundation supporting the simulation model
technique used in this master thesis will be outlined to address the challenges

related to running the AMK call center.
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4.0 Theoretical foundation to support the research
The starting point of this master thesis is empirically driven research, and in this
part the focus will be on theory that is relevant for the problem statements of this
thesis. By looking at the research questions above, it is clear that the thesis will be
based on knowledge from queuing and simulation, in addition to call center and
change research. Moreover, this master thesis is built on a process view and this

approach will also be presented in this part.

4.1 Operations research

The significance of operations research or management science (OR/MS) became
clear during the Second World War. The British Army had more than 200
operations researchers employed to increase the effectiveness of the warfare (Taha
2007). OR/MS refers to the use of advanced analytical methods to help make
better decisions (INFORMS 2010). The cornerstone of OR/MS is mathematical
modeling, but it is important to remember that even though mathematical
modeling greatly forms the OR/MS field, pure mathematics will never solve the
problem alone (Sterman 2000). The use of OR/MS models can have significant
impact on emergency response systems, but implementation of published models

occurs less frequently than expected (Kolesar and Green 2004).

4.2 Process view and service organizations

One way to analyze an organization is to use a process view. A process view
considers any organization to be a process transforming inputs into outputs
(Anupindi et al. 2006). The simulation software chosen, which will be described
later, is based on this process view and needs to be understood to fully understand
the construction of the model later on. Furthermore, it is important to understand

what characterizes service organizations.

4.2.1 Important aspects of service organizations

Organizations can mainly be divided in two broad categories, -either
manufacturing or service. While manufacturing organizations produce tangible
products, service organizations produce intangible products which cannot be
purchased ahead of time (Porter 2009). According to Anupindi et al. (2006), in a
service process one refers to a flow unit as a customer or a job order. An
important aspect of service organizations is that they have make-to-order

processes as opposed to a make-to-stock process as in a typical manufacturing
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company. These types of processes are often characterized by variability in
inflows as well as in order processing time and the role of capacity in dealing with
it (Anupindi et al. 2006). The AMK call center is a service organization for the
citizens of Oslo & Akershus. It is characterized by using make-to-order processes
where one needs to maintain sufficient capacity to process customer orders as they
come in. This means that the call center cannot produce or store inventory of
finished orders in advance of demand. The incoming requests may for instance
have to wait in input buffers before being processed by the available resources,
while the completed orders leave the process as outflow units. The queue of
customer orders waiting to be processed is then the inventory of inflow units
entailing costs due to customer dissatisfaction and costs due to waiting for their
orders to be processed (Anupindi et al. 2006). Another factor causing customers to
wait is the variability in the arrival and processing times. People calling the
emergency phone number have a widely different ailment, meaning that the time
required to handle each call is very different. The variability in customer arrival
and processing times degrades the process performance in terms of customer
delays and queues (Anupindi et al. 2006). In the case of emergency medical
service at AMK, these delays result in variation in response times which often
become too long. By increasing the performance of these service processes, lives
can be saved. The resource units, in this case the nurses processing requests, may
be called servers in this system, and the service processes are characterized by a
single-phase service process. This means that each customer is processed by one
server, and all tasks performed by that server are combined into a single activity
(Anupindi et al. 2006). Other characteristics of service systems are that services
usually must be performed relatively soon after requests are made and it might be
possible to prioritize jobs (Green, Kolesar, and Whitt 2007). When there are
significant variation in arrivals of requests and significant variation in service
times it is natural to use a queuing model to compute the level of resources needed

to reach a certain level of service (Garnett, Mandelbaum, and Reiman 2002).

4.2.2 Processes and process view

Recently it has been more common to consider the organization as consisting of
sets of processes linked together in order to meet customer needs rather than the
traditional functional view (Porter 2009). According to Hunt (1996) a business

process can be described as a series of steps designed to produce a product or a
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service; between every input and every output there is a process. Most processes
are cross-functional and can be seen as a —value-chain” (Anupindi et al. 2006).
The term —value-added” is used to describe the value a process contributes with
for the customer (Porter 2009). This means that the process contributes to the
creation or delivery of a product or service. Each step in a process should add
value to the preceding step and the organization is only as effective as its
processes (Hunt 1996). Any organizational process can be defined by its inputs
and outputs, flow units, network of activities and buffers, resources, and

information flow (Anupindi et al. 2006), constituting five steps to be analyzed.

AMK’s structure is likely to affect its delivery performance. AMK faces
performance challenges caused by its organizing of its business processes. The
process view of organizations provides a framework for understanding and
dealing with these challenges. In the following we will give a brief description of

the previously mentioned steps and how these apply to AMK.

Identifying the organization’s inputs and outputs constitutes the first step. Inputs
refer to any tangible or intangible items flowing into the process from the
environment. They include raw materials, component parts, energy, data, and
customers in need of service (Anupindi et al. 2006). Outputs are any intangible or
intangible items flowing from the process back into the environment, such as
finished products, processed information, or satisfied customers. As inputs flow
through the process they are transformed and exit as outputs (Anupindi et al.
2006). In AMK’s case we have identified the input as the reception of a request.
Thus, the output will be treatment fulfillment. By such, it is possible to identify
how long this request uses through the system and analyze the affect on access

and response time.

Establishing a clear understanding of the flow units being analyzed is the
subsequent step. We have chosen to consider one request as the flow unit and
studied how this flows through the system of resources consisting of work

stations, nurses and paramedics.

Describing the process as a network of activities and buffers is step three
(Anupindi et al. 2006). An activity is the building block of a process and is the
simplest form of transformation. When studying a specific organization, we must

study its transformation of processes by looking closely at its specific activities. A
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buffer stores flow units that are finished with one activity before waiting for the
next to start. For example, people calling 113 are waiting in a buffer to talk to the
nurse. Process activities are linked so that the output of one becomes an input into
another, often through an intermediate buffer. This network of activities and
buffers describes the specific precedence relationships among activities — the
sequential relationships determining which activity must be finished before
another can begin (Anupindi et al. 2006). At AMK the process is described
thoroughly as follows: Incoming requests are answered by nurses. They prioritize
the most important numbers first, so the most severe requests will be handled first.
The requests are then being categorized according to a medical index before any
ambulance order is made. Next, a paramedic allocates an ambulance to the
specific incident. A more detailed description of these activities is given in

paragraph 4.4 on call center research.

Organizational resources are identified in the fourth step. They are tangible assets
facilitating the transformation of inputs to outputs during the process, usually
divided into the two categories of capital (fixed assets) and labor (people)
(Anupindi et al. 2006). At AMK the critical resources are mainly nurses and
paramedics. However, ambulances are also considered as important resources by
AMK, even though they are actually belonging to the ambulance department. This
overlapping occurs because it is the paramedics at AMK who are in charge of the

allocation of ambulances and they decide on how they are utilized.

Finally, in step five one identifies the information structure, showing what
information is needed and available in order to perform activities or make

managerial decisions (Anupindi et al. 2006).

The described framework sets the definition of a business process: A network of
activities performed by resources that transform inputs into outputs (Anupindi et

al. 2006).

4.3 Modeling

According to Taha (2007) queuing and simulation models deal with the study of
waiting lines, but they are not an optimization technique. Optimization refers to
the process of finding the optimal solution from millions of possible alternatives
while meeting the given constraints of the supply chain (Shapiro 2007).

Simulation, on the other hand, is the process of modeling a system to answer
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what-if questions (Bowden 1998) and is often seen as the next best thing
observing a real system (Taha 2007). To analyze waiting lines one can use
queuing models utilizing probability and stochastic models when analyzing (Taha

2007). Queuing models will be more discussed next.

4.3.1 Modeling of queues

Queuing models determine how many agents who must be available to serve calls
over a given half-hour or hour period (Gans, Koole, and Mandelbaum 2003).
Queuing models are often used to determine how much service capacity should be
provided to a queue to avoid excessive waiting (Hillier and Hillier 2008). This is
highly relevant to our problem statement, as the goal is to improve pre-hospital
response time; the time from incoming calls to patients get the help they need. The
first step in this pre-hospital chain is the incoming requests. These are going
through the automatic answering machine and answered if there are available
nurses. When no one is available, the caller is put on hold. Requests on hold
create a queue. Another queue in the system is created by possible shortages in
ambulances forcing the paramedics to prioritize between the different cases in
which there is a need of medical assistance. However, it is the former type of
queue, the one made up of incoming requests, that is dealt with in this master

thesis.

Important factors in a queuing model of operational processes are the capacity of
resources, the processing times of the operations and the arrival rate of the work
orders (Bertrand and Fransoo 2002). Below is a thorough description of the

elements of queuing models and how these apply in the case of AMK.

Interarrival times are the times between consecutive arrivals to a queuing system
characterized by high variability (Hillier and Hillier 2008). Two estimations are
needed. These are the expected number of arrivals per unit of time and the form of
the probability distribution of interarrival times. The first mentioned is normally
referred to as the mean arrival rate. To identify the mean arrival rate in the queue
of incoming requests, one needs to gather data concerning the requests; how many
requests over a given time period. The corresponding estimate of the expected
interarrival time is 1/(the mean arrival rate). When it comes to the form of the
probability distribution of interarrival times, the exponential distribution is used

when the customers arrive randomly. In such a case, the time of the next arrival

Page 27



GRA 19002 Master Thesis 01.09.2011

always is completely uninfluenced by when the last arrival occurred, called the
lack-of-memory property (Hillier and Hillier 2008). The shape of an exponential
distribution shows that high points on the curve are at very small times and then
the curve drops down —exponentially” as time increases. This indicates a high
likelihood of small interarrival times, well under the mean. However, the long tail
of the distribution also indicates a small chance of a very large interarrival time,
much larger than the mean. This variability in interarrival times makes it
impossible to predict just when future arrivals will occur. When the variability is
as large as for the exponential distribution, this is referred to as having random
arrivals (Hillier and Hillier 2008). Random arrivals are the characteristic of
interarrival times observed in practice and at AMK in specific. As we have neither
mformation nor indication of another distribution form, we have chosen to use the

exponential distribution for interarrival times for requests at AMK.

A queue is where customers wait before being served (Hillier and Hillier 2008).
For incoming requests at AMK, the person in the queue is directed to the
automatic answering machine when no nurses are available. When the nurses get
available they answer the call and the conversation may start. The number of
customers in the queue (queue size) is the number of customers waiting for
service to begin. The number of customers in the system is the number in the
queue plus the number currently being served (Hillier and Hillier 2008). For
example, AMK may have 5 customers in the queue plus 6 more being served by
the nurses, so a total of 11 customers are in the system. The queue capacity is the
maximum number of customers that can be held in the queue (Hillier and Hillier
2008). One distinguishes between infinite and finite queues. An infinite queue is
one in which an unlimited number of customers can be held. When the capacity is
small enough that it needs to be taken into account, the queue is said to be finite.
During those times when a finite queue is full, any arriving customers will
immediately leave (Hillier and Hillier 2008). Our experience suggests that the
queue at AMK is infinite, and the queue will therefore be handled in a

corresponding manner.

Another decision made is the question of queue discipline. The alternatives to
choose among are —first in, first out”, random selection, some priority procedure,

or even last come, first served (Hillier and Hillier 2008).
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Considering service, for a basic queuing system each customer is served
individually by one of the servers. A system with one server is called a single-
server system, whereas a system with more than one server is called a multiple-
server system (Hillier and Hillier 2008). AMK represents the latter type, as there
is more than one nurse handling the incoming requests. When a customer enters
service, the elapsed time from the beginning to the end of service is referred to as
the service time. In AMK’s case, service time is identical with the length of the
conversation; i.e. how much time the nurse spends on perceiving the event and
setting a —diagnosis”. Service times generally vary from one customer to the next.
However, according to Hillier and Hillier (2008), basic queuing models assume
that the service time has a particular probability distribution, independent of
which server is providing the service. Identical servers are also assumed in our
model; nurses are seen as equal with the same abilities and characteristics. This is
of course is not entirely correct in real life. The expected number of service
completions per unit for a single continuously busy server is called the mean
service rate (Hillier and Hillier 2008). For example, if a nurse’s expected time to

give a diagnosis is 3 minutes, the service rate will be 20 customers per hour.

The most popular choice for the probability distribution of service times is the
exponential distribution, which has the shape already described under interarrival
times. According to Hillier and Hillier (2008), the main reason for this choice is
that this distribution is much easier to analyze than any other. Although the
exponential distribution provides an excellent fit for interarrival times for most
situations, this is much less true for service times, as pointed out by Hillier and
Hillier (2008). They state that depending on the nature of the queuing system, the
exponential distribution can provide either a reasonable approximation or a gross
distortion of the true service-time distribution. Exponential distribution reflects
high variability; many of the service times are quite short (considerably less than
the mean), but occasional service times are very long (far more than the mean).
This accurately describes the kind of queuing system where many customers have
just a small business to transact with the server but occasional customers have a
lot of business (Hillier and Hillier 2008). However, for some queuing systems, the
service times have much less variability than implied by the exponential
distribution, so queuing models that use other distributions should be considered.
As pointed out by Hillier and Hillier (2008), the exponential distribution is a poor

fit for the kind of queuing systems where service consists basically of a fixed
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sequence of operations that require approximately the same time for every
customer. For the latter kind of queuing system they suggest to assume constant
service times, that is, the same service time for every customer. In describing the
queue of incoming requests to AMK, the best solution is to use exponential
distribution. After observing the processes at the call center, the conclusion was
that the time between requests could be short or it could be long. High variability
was indeed observed. Furthermore, there was huge variation in service times.
Some requests provided short conversations and others long ones, depending on

the complexity of the event.

To summarize, following figures are needed as input to the model:
e Number of servers (nurses)
e Interarrival times (expected time between requests), the mean arrival rate
e Probability distribution for interarrival times = exponential
e Service times (expected time to handle each request)
e Probability distribution = exponential

e Length of simulation run (number of requests)

In the data analysis presented later, average estimations of the mean arrival rate

and service times will be outlined.

4.3.2 Simulation Models

According to Shapiro (2007) simulation models are descriptive models permitting
managers to study the dynamic behavior of supply chains and other systems.
There is an important distinction between deterministic and stochastic simulation
models. Deterministic simulation models are models describing a system’s
dynamic behavior assuming there are no random effects. Stochastic simulation
models (Monte Carlo) are simulation models which describe behavior when there
are random effects present (Shapiro 2007). The latter is often referred to as

discrete-event simulation (DES).

AMK performs service operations characterized by a high degree of variability in
customer arrivals and processing times. Such unpredictable or random variability
resulting from these types of service processes is called stochastic variability and
must be distinguished from seasonal variability which is more predictable
(Anupindi et al. 2006). According to Hillier and Hillier (2008) computer

simulation is a technique that involves using a computer to imitate the operation
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of an entire process or system. By imitating the operation of the AMK system, a
computer can simulate years of operation in a matter of seconds and then record
the performance (Hillier and Hillier 2008). As stated above, in many cases the
system is stochastic, which can be defined as a system evolving over time
according to one or more probability distributions. By using the corresponding
probability distributions to randomly generate the various events occurring in the
system (e.g. the arrivals and service completions in a queuing system), computer
simulation imitates the operation of such a system (Hillier and Hillier 2008).
However, instead of operating a physical system, the computer is just recording
the occurrences of the simulated events and the resulting performance of this
simulated system. When the stochastic system involved is too complex to be
analyzed satisfactorily by other mathematical models, computer simulation
typically is used. Strengths of a mathematical model are that it abstracts the
essence of the problem and reveals its underlying structure. This way it can
provide insight into the cause-and-effect relationships within the system. If the
modeler is able to construct a mathematical queuing model that is both a
reasonable approximation of the situation and amenable to solution, this approach
can be superior to computer simulation. But many problems are too complex to
allow this approach. Thus, simulation can often provide the only practical

approach to a problem (Hillier and Hillier 2008).

According to the Institute of Industrial Engineers (2010) simulation can be a
powerful and necessary tool for improving processes throughout the health care
arena. However, knowing how and when to use it and what to expect from it can
be critical to have a successful utilization of the tool. With rapid changes in
technology, and more user friendly tools, simulation should be part of every
management engineer’s tool belt for effective performance improvement. Further
they state that it is important that the planning for modeling is best to be done in
advance of actual utilization, much like planning for a construction project.
Having the tools in place when you need them can ensure that your tool belt is
more complete and the simulation more useful (IIE 2010). In health care,
simulation can offer a way to see the effects of process design before
implementation, both saving money and patients’ lives. Simulation can contribute
to safe experimentation on alternate processes and allows many options to be

compared in a short time (Pidd and Giinal 2008).
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According to Pidd and Giinal (2008) simulation can cope well with variations.
Handling variations in health care is especially critical due to limited spare
resources available when demand may suddenly increase. Because many hospitals
are interconnected and congested, systems using computer simulation can be
another advantage to improve health care. Further the authors state that this
complexity requires whole system thinking which is difficult without appropriate

tools (Pidd and Gtinal 2008).

There exist several drawbacks when using simulations. First of all, the process of
developing simulation models can be costly, both in time and resources, and the

execution of these models can also be slow (Taha 2007).

According to Greasley and Barlow (1998) simulation methods often refer to both
the building of the model and the experimenting with it. The experimenting
process consists of running the simulation for a time period for a number of
replications in order to get statistical data (Greasley and Barlow 1998). In the
process simulation model that will be made for the AMK system there will be

both a phase of building the model and a phase of experimenting with it.

4.4 Call center research

The AMK call center can be seen as any group whose principal business is to
answer phone calls from customers. Further, it can be thought of as stochastic
systems with multiple queues and multiple customer types (Mehrotra and Fama
2003). The functions call centers provide can be highly varied like customer
service, help desk, and emergency response systems (Gans, Koole, and
Mandelbaum 2003). Call centers are an increasingly important part of today’s
business world, and a fertile area for operations management researchers in
several domains like forecasting, capacity planning, queuing and personnel
scheduling (Aksin, Armony, and Mehrotra 2007). According to Akins et al.
(2007) inbound call centers’ prime function is to receive telephone calls initiated
by customers, and these call centers are typically very labor-intensive operations
where most of the budget is compromised by the staff members. When there are
no available agents to immediately answer the phone calls, the customers are put
on hold and placed in a queue. The customers may abandon the queue by hanging
up if they have to wait too long in receiving the expected service. When the

customer’s phone call is answered by the agent, the customer will speak to the
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agent for some random amount of time. The quality of the service received can be
viewed as a function of how long the customer had to wait and the customer
attributes to the information and service received (Aksin, Armony, and Mehrotra
2007). The call center at AMK O&A typically reflects these characteristics of how
a call center works in general. The inbound calls arrive randomly over the course
of time (Mehrotra and Fama 2003). In addition to receiving inbound calls, in
many call centers agents also make outbound calls to customers. In the model
presented later the focus will be on the inbound part of the calls. Thus, this theory
part will also mainly focus on incoming calls. Each of the incoming calls is of
random duration and individual agents can be skilled to handle one type of call or
several types of calls, with different priorities and preferences (Mehrotra and

Fama 2003).

Those responsible for managing call centers must strive to balance between three
powerful competing interests; costs, service quality and employee satisfaction
(Mehrotra and Fama 2003). Managers are expected to deliver both low operating
costs as well as high service. To solve this contradiction, they are challenged with
deploying the right number of staff members with the right skills to the right
schedule in order to meet this uncertain and time-varying demand for service
(Aksin, Armony, and Mehrotra 2007). These managers need to consider important
questions like how many agents should they have staffed with which particular
skills and how many calls of which type they expect at which times. Other
important questions can be what the overall capacity of the call center is and how
one should route the calls to make the best use of the resources (Mehrotra and

Fama 2003).

4.4.1 Managing call center operations

There exist several challenges associated with managing call center systems
effectively (Mehrotra and Fama 2003). The objective at inbound call centers is to
minimize waiting and achieve a relatively high agent utilization rate (Aksin,
Armony, and Mehrotra 2007). Within the traditional view of managing call center
operations the main issue is how many agents to hire at what times and the

scheduling of an available pool of agents for a given time period.

In the next sections below, the major building blocks of how to manage call center

operations are presented. These are call center forecasting, resource acquisition,
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staffing, scheduling and routing. In addition, some modeling considerations are

discussed.

4.4.2 Call forecasting

Forecasts of future demand are essential for making supply chain decisions, where
forecasting refers to the process of making statements about events that not yet
have occurred (Chopra and Meindl 2010). With respect to call center research,
forecasting involves determining the amount of calls or requests the customer will
require at some point in the future. Forecasting is a complex issue, with many
interactions among functions and forecasting variables. It can be costly and the
accuracy of the information may be questionable (Stock and Lambert 2001). The
call center forecasts typically use historical data, time series models and expert
judgments, and there are two main types. The first is call volumes and the second
is average handling time, where both are required for call center simulation. These
forecasts must also be created for each queue for each time interval in the
simulation period. The approach most commonly used is the weighted averages of
historical data for specific time intervals over the course of a week and most of the
models assume that call handling times are exponentially distributed (Mehrotra

and Fama 2003).

4.4.3 Resource Acquisition and Resource Deployment

problem

The number of agents to hire is based on long-term forecast of demand and
service, often denoted resource acquisition. These decisions are often made
several weeks or months ahead of time. This is due to lead times for hiring and
training agents. Scheduling of available pool of agents are based on detailed short-
term forecast for a given time period and this is denoted resource deployment in
call center research. The decisions are often made one or more weeks in advance
of when calls actually arrive. The variability of call arrival distributions and
service time distribution means that both forecasting and queuing models play an
important role in modeling resource deployment decisions correctly. When calls
actually arrive, queuing policies and call routing decisions may be made (Aksin,

Armony, and Mehrotra 2007).
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4.4.4 Modeling considerations of using simulation in call

centers

Over the past several years, simulation has become important for the call center
design and management area (Mehrotra and Fama 2003). In the call center
industry simulation can be utilized in three ways:

1. Traditional simulation analysis

2. Embedded Application — ACD/CDI Routing

3. Embedded Application - Agent Scheduling

Call center agents are in simulation research defined as resources performing
certain activities. Agent schedules can be thought of as a series of activities taking
place over the course of a day (Mehrotra and Fama 2003). An important issue
gathered increased focus in call center research is the awareness that phone
conversations between customers and agents are interactions between human
beings. This means that psychological issues with respect to an agent’s experience
can influence both customer satisfaction and the overall performance of the call
center (Aksin, Armony, and Mehrotra 2007). This is especially relevant for the
staff at the AMK call center, where nurses communicate with people in critical
situations. Experienced nurses might deal better with certain psychological issues
than inexperienced ones. However, sometimes psychological issues might
complicate a conversation between two people, independent of their experience
and lead to lower performance. This is one of the reasons why the Norwegian
medical index is supposed to be used of all nurses to decrease these issues

(Saupstad 2010).

The key output statistics related to these applications are queue statistics,
abandonment statistics and volume statistics (Mehrotra and Fama 2003).

Another big challenge facing those using simulation models within call center
research is how to specify the correct definition and organization of model input.

The call center simulation modeling framework is illustrated in the model below.
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Fig. 4.1 — Call center Simulation Modeling Framework (Mehrotra and Fama

2003).

The most important input parameters when building a simulation model are the
incoming calls, the agents, and the time period during which the call center is
open. Usually, this simulation model contains more than one queue and runs for a

period of one day, one week, or several weeks (Mehrotra and Fama 2003).

Another challenge for the simulation modeling is with respect to the agents’ skills.
What are they capable of handling? And given a set of multiple calls waiting, how
would they prioritize? It is also important to consider how fast the agent will be
able to handle each type of call, and how often the agent will resolve the issue

successfully (Mehrotra and Fama 2003).

One of the most hotly debated topics in call center research is abandonment
(Mehrotra and Fama 2003). In order to effectively model customer abandonment
behavior one needs to know the customers’ tolerance for waiting and at what point
they hang up and leave the queue. Further, it is important to know how likely it is
that the customers call back, and after how long. These issues are not only hard to
answer due to the mathematical complexity, but also due to the lack of observable

data about customer abandonment and retrial (Mehrotra and Fama 2003).
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445 A call center as a queuing system

Gans et al. (2003) describe a model which illustrates the operational scheme of a
simple call center, where the relationship between call centers and queuing

systems is demonstrated. The model is presented below.

L ITITR

Fig. 4.2 — Schematic Representation of a Telephone Call Center (Gans, Koole,
and Mandelbaum 2003).

The model has the following setups: The figure shows that incoming calls form a
single queue to wait for service from one of N statistically identical agents. There
are K trunk lines connecting calls to the center (Gans, Koole, and Mandelbaum
2003). An Automatic Call Distributor (ACD) manages the queue and connects
customers to available agents. A call which arrives when all trunks are occupied
receives a busy signal and is blocked from entering the system. Those getting a
busy signal might try again later (—+edial”), or give up (dest demand”). Those
who succeed in getting through when all agents are busy are placed in the queue.
If the customers in this queue become impatient they might hang up (-abandon”)

and leave the system (Garnett, Mandelbaum, and Reiman 2002).

A frequently used approach for solving these call center queuing issues is that of
an M/M/N queue, also known in call-center circles as Erlang C. By using this
model, call centers implicitly assume constant arrival and service rates, as well as
a system which achieves a steady state quickly within each interval. Moreover,
service times are assumed to be exponentially distributed and independent of each
other, the arrival process is assumed to be Poisson and the service discipline is

assumed to be first-come, first-served (Gans, Koole, and Mandelbaum 2003). This
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model is an oversimplification which ignores busy signals, customer impatience
and service that span multiple visits. However, it can provide an exceedingly
simple means of trading off capacity and accessibility (Gans, Koole, and

Mandelbaum 2003).

Usually the cost of truck lines is trivial and small compared to the staffing costs,
but the important part is how to understand the effect the number of trunk lines
has on service quality, waiting times and abandonment issues. Managers can vary
the number of active trunk lines if they are equipped with the proper technology,
but this is not often experienced in practice (Gans, Koole, and Mandelbaum

2003).

The service process sketched above is often more complicated and complex in
real life, but the call center at AMK has many of the characteristics of a simple
call center. Thus, the research done in this field is highly relevant for illustrating

the major building blocks of the model presented in chapter seven.

4.5 Change in the public sector

A common view of the public sector is to consider it like a slow bureaucratic mass
where nothing gets done and the private sector as rapid changing and effective.
This can be said to be an outdated view, and the sectors are more similar than ever
before (Hagen 2009). There are, however, some differences between public and
private sector. There are certain forms, norms and values which characterize the
public sector, for example sections of departments, hierarchy, equal treatment and
laws and rules, and it is important to be aware of these assumptions and

conditions (Berg and Eikeland 1997).

Change can mean to move from one way of doing things to another, and not all
changes have to be managed. An organization needs to make decisions about how
much risk that is involved in not implementing the change before initiating a
actual change process (McPheat 2010). Much literature has been written on the
subject and many researchers have tried to come up with the —perfect” recipe for
change, both in private and in public settings. Kotter and Cohen (2002) outlined
an eight-step approach for successful change and what change agents should focus
on (Kotter and Cohen 2002). Even though the steps of Kotter and Cohen often are
considered useful, the steps may have different meanings in different contexts and

different situations. Thus, there does not exist one universal recipe resulting in
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successful change. Rather, change must be adopted to fit the features of the

organization in question.

One also needs to make some considerations about the difference between private
and public change initiatives because a public change initiative — and its claimed
success — will be analyzed and discussed later in this mater thesis. The main
difference between the private and public sector is that the public sector is not
created to maximize shareholder wealth, but rather designed to promote certain
aspects of the public’s welfare (Ostroff 2006). Thus, public services have multiple
stakeholders and different considerations, and they need to balance the ongoing

power play and influence of all these (Karp and Helge 2008).

Bolman and Deal (2003) have made a multidimensional framework for analyzing
change in organizations and emphasize the importance of using multiple frames.
By doing so, organizations and individuals can go beyond the limitations of
habitual perception to achieve a more systems-level perspective (Howard et al.
2009). The four frames presented by Bolman and Deal (2003) are the human
resource, the structural, the political and the symbolic frame, where each frame
offers a distinctive view of change efforts essential for understanding change
(Bolman and Deal 2003). The frames will form the basis of the change analysis in
this master thesis. However, there are also other relevant theories within change
used. These will be discussed in relation to each of the frames, enhancing the

understanding of how a successful public change processes could be achieved.
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5.0 Research Methodology
According to Pidd (1999) the key to success in OR/MS practice is skills in

modeling and it is evident that the modeling is one of the key activities in this
thesis project. This master thesis can be characterized as quantitative model based
research. Such an approach can be categorized as a rational knowledge generation

approach (Bertrand and Fransoo 2002).

5.1 The art of modeling

Pidd (1999) outlines several principles for modeling serving as guidance for the
AMK simulation model. The research in this thesis will also find support from
Mitrof et al. (1974) when it comes to the research method that we will use. Since
models are used in various ways, Pidd (1999) outlines several useful principles
when modeling. The first principle discusses simplicity versus complexity. Here
he argues that when modeling one should model simply and think complicated.
This means that a relatively simple model can support complicated analysis. It is
very important to structure a problem properly and this can be a key to forming a
lower bound on the optimal simplicity of a formal model. He also suggests that
the modeler should be parsimonious, meaning that one should start small and add
on as one continues the modeling. The third principle is that one should try to
avoid mega models and rather break the model into smaller models, a divide and
conquer strategy. To succeed with this strategy the modeler needs to ensure that
assumptions are well documented and that all parts understand the assumptions.
The fourth principle deals with the use of metaphors, analogies and similarities
meaning that the modeler should try to seek analogy with some other systems or
with earlier work. One should be careful when using data and make sure not to
fall in love with them. The modeling should drive the data collection and not the
other way around. Lastly, Pidd (1999) suggests that the process of building a
model is like muddling through; building a model is not a linear process and the

modeler should go back and forth between the different parts of the model.

5.2 General quantitative methods
When building the model for AMK O&A all these principles will serve as
guidelines for the modeling work.  Another useful contribution to the

methodology part of this master thesis is the model presented by Mitroff et al.
(1974), see the figure below:
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Scientific
Mode|

Source: Mitroff ef al. (1974)

Fig. 5.1 — Guidelines to modeling (Mitroff et al. 1974).

In this model the operations research approach consists of four phases;
conceptualization, modeling, model solving and implementation (Mitroff et al.
1974). A process can start at any point in this figure. However, in the AMK case
the starting point is the conceptual modeling phase. Even though a major part of
the work will be spent on modeling, the other phases are also important and will

be briefly outlined below.

In the conceptualization phase the researcher makes a conceptual model reflecting
the problem or process being studied (Bertrand and Fransoo 2002). In the
modeling phase the researcher builds the quantitative model while in the solving
phase the mathematical part of the model plays a significant role. The last phase is
where the model is implemented in real life and this is the end of the cycle

(Bertrand and Fransoo 2002).

A similar type of approach as described above is also brought up by Hillier and
Hillier (2008), where they recommend using a scientific method consisting of six
steps:

1. Define the problem and gather data

2. Formulate the model

3. Develop a computer-based procedure for deriving solutions to the problem
from the model
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4. Test and refine the model

5. Apply the model to analyze the problem and develop recommendations for
management.

6. Help to implement the recommendations developed

(Hillier and Hillier 2008).

Anupindi et al. (2006) outline a five-step process simulation methodology very
similar to the ones described above. The basic method for analyzing processes

with simulations includes:

1. Identify goals, objectives, and scope for the project
2. Gather data on the existing process through interviews and measurements

3. Build a model of the current processes, which when simulated,
approximates the process performance

4. Perform simulation (what-if analysis)
5. Present the results and recommendations for potential changes

(Anupindi et al. 2006).

Common for all these approaches is that they are dealing with scientific work in a
systematic way. Moreover, in all approaches it is possible to go back and forth
between the steps or phases during the construction and analyses of the model.
This will also characterize the method used for developing and testing of the

process simulation model for AMK in this master thesis.

In addition to the scientific method described above, the research will also be
guided by general quantitative methods. The ideas of Bertrand and Fransoo
(2002) discussing how to do quantitative model-based research in operations
management will guide the work. These authors distinguish between empirical
and axiomatic research and between descriptive and normative research, giving
four different models. By quantitative model-based research they mean research
that can be classified as a rational knowledge generation approach. This approach
is based on the assumption that one can build objective models which are good
representations of a real-life operational processes or a model that can capture the
decision making problems managers are facing in real life (Bertrand and Fransoo

2002).

In quantitative models the relationships between variables are casual and an

important consequence of this is that the models can be used to predict the future
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as well as explaining the observations made (Bertrand and Fransoo 2002). This is
highly relevant when making a simulation model that can test different what-if
scenarios at the AMK call center. The distinction between empirical and
axiomatic research is that axiomatic research is driven by the model itself. The
main concern with this type of research is to obtain solutions within the defined
model and that the solution should provide insight into the structure of the
problem as defined within the model. This type of research produces knowledge
about the behavior of certain variables in the model, and formal methods like
mathematics and statistics are used to produce this knowledge (Bertrand and
Fransoo 2002). Empirical research, on the other hand, refers to research primarily
driven by empirical findings and measurements. The concern is to ensure there is
a model fit between observations and actions in reality and the model made of that
reality. Descriptive research strives to understand the processes been modeled,
while normative refers to the interest of making policies, strategies and actions to

improve the results available (Bertrand and Fransoo 2002).

In the AMK model the quantitative method of —-srormative empirical quantitative

research” will be used as a basis.

5.3 Type of data

According to Saunders, Lewis and Thornhill (2009), qualitative data refers to all
non-numeric data that have not been quantified, while qualitative data is data that
is numerical and has been quantified. The collection of data in this master thesis
has been a mix of both quantitative and qualitative data, even though the main
emphasis has been on using quantitative data. Because the AMK call center
collects lots of sensitive data, all data used was made anonymous. Both primary
and secondary data have been used. Analyzing secondary data already collected
by others has been central, but also some collection of primary qualitative data
specifically selected for the purpose of this thesis has been done. All important
processes and work routines at the AMK call center were mapped to make sure
that the simulation model contained the correct information and the right
relationships. The point of collecting qualitative data was to quality assure that the
processes were mapped correctly and contribute to the usefulness of the model,

both in theory and practice.
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5.4 The data collection process

The initial plan for gathering data for the analyses was to get raw quantitative data
from the incoming telephone system, from the AMIS internal computer system
and from the system for radio traffic. AMIS (Akuttmedisinsk informasjonssystem/
immediate medical information system) is the IT support tool used by AMK
centrals, emergency rooms (Legevakten) and ambulance service departments
(ambulansetjenesten) (Nirvaco 2011). However, the data gathering process has
been highly challenging, due to many obstacles along the way. The process of
ordering the raw data was initiated by the managers at AMK because they wanted
facts about the running of their operations. The mangers started this process in
2009 when the process of collecting and analyzing relevant data with respect to
their operations where defined and a project was started to improve their
operations based on actual facts. OUS has outsourced the IT department to a
company called Sykehuspartner, and AMK needs to order from this company all
needed data not already existing in the report generators. The report generators are
very general and do not contain data on all aspects of the operations, especially
those related to individual requests. But gaining access to real data is not free of
charge; Sykehuspartner takes certain amounts of money for these types of
requests. Moreover, it is evident that these types of requests have very low
priority, as the managers are still struggling with getting these data. During the
period from 2009 to 2011 there were several meetings between Sykehuspartner
and AMK, and a couple of orders were provided. However, to get access to the
data, the AMK managers could not use the office equipment; the software was too
old to handle these files. Furthermore, there was not budget to cover the expenses
related to these IT challenges. Several of the requests made to Sykehuspartner
were pushed around in the system — most often with no data being delivered —
indicating that the process of gathering these types of data is highly political.
These problems can also reveal some of the downsides to outsourcing the IT

functions in large governmental organizations.

The result of this time demanding process has been that there has only been
released data from AMK’s report generators. These reports are highly general and
based on average numbers and estimates. Many aspects of the operations are not
covered in these reports, like hourly data during the whole week (and not only for

the weekends) but also missing data in the material itself. However, the final data
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eventually used yielded many interesting findings. These will be discussed later in
this section and will hopefully be an inspiration for extending the data collection

process after this master thesis.

5.5 The quality of the data

An important consideration to be aware of in any research is the quality of the
data collected. For an accurate simulation there is a need for valid input data; a
simulation model will be no better than the information and the assumptions it
contains (McHaney 2009). Validity refers to whether the findings are really about
what they appear to be about, while reliability is concerned about the extent to
which your data collection techniques or analysis procedures will yield consistent
results if replicated (Saunders, Lewis, and Thornhill 2009). Data can either be
quantitative or qualitative as described above, where quantitative data input takes
the form of numerical values. The qualitative input data forms the underlying
assumptions in the model, like rules and other non-numerical data tused in the
simulation model (McHaney 2009). Both the qualitative data and the quantitative
data in this master thesis were validated. The information from this data gathering

was validated from observations, expert opinions and intuition.

Qualitative validation with respect to the AMK system was the process of making
sure that the computer model accurately represented this system. Since the model
was made from scratch, we had to trust the opinions of the experts at AMK and
our own intuition and observations to ensure the model ran the same way as the
real AMK system. Whenever judgments made by humans are present, the
possibility of errors exists (McHaney 2009), and this is a threat to the validity of
the research done in this master thesis. The level of confidence the modeler has in
the simulation model being accurate according to the real world situation is often
referred to as face validity or construct validity (McHaney 2009). To ensure that
the simulation model in this master thesis has high face validity the modeling
process was quality assured with several experts at AMK. The communication
was good and it was continual interaction between the students who designed the
model, the experts at AMK, the supervisors of the master thesis and regular staff

working at AMK.

Another threat to the validation present was the lack of real data. Because it was

impossible to achieve real data on individual level from Sykehuspartner, average
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data on hourly basis was mainly used. This fact decreased the face validity of the

project and the model made for AMK.

With respect to other validity issues, the data collection period questioned how
much trust that could be put in the findings. Were data collected from October
2009 to October 2010 really representative for the other years? The huge increase
in ambulance missions from 2009 to 2010 made this question relevant with

respect to validity of the data. See the data analysis for more details.

With respect to the reliability issue, an important question is whether the measures
would yield the same results if repeated (Saunders, Lewis, and Thornhill 2009).
Output data from simulations exhibit random variability since random variables
are input to the simulation model (Winston 1993). To check if the results yielded
the same results we did 10 independent replications of the simulation model in the
initial state and for all the scenarios by using a different sequence of random
numbers. Then we used the method described in Winston (1993) to construct a
confidence interval to investigate if results were reliable. The confidence intervals
for the initial model and the six other scenarios are presented in fig. 7.2 together

with all the input and output data for the different experiments.

The objective in the simulation model is to develop an estimate, and determine the
accuracy of the estimator. This accuracy is measured by the standard error

(Winston 1993). The formula for computing a 100(1-a) % confidence interval is

— | §2
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given below:

where

and t(q, -1y 1S the number such that for a t-distribution with n-1 degrees of freedom,
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(Winston 1993).
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X is the simple average of the result values computed in the simulation model
over the 10 random samples taken, the quantity S* is the sample variance and n is
the number of replications (10). As shown in the formulas the t-distribution was
used to compute the confidence intervals, where the confidence level was set to 95
% (o =5%). In the initial situation at AMK the X was first computed for the
average flow time, then waiting time, and lastly the resource utilization. For
example, for the waiting time for the initial state the result was X = 0.29 min, the
variance = 0.0015 and the standard error = 0.01. This gave the following
confidence interval for the waiting time: [0.28 min, 0.30min]. The same procedure

was done for the other what-if scenarios.

The results of this reliability test gave narrow confidence intervals for all output
variables in the simulation model. This indicates a high reliability of the estimates

in the model.

Another issue with respect to reliability is related to missing data. Some of the
data contained missing values. Where this was the case missing values were
replaced by zeros because zeros were interpreted as the most likely answer for no
values being reported. However, if another analyst chooses a different way of
interpreting the missing data, this might yield different results. Another question
with respect to reliability was whether the data analysis done actually did find and
use relevant relationships among the data achieved. Other analysts might interpret
and find other relationships within the data set that was not considered in this
master thesis. All these issues threaten the reliability of the data used in this
master thesis, and need to be considered when reading the discussion and

conclusion of the results of the analysis.

Even though the validity and reliability issues presented above were present in use
of input data in the modeling of the AMK call center, the general impression when
analyzing the output values was that the model indicated a good fit of what the
experts at AMK expected the values to be. In that way, the findings can address
important issues relevant for all managers struggling to efficiently organize

emergency call centers.

5.6 Design of experiments

According to Bryman and Bell (2007) research methods can be associated with

different kinds of research design. There exist several different types of research
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designs, like experimental design, cross-sectional or social survey design,
longitudinal design, case study design and comparative design (Bryman and Bell
2007). One part of the process simulation model that we are being constructing in
this master thesis is about how to experiment with the model to investigate
different what-if scenarios. The relevant design in this case is the experimental
design. According to Pedhazur and Pedhazur (1991, 251) an experiment can be
defined as “a study in where at least one variable is manipulated and all units are
randomly assigned to the different levels or categories of the manipulated
variable(s)” (Pedhazur and Pedhazur 1991). The study must therefore not only
involve manipulation of the variable(s), but also entail random assignments of
units to qualify as an experiment (Pedhazur and Pedhazur 1991). According to
Kleijnen et al. (2005) many simulation practitioners could benefit from using the
statistical theory on design of experiments (DOE). This method is specifically
developed for exploring computer models (Kleijnen et al. 2005). To find an
appropriate design for the simulation model in the master thesis four different
areas will be investigated and analyzed. The first one is in regard to what type of
questions the master thesis addresses. The next deals with what characterizes the
simulation setting. The third considers the characteristics of, and constraints
imposed on, the simulation data collection and analysis. The last is about the need
to convey the results efficiently. A design that is well suited for a particular
experiment, instead of trial and error, or a simple small design are preferred

(Kleijnen et al. 2005).

Kleijnen et al. (2005) argue that there exists no prototypical situation that
simulation analysts face. Thus, it is not possible to recommend one type of design
for simulation. However, they provide some useful guidelines. To understand this

properly, the most important terminology needs to be clarified.

According to Kleijnen et al. (2005) an input in simulation is referred to as a factor
in DOE, and these can either be qualitative or quantitative. In queuing simulation,
like the AMK model, the queue discipline is either LIFO (last-in, first-out) or
FIFO (first-in, first-out) and this is considered a qualitative factor, while the
number of agents or nurses is considered a discrete quantitative factor. To model
the interarrival of customers a rate for the exponential distribution is used and this
is also a quantitative factor. If two or more values can be set for each factor it is

called factor level, and a scenario is a combination of all level of factors. The
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simulation model is in itself a model, and it is often viewed as a black box

implicitly transforming inputs into outputs (Kleijnen et al. 2005).

So, if running a simulation model is very time consuming, the analyst can reduce
the computational effort by making assumptions about the response surface. After
the runs have been completed these assumptions can be checked. A simulation
experiment often contains a large number of potential factors, complex response
surfaces, and multiple performance measures. Simulation specific factors such as
lengths of the simulation run, random number streams and warm up periods can
often be controlled by the analyst (Kleijnen et al. 2005). Further, the authors argue
that it can be important to investigate sequential design and analysis since most

computer architectures simulate the scenario and replicate one after the other.

In this part the method for how the research was conducted has been outlined. As
a concluding remark about research methods it is always important to remember
that while there are certain steps a modeler should go through, it is not a cookbook
procedure. Modeling is a scientific discipline which challenges the modeler at
every step and to test assumptions, gather data and revise the model, both formally
and mentally (Sterman 2000). In the next chapter the most relevant findings from
the data analysis are outlined. These findings form the basis of what is used in the

simulation model later on.
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6.0 Data analysis

6.1 Introduction

In the next section all available data from AMIS with respect to incoming requests
to AMK is analyzed and commented on. By using graphical illustrations, the most
interesting findings are presented. These data will also be used further in the
modeling part. In addition, many supplementary illustrations and analysis are in
the appendix. Before the data is presented it is important to clarify a distinction
made in the data with respect to requests from the public (113). If calls are not
answered within 20 seconds they are re-routed through a technical helping device.
This is done to ensure that all public requests are routed correctly in case Telenor
has a failure in their system. The data received from AMK contained some
missing data with respect to calls that was re-routed. The analysis below will
mainly be using requests that are not routed. This decision was made based on
two observations: There was little missing data in this material and the data not
routed forms approximately 90 % of the total data. Where missing values have
been present, these have been replaced with zeros. The analysis is based on data
from 20™ of October 2009 to 20" of October 2010, as well as the general
development data from 2004 to 2010.

6.2 Facts about incoming requests to AMK
The first part of the analysis contains a description of the incoming phone system
and general facts about important distributions and aspects of the requests. In the
second part the developments with respect to the requests and ambulance missions
from 2004 to 2010 are presented. In the last part average number of requests per

day is used to illustrate the weekly trend.

6.2.1 Description of the incoming requests

The total amount of requests to AMK was 286,977, with 15,001 requests being re-
routed through the helping device. AMK O&A can be reached on 9 different

numbers, listed below:

1.0 Public (113)

People in need of urgent medical service call the number 113.
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2.0 Amb-Best
This number is used by medical staff (nurses, care takers etc.) who needs
to order ambulance for transportation purposes, like people who need
transportation after elective day-surgery.

3.0 AMK Hotline
Doctors and other medical staff in need of immediate emergency service
use AMK-hotline.

4.0 AMK intern
Medical staff at Legevakten (Emergency Room) in need of ambulance for
non-urgent missions uses this number.

5.0 Innmelding
Ambulance staff uses Innmelding to log conversations during
transportation.

6.0 Int-Trsp
Ambulance staff that needs to contact the call center uses this line.

7.0 AMK-vakt
Those who want to reach the operations managers at AMK call this
number.

8.0 Katastrofe
Police and fire use this line when major accidents happen.

9.0 Luftambulanse
The ambulance helicopter uses this number to communicate with the staff

at the AMK call center.

6.2.2 Distribution of requests

The distribution of each type of request (2009-2010) is presented below, where
the main requests come from the public (113) with 95,913 (33 %) number of
requests, AMK intern with 65,798 (28%) requests and Amb-Best with 80,019
(24%) requests per year. This means that approximately 1/3 of the incoming
requests concerns immediate medical service, while the rest (2/3) is of non-urgent

character.
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Distribution of incoming requests 2009-
2010

95913

Fig. 6.1 — The figure illustrates the total number of incoming requests from the

different numbers in the period of 20™ of October 2009 to 20™ of October 2010.

To clarify the graphical illustrations in this analysis, 113, Amb-best and AMK
Intern will be used. The reason behind this choice is that they account for
approximately 85 % of the total number of incoming requests. When referred to,

they will be denoted —the three most important requests”.
6.3 Developments 2004 - 2010

6.3.1 Incoming requests

There has been a huge increase of approximately 100 % in the amount of
incoming requests from the public (113) in the years from 2004 to 2010, with the
largest increase from 2009 to 2010. In 2004 there were 60,958 requests, while in
2010 there were 122,163 requests.
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Fig. 6.2 — The figure shows the development of incoming requests from 113 in the

period 2004-2010.

6.3.2 Ambulance missions

There has also been a huge increase in the number of ambulance missions with
approximately 150 % growth from 2004 to 2010. In 2004 there were 51,749
missions, while in 2010 there were 136,035. Most interesting is the explosive
increase from 2009 to 2010. Unfortunately, the managers at AMK were unable to
give good reasons for this large increase. From 20" of October 2009 to 20™ of
October 2010 there were 67,578 ambulance missions. Based on the total amount
of requests in this period, this means that only 24 % of the incoming requests

actually turn into real missions.
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Fig. 6.3 — The figure illustrates the development in the number of ambulance

missions from 2004-2010.

The lack of good explanations for the massive increase in the ambulance missions
from 2009 to 2010 can indicate poor quality of the data available at AMK, and
that managers must make decisions without having good support tools. Moreover,
the data system AMIS is quite old, resulting in little compatibility with new
software etc. Today’s system at AMK is built on an infrastructure of analog
technology that does not support many of the newer systems used elsewhere in
society (Saupstad 2010). These IT challenges raise the question of how well we
can trust the data provided in AMIS.

6.3.3 Lost requests on yearly basis

The number of lost calls per year is 15.218, meaning that almost 95 % of the
incoming requests are handled by the nurses at AMK, while 5 % is lost. On
average callers wait 12.82 seconds before they hang up. Some of the lost callers
will probably try to call back, but a serious consequence can be that they hang up
and try another emergency number. For example, in case of a heart attack, where
every second counts, the seconds lost due to the lost call can be the difference

between life and death (Saupstad 2010).
6.4 The daily and weekly trend of the incoming requests

6.4.1 Average incoming requests on yearly basis (total)

Average incoming requests on hourly basis from all the different phone numbers
are illustrated below. On average the lowest amount of requests is happening early
in the morning at 5 am where the average amount is 12 requests. From 7 am to 13
pm there is a strong increase, with a peak at 13 pm with an average of 49 requests,

before the amount steadily drops during the evening and night to 5 am.
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Daily distribution of all requests
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Fig. 6.4 — This figure illustrates how the total amount of incoming requests is

distributed during an average day.

6.4.2 The daily trend

The number of average requests per hour from the most important requests during

a day is illustrated below.

Trend per hour for the most important incoming
requests 2009-2010
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Fig. 6.5 — The figure illustrates the average trend (all days included) per hour for
the most important incoming requests, taken from 20™ of October 2009 to 20" of

October 2010.
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If all days are included, the average trend shows that the largest amount of
requests is coming in during regular working hours, with a steady decrease during
the late evening and with the lowest amount during the night.

In the appendix 11.4 the trend per hour on yearly basis for all the incoming

requests are illustrated separately and commented on.

6.4.3 The trend during the weekend

The trend during the weekend is illustrated below.

The trend for the weekend
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Fig. 6.6 — The figure shows the average trend (Friday, Saturday and Sunday) per
hour for the most important incoming requests taken from 20™ of October 2009 to

20™ of October 2010.

The illustration above shows that the biggest workload with respect to incoming
requests from the three most important types takes place during the day on Friday
and in the evening Saturday and a few hours after midnight. The non-urgent
requests have their peak on Friday around lunch and follow the trend for the

urgent requests.

6.4.4 Weekly trend

As the data given from AMK only contained data on the total amount of requests
on yearly basis and data on hourly basis from Friday, Saturday and Sunday, it was
necessary to find the average amount of requests for one weekday to find the total
weekly trend. Based on the information given, it was interesting to compare the

average number of requests during the week and during the weekend, to comment
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on the potential workload related to this. The way chosen to calculate the average
for a normal weekday was to subtract the number of requests for Friday, Saturday
and Sunday from the total and then divide by 4, which are the days left. This was
a more accurate way to estimate the average, because the number of requests
increases during the weekend and a general average of the total would not cover
this. Based on this method, the weekly trend of the most important incoming

requests is shown below.
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Fig. 6.7 — The figure illustrates the average trend per week for incoming request

from the public (113).

The graphical illustration shows that there are approximately 30 % more incoming
requests from the public during the weekend, with a peak around midnight Friday

and Saturday.
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Fig. 6.8 — The figure illustrates the average trend per week for incoming requests

from the non-urgent ordering of ambulances (Amb-best).

The graphical illustration shows that there are approximately 60 % less incoming

requests of regular ambulance orders during the weekend.
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Fig. 6.9 — The figure illustrates the average trend per week for incoming request

from the non-urgent ordering of ambulances (Amb-best).

The graphical illustration shows that there are substantial fewer requests from

non-urgent requests from —Eegevakten” during the weekend.

If all these requests are added together the total weekly trend is illustrated below.
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The weekly trend of the total requests
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Fig. 6.10 - This figure shows the number of total requests per hour for an average

week.

The figure illustrates that there are more incoming requests during the week than

during the weekend, with approximately 30 % decrease in the workload.
6.5 Analysis of the waiting time and handling

6.5.1 Average waiting per day for the most important

numbers

The average waiting per day for the three most important numbers are presented

below.
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Fig 6.11 — The average waiting per hour on daily basis for 113, Amb-best and
AMK intern.

In the appendix 11.5 the average waiting per hour on daily basis for the rest of the

numbers are presented and commented on.

The illustration above shows that 113 has the highest priority and a steady waiting
time around 12 seconds. Those in need of elective transportation have to wait the
longest, with a peak around 14 pm. After comparing the waiting time in average
with the waiting time during the weekend there were only minor differences; the

trend was almost equal for weekdays and weekends.

6.5.2 The average handling of requests

The average handling times per request during a day for the three most important

numbers are listed below.

Handling time of incoming requests
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Fig. 6.12 — The figure shows how many seconds on average it takes to handle the
different incoming requests from 113, Amb-best and AMK intern during different
times of the day.

On average the nurses spend the longest amount of time on incoming requests
from the public (113), and the shortest amount of time on the requests from
medical staff at Legevakten. The reason for this might be that medical staff are
able to diagnose the patient’s needs faster and more precisely, compared to people

with little medical background.
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6.6 Other analyses

6.6.1 Comparison of waiting for non-routed and routed
requests (113)

Waiting in seconds
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Fig. 6.12 — The figure illustrates the difference in waiting time for non-routed and

routed requests at different points in time during an average day for calls from the

public.

The most interesting about the figure above is the huge increase in waiting for

those 113 calls routed through the helping devise. Again, the mangers at AMK

could not give a proper explanation for this finding.

6.7 Summary of the most interesting findings

This data analysis has revealed several interesting findings summarized below:

2/3 of the incoming request to AMK is of non-urgent character.

There has been a huge increase in both incoming requests from the public
and the number of ambulance missions in the last few years.

The workload at the call center is biggest between 10 am and 14 pm.

With respect to incoming requests from the public the workload is higher
during the weekend. However, the total amount of requests during the
weekend is approximately 30 % lower than in the week in general.

The waiting is significantly longer for elective ambulance missions (Amb-
best) than for urgent requests (113).

The waiting and handling times of incoming requests were in general the

same during the weekend as during weekdays.
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- The highest average handling time of requests is used for 113 requests and
the lowest for the calls from Legevakten.
- For the routed calls the waiting for the 113 requests is significantly higher

than for the non-routed requests.
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7.0 The simulation model
Before presenting the simulation model we will describe the computer program
used in implementing the model. It is also important to understand a couple of the
main concepts used in this program to help understanding the model presented

later.

7.1 What is iGrafx?

iGrafx Process 2011 is a simulation software providing flowcharting and
modeling capabilities to help the user to draw, analyze, and improve processes.
The software provides the opportunity to create flowcharts and model —what-if”
scenarios. In an organization these results can provide statistical data for in-depth
analyses of the workflow. After one draws a process map, the next step is often to
simulate it. By experimenting with the input values, different —what-if” scenarios

can be shown.

7.2 Description of a process flowchart and a the model

As discussed above a process is described as having five elements, namely, inputs
and outputs, flow units, network of activities and buffers, resources allocated to
activities, and information structure. In our model the flow unit is the incoming
request. According to Anupindi et al. (2006) a process flowchart can be described
as a graphical representation of these five elements. When making the process
flowchart it is useful to separate activities requiring a decision from other types of
activities. The point of a decision is to route a flow unit to one of two or more
continuing routes, resulting in a —splitting” of flows. In a flowchart there are used
different graphical symbols to represent the various elements. Decisions are
represented by diamonds, activities as rectangles and precedence relationships
between any two activities are represented by solid arrows. Buffers are drawn as
triangles and information flows are represented as dashed arrows (Anupindi et al.

2006). Illustrations of the different symbols are listed in the appendix 11.6.

Only the incoming part of the processes at AMK is modeled in this master thesis.
A simplified version of the model is illustrated below to show the main processes
take place at the call center. Here, only the most important requests are handled.
In the full-size model all the requests are included and the entire model is

illustrated in the appendix, figure 11.7. The simplified model is illustrated below.

Page 63



GRA 19002 Master Thesis 01.09.2011

Critiga

Urgent

Prioriti teqori Urgent
lortize | ) Categorize | Urge
requests requests
Elective

Fig. 7.1 — The simplified simulation model for incoming requests at AMK O&A.

The iGrafx 2011 uses a process model consisting of activities (shapes), resources,
and rules which govern process behavior. Transactions arrive at the input of an
activity from a generator, and resources may perform a task on each transaction.
When the task is completed, the transaction is output (passed on) to the next
activity through a connector line. During simulation, iGrafx 2011 gathers statistics
on resource utilization, cycle (lead) time, costs, capacity and other pre-defined and
customizable statistics. 1Grafx 2011 provides simulation report statistics
categorized by tabs; Time, Cost, Resource, Queue and a Custom tab where you

can collect key statistics of most interest.

A process diagram becomes a process model when it describes how each activity
processes transactions and identifies data types such as the resources needed to
process the transactions. When you run a simulation in your model, each activity
behaves according to its assigned properties. The results of a simulation are
recorded in a simulation report which helps you determine the impact of each

activity on the overall cycle time and cost of the process (Anupindi et al. 2006).

The first step of the simplified model above illustrates how callers hang up due to
the line being busy, or their impatience due to waiting. Approximately 5 % of all
requests received at the AMK call center are lost, and this is illustrated by the

decision shape —Eine Busy?” in the first step of the process flow.
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The second step in the model illustrates how the nurses have to prioritize between
the different types of incoming requests if more than one type of request is
waiting in queue. The most important request will be handled first, then the

second most important and so on.

In the third step the nurses assess the nature of the request based on the
information given by the caller. Based on this information the requests are
categorized in five different categories. Those requests in which the patient is in
need of life critical support will be categorized as red (critical), the urgent requests
as yellow (urgent), and the non-urgent requests as green (elective). Moreover,
some requests are only being transferred to other call centers like the police or fire
department, while unimportant requests are ended (the last two are only illustrated

in the entire model in the appendix).

In the last step of the model the processes are stopped. However, in real life this is
where the paramedics take over and allocate ambulances based on this

categorization.

7.3 Modeling Background

Since raw data of the operations at AMK was impossible to get access to, the
model is built upon the average numbers taken from the report generator in AMIS,
presented in chapter 6. The choice fell on modeling the incoming requests part of
the flow chart for the call center, as this is where the data was most relevant and

complete.

7.4 The objectives

The key objectives in modeling the processes at the AMK call center are the
following:

- Understand and document the current process for all the incoming requests
handled by the call center. This includes establishing an initial state for
factors such as the need for resources and their utilization, amount of
incoming requests, how long time it takes to process the various requests
types and how long time on average these requests need to wait for
available resources.

- What is the average cycle time or the time a request uses from entering the
process until leaving it?

- What is the average waiting time per request?
Page 65




GRA 19002 Master Thesis 01.09.2011

- What is the resource utilization?
- What is the effect of changes? For instance, how many resources are

needed to handle the incoming requests within a given service level?

Before the results of the model are presented, the constraints, design and

architecture of the model are presented.

7.5 The constraints

To achieve the objective described above the following constraints are handled in
the model:

- Hours: The call center at AMK O&A is always open, 24 hours a day, 7
days per week.

- Prioritizing: A method to sort what type of requests to answer first based
on the degree of seriousness.

- Categorization: A method to sort requests by the urgency of their need:
green request is non-urgent, yellow is urgent and red is critical or life
threatening conditions.

- Source: The requests come from 9 different numbers as described earlier
in chapter 6.2.1, and the number and duration of requests from each source

are considered in the model.
7.6 Architecture and Implementation

7.6.1 Experiments and scenarios

A scenario refers to information that is beyond that contained within the process
map, which controls the simulation (Scott 2002). The purpose of these scenarios is
to perform —what-if” analysis, and in the AMK model there are conducted six

experiments or scenarios.

7.6.2 General functions in iGrafx relevant for the AMK model

In the model menu in iGrafx, the Run Setup, Generators, Resources, and
Schedules commands determine how long the simulation runs, how flow units or
transactions (in this case, incoming requests) arrive, how many resources (nurses)
are available to handle the requests, and what schedule controling these resources,
respectively (Anupindi et al. 2006). Moreover, each activity in the flow chart in
fig. 7.1 provides information needed to run the simulation. In the Properties

associated with the activities the duration of each task, specific resources needed
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for that activity, how the transactions leave the activity and so on are defined. All
these factors with respect to the AMK model will be presented in detail in the

appendix, figure 11.8.

7.7 The results and findings

The findings of the simulation of the different scenarios are presented below.
Basic statistics are gathered about process times, resources, and queues in the

Report Results in iGrafx. The relevant reports are attached in the appendix xxxx.

The results of the initial processes show that on average a request uses 4.15
minutes in the AMK call center, and the waiting is 17.4 seconds (0.29 minutes).
(If the average waiting time of all the requests analyzed, the average waiting time
used in the model is very close to the data found in chapter 6.) In the initial model
it is assumed that both the number of phone lines and the number of resources are
4. Based on this and the information in the model description above, the
utilization of the resources is approximately 37 %. In call center research this is
low, but considering the need for emergency preparedness in this case, the low

utilization is needed to keep a high service level.

After modeling the initial processes at the AMK call center, six different
experiments were conducted. The models are found on the CD attached to this
master thesis as two different files. The first file is named SIM MODEL Initial
processes scenario 1-3 and SIM MODEL scenario 4-6. The different input
variables, confidence intervals and the results (average cycle times, waiting times

and resource utilizations) were compared and summarized in the table below.
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Input and Results from IGrafx

Initial
process Scen. 1 Scen.2 Scen. 3 Scen. 4 Scen. 5 Scen. 6

Number of

Input [resources 4 5 4 4 4 2 1
Number of

Input |phone lines 4 4 5 6 4 4 4

Input |Requests All All All All Only critical | Only critical | Only critical
Average Cycle

Result [time 4,15 min 3,93 min 411 min 4,15 min 2,86 min 3.04 min 5,28 min
Confidence

Result [interval +-0,01 +-0,01 +-0,01 +/-0,01 +/-0,02 +/-0,01 +H-01

Result |Waiting time 0,29min 0,06 min 0,25 min 0,28 min 0,01 min 0,18 min 2,42 min

Confidence

Result [interval +/-0,01 +/-0,003 +-0,01 +-0,01 +-0,00 +-0,01 +-01
Resource

Result [Utilization 3710% 2952 % 36,62 % 36,72% 10,00 % 19,70 % 3939%
Confidence

Result |interval +-08% | +/-066% | +/-012% | +/-005% | +/-003% | +/-005% | +/-012%

Fig. 7.2 — The input variables, results and confidence intervals for the different

what-if scenarios in the AMK model.

In the first scenario one extra resource was added to see how much this could
reduce waiting time, and thus access time (of the total pre-hospital response time).
The results show that the average cycle time decreased with 0.22 minutes, while
the waiting time decreased with 0.23 minutes. Naturally, the resource utilization
was poorer with more than 7 percentage points lower utilization than in the initial

situation.

In the second and third scenario tests were done to see the effects of adding extra
phone lines. When increasing the number of phone lines by one, there was a
minor decrease with 2.4 seconds (0.04 minutes) in average cycle time, 2.4 seconds
(0.04 minutes) decrease in waiting time, and a minor decrease in resource
utilization. When adding more extra phone lines there was no positive effect. The

reason for this is that the resource constraint then becomes the only bottleneck.

The last three experiments were performed to analyze how much waiting time
could be reduced by removing the non-urgent requests from the initial processes
at AMK. Thus, the fourth scenario tested the effects of handling only the critical
incoming request at AMK, while keeping the initial resources. The results show

that by removing the non-urgent request, the waiting time can almost be
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eliminated completely. To keep the service level as close to the initial processes as
possible, the best solution given by iGrafx is to use two resources as tested in the
fifth scenario. This will give an average cycle time of 3 minutes and 2.4 seconds
(3.04 minutes), with waiting time of 10.8 seconds (0.18 minutes), but with low
resource utilization (only approximately 20 %). The last scenario looked at the
effect of only using one resource. Then average cycle time would increase to 5.28
minutes, while waiting time would increase to 2 minutes and 25.2 seconds (2.42

minutes). The resource utilization would however be closer to the initial situation.
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8.0 Discussion
The findings of the data analysis and the simulation model presented in the last
two chapters reveal some interesting aspects of the processes at the AMK call
center in Oslo & Akershus. One of the most interesting findings of the data
analysis is that 2/3 of the incoming requests are non-urgent, with many related to
elective patient transportation. Based on these results three main ways to improve

pre-hospital response time will be discussed below.

The most pounding results in the simulation modeling with respect to
improvements in access time (of the total pre-hospital response time) emerged
when tests were done with removing all non-urgent requests. Thus, the way we
see it, the main decision to be made is whether a split between critical and elective
missions should be carried out. Elective missions can be kept in house dividing
the current organization in two. Alternatively, outsourcing of the elective
transportation is an option. Therefore, a case from Denmark is presented and
discussed below to illustrate the possibility of separating the non-urgent requests
from the critical requests. However, this case also illustrates the possibility of
outsourcing, as the ambulance service in Denmark for several years has been put
out on tender and performed by private companies. Even though this thesis is
focusing on the call center, the discussion will also to some degree touch upon the
ambulance department. This is due to the difference between on one hand the
management of the allocation of resources and on the other the ownership of these
resources. AMK allocates the missions to the different ambulances in the fleet,
whereas the ambulances themselves are owned by the ambulance department — the
next link in the chain. Hence, the two different actors’ operations along the chain
of survival are so closely tied that important aspects will be lost if only AMK in
isolation is discussed. An implication is that the two different departments to
some extent will be seen as one. However, the focus will remain on AMK

throughout the paper.

8.1 Minor changes — capacity adjustments

Before the discussion about the potential split between elective and critical
mission will be presented, some minor capacity adjustments will first be
commented on. The reason for this is that there is room for improvements,
without the actual split being performed. Such capacity adjustments means that

AMK will run its operations the same way as it does today, but hires extra nurses
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to improve service level. Compared to splitting critical/urgent and non-urgent

missions, capacity adjustments are minor changes.

Pre-hospital response time can be improved by doing changes in the exiting
capacities of the call center. As shown in the model, pre-hospital response time
can be reduced by hiring one extra nurse. However, covering one extra resource
for the call center at any time during the day will most likely be an expensive
solution. Still, by using simulation models to support these types of decisions, the
managers at AMK will be in possession of more powerful arguments towards
politicians or those in charge of resource allocations within the public. More
precisely, they will be able to show what effects increasing the pool of resources

can have on the increasing demand of emergency preparedness.

The simulation model also indicated that increasing the number of phone lines
could have a positive effect on the waiting time. However, even though this
decrease was minor, investments in extra line capacity is relatively cheap

compared to staffing costs (Gans, Koole, and Mandelbaum 2003).

By analyzing the entire process map of the call center, the effect of these minor
changes may turn out to be more significant because many of the later processes

are more resource demanding than the incoming part of the model.

8.2 Separating elective processes from critical requests

When removing the non-urgent requests, the waiting time was reduced
remarkably. Handling of the non-urgent requests takes up valuable resources and
indicates that it can be wise to separate the two activities. Both with respect to
costs and service levels, a separation between the critical and elective missions
will enhance the existing situation. Such a separation has already been done
elsewhere. In the region of Copenhagen in Denmark a separation between the two
activities took place in late 2009 (BeredskabsInfo 2009). This reorganization is an
illustrative case of the separation itself, but also an example of the possibility of
outsourcing of public services. After presenting this case, implications for AMK

in each of these two alternatives will be discussed and elaborated on.
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8.2.1 The Danish Reorganization — separating the elective

missions from the critical and urgent requests

The reorganization of the Danish pre-hospital emergency service was initiated on
the basis of a desire to improve the pre-hospital efforts towards the citizens and
strengthen the pre-hospital health care quality by requiring a medical professional
performance characterized by high quality, good service targets, flexibility and
coherence with the rest of the health care system (RH 2009a). These goals were
sought to be achieved partly by separating the transporting ambulance from the
emergency ambulance. In this way, it was thought that competence and resources
to a greater extent would be applied to monitoring and treatment of patients in
acute emergency, not merely to transportation. Thus, it was believed that there
existed potential benefits in separating the two activities; not necessarily in
monetary terms, but primarily in terms of service levels. Explicitly, a separation
was expected to be expressed in shorter response times in outer areas (RH 2009b).
The press releases covering the reorganization do not present facts about expected
improvements in service level (handling time) specifically at the call center.
Nevertheless, based on the results from our simulation model it is reasonable to

expect this to happen.

Like in Norway, health care in Denmark is a regional responsibility (Sundhed.dk
2011). Denmark is divided in five health regions (B.T 2004). Each is responsible
for health care services in their respective regions, including health and pre-
hospital emergency, provided in two different ways. Either, the regions offer the
services themselves. Or, alternatively, the services are performed by private
enterprises (RH 2009¢). In the latter case, the region is responsible for putting the
service out on a tender. In Region Hovedstaden” there have for many years been
four different ambulance companies or providers of ambulance services, both
public and private owned (RH 2009d). Hence, public outsourcing was not new in
this case. For AMK at Ulleval the situation will be different because both the call
center and the ambulance service are separate departments under OUS, which is
publicly owned (Regjeringen 2011). Introducing private owned companies in the
case of AMK will mean exposing for competition a service that has previously

been provided by the public.

Elective transportation and emergent missions were in Region Hovedstaden

separated and put out on two different tenders. Falck A/S, Frederiksberg
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Brandvesen and Kebenhavns Brandveaesen won contracts for emergent ambulance
missions, while Falck A/S and Kebenhavns Brandvasen won contracts for
elective transportation (RH 2009b). Falck A/S that won most areas is the largest
private ambulance company in Europe, providing ambulance services to the
general public in seven countries in close collaboration with the authorities

(Wikipedia 2011).

In the reorganization the number of emergency ambulances was reduced. This
was possible because the vehicle fleet was physically divided in two and new
vehicles for the elective transportation were acquired (RH 2009¢). The reduction
was justifiable as the (emergency) ambulances now performed only emergency
missions and thus had significantly fewer trips than before. Elective missions are
now typically ordered electronically by staff at the hospitals in Region
Hovedstaden through the region’s new communication center. Execution of these
is conducted without long waiting times as they are no longer dependent on
available ambulance capacity (RH 2009¢). Response times are formulated for
different areas in the regions and the different providers must deliver their service
according to these (RH 2009b). Region Hovedstaden gives the service providers
penalties if they do not fulfill the contracted requirements (RH 2009a). For
instance, related to the operation of the call center, the region can issue fines if an
ambulance is called for and does not respond within 90 seconds after reception of
an alarm (emergency mission), or 180 seconds if there is an -elective

transportation. The fine here is 500 DKK each commenced 30 seconds (BI 2009).

Overall, the reorganization resulted in redundancy of ambulance workers. From
having lack of qualified ambulance workers, and heavy workloads for those who
worked, the situation was reversed. Large groups of ambulance workers were now
without work. Falck launched an adherence project in which the number of
ambulance workers was not reduced to real needs, but in which the tasks were
distributed among the workers (BI 2009). With other words, reduction in labor
costs will not only relate to the call center staff by making shift work unnecessary,
but also influence ambulance staff. Today, highly educated and trained ambulance
staff at AMK handles both the critical and the elective ambulance missions. An
advantage of a potential separation will be that the cost with respect to training
highly educated staff can be reduced since elective transportation does not need

highly trained medical staff. Thus, one uses expensive expertise only where it is
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needed. This was exactly what happened in Denmark. After the reorganization,
the personnel carrying out the elective missions do not necessarily have

ambulance education (AmbulanseForum 2009a).

8.2.2 Divide the existing call center in two separate functions

If Helse Ser-Ost wants to keep AMK close to how the call center is organized
today, but at the same time raise the level of service from the current level, the
alternative is to divide the existing call center in two separate functions. By doing
this outsourcing is avoided. Avoidance may be preferable if the risks are found to
be unacceptable or simply because the government for some reason(s) wants to
keep the service public. If the call center is divided into two separate functions,
Helse Ser-Ost and AMK may protect themselves from most of the risks with
respect to outsourcing, without losing the benefits of service level improvement it

provides.

First of all, by handling the elective transportation themselves in a separate or
parallel department within the call center, AMK will keep control of both
operations in-house. Organizing the operations this way may provide several
advantages. First of all, by separating the critical and non-urgent requests,
unnecessary capacity used at the call center can be removed and free up important
capacity for critical requests. As shown in the simulation model this can reduce

the waiting for requests to be handled.

Secondly, an advantage of running the operations of the elective transportation as
a separate department is related to the use of staff. Substantial savings can be
realized by not using staff from the three-shift schedule to handle the incoming
non-urgent requests. When organizing the elective transportation within a time
frame stretching from morning to afternoon, service level can be improved at the
same time as labor costs can be reduced. Instead of having a 24-7 service orders
for elective transportation can be handled within regular business hours. Thus,
evening and night work is avoided, saving labor costs and improving quality of
life among workers (Fafo 2011), Also savings with respect to ambulance staff can
be realized. Highly educated drivers are not necessary. Moreover, characterized
by more predictability elective missions are to a higher extent possible to plan
ahead, making shift work unnecessary; staff in the elective transportation

department can work normal business hours. Introducing regular business hours to
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the organization opens up for new opportunities offered to employees. Managers
at AMK may increase flexibility with respect to staffing because the workers’
individual needs to a higher degree can be met. Some employees may prefer to
work in the elective division due to different reasons. Life situation and health

reasons may call for a less stressful workplace and more suitable working hours.

Thirdly, dividing the existing organization will improve service level both for
emergent and elective missions. Elective missions disrupt initiations of emergent
missions (TV2Nyhetene 2011). At the call center this problem is sort of turned
upside down. As emergency calls always come first, handling of elective requests
is of low priority; these requests build up long queues. Separating the elective
requests from the critical/urgent would make it possible for one division to focus
on elective transportation only. In this way red uncertain incidents will no longer
disrupt the planning, organizing and execution of elective transportation. Hence,
the uncertainty will be reduced, generating higher customer satisfaction and more
efficient use of hospital beds. The downside to such a split is that the utilization of
the ambulance might be lower, but the emergency preparedness will most likely

improve.

Finally, an argument in favor of this solution may be increased service quality by
making it easier to train and support new staff. If using the same system in both
departments there can be advantages in letting newly hired employees to start with
training in the elective department. Then a smoother and more secure start-up
period is likely to occur. The employee will get the opportunity to gain experience
with the system before handling critical requests. This opportunity will be lost if

the outsourcing solution is chosen.

8.2.3 OQutsource the elective processes

If separating the elective processes from the critical missions, Helse Ser-@st can
choose to outsource the former. Outsourcing can be defined as the transfer of
activities that were previously conducted in-house, to a third party (Weele 2005).
Thus, the outsourcing organization will be able to focus more effectively on its
core competencies. Besides costs, core competence focus seems to be the primary
driver of outsourcing (Monczka et al. 2005). Consequences are divestment of
assets, infrastructure, people and competencies, and are by such the difference

from sub-contracting.
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The purpose of this part of the discussion is to determine whether and under what
circumstances outsourcing of the non-urgent requests (elective ambulance
missions) can be a successful strategy for AMK. Another purpose will be to
identify the most important risks related to a potential outsourcing decision and
how these can be managed. To illustrate this possibility even more, the
reorganization of the Danish pre-hospital preparedness presented above will be

further elaborated on where this is seen interesting with respect to AMK.

Outsourcing became very popular during the 1980s when many companies started
to outsource various activities to third parties and examine the viability of
developing strategic alliances and partnerships with them (Stock and Lambert
2001). The outsourcing of various logistics services is widely occurring and there
are many reasons why companies choose this strategy. Also government followed
the trend of outsourcing under pressure to act more like a market-driven enterprise
(OECD 1997). Governmental outsourcing implies the transfer of ownership and
control of the facilities or services from public authorities to private firms (Auriol

and Picard 2009).

Some of the advantages of outsourcing are that it can allow organizations to
achieve strategic goals, reduce costs, improve customer satisfaction and provide
other efficiency and effectiveness improvements (Weele 2005). However, some
research suggests that merely transferring ownership from the public to the private
achieve limited results, and can even be counterproductive (Young 2005). For
instance, a study finds that public service managers assert that outsourcing has led
to loss of knowledge and skills in providing for particular services, loss of
technology and R&D capability, less operational flexibility, lower operational
effectiveness, poor use of in-house staff, more demotivated staff, greater number
of staff reductions, and lost opportunities in terms of recognizing and dealing with
organizational needs and with community needs (Kakabadse and Kakabadse
2001). Even though these findings are discouraging, there are also many potential
gains from outsourcing of services. According to Young (2005) there are six main
reasons for outsourcing. The first reason relates to how managers want to reduce
costs and increase efficiency. Economic theory argues that this can be done by
adopting certain structural forms. The second reason is how companies want to
focus on their core competencies, while increased workforce flexibility is the third

argument. Reducing the problems of managing industrial relations is the fourth
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reason. The use of power is said to increase the power of management over labor,
and weaken the power of trade union. The fifth reason for outsourcing has to do
with personal objectives of decision makers. This argument is primarily found in
the political and public choice literature dealing with these issues. The last reason
relates to the desire to align public sector agencies with the ideology of the
government providing funding. Decision makers can be motivated by a desire for
power and see this being fulfilled by acting in the interest of the government

(Young 2005).

Why can outsourcing be a solution for AMK? The main argument for outsourcing
of the elective patient transportation is to allow the call center personnel and
ambulance division to focus on emergency as their core competence. Moreover, a
likely positive side effect is cost reductions. In Denmark the regions are required
to put the service out on a tender if they cannot offer it themselves. The purpose
of the tender process is to ensure competition among the providers, so that the
citizens get the most out of existing funds (RH 2009). A challenge for the AMK
call center is the significantly long waiting time from ordering an ambulance to
the actual transportation is carried out. Since the ambulances in Oslo & Akershus
are used both to critical life saving operations as well as non-urgent requests,
planning of the elective transportation is undoubtedly demanding. The elective
transportation is carried out only when there is available ambulance capacity in
combination of enough capacity to cover any possible critical incident. This leads
to high uncertainty for pick-up times and actual delivery times of elective
services, which again has huge consequences for both the waiting patients as well
as for the health sector in general. The delay creates spillover effects like
occupation of unnecessary bed space and bed time in hospital care that could
instead have been used to reduce the general waiting for surgery and medical
treatment. Moreover, in addition to consequences for the operations at the
different medical facilities and the low service quality, the nurses at AMK are
experiencing an increased amount of requests from medical staff who nag about
the status of the ambulance orders made. Thus, unnecessary capacity is taken up at
the call center, resulting in excessive waiting for urgent requests. Last but not
least, outsourcing will result in disposing of shift work for those working in the
-elective” department — with all the benefits that provides as discussed in

paragraph 8.2.2.
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According to van Weele (2005) it can be difficult to determine the success of
outsourcing, because the external factors in the before and after situation may
have significantly changed. One of the disadvantages of outsourcing is that it can
increase the dependency on the third party, the company the activities are
outsourced to. Another risk can be communications and organizational problems
during the transfer of activities to the third party. A third risk is related to the
inability to execute contractual performance incentives and penalties and loss of
essential strategic knowledge. One can also experience risks associated with
technical risks, commercial risks, contractual risks and performance risks. An
organization can become much more dependent, and usually for a long period of
time, on the provider, who after the initial period may find itself in a more
powerful position (Weele 2005). Before the government and the county
municipalities on behalf of the AMK call center decide on outsourcing the
elective transportation, all these risks should be considered and measured up

against the potential advantages of the outsourcing strategy.

Risks for AMK are especially related to loss of control of the activities and less
flexibility in the use of ambulances. The latter is due to the need of two separate
ambulance fleets. In the press coverage of the Danish reorganization a loss of
flexibility is stressed (BI 2009), but it seems like this disadvantage is considered
by Region Hovedstaden as more than outweighed by the advantages. Moreover, if
the patient is getting worse during transportation this can more easily be handled

by the existing, shared, in-house solution.

In Norway public outsourcing is controversial and highly debated (Dagbladet
2011), (DrammensTidende 2011), (NRK 2009), (VG 2011b). However, today the
ambulance service is owned and operated by public and private entities such as
hospitals, fire departments, AS (limited companies), individuals and NGOs
(Sosial-ogHelseDepartementet 2000), making an outsourcing decision for Helse
Ser-@st and AMK not too unrealistic. Elective transportation of patients can in
principle be offered and organized by anyone. The important point is that the
service providers have to meet the quality requirements that must form the basis
for such a service. Examples of existing providers are the Red Cross, Falck and
Norsk Folkehjelp. Another provider is Pasientreiser, which today carries out
vertical, or -sitting” patient transportation on behalf of the four regional health

authorities in Norway (Pasientreiser 2011).
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8.3 Recommendations — how to initiate a successful change process?

The results discussed above described two possible solutions for improving
organizational performance and pre-hospital response time at the AMK call center
in Oslo & Akershus. It has shown that there are rooms for improvements in
running the call center. If AMK wants to initiate any of the recommended changes
illustrated above, the change process itself is crucial to the success of any
transformations. However, as stated earlier, it does not exist a specific recipe for
successful change, but change must rather be adopted to fit the features of the

organization in question.

To give AMK useful advices on how to initiate a successful change process the
recommendations will also use examples from general change theory as well as
some examples from a successful public change process. In Hurum municipality
they struggled for years with many of the same challenges as AMK, with high
absence due to illness, low service quality and little flexibility for managers to run
the operations properly. This led to frustration among employees and decreased
the quality of the service to their users. To tackle these challenges they started a
change process in 2006 where the main goal of the project was to give employees
within health care institutions the freedom to choose their own work schedule and
also how much they wanted to work. The Hurum project has been a great success,
and the process included successful use many of the frames that will be discussed

below with respect to AMK.

A common analytical managerial failure is myopia and looking at only certain
aspects of a problem. Bolman and Deal (2003) have made a multidimensional
framework for analyzing change in organizations which makes it easier to look at
the same aspect from multiple points of view (Bolman and Deal 2008) and thus
reduce myopia. They claimes that by using multiple frames organizations and
individuals can go beyond the limitations of habitual perception to achieve a more
systems-level perspective (Howard et al. 2009). The four frames presented by
Bolman and Deals (2003) are the human resource, the structural, the political and
the symbolic frame, where each frame offers a distinctive view of change efforts
(Bolman and Deal 2003). The human resource framework focuses on the needs
and skills of the people affected by the change process. The second frame is the
structural frame and this frame seeks to focus on the alignment and clarity of the

change initiative. The third frame is called the political frame and is related to the
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political arena and conflict within the organization. The last frame is the symbolic
frame that tries to capture the underlying meaning and purpose of the change
process. All these frames are essential for understanding change (Bolman and
Deal 1999) and will form the basis of our recommendation to the mangers at
AMK Oslo & Akershus. Some important features of each frame will be presented
to understand how this could be applied in the AMK case.

8.3.1 The structural frame

According to Bolman and Deal (1999) the structural frame focuses on alignment
and clarity. Many change initiatives vary between focusing on formal
organizational structures or the extent to which they focus on culture.
Organizations wanting to spur rapid changes in earning profit often relay on
changes in formal organizational arrangements (Beer and Nohria 2000).
Essentially, structure influences the workplace by working as a —blueprint for
officially sanctioned expectations and exchanges among internal players
(executives, managers, employees) and external constituencies (such as customers
and clients)” (Bolman and Deal 2008). There is no such thing as an ideal
structure, matching the requirements of all organizations. An organization must
design the structure in line with desired goals, the nature of the environment, the

available resources and the talent of the workforce (Bolman and Deal 2008).

The new structure for the change process created distrust, confusion and
ambiguity. In order to minimize such difficulties, Bolman and Deal (1999)
suggest that an organization must try to anticipate structural issues. In order to do
this, the organization should try to work to realign roles and relationships.
Hirschborn (2000) provides an alternative guidance to how an organization may
realign roles and relationships in the new structure by making a counterstructure.
Counterstructures are a series of interlocking mechanisms providing a new basis
for understanding and cooperation, while at the same time undermine the inherited
organizational structure (Hirschborn 2000). If done correctly, this enables the
workforce to move from the arrangements in the old structure to creating new
relationships. For Hurum, the most prominent counterstructure was the study
circles and the focus groups. These were designed to foster discussion about the
new structure and let the employees raise questions of concern without managers
present (Kveseth 2009). The idea of introducing counterstructures can be an

important action for the managers at AMK to consider if they want to initiate a

Page 80



GRA 19002 Master Thesis 01.09.2011

successful change process. Even though the structural frame gives valuable
insight, there are some aspects of a change process which can further strengthen

the change process by taking a different point of view, like the symbolic frame.

8.3.2 The symbolic frame

The symbolic frame tries to capture the underlying meaning and purpose of the
change process. The focus is on how symbols create and carry meaning and how
organizational culture, symbolic behavior, rituals and so on, affect organizational

development (Bolman and Deal 2008).

The managers at AMK must manage a number of factors when executing strategy
and one of these is managing organizational culture. Organizational culture can be
defined as the pattern of shared values and norms that distinguishes one
organization from another (Higgins and Craig 2004). Further, Higgens (2004)
states that to successfully manage culture one also needs to manage cultural
artifacts. Cultural artifacts refers to myths and sagas about company successes, the
heroes within the organization, language systems and metaphors, rituals,
ceremonies, and symbols. It can also include certain physical attributes such as the
use of space, interior and exterior design (Higgins and Craig 2004). If managers at
AMK do not manage these existing cultural artifacts, then they can build in
barriers to failure. This is because the existing cultural artifacts support the old
strategy and not the new one. Examples of how to manage this successfully is to
align the language systems and metaphors used in organizations portray the
organization’s values. AMK can for instance develop their own language for
expressing who they are and what they are about. In 1994 Continental Airlines
launched a major change process in which they used slogans like —Ely to win”,
—Make Reliability a Reality” and -Work together” as cultural artifacts to support
their new strategy (Higgins and Craig 2004). This way the managers create new

cultural artifacts supporting the new strategy.

According to Karp and Helgo (2008) less than 10 % of change programs are
successful. It is stated that it does not make a difference what one is trying to
change, the record is equally dismal (Bolman and Deal 1999). The reasons why
change initiatives fail are not due to lack of vision or design, but they fail because
leaders do not understan the complexity they are facing. Thus, managing change

has less to do with structures and strategies, but more with the nature of human
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beings and their instinctive reactions to change and to those leading change (Karp
and Helge 2008). To get an even wider understanding of how to conduct

successful change, it is also important to incorporate the human resource frame.

8.3.3 The human resource frame

The human resource frame emphasizes the understanding of the people in the
organization and their needs and skills. The frame focuses on how change affects
the individuals involved and how they feel valued, effective and controlled

(Bolman and Deal 2008).

According to Bolman and Deal (2003) investment in change calls for collateral
investment in training and they state that change initiatives falter because mangers
neglect to spend time and money on developing necessary new knowledge and
skills. People’s confidence and skills often improve during training and the
relationships that can be formed across various functions are invaluable as the
system is invented. If the managers at the AMK call center invest in proper
training, give psychological support and make coworkers participate in the change
process the likelihood that people will understand and feel comfortable with the
new methods will most probably increase. This may lead to a positive outcome for
the success of a change effort. However, it is also important to understand the

political frame affecting your organization, and this will be discussed next.

8.3.4 The political frame

Since change initiatives often create winners and losers, the political framework
deals with how competition for scarce resources affects the balance of power by
creating informal networks and alliances (Howard et al. 2009). However,
according to Hardy (1996), the aspects of politic and power described above are
too negative and too simple to explain political behavior in organizations. She
presents a more neutral term where power is seen as a force affecting outcomes,
while politics are power in action (Hardy 1996). Further, power comprises of four
dimensions; the power of resources, the power of processes, the power of meaning
and the power of systems. By developing this multi-dimensionality of power,
managers at AMK can develop a broader array of mechanisms with which to
ensure strategic power. A reason why strategic change often fails is because the
organization is not appropriately aligned around the new strategic initiative

(Hardy 1996). Both the substance of strategic intent and the nature of strategic

Page 82



GRA 19002 Master Thesis 01.09.2011

alignment have political implications, and managers may need power to confront
this resistance. Even in situations where employees at AMK may support strategic
change, power will still be necessary. If power is used and understood correctly, it

can be productive in a change process at the call center (Hardy 1996).

One example of how the managers at AMK can use the power dimension to
achieve successful transformation at their call center is to understand and utilize
resistance to change. According to Ford and Ford (2008) change agents often
struggle to make change heard and resistance can help keep conversations in
existence. Moreover, resistance can also form engagement with change and may
reflect a higher level of commitment and acceptance for the new process. Thus,
instead of seeing resistance as an obstacle, resistance may be a critical factor in

the success of change efforts at AMK.

8.3.5 Concluding remarks

It is important to remember that even though the discussion for change has been
structured around four different frames to analyze and initiate change
successfully, all the dimensions are intertwined and cannot be used in isolation. It
is also important to remember that all organizations are unique. Only adopting
features from another successful change process may not always work. However,
by adding this part to the discussion we hope to give the managers at AMK some
guidelines on how to initiate a successful change process, and what factors that
can contribute to sustainable change processes. By doing so, the gap between
computer modeling, like simulation, and organizational change can be reduced
and hopefully increase the rate of success for important process improvement

projects.
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9.0 Conclusion
The first chapter of this master thesis raised some important questions with
respect to using simulation modeling as a decision support tool in public health
care institutions. By using AMK O&A as a case example, the master thesis has
debated and illustrated how simulation modeling can be a useful tool to support
managers in analyzing and improving important work processes to enhance
organizational performance. It has further shown how this type of modeling can
be used as a planning tool by testing different what-if scenarios and consequences
of actions with changes in the usage of resources and capacities, and effects of

alternative ways of organizing the work processes.

While simple analytical models have historically performed an important role in
the management of call centers (Gans, Koole, and Mandelbaum 2003), emergency
call centers like AMK can greatly benefit from using more sophisticated models
to analyze and improve their performance. However, unless the quality of the data
are improved and stored on individual level, the use of simulation modeling might
have limited value. This message is important knowledge that should be better

communicated throughout the Norwegian health care system.

The most interesting finding of the analysis of the data provided found that by
removing all elective or non-urgent requests from the initial processes, waiting
time — and thus pre-hospital response time — could be reduced. The improvement
in pre-hospital response time can increase the chances of survival if life
threatening situations occur. Based on this result of the simulation model,
potential improvements were suggested. The first suggestion discussed how AMK
could be separated in two separate departments, and the effects of this. These
positive effects could be cost savings due to less staff working shifts, lower
absence due to illness as less staff work during the night, better training
opportunities and better service to the patients who are in need of transportation.
The second recommendation looked at the possibility of outsourcing all elective
patient transportation to a third party, with the advantages and risk of such a

solution.

Based on the discussion of change in public organizations, it should be clear that
there is more to organizational redesign than moving boxes around a chart. For an
organization like AMK to perform on a superior level, a full range of factors must

be integrated and aligned. The intense demands placed on the AMK call center
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require a holistic approach to change, like illustrated by the Bolman and Deal

framework for change.

The most valuable lesson learned from the process of completing this master
thesis has been the issues of collecting quantitative data for analyzing the
processes. Even though it was the managers at AMK themselves who tried to get
access to important quantitative data from their own operations, the data was not
provided for several reasons discussed in this thesis. This could indicate a power
struggle and exclusion of liability within the Oslo University Hospital. Since the
hospital has outsourced important IT functions to a third party, Sykehuspartner,
the challenges related to gathering data illustrate many of the disadvantages
outsourcing can have for the client organization. The managers at AMK have for
instance lost control over essential information needed to run the call center more
optimal, but also lost valuable knowledge that could have given them better
arguments on how to actually run the call center in the way they think it should be
done. Hence, due to this power struggle between the parties and the observed
slowness in the system, the quality of their arguments is weakened. Moreover,
they need to pay to get access to these data, which seems an unnecessary expense;

money that could have been spent more wisely.
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10.0 Limitation and Future Research

The main limitation of the results in this master thesis is the lack of real data on
individual level for the different incoming requests. According to Gans et al.
(2003) few call centers store and analyze records of individual calls. The reason
for this may be due to the historical high cost of maintaining adequately large
databases. However, these quantities of data are no longer prohibitively expensive
to store. Another reason can be that the software used to manage call centers often
uses only simple models which require limited, summary statistics. The last
reason for not storing records at the individual level is due to the lack of
understanding of how and why more detailed analysis should be carried out
(Gans, Koole, and Mandelbaum 2003). By storing and using more detailed and
appropriate data the model made in this master thesis could have provided more

valid and reliable results.

Another limitation is how well the model actually fits the real operations done at
AMK. According to Pidd (1999) a limitation of modeling is that a model can
never perfectly reflect the reality is wants to represent. A model is only intended
to represent a certain aspect of the real world. The challenge with respect to this is
that people might differ in what they regard as reality or disagree of what part of
the reality to model (Pidd 1999). This can be a limitation to the model presented
in this master thesis. However, the model was developed in cooperation with
managers at AMK, who validated many of the processes, meaning that the final
model has become very useful for illustrating important features of the call center

operations.

A third limitation of the model in this master thesis is that only small parts of the
process at AMK were modeled. If data had been provided for the entire processes,

the model could have given other results better illustrating real life processes at

AMK.

The fourth limitation of the model in this master thesis is related to abandonment
of calls. Requests blocked from getting through at all and potential redials are
ignored in the model, as this technical system information was impossible to get
access to. To increase the understanding of how the call center is actually
performing, these aspects need to be incorporated in future analysis of AMK

O&A and other emergency call centers.
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The strength of this master thesis is that the challenges experienced by AMK
O&A are not genuine for them, they are challenges many organizations are
struggling with, both public and private. Thus, the relevance of using simulation

to support decision is applying to many organizations.

There will, however, be a need for improvements in the quality of data provided
for qualitative analysis (Mehrotra and Fama 2003). The data gathering process at
AMK O&A has especially highlighted this need. To increase the quality of
simulation within call center work there will particularly be a need for increased
accuracy and details associated with handling time distributions, waiting time
distributions, and abandonment time distributions, leading to better model input
and achieving better results (Mehrotra and Fama 2003). Since the data analyses
used are based on average data based on time intervals, more accurate information
would be achieved if per-call basis data were used. This could enable deeper
analysis as well as a more natural tie to human resource related analysis. This can
for instance explore the links between the call center operational problems and

human resource management issues like effects on staff of reorganizations etc.

All the issues addressed in this master thesis will also need to be evaluated and
probably analyzed again in the future when the new digital radio communication
system is in place. The purpose of this common radio system is to increase public
safety services. The current radio systems of the fire brigades, the police and the
health emergency do no longer meet the operational communication requirements
in terms of functionality and reliability (DNK 2010). Thus, by using simulation
modeling, tests can be done to increase the efficiency of this new system before

any changes are made.

Further, the simulation model revealed some interesting implication related to the
debate of a mutual emergency number. As the data analysis revealed, 2/3 of the
requests to AMK are non-urgent. An increase in the amount of non-urgent request
— as might be the case if all requests to the police, fire and emergency are routed
to the same place — will likely increase waiting time. A consequence of launching
a mutual emergency number could, according to the results in our model, increase
waiting time on critical request, and hence pre-hospital response time. This result
supports the view of the managers at AMK who want to have separate emergency

numbers for the health agencies, fire brigades and the police (Saupstad 2010).
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This master thesis has only focused on a small part of the pre-hospital response
chain and the results in this thesis point to the need of modeling the entire chain to
see the whole picture simultaneously. Mapping more processes, at for instance the
ambulance department, can contribute with valuable information for constructing
the entire process map even more correctly than we have been able to in this
master thesis. After mapping more of the processes, simulation can be done to
reveal what effects for instance adding or removing of ambulances can have on

the pre-hospital response time.

The thesis has debated the potential split between elective and critical requests.
How to best organize the elective transportation can be an important future
research topic. What service level is appropriate for the non-urgent requests when
they are separated from the critical requests? And what will the corresponding
waiting time and utilization rate be? Is it possible to combine elective (-dying”)
patient transportation with —sitting” patient transportation”, which today is carried
out by Pasientreiser? What effects will such a potential merger have? Or is it
wiser to operate the elective missions from a separate resource pool? Moreover, if
a split between the elective and the critical missions are realized, it might be easier
to plan the optimal location of the ambulances. This can be an important and
interesting area to use OR/MS in future. Answering these types of questions can
have huge implications in the debate on how to best organize the emergency

service preparedness in Norway.

Efficient staff scheduling is important in organizations were staffing is the
dominating cost and where there is varying demand (Evenborn and Ronngvist
2004). If computer modeling like simulation finds better ways to organize the
work processes at the AMK call center or other parts of the pre-hospital response
chain, the next interesting area for future research can be how to best schedule the

staff to meet customer demand for service at a correct cost level.

Last but not least, a hot debate within the immediate emergency service in the
public health sector in Norway is the centralize/decentralize issue. Is more
concentration or more -spread” the best solution? A solution to the organization
of the current AMK call center and the ambulance division at Ulleval is to transfer
the Asker and Barum area to Vestre Viken. However, arguments against this
solution point to the loss of economy of scale the handling of large areas often

gives (Kjekhus 2011). Again, simulation modeling can in these cases provide
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support to the decision makers, and analyze different consequences action will
have before they are taken. The potentially large consequences of these decisions
strengthen the need to do future research on this topic with the use of computer

simulation.

As a closing comment to this master thesis it is always important to remember that

models are no substitute for thought and deliberation (Pidd 1999).
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11.0 APPENDIX

11.1 Organizational charts

The organizational chart of the health department in Norway is presented below:

Helse- og omsorgsdepartementet

Helse Ser-@st RHF
Styreleder Hanne Harlem

Helse Ser-@st RHF
Administrerende direkter
Bente Mikkelsen

1 i
Styreleder

i |
Styreleder

Styreleder Styreleder Styreleder . Styreleder
Stein-Are Agledal Tor Berge Helge Bryne Steinar Marthinsen Bente Mejdell Peder Olsen
Psykiatrien i Sunnaas Vestre Oslo Akershus
Vestfold HF sykehus HF Viken HF sykehus HF HF iversi HF
ini: — ini de i L L= Administrerende
direktar direktar direktar direktar direkter direktar
Finn Hall Einar Magnus Strand Mils Fradrik Wisleff Siri Hatlen Morten Lang-Res Hulda Gudlaugsdottir
(konstituert)
Sykehuset
Sykehuset Bstfold HF
Telemark HF Administrerende
Administrerende direktar
direktar Just Ebbesen
Ame Rui
Serlandet sykehus HF
Sykehuset Administrerende
Vestfold HF ey
Administrerende
Jan R Ol
direktar o reger s
Stein Kinserdal b

Fig.11.1 — The organization of the health department in Norway
(HelseSer@st 2010).

11.2 Oslo University Hospital (OUS)

The organizational chart of OUS at Ulleval is presented below:

Ulleval sykehus

Ulleval

Administra- Ulleval
sjonen — Service-
senter

Kreft'Kirurgi-  Bevegelses-  Prehospital Akuti Dagkirurgisk  Kwinne-barm-  Medisinak Paykiatrisk Radiclogisk ~ Medisingk
divisjon divisjon divisjon divisjon oppdragsen  divisjon divisjon divisjon divisjon BErvice-
lhetadivisjon divisjon

Fig. 11.2 — The organization of the OUS at Ulleval
(HelseOgOmsorgsDepartementet 2011).
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11.3 The Pre-hospital Division

The organizational chart of the Pre-hospital Division at OUS is presented below:

Ulleval sykehus - Prehospital divisjon

Prehospital
fivisi
. = Prancsoital oty = Frehaspeal dvison, Falks
Prehospital aomnstrasin = - P-?LDBM‘.II'\'_'!.D‘I'!;’,
divisjon - PHOITog g::cus_&cns
ini i kommuniasicn - Falus FHD Siesvalgi
administrasion | _ SPTUTES e Klmentooinng
~ Ari
=, —
MNasjonalt K Lt AME- Ambulanse- Pasient
og utvikli i i avdelingesn fransport
senter avdelingen
= Coalzing = Osh Lufihan = AMK sl 09 Akershus = Adminisirasien ambulansa *  Edamiulansatenasten, Sar = Fasionianspori
= Eftanidannig Gardermoan = mwcsirgsiodiss AMK - irgiedss — Narira Follo amoularsa — Rafuspn Lo ooprag
= Kprogpiming — Madisrss semaring ambuansg - Sancre Folo ambulanss ~ Fatusion erka oppger
= MocisIER TR manus 5L = Falles aTOUANS = Blamoulansteneston, st — PresgkSostnacar
* Intensi-ambulansan — Eikosinad loles ambulansa = Lonnskog ambularss maskntiransport
= Lufambuana — Cowrawt santar sardrg — Negoal ambutanss ~ Kjarakonior
Loransiog Fako = AursingHoland ambulanss = Admnisirasion
— Madisins bemaning — Fetugon *  ElaTolansatenastan, ok mskntimnzpon
Levansing ambulansanmpr: = Hglan = Cpogarsariatan
— Madsrss emaning — Fagoppiarrgs-komort — Autamniansar Csin — SBymhusvalen 19
Forgpe = Oparav ladelsa ambulansa = Erobekk Ambulansa = Hjomkonior Lilkshammar
— Molorsyikskamtulrss — Uievdl amouiansa
* Logevaid Aurskog-Holand = Emasiad ambuiansa
— Logovakt Aurskag Haland - Prrscal ambuansa
= Alzmsaniralar AH = Seksiorsiodalsen Osko
— Heisghusat A4 = BlaToulansatenGstan, Vst
— Helsshusat & H drift - Barum ambulrsa
= Blamtularssgenesion, Nord — Asigramtulrss
= Exdwollambularse
= Ulersakar ambulznss
= Mes ambuansa

— (Garermoan ambulanss

Fig. 11.3 — The organization of OUS
(HelseSer@st 2011).

11.4 The daily trend and the trend of the waiting for all

incoming requests

In this part the trend per hour for all the incoming requests to the AMK Oslo &
Akershus call center is illustrated separately and commented on, in addition to the
waiting time for each request type. The period of the analysis stretches from 20™

of October 2009 to 20" of October 2010.

The number of average requests per hour from the different requests is presented

below.
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The trend per hour for the incoming
requests from the public

W0
_§ 12,0 /_/v/\\
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I
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g 60 7/ Public(113)
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Fig.11.4. — The figure illustrates the average trend (all days included) per hour for

the incoming requests from the public (113).

If all days are included, the average trend per hour show that there is a steady

increase in the number of requests from early in the morning until it reaches the

top at 4 pm. After this point there is a steady decrease until the next morning at 6

am.

Number of requests per hour

The trend per hour for the incoming
requests from Amb-Best

16,00

14,00 VAVAN
Bo [\
10,00 / \
/ N~

8,00
6,00 / \

4,00 / \\
2,00 \vj
0,00

1, 3ol o] s 1% 198D 3

= Amb-Best

Fig.11.5 — The figure illustrates the average trend (all days included) per hour for

the incoming requests from Amb-Best.

If all days are included, the average trend per hour for the incoming requests with

respect to orderings of ambulances on the Amb-Best line has a steep increase from

6 am until 13 pm. After this it significantly drops until midnight, before it is

flattening off until early morning.
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The trend per hour for the incoming
requests from AMK-Hotline

1,50 /A\ / ~
1,00

\/ = AMKHotline

2,00

0,50

Number of requests per hour

0,00
1 3 5 7 9 11 13 15 17 19 21 23

Fig.11.6 — The figure illustrates the average trend (all days included) per hour for
the incoming requests from the AMK-Hotline.

If all days are included, the average trend per hour for the incoming requests from
AMK Hotline shows that there is a steady increase from 6 am until 16 am before

is slowly drops until 2 pm. After this point it drops steeply until 6 am.

The trend per hour for the incoming
requets from AMK-Intern

_ 16,00

8 14,00

g 12,00 ’/\ ’\v\

£ 10,00 I \

S 800

§ 6.00 I \ e AMIK-Intern
e ° |

g 4,00 \\/

£ 200

2 000

1 3 5 7 9 11 13 15 17 19 21 23

Fig.11.7 — The figure illustrates the average trend (all days included) per hour for

the incoming requests from AMK-Intern.

If all days are included, the average trend of the incoming requests from AMK-
Intern shows that there is a heavy increase from 5 am until 8 am, while the
number of requests flattens off until 18 pm. From this point it drops steadily until

next morning.
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The trend per hour for the incoming
requests from AMK-Vakt

1,20

1,00 A\
0,60 o\
/ \’\ —— AMK Vakt
0,40 / \
0,20

0,00

Number of requests per hour

1 3 5 7 9 11 13 15 17 19 21 23

Fig.11.8 — The figure illustrates the average trend (all days included) per hour for
the incoming requests from AMK Vakt.

If all days are included, the average trend per hour shows that the lowest activity
on the AMK vakt line is during the night, while the main amount of requests are

made between 6 am and 21 pm.

The trend per hour for the incoming
requests from Innmelding

4,00
3,50 f~

T // -\v-\,\

2,00 \

1,50 \ / Innmelding
1,00
0,50
0,00

Number of requests per hour

1 3 5 7 9 11 13 15 17 19 21 23

Fig.11.9 — The figure illustrates the average trend (all days included) per hour for

the incoming requests from Innmelding.

If all days are included, the average trend per hour for the incoming requests from
Innmelding shows that the main amount of requests is received between 6 am and

22 pm, before it decreases quickly until 6 am again.
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The trend per hour for the incoming

requests from Int-Trsp
0,25

0,20 A

AGA

0,10 / L Int-Trsp
0,05 / \—\

0,00 \/\J \—\/

NS 5. 77 Seedldl, S A5 dl* 98 « 2l - 28

Number of requests per hour

Fig.11.10 - The figure illustrates the average trend (all days included) per hour for

the incoming requests from Int-Trsp.

If all days are included, the average trend per hours for the incoming requests
from Int-Trsp shows that there is almost no activity during late evening and night,

while the main amount of requests is received during regular business hours.

The trend per hour for the incoming
requests from Katastrofe

0,03
0,03
0,02 \ A
0,02 \
TiwwA

L. 2\ \
N N\

150 S 5 IR/ R O R I S IS SR 78S O R 189/3

Katastrofe

Number of requests per hour

Fig. 11.11 — The figure illustrates the average trend (all days included) per hour

for the incoming requests from Katastrofe.

If all days are included, the average trend per hour shows that there is
considerable variation when it comes to when AMK receives request on the

Katastrofe line. It seems, however, that there is most requests around 8 am.
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The trend per hour of the incoming
requests from Luftambulanse

0,70
0,60
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Luftambulanse

Number of requets per hour
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Fig. 11.12 — The figure illustrates the average trend (all days included) per hour
for the incoming requests from Luftambulanse.

If all days are included, the average trend per hour shows that there are few
requests received during the night, while the main amount of requests is coming in

from 7 am to 22 pm.

11.5 The average waiting per day for all the incoming

requests

The average waiting time per day for all the requests is presented below.

Average Waiting Time

os |\ A

. [\ A

11,5 \ / 113
v

11

Waiting time in seconds

10,5

10

i ST O T 7 O F T T S 113 1 5 781 O )| B3]

Fig 11.13 — The average waiting per hour on daily basis for the incoming requests

from the public (113).

The analysis of the waiting time per day for the requests from the public (113)

show that on average the waiting is very steady around 12 seconds. This further
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shows that the potentially critical and urgent requests from the public are

prioritized by the call center.

70
60
50
40
30

20

Waiting time in seconds
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Average Waiting Time

~\
/o
~

—/

1

3

5

7 9 11 13 15 17 19 21 23

Amb-Best

Fig 11.14 — The average waiting per hour on daily basis for the incoming requests

from Amb-Best.

The analysis of the waiting time for the ordering of ambulances shows that the

longest waiting occurs during regular working hours from 8 am to 16 pm. Since

the call center is prioritizing the calls from the public and the amount of requests

is less during the night, it makes sense that there is shorter waiting during night

time.
Average Waiting Time
18
y 16 /\
g ﬁ*gwt
9
£ 10
£
= 8 = AMK-Hotline
£ 6
t g
2
2
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Fig 11.15 — The average waiting per hour on daily basis for the incoming requests

from AMK-Hotline.
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The longest waiting times for the requests from medical staff using AMK hotline
happen during regular working hours, from 8 am to 16 pm. However, there is only
6 seconds maximum from the shortest to the longest waiting, which can indicate
that also the requests from AMK hotline are highly prioritized by the staff at the
AMK call center.

Average Waiting Time
30

c
g 20 N
‘E \/
o 1
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)
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‘©
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0

13S0 RN O R T TSR 5B 178881 ORSi 3923

Fig.11.16 — The average waiting per hour on daily basis for the incoming requests

from AMK-Intern.

The analysis shows that the waiting for the internal ordering of ambulances from
the AMK-Intern is less during the night and highest during regular working hours.
The analysis also shows that there is considerable longer waiting for these non-

urgent requests than for those from the public and AMK hotline.
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Fig.11.17 — The average waiting per hour on daily basis for the incoming requests

from AMK-Vakt.
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The analysis shows that the highest activity on the AMK Vakt line happens during
daytime and early evening. This makes sense since many of the staff at AMK uses

this line to give messages to their colleagues.

Average Waiting Time
25
8 20 7 \
g H/ \-/\_/\
s
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-§ 10 Innmelding
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Fig.11.18 — The average waiting per hour on daily basis for the incoming requests

from Innmelding.

Compared to the other requests the waiting for the requests coming from
Innmelding is more stable during the day and night. This makes sense since

ambulance staff needs to log certain information during the entire day.

Average Waiting Time
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Fig.11.19 — The average waiting per hour on daily basis for the incoming requests

from Int-Trsp.
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The analysis of the waiting time for the requests from Int-Trsp shows that the
waiting varies a lot during the entire day. There are very few incoming requests of

this type. The huge variation can possibly be explained by the low amount.

Average Waiting Time
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Waiting time in seconds

Fig.11.20 — The average waiting per hour on daily basis for the incoming requests

from Katastrofe.

The analysis shows that the waiting for the Katastrofe requests varies from almost
no waiting to approximately 45 seconds. With respect to the data from these types
of requests there was some missing data that was replaced with zeros. However,
the long waiting at certain times during the day shows that these requests probably

have less priority than expected.
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Fig.11.21 — The average waiting per hour on daily basis for the incoming requests

from Luftambulanse.
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The analysis shows that the waiting for the requests from Luftambulanse varies

approximately between 15 and 25 seconds, with the lowest during the night. The

highest amount of requests from all different types is happening during day time

and early evening, and this could mean that the waiting in general increases

during regular business hours and decreases during the night.

11.6 Shapes in iGrafx

Grafx Process Diagrams Quick Reference Guide

EOEP-,-4000 =

Standard toolbar DS ERY Lo @2 g s T2
| | 1 [
Lé C E JE F JS HI J K
A New E. Print Preview I. Draw
B. Open F. S5pell Checker (FT) J. Forward/Back
C. Save G. Undo/Redo K. Zoom Control
D. Print H. Open Shape Palette
Process Central client installed Main menu
. BWE T B Tt Foms Tods Avange Skigna ProcessCenral Model Widoe Heo =l >
Toolbox toclbar (Process Diagram) OSSO ERY|: BB |0 (72| o o7
—— L. Select (and connector lines) % 1 B = 1 . : | = a < T
—— M. Depariments Fe | = =T :J__'|
—— M. Start shape = HE =
—— O._ Activity shape o] - Gallery — 2
— P. Decision Shape m] Dept 1 Etat S 7
o - \
——0Q. Connector Line tool " 7 L0 5
R Texttool R —
—— 5. Shape numbering A | g
~——T. Zoom tool £ 3
— U. iGrafx Explorer bar o g
G
. :
L1} | Wl —
For Halty paess FL Proeess L
Dia1gram
Fig. 11.23 Quick reference guide.
The figure above describes the most important shapes and tools used when

creating models in iGrafx.
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11.7 Full-size model in iGrafx
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Fig. 11.24 — The processes at AMK.
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11.8 Functions used in the iGrafx simulation model

11.8.1 Simulation Run Setup

The run setup function controls simulation time, simulation results reporting, and
the ability to report —snapshots in time” for simulation results (Scott 2002). The

following shows the run setup for the AMK case.

S . |
Run Setup - E -
Simulation Time |1nitia|ization,.fF'.eports | Snapshots
Time Conversion
Standard
Default Schedule [ iy -
[Nways v] 24 | Hours/Day
7 D Neek
| Simulation Start ays/Wee
; [By Weekday v] ’Change... l
N
mandag 08:00
Simulation End
[Custom v]
7
Warmup Time
[Nnne ,]
[ OK ] [ Cancel ] [ Help ]

Fig.11.25 — The dialogue box for run setup for the AMK model of incoming

requests.

The simulation will run for seven days, starting Monday at 8 am. iGrafx provides
multiple reports, and the reports created in the AMK case is the general reports

Time, Resource and Queue.

11.8.2 Generators

The number of transactions, or requests, the call center will receive are controlled
by generators, and the source of each request is modeled via scenario attributes.
The picture below illustrates how this dialog box is modeled and how requests are

introduced into the process.
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Generators - o - ﬂ

P Setup | Attribute Initialization | External Data |

':%{ AMKHotline Generator Type: Process Start Point

'%F AMKIntern

T - Process1 -

@ Lufambuianse -

%‘ AmbBest Active Start h

% IAMKVT:t Set Argument Values Values...

nnmelding
% IKI;ZFSE . Interarrival Time: Spread:
= ExponDist(5,48) [Minutes v| [alatstert ~
Transaction Count Each Generation: [T pifferent Initial Count:
1 0 P
Max Transactions: 1000
[ stop After: 40 Hours
[[pelayed start: 0 Hours
[ Limited schedule: Default
[T suppress Transactions When Expression Is False {Or Zera):
[ Add ] [ Rename ] [ Delete ]
OK Cancel Help
L o (o [ e ]

Fig. 11.26 — Generators and scenario attributes.

The exponential distribution function is used to model requests arriving at
irregular intervals, and this function is applied to ensure requests arriving at
irregular intervals; as they would in real life. Since the incoming requests to AMK
come from nine different sources, with different interarrival times, the exponential

distribution function is used on each one of them separately.

11.8.3 Resources

Only one type of resources, nurses, is needed in the model. They form a finite
group of identical resources. The following dialogue box shows information about

these resources and how resource information is assigned in the model.

i ™y
Define Resources ﬁ
- . i
El"@ Worker Properties |,r.\tmbuteg |
5L AMK (4]
Hourly Rate: kr 0,00
Per use cost: kr 0,00
Schedule: MK shift ~| &
Owvertime: [ Allowed Hourly Rate: | kr 0,00
IMax HoursfDay: | 0,00
Availabiity: [ Limited 100 %
Time fway: Constant 5
Description: Minutes
-
[ Add ] [ Rename ] [ Delete ] - Show Allocations
- 4
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Fig. 11.27 — The pool of resources in the AMK model.

11.8.4 Schedules

Schedules in iGrafx are used to model the call center’s hours of operation. These
schedules are used when generating requests for simulation, and constraining
resource work schedules (iGrafx 2011). As mentioned earlier, the AMK call
center is always open, and the resources (nurses) work in a three shift schedule.
However, breaks are taken at the desks in quiet periods, thus the nurses seldom
leave their desks other than for toilet visits etc. Based on this the shifts are

modeled without breaks, and this is illustrated below.

N |

III :

Define Schedule - o -

Existing Schedules
Standard_with_Holidays -

Swing_with_Holidays BMEMEE Cancel
Might_with_Holidays
Two_Shifts

|| |Three_Shifts
Holidays

s

-

Help

E

[ Add... ] [ Rename ] [ Delete ]
Hours

Time Line 2324 i
Days:
[.ﬁ.JI_Days v] [ Define...
Hours:
[AJI_Hnurs v] [ Define...

| Composite... 413 o 1110

Fig. 11.28 — The modeled schedule for nurses at AMK.

11.8.5 Attributes

According to iGrafx 2011 an attribute is a variable used to communicate
information and manage the flow of transactions through the process. In attributes
iGrafx has the ability to store information on each transaction. An attribute is a tag
on the transaction that has a name, a type of value that it may hold, and a location
(Scott 2002). In our model the attributes function is used both for giving
information about the transactions and to model different scenario attributes with
respect to the number of available resources, number of phone lines and how these
phone lines and recourses are used. This is illustrated in the two dialogue box

below.

Page 105



GRA 19002 Master Thesis 01.09.2011
T T
Define Attributes - o - ) u1
Location: Existing Attributes:
(@ Transaction MissionType
= g RequestDuration
- (EDSIES FRequestType
(7} Scenario
|

Initial Values:

Transaction Attribute Values can be set on any Activity or Generator.

w

'S

Fig. 11.29 —Illustration of how transaction attributes are used in the model.

Define Attributes

-0

Location:

() Transaction
) Activity

(") Resource

@) Scenario

Initial Values:

Existing Attributes:

OK

AntallOpptatteSamtaler
AntalTelefonOperaterer
Model_num_lines
Number_Lines
Mumber_Lines_Use

Cancel

g

Help

Delete

5.Model_num_lines = Yes
S.Mumber_Lines = 4
5.Mumber_Lines_Use =0

5. AntalTelefonOperatgrer = 4
5. AntalOpptatteSamtaler = 0

Fig. 11.30 — Illustration of how scenario attributes are used in the model.

There is two build-in transaction-location attributes in iGrafx (Scott 2002). The

first is Priority and the second is Preempt, and they are both used in this model.

The order in which iGrafx processes transactions when there are more than one

transaction queued (waiting to be processed) at an activity is controlled by the

priority attribute, illustrated below.
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Generators E

& public [ Setup | Attribute Initislization |External Data |

Location |Name | Value |
AMKIntern Transactic Prioity 7

GEZ Luftambulanse
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Fig. 11.31 — Illustration of how important requests get priority.

To do this prioritizing, iGrafx has a system where the higher the priority
attribute’s value, the sooner the transaction will be taken from the queue and
processed. This model uses priority for the prioritizing constraint mentioned
above. The priority rule will ensure that when more than one request is waiting at
some activity, the more urgent or severe request will be handled first. To further
ensure this, the model is also using a queue method of First in, First out (FIFO) on
the inputs of all activities so that all equal priority requests will be handled in the

order they arrive.

The critical requests from the public (113) will also use the build-in -preempt”
attribute to interrupt other work — together with the priority attribute. This is

illustrated in the dialog box below.
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Generators E
AMKHotine Location |Name |Value |
% AMKIntern | | Transactic Priority 9
¥ Luftambulanse Transactic Preemp True
&7 AmbBest
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1 %Innmelding
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|| |
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|
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Fig. 11.32 — Illustration of how requests from the public (113) stop all other work.

11.8.6 Activity properties

Activity properties, together with the information in the scenario, tell the iGrafx
simulator how to move each transaction (request) through the process flow. There
are several types of tabs in the property of the activities controling this process
(Anupindi et al. 2006). First, the type of resources required for each activity is
determined, before the duration of the task these resources will perform is
registered. Again, each type of request requires a different amount of time from

the resources, and these duration times are registered.

For the model to let a request through the system or through the process when
there are available resources present, the model uses an input expression of the

gate activity as illustrated below.
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Task [Gahe v] ’By Expression ']
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Attributes -

Last Simulation @ When expression is true
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General
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Measurements FrstInFirstOut  «| WaitTime: [Blocked
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Fig. 11.33 — The expression for letting requests through.

The expression says that the number of busy requests must be less than the sum of

the resources.

The resources (nurses) are both needed for the prioritizing and categorization
activity, and to model this need the Acquire and Release functions in the Resource

tab are used. This is illustrated in the next two dialogue boxes.
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Shape Properties - Prioritize requests
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Fig. 11.34 — Nurses are acquired for the prioritizing activity.

Shape Properties - Categorize requests
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Custom Data
Risks
Measurements
RACI
Enterprise

o

Type: [DE%UH:

=)

Count: |1

[ an

[T Force from Family

[<<) (@) [ add ] [oeer= ]|

o< |

Cancel

] Apply

Fig. 11.35 — Nurses are released after the categorize requests activity is done.

The duration of the prioritizing task is modelled as a value between an upper and a

lower limit. Since the nurses spend various amount of time when prioritizing

between the requests, the duration is set to be uniformly distributed between 10

and 200 seconds. This is illustrated below.
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Shape Properties - Prioritize requests ' @
. —
Shape Step | On Completion |
Guide
| Modeling Work -
o [Dstbuted ] 10 o 20 [seconds _~|
F.esources
Outputs
Attributes Limited Schedule |Default - |
Last Simulation Overtime Behavior: [Slmend - ]
Other
General Task Type: Mone -
Links
Custom Data Callable Task
|| Risks
Measurements
RACI
| Enterprise
Fixed Cost : |0 [E] [va ~|
Limited Capacity |S.Aniall'|’elefon0peratﬂrer |
s
o > ] l Ok I [ Cancel ] Apply | [ Help ] Y

Fig. 11.36 — Duration of the prioritizing task.

In the AMK model the duration of handling the different requests is modelled

using a transaction attribute where each request is handled within an upper and a

lower limit, shown below.

,
rerbte et

Location |Name | Value

[ ek ]

Transactic Reque: Between(170;237)

Fig. 11.37 — Illustration of the duration of handling request.

In the categorization activity this duration is used to vary how long time the

nurses spend on each request. Using an expression for duration saves graphical

spaces in the process map, as illustrated below.
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Shape Properties - Categorize requests __v ' =
Shape Step I On Completion I
Guide
Modcng
;n::otjrces [EWESECI'I v] |RequestDurah'on | [Seconds v]
Qutputs
A:h'ibutes Limited Schedule [Default v] [Z]
Last Simulati . .
[J::er imulaton Overtime Behavior: [S_Epand V]
General Task Type: MNone -
Links
Custom Data Callable Task
Risks
|| Measurements
RACI
Enterprise
4
Fixed Cost:|fJ | [VA ']
Limited Capacity E =]
Clnepea
|
[« §>] l O I [ Cancel ] [ Apply ] [ Help ] 4

Fig. 11.38 — Illustration of how the categorization activity is based on the duration

of the requests.

The number of phone lines and the flow of the process are controlled by the

Attributes Tab of the —Prioritizing” activity, illustrated below.

Shape Properties - Prioritize requests

T W

Shape

|.P¢c:tive | Location

| Mame |\|"a|ue

Guide

Modeling

Inputs
Resources
Task
Outputs

Last Simulation

Attributes

Other

General

Links

Custom Data
Risks

| | Measurements
RACI

Enterprise

IO-J

= Enter
Post-Input
Pre-Task
Post-Task
= Exdit

Scenario

Scenario

H &

AntallD S AntallOpptatte Samtaler + 1

Artalll 5 AntallOpptatte Samtaler - 1

[ add

] [ Delete ]

Apply

J [

J |

Help

|

Fig. 11.39 —Illustration of the attributes tab related to the phone line constraint.

The amount of lost calls is modelled in the Output Tab of the —Eine busy?” as

illustrated below.
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Shape Properties - Line Busy?

Shape MNormal lExceptions ]
Guide

=

Inputs (@) Statistical (7) Expression (7 Conditional {First)
Resources

Task

Attributes 0 Mo 95 = % iz
Last Simulation
Other 1 Yes 5 H %
General
Links
Custom Data
Risks
Measurements
RACI
Enterprise

i

i

o o) Lo ][ o

Fig. 11.40 — Modeling of the amount of lost requests.

The different requests are routed on a decision activity called —Fype?” and this

can be seen in the Output Tab for this activity, illustrated below.

Shape Properties - Type? -
4 | | shape Mormal ]Excepﬁons ]
Guide
=== ose Text  [mmunst o <) (%)
T Inputs @) Statistical (7) Expression () Conditional (First)
Resources
Task
Attributes 0 Public 33,42 = e
Last Simulation
Other 1 AMKHotline 4,72 2 = E
General
Links -
Custom Data 2 AMKIntern 27,88 = % =
Risks
Measurements 3 Luftambulanse 1,06 = % |
RACI
Enterprise
4  AmbBest 23,55 = = =
5  AMKvVakt 1,69 ) =
3 € Innmelding 7,42 = %
7 IntTrsp 0,23 =% =
8 Katastrofe 0,03 = % =

1o C o ) [ coma ][ oo

Fig. 11.41 — Illustrations of the distribution of the different incoming requests.

The categorized requests are also routed based on the content of the request and

this can be seen in the Output Tab of the categorize request activity.
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Shape Properties - Categorize requests -
Shape Mormal IExceDtionS ]
Guide
Modeiing Case Text: Y
Inputs @) Statistical () Expression (_) Conditional (First)
Resources
Task
|Qutputs |
us 0 cCritical 30 = % S|
Last Simulation
Other 1 Urgent 30 = %G
General
Links
Custom Data 2 Elective 30 = %
Risks
Measurements 3 End 5 = % 2=
RACI
Enterprise
4 Transfer 5 = o 2=

o Cox Il o I o

Fig. 11.42 — Illustrations of how requests are routed when categorized STOP.
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The results of simulation of the current situation at the AMK call center are

11.9 Results from the initial model

illustrated in this section, in addition to the results of the six scenarios.

11.9.1 Time
Elapsed Time [Days)
Transaction Statistics (Minutes)
Count |Avg Cycle|Avg Work |Avg Wait Pwg Res Wait (Avg Block Avg Inact |Avg Serv
M 4,15 385 0,28 0,25 0,03 0,00 4,15
Transaction Statistics (Minutes)
Count |Avg Cycle| Avg Work |Avg Wait |Avg Res Wait|Avg Block |Avg Inact |Avg Serv
AME | 2871 4,15 3,85 0,28 0,26 0,03 0,00 4,15
Transaction 5tatistics (Minutes)
Count (Awvg Cycle |Avg Work [Avg Wait |Avg Res Wait |Avg Block [Avg Insct |Awg Serv
Processi| 3871 4,15 3,85 0,28 0,26 0,03 0,00 4,158
Activity Statistics (Minutes) (23 of 29 rows)
Count Pwg Cycle|Avg Work |Avg Wait Avg Res Wait [Avg Block [Avg Inact|Avg Serv
Reguests 3T 0,00 0,00 0,00 0,00 0,00 0,00 0,00
Line Busy? 3 0,00 0,00 0,00 0,00 0,00 0,0 0,00
Prioritize requests | 3877 1,55 1,758 0,20 0,20 0,0 0,0 1,55
Categorize requests 3877 2,33 2,32 0,07 0,07 0,06 0,105 2,33
Type? WETT 0,00 0,080 0,00 0,050 0,080 0,05 0,080
1227 0,03 0,00 0,03 0,00 0,03 0,00 0,03
1227 0,00 0,00 0,00 0,00 0,00 0,00 0,00
Critical 1103 0,00 0,00 0,00 0,00 0,00 0,0 0,00
Urgent 1103 0,00 0,0 0,00 0,00 0,0 0,0 0,0
Elective 1103 0,00 0,080 0,00 0,080 0,080 0,050 0,080
1025 0,02 0,080 0,02 0,080 0,02 0,050 0,02
1025 0,00 0,00 0,00 0,00 0,00 0,00 0,00
i 0,03 0,00 0,03 0,00 0,03 0,00 0,03
ol 0,00 0,00 0,00 0,00 0,00 0,00 0,00
T3 0,02 0,00 0,02 0,00 0,02 0,0 0,02
T3 0,00 0,0 0,00 0,00 0,0 0,0 0,0
Hang-up 134 0,00 0,080 0,00 0,080 0,080 0,050 0,080
End 154 0,00 0,080 0,00 0,050 0,080 0,05 0,080
Transfar 154 0,00 0,080 0,00 0,050 0,080 0,05 0,080
174 <0,01 0,00 <0,01 0,00 <0,01 0,00 <0,01
174 0,00 0,00 0,00 0,00 0,00 0,00 0,00
&2 0,11 0,0 0,11 0,00 0,11 0,0 0,11
2 0,00 0,04 0,00 0,006 0,04 0,105 0,04

i

Fig. 11.43 — Time results from the initial processes.
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Time-Weighted Average Resource Utilization

11.9.2 Resources

Resource Statistics (Days)
Count |Tavg Util |Avg Busy |Avg Idle (Avg Inact [Awg 005 [Avg OT |Avg Res Wait[Tavg NW Util|Avg Cost|Tot Cost
Worker 4 37,10 2,80 4,40 0,05 0,00 0,050 0,00 37,10 kr 0,00 | kr D00
Resource Statistics [Days)
Worker
Count |Tavg Util |jAvg Busy |Avg Idle (Avg Inact [Avg 005 [Avg OT |Avg Res Wait[Tavg NW LUtil|Avg Cost |Tet Cost
ANE 4 37,10 2,80 4,40 0,00 0,080 0,080 0,00 37,10 b 0,00 | kr 0,00
Activity Statistics (Minutes) (23 of 29 rows)
Powg Fles Wait [Maoc Ries Wait [Tot Res Wait #[Tavg Res Wait #|Max Res Wait #| Msx Cap | Count
Prioritize requests 0,20 26,57 511 0,07 4 4| 38T
Categorize reguests 0,07 13,35 125 0,03 3 T| 37T
Reguests 0,05 0,050 [i] 0,00 1] 1] 3871
Coritical 0,00 0,00 3] 0,00 0 1] 1102
Urgent 0,0 0,0 [1] 0,00 1] 1] 1103
Elective 0,00 0,00 [i] 0,00 [i] 1] 1103
End 0,0 0,0 [i] 0,0 1] 1] 184
Type? 0,05 0,050 [i] 0,00 1] 1| 3877
0,00 0,00 3] 0,00 0 1] 1227
0,0 0,0 [1] 0,00 1] 1| 1227
0,00 0,00 [i] 0,00 [i] 1] 174
0,05 0,00 [i] 0,080 1] 1] 174
0,05 0,050 [i] 0,00 1] 1] 1025
0,00 0,00 4] 0,00 0 1] 1025
0,0 0,0 [1] 0,00 1] 1 el
0,0 0,00 1] 0,00 1] 1 ]
0,05 0,00 [i] 0,080 1] 1| 866
0,05 0,00 [i] 0,050 1] 1| 866
0,00 0,00 4] 0,00 0 1 G2
0,00 0,00 3] 0,00 0 1 G2
0,0 0,00 1] 0,00 1] 1] 273
0,00 0,00 [i] 0,00 [i] 1 273
0,05 0,00 [i] 0,050 1] 1 a
0,05 0,050 [i] 0,00 1] 1 a
0,00 0,00 3] 0,00 0 1 2

Fig. 11.44 — The resources results of the initial processes.
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11.9.3 Queuing

Toetal Transaction Waited Count

Resource Statistics (Seconds)
Count |Tot # Wait [Tavg # Wait (Mazx # Wait [Avg NZ Wait|Avg Res Wait| Acg Count
Worker 4 701 0,10 7 BE,TT 0,00 3916
Resource Statistics [Seconds)
Coount |Tot # Wait [Tavg # Wait [Max # Wait Avg NZ WaitlAvg Res Wait| Acg Count
Worker 4 T 0,10 T 85,77 0,00 3916
Bctivity Statistics (25 of 29 rows)

Tot # Wait [Tavg # Wait |Max # Wait |Tot # AtAct [Tavg # AtAct |Max # AtAct | Max Cap | Count
Pricritize reguests 511 0,07 4 W7 0,71 5 4| 2877
Categorize reguests 125 0,03 3 W7 0,87 7 T| 2877
i) 0,00 2 1227 0,00 2 1 1227
3 0,00 2 1025 0,00 Z 1] 1025
23 0,00 2 frii] 0,00 2 1| 886
3] 0,00 1 273 0,00 1 1] 273
4 0,00 1 174 0,00 1 1] 174
2 0,00 1 s 0,00 1 1 ]
2 0,00 1 = 0,00 1 1 G2
Reguests 4] 0,00 4] 38T 0,00 1 1] 38T
Critical 1] 0,00 4] 1103 0,00 1 1| 1103
Urgent 1] 0,00 4] 1103 0,00 1 1] 1103
Elective 1] 0,00 4] 1103 0,00 1 1] 1103
End 1] 0,00 4] 184 0,00 1 1] 184
Type? 1] 0,00 4] W7 0,00 1 1| 3677
0 0,00 4] 1227 0,00 1 1 1227
4] 0,00 4] 174 0,00 1 1] 174
1] 0,00 4] 1025 0,00 1 1] 1025
1] 0,00 4] ] 0,00 1 1 ]
0 0,00 4] fiii] 0,00 1 1| 886
0 0,00 4] = 0,00 1 1 G2
1] 0,00 1] 273 0,00 1 1] 273
0 0,00 4] ] 0,00 1 1 )
1] 0,00 4] ] 0,00 1 1 ]
1] 0,00 4] 2 0,00 1 1 2
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Bctivity Statistics (Seconds) (25 of 29 rows)

[Tot Res Wait #[Tavg Res Wait #|Tot # Block |Tavg # Block |Avg Res Wait|/Avg Block |Avg Inact | Count

Pricritize reguests 511 0,07 '] 0,00 12,03 0,00 0,00 | 3577
Categorize reguests 125 0,03 '] 0,00 4,32 0,00 0,00 | 3577
Reguests 4] 0,00 '] 0,00 0,00 0,00 0,00 2871
Critical 4] 0,00 '] 0,00 0,00 0,00 0,00 1103
Urgent 4] 0,00 1] 0,00 0,00 0,00 0,00 1103
Elective 4] 0,00 4] 0,00 0,00 0,00 0,00 1103
End 4] 0,00 '] 0,00 0,00 0,00 0,00 184
Type? 1] 0,00 1] 0,00 0,00 0,00 0,00 | 3577
1] 0,00 5 0,00 0,00 1,73 0,00 1227

1] 0,00 '] 0,00 0,00 0,00 0,00 1227

4] 0,00 4 0,00 0,00 0,50 0,00 174

4] 0,00 1] 0,00 0,00 0,00 0,00 174

4] 0,00 3 0,00 0,00 1,45 0,00 | 1025

4] 0,00 4] 0,00 0,00 0,00 0,00 | 1025

1] 0,00 1] 0,00 0,00 0,00 0,00 ]

1] 0,00 2 0,00 0,00 0,95 0,00 ]

1] 0,00 23 0,00 0,00 1,82 0,00| 866

4] 0,00 '] 0,00 0,00 0,00 0,00| 866

4] 0,00 2 0,00 0,00 6,37 0,00 g2

4] 0,00 4] 0,00 0,00 0,00 0,00 g2

4] 0,00 3] 0,00 0,00 1,43 0,00 273

1] 0,00 1] 0,00 0,00 0,00 0,00 273

1] 0,00 1] 0,00 0,00 0,00 0,00 ]

1] 0,00 '] 0,00 0,00 0,00 0,00 ]

1] 0,00 '] 0,00 0,00 0,00 0,00 2

Fig. 11.45 — The queuing results of the initial model.
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11.10

Results from scenario 1

The results from the first scenario are presented below.

11.10.1 Time
Elapsed Tims (Dajs]
Transaction Statistics (Minutes)
Court | #ug Cycle | Augwork | Augwak | Aug Reswan | Aug Blocx | Aug inast | Awg Sens
B 383 kX 006 005 am 000 383
Transaction Statistics [Minutes)
Count | Awg Cycle | Aug Work | Aug Wak | Awg Res Wak | Aug Block | Awg inact | Aug Sany
AME | 3851 353 386 006 Qa5 i 0,00 353
Transaction Statistics (Minutes)
Court | Awg Cycle | Awgwom | sugwak | Aug Res wak | sug Blok | Augnact | aug Sany
Processi | 3851 k] 386 006 Q05 am Q.00 Lk
Activity Statistice (Minutse) (25 of 25 rows)
Count | Awg Cycle | Augwom | Augwak | Aug ResWak | Aug Block | Aug inact | Aug Sen
Feguesis 1 000 Q.00 00 2,00 000 Q.00 00
Line Bus)y? 351 Q.00 o] allas] o] Q.00 o] allas]
Priorfize reguests 5B 1,79 175 Pl M 000 Q.00 1,79
Caegorize reqguesis | 3658 232 rrd =01 =00 000 Q.00 252
Type? 3555 0,00 Q.00 0,00 0,00 0,00 Q.00 0,00
1221 am ala ] i ala ] am ala ] i
1221 000 Q.00 000 ale ] 000 Q.00 000
Elecie 1055 000 Q.00 00 2,00 000 Q.00 00
CrRical 1087 200 falas] alas] fale ] 200 falas] alas]
Uingent 1097 000 Q.00 000 ale ] 000 Q.00 000
1020 am Q.00 i 000 am Q.00 i
1020 0,00 Q.00 0,00 0,00 0,00 Q.00 0,00
61 am Q.00 i ale ] am Q.00 i
861 000 Q.00 000 ale ] 000 Q.00 000
a2 002 2,00 o0z 0,00 002 2,00 o0z
2 i) fala] i fala ] i) fala] i
Hang-up 193 000 Q.00 000 ale ] 000 Q.00 000
Emd 183 000 Q.00 00 2,00 000 Q.00 00
Tramesier 183 0,00 Q.00 0,00 0,00 0,00 Q.00 0,00
17z 000 Q.00 000 ale ] 000 Q.00 000
7z 000 Q.00 000 000 000 Q.00 000
B2 Q.10 2,00 Q12 0,00 Q.10 2,00 Q12
g2 000 ala ] 00 ala ] 000 ala ] 00
ko) 000 Q.00 000 ale ] 000 Q.00 000
ksl 000 Q.00 00 2,00 000 Q.00 00

Fig. 11.46 — Time results from Scenario 1.
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11.10.2 Resources

Rassourcs Statistics [Days)
Count | Taug Ul | Aug Busy | Aug idie | Aug inact | Aug OO | Aug OT | Aug Res Wall | Taug N LRIl | Aug Cost | Tol Cost
Wariar 5| Fai) 493 a00 aoa| ao a00 25| wom| woo
Resourcs Statistics (Days)
horer
Count | Tawg Lan | Aug Susy | Avgidie [ awg nect | Avg 00s [ Avg OT | Avg Ses wan | Taug mw Lan | Aug Cost [ Ton Comt
AN 2 Fa) 193 400 apa| aon 400 25| woon| wooo
Activity statistics [MInutas) (25 of 23 rows)
Aag Foes Wal | Wa FRes Wall | Tot Fes Wal# | Taug Res Wall# | Max Res Wak# | MaxCap | Coum
PriorRze requetts a0 401 151 o 4 A
Caegorize requetts <001 N ey 000 2 5| asmm
Requests 400 a0 a 0,00 a 1| 335
Criical 000 000 a 0,00 a 1| 17
Urgent 200 00 a 2,00 a 1| 17
Elecihe .00 a0 a 0,00 a 1| 1ma
End 000 000 a 0,00 a 1| 1z
Type? 200 00 a 2,00 a =
.00 a0 a 0,00 a 1| 1z
000 000 a 0,00 a 1| 1z
a0a a0 a 200 a 1| 12
.00 a0 a 0,00 a 1| 1=
000 000 a 0,00 a 1| 1ma
a0a a0 a 200 a 1| 1ma
.00 a0 a 0,00 a E
000 000 a 0,00 a 1E
a0a a0 a 200 a 1| &
.00 a0 a 0,00 a 1| &
200 000 a 0,00 a 1| e
000 000 a 0,00 [ 1| e
.00 a0 a 0,00 a 1| =
a00 a0 a 2,00 a 1| o2
000 000 a 0,00 [ 1 g
.00 a0 a 0,00 a 1 3
a00 a0 a 2,00 a 1 2

Fig. 11.47 — Resource results of Scenario 1.
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11.10.3 Queuing

Total Transaction VWatted Count

Resourcs Statistics | 3=conds)

Cound | Tol#Wall | Tauwg #Wak | Max# WaR | Aug NZ'Wak | Avg Res WaR | Acg Count
Wariar 3 123 am 4 5750 a00 Tz
Resourcs Statistics | Ssconds)
Count | Tot#Wall | Taug #WaR | Max# WaR | Aug NZ'Wak | Avg Res WaR | Acg Count
Warker E 125 [T 4 5750 000 iz
Activity Statistios [25 of 25 rows)
Tol#Wall | Tagewar | Moswar |Tors snct | Tagsaat | Mz assa | MaxCap | count
Priorktze requess 151 am 4 %53 0gs 4 A=
CARGOTIER Tequetts ) 000 2 853 08l [ A=
n 000 2 1211 000 2 1] 121
17 400 1 1020 000 1 1| a0
16 000 2 81 000 2 1] e
3 200 1 m2 000 1 1| ==
2 .00 1 a2 000 1 1] e
Requests a 000 a 3351 000 1 1] 35
Criical a 200 a 1097 000 1 1| 1er
Urgent a .00 a 1087 000 1 1| w7
Electie a 000 a 1098 000 1 1] 108
End a a0a a 183 a0a 1 1| 13
Type? a .00 a %54 000 1 1] zema
a 000 a 121 000 1 1] 12
a a0a a 172 a0a 1 1| m
a .00 a 172 000 1 1| m
a 000 a 1020 000 1 1| 1z
a a0a a E a0a 1 1| =
a .00 a ) 000 1 E
a 200 a 81 000 1 1] e
a 000 a &2 000 1 1] e
a .00 a w2 000 1 1| m
a a00 a a a0 1 1 a
a 000 a ] 000 1 1 ]
a .00 a 2 000 1 1 2

Lctivity Statistics [ Ssconds) (25 of 25 rows)

Tol Fies WaR# | Taug ResWall# | Tot#Blok | Tawg#Block | Avg Res'Wall | Aug Block | Auginact | Count
Priorfize reguests 151 am a 00 25 am aoa | 3858
CaRgorizs reguests = a3 [ 000 055 [T 000 | 3855
Reguesis a m [ 00 am 0 a0 | 8
Critical a 0 a 000 am 0 aoa | 17
Lirgent a a3 a 100 am a3 ama | 107
Elecihe a a3 a 000 am T a0 | 1098
Emd 1 0 [ 0,0 am [T am | 18
Type? a am a 000 am 4 a0 | 3858
a am » il am a7z aoa | 1z
[ a3 [ 000 a a3 ao | 1z
a 0 a 0,00 am a2 aoma| 172
a am a 00 am am am| 172
[ a3 17 000 am 055 a0 | 1az0
1 0 [ 0,0 am [T a0 | 1az0
a am a il am am aoa|
a a3 a 100 am a3 am|
a a3 16 000 am a5 am | &
1 0 [ 0,0 am [T ao | &
a am 2 000 am 520 am| &2
a am a il am M am| &2
[ a3 3 000 a 127 am| Iz
a 0 a 0,00 am a2 am| 2
a am a 00 am am am 3
[ a3 [ 000 am [T a0 [
1 0 [ 0,0 am [T a0 z

Fig. 11.48 — Queuing results of Scenario 1.
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11.11

Results from scenario 2

The results from the second scenario are presented below.

11.11.1 Time
Elapeed Tims (Dajs)
Transaction Statistics [Minutas)
Court | fug Cycle | Augwork | Augwak | Aug Reswan | Aug Blocxk | Aug nas | Aug Seny
B2 411 k] 025 0z 003 000 411
Transaction Statistics (Minutes)
Count | Aug Cycle | AugWork | Aug Wak | Aug Res Wak | Aug Block | Awginect | Aug Sanr
e 41 386 023 0z 003 0,00 41
Transaction Statistics [Minutes)
Count | Aug Cycle | Augwom | Augwak | Aug Reswak | AugBlock | Awgimact | Aug Senr
Processi | 3821 41 386 025 0z leE] .00 41
Activity Statistics (Minutse) (25 of 25 rows)
Count | Aug Cycle | Mg wom | Augwak | Aug ResWak | Aug Block | Aug inact | Aug Senr
Feguests 21 0,00 2,00 .00 Q.00 .00 2,00 000
Line Busy? =1 allaa] o] Q.00 fales] a0 e} Q.00
Priorfize reguestc N 193 1,75 0,158 018 Q00 .00 1493
Caegorize reguesis | 3630 237 232 005 Q.06 000 000 237
Type? 3530 2,00 0,00 0,00 0,00 Q.00 i} 0,00
1213 llie] 200 i alo] aa 2.0 llie]
1213 000 Q.00 000 Q.00 Q00 .00 000
CorRical 1059 0,00 2,00 .00 Q.00 .00 2,00 000
Elecike 1088 Q.00 Q.00 000 fales] a0 200 200
Uingent 1058 000 Q.00 000 Q.00 Q00 .00 000
1011 004 0,00 004 Q.00 a4 000 004
1011 2,00 0,00 0,00 0,00 Q.00 i} 0,00
B3 ooz Q.00 ooz Q.00 oz .00 ooz
853 000 Q.00 000 Q.00 Q00 .00 000
x4 002 0,00 00z 0,00 ooz 0,00 002
28 i) ala ] i) a2 a0 . i)
Hang-up 191 000 Q.00 000 Q.00 Q00 .00 000
Emd 182 0,00 2,00 .00 Q.00 .00 2,00 000
Tramsier 182 2,00 0,00 0,00 0,00 Q.00 i} 0,00
172 ooz Q.00 ooz Q.00 oz .00 ooz
172 000 0,00 000 Q.00 000 000 000
g2 Q13 0,00 Q13 0,00 a3 0,00 Q13
g2 0.0 200 000 alo] a0 2.0 000
o) 000 Q.00 000 Q.00 Q00 .00 000
) leE] 2,00 005 Q.00 les] 2,00 leE]

Fig. 11.49 — Time results of Scenario 2.
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11.11.2 Resources

[orer | sz
Rasourcs Statistics (Days)
Count | Taug Ul | Aug Busy | Aug idie | Aug nact | Aug O0S | Aug OT | Aug Res Wall | Taug N LIl [ Aug Cost | Tot Cost
Warkar | ez 28| 4 0,00 ap| aoo a0 we2 | wopa| wooo
Resourcs Statistics [Days)
Uorker
Count | Taug Lan | Aug Busy | Awgidie [ Avg mect | Awg 00s [ Aug OT [ ug Res wan | Taug v uan | Aug Cost | 7ot Coe
AN ®az 28| 4 0,00 aoa| aoo 000 ez | wooa| wooo
Activity Statistics [Minutss) (25 of 25 rows)
g s Wal | Max Res Wal | Tot Res Wal# | Tawg Res Wall# | hiax Res WaR# | MaxCap | Count

Prioriize reguests 013 FES] 438 a0 B A=
Categorize requests 006 am 02 e 3 HE=
Requests 00 400 a 400 a 1| 3@
Criical 0,00 000 a 000 a 1| 1oam
Urgent 0,00 200 a 200 a 1] 1zem
Electie 0,00 .00 a .00 a 1| 1oam
£ 0,00 000 a 000 a 1] 1=
Type? 0,00 200 a 200 a =

0,00 .00 a .00 a 1] 123

0,00 000 a 000 a 1] 1213

200 a0a a a0a a 1| 1w

0,00 .00 a .00 a 1|

0,00 000 a 000 a 1] 1011

200 a0a a a0a a 1| 1011

0,00 .00 a .00 a E

0,00 000 a 000 a 1E

200 a0a a a0a a 1| s

0,00 .00 a .00 a 1] =

0,00 200 a 200 a 1] ez

0,00 000 a 000 [ 1] ez

0,00 .00 a .00 a 1| ma

200 a00 a a00 a 1| mm

0,00 000 a 000 [ 1 ]

0,00 .00 a .00 a 1 a

200 a00 a a00 a 1 2

Fig. 11.50 — Resource results Scenario 2.
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11.11.3 Queuing

Total Transaction VWalted Count

Res0uTca Statistics [ Ssconds)
Counfl | Tol#Wall | Tasg#Wah | Max#'WaR | Avg NZWal | Avg fesWall | Acg Count
Warker 4 &0 008 & BLE3 aoa =
Resouncs Statistics [ Ssconds)
Counfl | Tol#Wall | Tasg#Wak | Ma#'Wall | Avg NZWall | Avg fes Wall | Acg Count
‘Warkar 4 801 0,08 g BLEZ a00 2
sctivity stebistics (25 of 23 rows)
Tot#Wal | Taug #Wak | hiace Wall | Tot# A | Taug ¥ AtACt | hiax# ARAct | Mav Cap | Count
Prioriize requess 438 006 3 E 0gs 3 4| e
Categorize requess 102 o 3 =30 0as 7 7| e
w 0,00 3 101 000 3 1] 1011
30 0,00 2 1213 a0 2 1| 1213
12 000 2 ) 00 2 1] e
& 0,00 1 172 000 1 1| m=
B 000 1 28 000 1 1| ma
2 0,00 1 ) 000 1 S
1 0,00 1 &2 000 1 1| e
1 0,00 1 a 000 1 1 3
Requests a 0,00 q a1 000 1 1] zan
Critical a 200 q 1089 a0 1 1| 108
Urgent a 0,00 a 1083 a0 1 1] 108a
Electie a 0,00 q 1089 000 1 1| 108
=rd a 0,00 q 182 a0 1 1| 1
Type? a 0,00 a =30 000 1 =
a 000 q 1213 000 1 1] 1213
a 0,00 q 172 a0 1 1| m
q 000 q 101 00 1 1] 1011
a 0,00 a ) 000 1 )
a 000 q a3 000 1 1] s
[ 0,00 q &2 000 1 1] a2
a 0,00 a a8 a0 1 1| ma
a 0,00 a a 000 1 1 3
a 0,00 q 2 000 1 1 2
Activity Statistics | Ssconds) (25 of 25 rows)
Tol Fies Wak# | Taug Fes Wal# | TolsBlock | Taug# Block | Aug Mes Wak | Aug Block | Aug nact | Coum
PriorRize reguests A 006 a 2,00 1053 200 ap0| =0
Caegortze requests 0 am a 0,00 343 4,00 apd| 30
Requests a 0,00 a 0,00 0,00 200 aoa| &
Criical a 0,00 a 0,00 0,00 000 00| 108
Urgent a 0,00 a 0,00 0,00 4,00 apd| 1088
Electhe a 0,00 a 0,00 0,00 200 00| 1080
End a 0,00 a 0,00 0,00 000 apa| 1=
Type? a 0,00 a 0,00 0,00 4,00 apd| 30
a 0,00 30 0,00 0,00 124 apa| 13
a 0,00 a 0,00 0,00 000 apa | 1213
a 0,00 & 0,00 0,00 112 apa| 172
a 0,00 a 0,00 0,00 a00 apa| 172
a 0,00 E 0,00 0,00 240 apa| 1on
a 0,00 a 0,00 0,00 4,00 aa| 1011
a 0,00 a 0,00 0,00 a00 apa|
a 0,00 2 0,00 0,00 1 E
a 0,00 19 0,00 0,00 108 apd| &
a 0,00 a 0,00 0,00 000 opn| s
a 0,00 1 0,00 0,00 T am| e
a 0,00 a 0,00 0,00 400 apa| &
a 0,00 3 0,00 0,00 133 apn| e
a 0,00 a 0,00 0,00 000 e
a 0,00 1 0,00 0,00 2585 000 a
a 0,00 a 0,00 0,00 000 000 q
a 0,00 a 0,00 0,00 000 000 2

Fig. 11.51 — Queuing results of Scenario 2.
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11.12

Results from scenario 3

The results from the third scenario are presented below.

11.12.1 Time
Etapesd Times [Days)
Transzsction Statistics [Minutss)
Court | Aug Cycle | Augwore | AugWak | Aug Reswak | Aug Block | Aug nact | Aug Sens
3831 415 386 028 024 004 0,00 415
Transaction Statistics (Minutes)
Courtt | Aug Cyele | Aug wonk | sug wan | Aug Res war | sug Bloa | Aug reot | g Senr
AME | 3531 415 386 0.5 024 0,04 200 415
Transaction Statistics [Minutes)
Count | Aug Cycke | Awg wonk | swg wan | Awg Reswall | Aug Sk | Awg rect | sueg Sen
Processi B3 415 386 025 x4 0,04 002 415
Lctivity Statistics (Minutes) (25 of 29 rows)
Count | Aug Cycle | Aug work | sug wan | Aug Res wall | Aug Slock | Aug rect | sug Sen
Feguesis B3 0,00 0,00 0,00 0,0 0,00 0,00 0,00
Line Busy? BH 000 220 0,00 2 a0 0,20 0,00
Priorkize reguesis o) 185 1.75 Q19 a1e Q.00 i} 185
Calegaorize reguests | 3539 237 232 006 0,06 0,00 0,00 237
Type? ) 000 220 0,00 2 a0 0,20 0,00
1214 003 0,00 003 0,00 Qa3 i} 003
1214 0,00 0,00 0,00 0,0 0,00 0,00 0,00
Crilcal 102 0,00 020 0,00 2,3 002 000 0,00
Lingeenit 108z 2,00 0,00 0,00 0,00 Q.00 i} 0,00
Eectie 1091 0,00 0,00 0,00 0,0 0,00 0,00 0,00
1014 035 020 035 2,3 a5 000 035
1014 2,00 0,00 0,00 0,00 Q.00 i} 0,00
85T 015 0,00 005 0,0 a5 0,00 035
&7 0,00 020 0,00 2,3 002 000 0,00
m 002 0,00 0.0z 0,00 oz i} 002
] Q.00 0,20 0,00 alu i} Q01 0,00 0,00
Hang-up 192 0,00 020 0,00 2,3 002 000 0,00
Emd 182 2,00 0,00 0,00 0,00 Q.00 i} 0,00
Transfer 182 0,00 020 0,00 [ali i} a0 000 0,00
172 0,08 020 008 2,3 008 000 0,08
172 2,00 0,00 0,00 0,00 Q.00 i} 0,00
62 0z2 020 0z [ali i} az2 000 0z2
62 0,00 020 0,00 2,3 002 000 0,00
] 2,00 0,00 0,00 0,00 Q.00 i} 0,00
k) 013 020 013 [ali i} il 000 013

Fig. 11.52 — Time results of Scenario 3.
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11.12.2 Resources

Time-VWelghtsd Average Resourcs Utiization

[orer | 367
Resource Statistics (Days)
Count | Tavg Ui | Aug Busy | Augdie | Aug reat [Aug0os | aug oT | Aug Res wan [ Tasg v uan [ aug cost | Tot Cost
Warker | =mm 257 | 443 am aoa| 0o am #®72| wooa| wooo
Resource Statistics [Days)
Worksr
Courtt | Taug Uil | Aug Busy [ Avgidie [Auginast | Aug00S [ awg oT [ Aug Fes wan | Tasg wev Uan [ Aug Cost | To Cost
AWK T2 257 | 443 am apa| am am ®72| woon| waooo
acthvity Statisties [MInutse) (25 of 23 rows)
g Fes Wall | Wi Res Wall | Tol Res wak# | Taug Res WaR# | Mz Res WaR# | MaxCap | Count
PriorRze reguests 012 1236 152 o 4 1| ==
Caegorize reguests 005 a7s 108 o 3 B
Requests a0 am [ am a 1| 383
Criical 2 a0 q a0 a 1| 10m
Urgent 0,00 000 a 000 0 1] 10m
Electie a0 am [ am 0 1] 10m
End a0 a0 a a0 [ 1] 1a
Type? 0,00 a0 a a0 0 1] s
0,00 a0 a a0 0 1] 1214
a0 a0 [ a0 [ 1] 1214
2 a q a a 1| 172
a0 a0 a a0 0 1] 1
a0 a0 [ a0 [ 1] 1014
am a0 a a0 a 1| 1014
000 a0 a a0 0 I
a0 am [ am 0 1] m
a0 am [ am a 1| &
2 a0 q a0 a 1| &
0,00 000 a 000 0 1] &
a0 a0 [ a0 [ 1] &
a0 a0 [ a0 [ I
a0 a0 a a0 0 1| 270
a0 am [ am 0 1 9
a0 a0 a a0 [ 1 [
2 a q a a 1 2

Fig. 11.53 — Resource results of Scenario 3.
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11.12.3 Queuing

Total Transaction VWatted Count

Resourcs Statistics | 3=conds)

Cound | Tol#Wall | Tauwg #Wak | Max# WaR | Aug NZ'Wak | Avg Res WaR | Acg Count
Wariar i 2 am 3 2311 a00 353
Resourcs Statistics | Ssconds)
Count | Tot#Wall | Taug #WaR | Max# WaR | Aug NZ'Wak | Avg Res WaR | Acg Count
Warker 1 a2 am 5 23,11 000 33
Activity Statistios [25 of 25 rows)
Tol#Wall | Tagewar | Moswar |Tors snct | Tagsaat | Mz assa | MaxCap | count
Priorktze requess 15 amw 4 =30 a7a 5 o e
CARGOTIER Tequetts 108 am 3 30 0 [ A=
= 000 3 1214 000 E 1] 1214
3 400 3 1014 000 3 1| 10e
2 000 3 a7 000 3 1] a7
10 200 1 2 000 1 1| m
& .00 1 o 000 1 M
3 000 1 &2 000 1 1| &
1 200 1 £ 000 1 S
Requests a .00 a 831 000 1 1] =
Criical a 000 a 1002 000 1 1] 102
Urgent a a0a a 1092 a0a 1 1| 102
Elecihe a .00 a 1081 000 1 1] 1
End a 000 a 182 000 1 1 1=
Type? a a0a a =i a0a 1 1| s
a .00 a 1214 000 1 1] 1z1e
a 000 a 172 000 1 1| m
a a0a a 1014 a0a 1 1| 10
a .00 a ) 000 1 E
a 200 a &7 000 1 1] e
a 000 a &2 000 1 1] e
a .00 a o 000 1 M
a a00 a a a0 1 1 a
a 000 a ] 000 1 1 ]
a .00 a 2 000 1 1 2

Lctivity Statistics [ Ssconds) (25 of 25 rows)

Tol Fies Wal# | Taug Fes Wak® | Tol#Block | Taug# Block | Aug Fes Wak | Aug Block | Auginact | Count
Prioriize reguests 152 a7 a 00 1151 000 000 | s
Categorize requests 108 o a 000 e 000 a0 | s
Requests a 000 a 000 0,00 000 000 | zEE
Critkcal a 000 a 00 0,00 000 000 | 10m2
Urgent a 000 a 000 0,00 000 a0 | 10ee
Electie a 000 a 000 0,00 000 a00 | 10
= a 000 a 00 0,00 000 am | 1
Type? a 000 a 000 0,00 000 a0 | s
a a0 =% a0 0,00 171 a0 | 14
a 000 a 00 0,00 000 000 | 1214
a 000 10 000 0,00 4 aon| 172
a a0 a a0 0,00 a0 am | 172
a 000 4 00 0,00 274 000 | 1014
a 000 a 000 0,00 000 a0 | 1014
a a0 a a0 0,00 a0 an|
a 000 1 00 0,00 151 am|
a 0,00 2 000 0,00 318 aon | &7
a 000 a 000 0,00 000 ao0 | &7
a 000 3 00 0,00 13,12 am| a2
a 000 a a0 0,00 000 am| &2
a 000 g 000 0,00 103 | o
a 000 a 00 0,00 000 am | o
a 000 a a0 0,00 000 0,00 a
a 000 a 000 0,00 000 0,00 q
a 000 a 00 0,00 000 0,00 2

Fig. 11.54 — Queuing results of Scenario 3.
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11.13

Results from scenario 4

The results from the fourth scenario are presented below.

11.13.1 Time
Etapesd Times [Days)
Transzsction Statistics [Minutss)
Court | Aug Cycle | Augwore | AugWak | Aug Reswak | Aug Block | Aug nact | Aug Sens
1388 286 286 =001 =101 0,00 0,00 286
Transaction Statistics (Minutes)
Courtt | Aug Cyele | Aug wonk | sug wan | Aug Res war | sug Bloa | Aug reot | g Senr
AME | 1389 36 238 -1 -0, 0,00 200 236
Transaction Statistics [Minutes)
Count | Aug Cycke | Awg wonk | swg wan | Awg Reswall | Aug Sk | Awg rect | sueg Sen
Processi 1388 286 286 <0 <0 2,00 002 286
Lctivity stabistics (Minutss)
Count | Aug Cycle | Aug work | sug wan | Aug Res wall | Aug Slock | Aug rect | sug Sen
Feguesis 1389 0,00 0,00 0,00 0,0 0,00 0,00 0,00
Line Busy? 1389 000 220 0,00 2 a0 0,20 0,00
Priorkize reguesis 1319 a1 a1 <0 <0 Q.00 i} a1
Categorize requests 1319 280 28 =101 =001 0,00 0,00 280
Type? 1312 000 220 0,00 2 a0 0,20 0,00
aar 2,00 0,00 0,00 0,00 Q.00 i} 0,00
BT 0,00 0,00 0,00 0,0 0,00 0,00 0,00
415 0,00 020 0,00 2,3 002 000 0,00
415 2,00 0,00 0,00 0,00 Q.00 i} 0,00
Criical 396 0,00 0,00 0,00 0,0 0,00 0,00 0,00
Elecike 96 0,00 020 0,00 2,3 002 000 0,00
Lingeenit a5 2,00 0,00 0,00 0,00 Q.00 i} 0,00
Hang-up kL 0,00 0,00 0,00 0,0 0,00 0,00 0,00
End 66 0,00 020 0,00 2,3 002 000 0,00
Tramsier 65 2,00 0,00 0,00 0,00 Q.00 i} 0,00
T Q.00 0,20 0,00 alu i} Q01 0,00 0,00
T 0,00 020 0,00 2,3 002 000 0,00

Fig. 11.55 — Time results of Scenario 4.
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11.13.2 Resources
Time-VWelghtsd Average Resourcs Utiization
| worker | 2,35 |
Resource Statistics (Days)
Court | Tavg Uil | Aug Busy | Augidie | Auginect | Awg O0S | Aug OT | Aug Res war | Tawg wv uan | Aug Cost | Tot Comt
“WWaricar 4 Q85 el 6.3 0,00 0,00 000 000 =F: ler 0,00 ler Q00
Regource Statistics (Days)
Wprisr
Court | Taug UBll | Aug Busy | Augidie | Augirect | Awg 003 [ Aug OT | Aug Res war | Tasg v usnl | Awg Cost | Tt Cost
ANE 4 255 0 6.3 0,00 0,00 0,00 0,00 985 ler 0,00 ler 0,00
Activity Statistics [ Ssconds)
Aug Fes Walk | Mai Fes Wak | TolRes'Wak# | Taug Res'Wall# | Max ResWal® | Mz Cap | Count
Caegorize requests aar & 2 Q00 1 5| 1319
Priorfize reqguests 003 - 2 02,00 1 2 1319
meguests 0,00 a ] 000 a 1 1358
CrRizal 0,00 a [i] Q00 a 1 e
Lingent 0,00 a a 02,00 a 1 =1
Eleitie 0,00 a a Q00 a 1 e
End 0,00 a [i] Q00 a 1 L]
Type? 0,00 a 4] Q00 a 1 1319
0,00 a a 02,00 a 1 a7
0,00 a ] 000 a 1 ;T
0,00 a [i] Q00 a 1 415
0,00 a 4] Q00 a 1 415
Trarester 0,00 a a Q00 a 1 4]
Line Busy? 0,00 a [i] Q00 a 1 1358
Hang-up 0,00 a0 [i 0,00 a0 MES
0,00 a a 02,00 a 1 T
0,00 a ] 000 a 1 T

Fig. 11.56 — Resource results of Scenario 4.
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11.13.3 Queuing

Total Transaction VWatted Count

[ worker | 4]

Resourcs Statistics | 3sconds)

Count | Tot#Wal | Tawg # Wah | Mac# WaR | Aug NZ'Wal | Avg Res WaR | Acg Count
“Warker f f .00 1 3483 4,00 1321
Resourcs Statistics | Ssconds)
Count | Tot#Wal | Taug # Wah | Mac# WaR | Aug NZ'Wal | Avg Res WaR | Acg Count
Warkar 1 1 000 1 3483 000 1321
Activity Statistics
Tot#Wall | Taug#Wall | Max#Wall | Tol# AlAct | Taug #Athct | Max# AtAc | Max Cap | Cound
PriorRze requetts 2 a00 1 1319 003 2 2| 1310
CARgOTIze Tequests 2 100 1 1319 a7 3 HIEED
Requests a .00 a 1383 000 1 1] 13
Critical a a0 a o a0 1 =
Urgent a 000 a S 000 1 S
Elecihe a a,00 a 6 0,00 1 1] ==
Emd a .00 a & 000 1 1| e
Type? a 000 a 1319 000 1 1] 1310
a 200 a a7 a0a 1 1| ar
a a,00 a a7 0,00 1 1| ar
a a00 a 13 a00 1 1| 415
a a00 a 15 a00 1 1| 418
Transter a 000 a &5 000 1 1] ==
Lina Busy? a 4,00 a 1389 0,00 1 1] 13
Hang-up a a00 a i a0 1 1|
a 000 a 7 000 1 1 7
a a,00 a 7 0,00 1 1 7
sctivity statistios | taconds)
Tol Fes Wal# | Tawg ResWal® | Tol#Block | Tawg# Slock | Awg ResWak | AvgBlock | Auginact | Count
Priorkize requests 2 000 a a0 00 000 000 | 1319
Categorize requests 2 000 a 000 [T 000 000 | 1319
Requests a a0 a a0 0,00 a0 000 | 1380
Critical a 000 a a0 0,00 000 000 | 06
Urgent a 000 a 000 0,00 000 000 | 305
Electie a a0 a a0 0,00 a0 000 | 08
= a 000 a a0 0,00 000 a0 | &6
Typa? a 000 a 000 0,00 000 000 | 1319
a a0 a a0 0,00 a0 a0 | &7
a 000 a a0 0,00 000 ao0 | &
a 000 a 000 0,00 000 a0 | 415
a 000 a 000 0,00 000 a0 | 415
Transer a 000 a a0 0,00 000 a0 | &6
Line Busy? a 000 a 000 0,00 000 000 | 1380
Hang-up a 000 a 000 0,00 000 am| 7o
a 000 a a0 0,00 000 0,00 7
a a0 a a0 0,00 a0 0,00 7

Fig. 11.57 — Queuing results of Scenario 4.
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11.14

Results from scenario 5

The results from the fifth scenario are presented below.

11.14.1 Time
Elapsed Tims (Days)
Transaction Statistics [Minutes)
Court | fug Cpcle | AugWork | Asg Wall | Aug Res WaR | Aug Block | Aug nact | Aug Serv
1388 M 258 .15 0,18 alas] Q.00 M
Transaction Statistics [Minutes)
Court | Aug Cycle | Augwork | Aug WaR | Aug ResWal | AugBlock | Aug nect | Aug Senv
AME | 1388 I 258 115 018 000 Q.00 34
Transaction Statistics [Minutes)
Court | Aug Cycle | Augwor | Aug war | Aug Reswar | AugBlock | Aug mect | Aug Sany
Processi 1358 3 286 1,15 0,18 000 Q.00 3
Activity Statistics (Minutss)
Court | Aug Cycle | Augwor | Aug Wal | Aug ReswaR | AugBlock | Aug mact | Aug Sany
Reguesis 1359 0,00 000 000 Q.00 000 000 Q.00
Line Busy? 1358 10,00 0,00 2,00 0,00 0,00 0,00 0,00
Priorfize reguesis 1313 a7 a Q.16 Q16 000 fale ] Q37
Caegorize reqguesis | 1319 283 250 liE] aleE] 000 ale ] 283
Type? 1319 10,00 0,00 0,00 0,00 0,00 0,00 0,00
T 10,00 0,00 2,00 0,00 0,00 0,00 0,00
aar 0,00 000 000 Q.00 000 ale ] Q.00
415 0,00 000 000 Q.00 000 000 Q.00
415 10,00 0,00 0,00 0,00 0,00 0,00 0,00
CrRical ] 0,00 000 0.0 alo] 000 ala ] alo]
Eleciie oG 0,00 000 000 Q.00 000 ale ] Q.00
Ungent a5 2,00 .00 0,00 Q.00 .00 2,00 Q.00
Hang-up T a.00 000 Q.00 fales] 000 fale ] fales]
End ] 0,00 000 0.0 alo] 000 ala ] alo]
Tramsier &6 0,00 000 000 Q.00 000 000 Q.00
T 10,00 0,00 2,00 0,00 0,00 0,00 0,00
7 a.00 000 Q.00 fales] 000 fale ] fales]

Fig. 11.58 — Time results of Scenario 5.
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Time-VWelghtsd Average Resourcs Utiization

11.14.2 Resources

Resource Statistics (Days)
Count | Tavg Ui | Aug Busy | Aug die | Aug reat [Aug0os | aug oT [ Aug Res wan [ Tasg v uan [ aug cost | Tot Cost
Worker 2| 1o70 13| g2 a0 aoa| apo am 1970 kood| krooo
Resourcs Statistics [Days)
UWorksr
Courtt | Taug Uil | Aug Busy [ Avgidie [Auginast | Aug00S [ awg oT [ Aug Fes wan | Tasg wev Uan [ Aug Cost | To Cost
AL 2 1870 13| sg& a0 aoa| aoo am 1970 kooo| wooo
sctivity stetistics [Minutss)
Mg Fies Wall | Wiz Res Wall | Tol Res wak# | Taug Res WaR# | Mz Fes WaRe | MaxCap | Coumt
Priarfilze reguests 0,16 838 155 a2 4 2| 1319
Calegorze requests 005 G54 ) a0 1 BIEEE
REquests a0 am [ am 0 1| 1330
Criical 200 a0 [ a0 0 1] 3
Urgent 0,00 a0 a a0 0 S
Electie 0,00 a0 a a0 0 S
End a0 a0 [ a0 [ 1] &
Type? a0 2 [ 2 a 1] 1319
000 a0 a a0 0 =
a0 am [ am 0 1] @
a0 am [ am a 1| 415
2 a0 q a0 a 1] 415
Transkr 0,00 a0 a a0 0 G
Line Eusy? a0 am [ am 0 1| 1330
Hang-up a0 a0 a a0 [ 1] T
a0 a0 a a0 0 1 7
0,00 a0 a a0 [ 1 7

Fig. 11.59 — The resource results of Scenario 5.
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11.14.3 Queuing

Total Transaction VWalted Count
[vrver | 725
Resourcs Statistics [ 3sconds)
Counft | Tl #'Wak | Tasg #'Wak | Max#'Wak | Aug NZ'Wak | Avg Res'Wak | Acg Count
‘iariar 2 185 a2 4 81,32 0,00 1350
Resourcs Statictics [ Zaconds)
Counft | Tol#'Wak | Tasg#wWal | Mack'Wwak | Aug NZ'Wak | Avg Res'Wak | Acg Count
‘Worker 2 185 Qa2 4 81,32 0,00 1350
Attty Statistics
Toi#'wak | Tawg ¥'Wak | Mac®Wak | To# ARG | Tovg #F ARG | M # ARG | Max Cap | Count
Prioriize reguests 155 g 4 1318 aas 4 2| 138
Calegarize requests 4 0,00 1 1319 Q37 3 3| 1319
Feguesis ] 2,00 i} 1358 12,00 1 1| 138
CirRkcal a 0,00 a = .00 1 1|
Lingenit a 0,00 i} =1} 10,00 1 1 o=t]
Elecie ] 2,00 i} =3} 12,00 1 1 o= ]
Emd a 0,00 a 23 .00 1 1 65
Type? a 0,00 i} 1319 10,00 1 1| 1319
] 2,00 i} T 12,00 1 1 T
a 0,00 a =g .00 1 1| &7
a 0,00 i} 415 10,00 1 1 45
a 0,00 [} 413 10,00 1 1 415
Trarster a 0,00 a 23 .00 1 1 65
Line Busy? a 0,00 i} 1388 10,00 1 1| 1388
Hang-um 4 0.0 a T 000 1 1 70
a 0,00 a 7 .00 1 1 7
a 0,00 i} T 10,00 1 1 T
activity stabistics | 3sconds)
Tof Foes WaR# | Taug Fes WaR# | TotzBloock | Taug#Elock | Aug Fes Walk | sug B0k | Aug mect | Count
Priorflze reguesis 155 Qa2 a 10,00 943 Q.00 Q20| 1319
Categorizs reguests e .00 1] .00 153 .00 000 | 138
=) a 0,00 a 10,00 0,00 0,00 020 | 1388
Gkl a Q.00 a 10,00 Q.20 Q.00 220 o]
Urgent 1] .00 1] .00 000 .00 000 | @S
etz a 0,00 a 10,00 0,00 0,00 000 o)
Emd a Q.00 a 10,00 Q.20 Q.00 220 65
Type? 1] .00 1] .00 000 .00 000 | 138
a 0,00 a 10,00 0,00 0,00 000 T
a Q.00 a 10,00 Q.20 Q.00 220 aar
1] .00 1] .00 000 .00 00| 415
a 0,00 a 10,00 0,00 0,00 000 45
Tramsker a Q.00 a 10,00 Q.20 Q.00 220 65
Line Busy? 1] .00 1] .00 000 .00 000 | 138
Hang-up a 0,00 a 10,00 0,00 0,00 000 T
a Q.00 a 10,00 Q.20 Q.00 220 T
1] 0,00 1] .00 0,00 0,00 0,00 7

Fig. 11.60 — Queuing results of Scenario 5.
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11.15 Results from scenario 6

The results from the sixth scenario are presented below.

11.15.1 Time
Elapesd Tims (Dajs)
Transaction Statistics (Minutes)
Count | Aug Cycle | Augwork | AugwaR | Aug Res wan | Aug Block | Aug naat | Awg Sen
1388 528 238 242 23 008 000 528
Transaction Statistics [Minutes)
Court | Awg Cpole | Augwork | Aug Wal | Aug ResWal | AugBlock | Aug mect | Aug seny
ANE | 138 523 258 242 23 0,08 ale ] 523
Transaction Statistics [Minutes)
Court | Awg Cycle | Augwom | Aug waR | Aug Reswar | AugBlock | Aug mact | Aug Sany
Procsssi 1359 328 256 242 e 0,05 ale ] 328
Activity $tatistics (Minutss)
Court | Aug Cycle | Augwom | Aug Wal | Aug ReswaR | AugBlock | Aug mact | Aug sany
Requesis 1358 Q.00 000 000 000 000 000 0,00
Line Busy? 1338 0,00 0,00 0,00 0,00 0,00 Q.00 0,00
Priorfze reguests 1312 225 a 2 M alas] a0 225
Calegorize reqguests 1319 31z 280 04z 04z 000 Q.00 31z
Type? 1319 0,00 0,00 0,00 0,00 0,00 0,00 0,00
a7 el 0,00 0,05 0,00 0,03 Q.00 0,035
aar Q.00 000 000 ale ] 000 Q.00 0,00
415 Q.06 000 005 000 006 000 006
413 0,00 0,00 0,00 0,00 0,00 0,00 0,00
Crikal Ee alo] 00 000 ala ] 00 i) o]
Elecie a5 Q.00 000 000 ale ] 000 Q.00 0,00
Uingent 5 Q.00 00 000 2,00 00 .00 Q.00
Hang-up T fales] alas] 200 fale ] alas] a0 000
End 23] alo] 00 000 ala ] 00 i) o]
Transier 66 Q.00 000 000 000 000 000 0,00
T 158 0,00 155 0,00 155 Q.00 158
7 fales] alas] 200 fale ] alas] a0 000

Fig. 11.61 — Time results of Scenario 6.
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11.15.2 Resources

Time-VWelghtsd Average Resourcs Utiization

[orer | 383 |
Rasourcs Statistics (Days)
Count | Taug Ul | Aug Busy | Aug idie | Aug nact | Aug O0S | Aug OT | Aug Res Wall | Taug N LIl [ Aug Cost | Tot Cost
Wariar 1 393 27| 4 0,00 ap| aoo a0 mz| waopa| woo
Resourcs Statistics [Days)
Uorker
Count | Taug Lan | Aug Busy | Awgidie [ Avg mect | Awg 00s [ Aug OT [ ug Res wan | Taug v uan | Aug Cost | 7ot Coe
AN 1 @38 276 | am 0,00 aoa| aoo 000 mm| waooa| wooo
activity statistics [Minutes)
g s Wal | Max Res Wal | Tot Res Wal# | Tawg Res Wall# | hiax Res WaR# | MaxCap | Count

PriorRize requetts 20 3343 853 0w B 2| 1318
CaRgorize requests 042 1030 73 a0 2 3| 131
Requests 00 400 a 400 a 1| 3@
Criical 0,00 000 a 000 a =
Urgent 0,00 200 a 200 a S
Elecihe 0,00 .00 a .00 a =
End 0,00 000 a 000 a 1] e
Type? 0,00 200 a 200 a 1] 1310

0,00 .00 a .00 a 1| ar

0,00 000 a 000 a N

200 a0a a a0a a 1| 418

0,00 .00 a .00 a 1| us
Transter 0,00 000 a 000 a 1] e
Line Busy? 200 a0a a a0a a 1| 1z
Hang-up 0,00 .00 a .00 a KD

0,00 000 a 000 a 1 7

200 a0a a a0a a 1 7

Fig. 11.62 — Resource results of Scenario 6.
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11.15.3 Queuing
Total Transaction viartsd Count
[Worver [ 75¢]
Rasourcs Statistics (Minutss)
Counft | Tol#Wak | Tasg#wWal | Max®'Wak | Aug NZ'Wak | Avg Res'Wak | Acg Count
‘Warker 1 TS 032 5 4.3 000 1419
Rasource Statistics (Minutss)
Counft | Tol#Wak | Tasg#wWal | Mac®'Wak | Aug NZ'Wak | Avg Res 'Wak | Acg Count
‘Wiarkar 1 TS 032 5 4.3 0,00 1419
Activity statistics
Tot#'Walk | Taug #'Wak | Mac®Wal | Tol# A | Toug & AlACT | MaxF ARG | MaxCap | Count
Priorfize reguests SR [ibery ] 1319 0z ] 2] 1319
Categarize reguests T3 Q.05 2 1319 042 3 3| 1319
24 am 2 T am 2 1 ==
=l 0,00 1 415 ali i} 1 1 415
2 0,00 1 T 0,00 1 1 T
Feguesis a 000 a 1359 09,30 1 1 1338
Crkkeal a 000 a =] 09,30 1 1 =]
Lingenit a 0,00 a o) 0,00 1 1 385
Elkecive a 0,00 a G .00 1 1 6
End a 000 a ] 09,30 1 1 =]
Type? a 0,00 a 1319 ali i} 1 1 1319
a 0,00 a T 0,00 1 1 =T
a 0,00 a 415 .00 1 1 415
Transier a 0,00 a ] 000 1 i ]
Line Busy? a 0,00 a 138 ali i} 1 1 1389
Hang-um [1 0 [1 T 000 1 1 70
a 000 a T 09,30 1 1 T
Actvity statistics [Minutss)
Tot Fes Wak# | Tawg Fes Wak# | Tol¥Block | Taug#Block | Awg Res'Wakl | Avg Blok | Avg nact | Count
Priorfize reqguests =55 azy a 0,00 2004 0,00 0,00 1312
Calegorize requests T3 Q06 a 0,00 042 Q00 Q0| 139
Feguesis [i] 0,00 [i] 0,00 0,00 Q00 000 13Ee
CrRizal 4] 0,00 4] 0,00 0,00 Q0a .00 G
Uingent a 000 a 0,00 0,00 0,00 0,00 o=t
Eleitie a 0,00 a 0,00 0,00 Q00 000 b ]
End [i] 0,00 [i] 0,00 0,00 Q00 0,00 ]
Type? 4] 0,00 4] 0,00 0,00 Q00 Q0| 139
a 000 e am 0,00 008 0,00 = =r
[i] 0,00 ] 0,00 0,00 000 0,00 T
[i] 0,00 El 0,00 0,00 05 0,00 415
4] 0,00 4] 0,00 0,00 Q0a .00 415
Transter a 000 a 0,00 0,00 0,00 0,00 =]
Lirie Busy? [i] 0,00 ] 0,00 0,00 000 000 139
Hang-up [i] 0,00 [i] 0,00 0,00 Q00 0,00 Ta
4] 0,00 2 0,00 0,00 158 Q.00 T
a 000 a 0,00 0,00 0,00 0,00 T

Fig. 11.63 — Queuing results of Scenario 6.
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