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Abstract
 This thesis presents a study on efficient dispatching rules in ambulance dispatch-ing. By efficient dispatching rules, we mean such dispatching rules that lowerresponse times for priority 1 calls while keeping response times for priority 2 callsat an adequate level. A Markov process and a simulation model were developedin order to evaluate the performance of several existing and newly designed dis-patching rules. On four different response areas, five different dispatching ruleswere tested and their performances were compared. Particular focus was putupon the dispatch rule currently used by the Swedish emergency service providerSOS Alarm; the Closest rule. Our findings indicate that the four priority-baseddispatching rules all outperform the Closest rule in decreasing the mean responsetime for calls of priority degree 1. Furthermore, implementing restrictions on thetravel time for priority 2 calls was proven an efficient way to control the trade-offbetween the mean response time of priority 1 and 2 calls. The conclusion wasdrawn that the possibilities for more efficient ambulance dispatching are manyand that SOS Alarm should consider implementing priority-based dispatchingrules, alike the ones presented in this thesis, in their dispatching process. Astudy of the ambulance operator and controller profession, and the operator’sand controller’s interplay with the decision support system used by SOS Alarmin the ambulance dispatching process, was conducted in parallel. The propertiesof the interaction dynamics between operator and automation and the dangerslinked to it were mapped out, described and analyzed.
 Keywords: Ambulance dispatching, Ambulance logistics, Emergency medicalservices, Priority-based dispatching rules, Markov process, Professional compe-tencies
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Modellering av dirigerings-strategier for EMS-system
 Sammanfattning
 Denna kandidatexamensuppsats behandlar effektiva dirigeringsstrategier inomambulansdirigering. Effektiva dirigeringsstrategier asyftar dirigeringsstrategiersom lyckas sanka svarsstiden for inkommande prioritet 1-samtal, samtidigt somsvarstiden for prioritet 2-samtal halls pa en tillfredsstallande niva. I syfte attutvardera olika dirigeringsstrategier utvecklades bade en Markovsk modell och ensimuleringsmodell. Pa fyra olika geografiska omraden testades och jamfordes femolika dirigeringsstrategier, varav tva existerande och tre nyutvecklade. Sarskiltfokus riktades mot Closest rule, vilket ar den dirigeringsstrategi som anvands iSOS Alarms verksamhet idag. Fran resultaten kunde utlasas att de prioritets-baserade dirigeringsstrategierna resulterade i en lagre genomsnittlig svarstid forprioritet 1-fall an Closest rule. Dessutom konstaterades det att en begransning avsvarstiderna for prioritet 2-samtal var ett effektivt satt att kontrollera balansenmellan de genomsnittliga svarstiderna for samtal av prioritet 1, respektive 2. Slut-satsen drogs att mojligheterna for att utveckla nya effektiva dirigeringsstrategierar manga och att SOS Alarm bor overvaga att implementera prioritetsbaseradedirigeringsstrategier likt dem som presenterats i denna uppsats. Parallellt stud-erades ambulansoperatorens och -dirigentens yrkeskunnande, samt operatorensoch dirigentens samspel med det beslutsstodssystem som anvands i SOS Alarmsdirigeringsverksamhet. Interaktionen mellan operator och automatisering samtde relaterade riskerna kartlades, beskrevs och analyserades.
 Nyckelord: Ambulansdirigering, Ambulanslogistik, Prehospital sjukvard,Prioritets-baserade dirigeringsstrategier, Markovprocess, Yrkeskunnande
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1. Introduction
 1.1 Background
 Emergency Medical Services (EMS) is a type of emergency services devoted to provide acute, out-of-hospital, medical care and transportation. The field of research dedicated to develop and improveEMS-related operations is termed Ambulance Logistics. Ambulance Logistics is defined as theplanning, implementation, and control of resources and information used to facilitate an efficientway of serving a person in need of out-of-hospital medical care including possible transportation(Andersson et al., 2005). In Sweden, the public safety organization SOS Alarm is the foremostprovider of Ambulance Logistics services. Ambulance Logistics consists of several different sub-areas, whereof one is Ambulance Dispatching.
 The task of dispatching ambulances within an EMS response area is lead from an emergency callcenter by an ambulance controller. The ambulance controller’s task is to assess the severity of anincoming call and assign an idle ambulance to serve the call, while ensuring there is an appropriatenumber of idle ambulances ready to serve future calls. The severity of a call is determined by cate-gorizing it into a priority degree. In Sweden, these priorities range from urgent and life threatening(Priority 1) to scheduled patient transportation (Priority 4).
 When assigning an ambulance to an incoming call, the ambulance controller is assisted by a decisionsupport system that provides a proposed dispatch order. The proposed dispatch order is generatedby a dispatch rule algorithm. A commonly used dispatch rule is the closest rule, whose principleis to send the closest ambulance to serve an incoming call, regardless of the priority of the call.Priority dispatching rules stands for a different approach. Such dispatching rules takes the priorityof the incoming call into account and their objective is to minimize the mean response time (MRT)for calls of higher priorities. Carter et al. (1972) showed that using a priority dispatch rule on asmall reference EMS-system will decrease the mean response time for calls of higher priorities. Theyconsidered the case where the two ambulances A and B have equally large areas of responsibility,but A:s area has a significantly higher call frequency. In this case, the MRT for the entire systemcould decrease if B is allowed to respond to some of the calls for which A is the closest unit.
 However, Ambulance Logistics literature only include a few studies on dispatch strategies or rulesconsidering the severity of the call and how they should be formulated. Furthermore, priority-based dispatching rules are not used today in the SOS Alarm ambulance dispatching operations.The aim of this thesis is therefore to examine several different priority-based dispatch rule formu-lations.
 2
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1.2 Purpose
 The purpose of this thesis is to find one or several dispatching rules that decrease the mean responsetime for calls of higher priorities, while keeping the mean response time for lower priorities at anadequate level. Controlling the mean response time for lower priorities is of importance since a callof a lower priority may have to be re-prioritized to a higher priority degree if it stays untreated.Finding such a dispatch rule implies that more ambulances will reach the call site quicker for life-threatening cases. Research has shown that the response time is positively correlated with thesurvival probability of the patient (Erkut et al., 2008), thus, decreasing the mean response timeimplies that more lives will be saved.
 1.3 Restrictions
 This thesis is a pre-study intended for organizations within the Ambulance Logistics sector suchas SOS Alarm. It does not attempt to build a practical dispatch tool that could be implementedin a public safety organization running an emergency response operation. However, the results ofthis thesis will hopefully serve as an indicator for whether to investigate priority-based dispatchingrules further for public safety organizations such as SOS Alarm.
 1.4 Research Question
 The research question of this thesis is
 Which of the examined dispatch rule formulations would decrease the mean response time for Pri-ority 1 calls, while keeping the mean response time for other priorities on an adequate level?
 3
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2. Description of SOS Alarm
 2.1 SOS Alarm
 SOS Alarm Sverige AB is a Swedish publicly owned company responsible for handling all callsto the national emergency number 112, and coordinating resources such as ambulances and fireengines. The company is in equal measure owned by the Swedish government and the Swedishcounty councils (Sveriges Kommuner och Landsting). SOS Alarm is a profit-driven company andits business idea is to develop and deliver services that makes Sweden a safer place, for everyone(SOS Alarm AB, 2016a). One of the services offered by SOS Alarm is Ambulance Logistics, thatis, controlling ambulance dispatching and allocation. SOS Alarm has 15 different call centers,each handling calls from one or several assigned counties (see Figure 2.1), but the call centers cancooperate and handle calls assigned to other call centers if necessary.
 2.2 Carmenta CoordCom & Carmenta ResQMap
 Carmenta CoordCom is the Command, Control, Communication, Computer & Information Sys-tem (C4IS) that SOS Alarm uses to control their emergency response operations. CoordCom isowned and developed by the Swedish company Carmenta AB (Carmenta AB, 2016a). ResQMapis a multi-user map display designed to be used in mission critical applications, such as PublicSafety and National Security (Carmenta AB, 2016b). ResQMap contains a number of featuresincluding background maps, layer management, real-time presentation of resources, incidents androute planning. ResQMap is integrated with the CoordCom functionality and works as a mean ofvisualization for the operators and ambulance controllers.
 2.3 The ambulance dispatching process
 The ambulance dispatcher profession can be divided into two separate roles: ambulance operatorand ambulance controller. These two roles can either be performed by one person (often the casein less busy call centers) or by two different individuals. The operator has the responsibility ofanswering the incoming calls, evaluate the severity of the call and decide what kind of medicalaid that is needed. The controller is responsible of deciding which vehicle to dispatch and keepingpreparedness on an adequate level in order to be able to serve future calls.
 4
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Figure 2.1: Locations of SOS Alarm’s call centers
 The ambulance dispatching process starts with an incoming call, originated either from the Healthcare or the Public. Calls from the Health care are usually orders of scheduled patient transporta-tion, while calls from the Public are of a more urgent nature. When an SOS operator receives acall, the case is prioritized based on type of medical emergency. In order to do that, the operatorinterviews the caller and answers a number of standardized questions provided by a medical indexmanual (Svenska Lakarforbundet, 2001). Depending on these answers, CoordCom automaticallyprioritizes the case according to four different priorities (SOS Alarm AB, 2016d):
 Priority 1: Urgent and life-threatening
 Priority 2: Urgent and non life-threatening
 Priority 3: Non-urgent
 Priority 4: Transportations without need for medical attention
 The next step of the ambulance dispatching process is to determine the location of the patient. Ifthe call is dialed from a home telephone, the call site is determined instantly by an external searchengine (Bisnode Sverige AB, 2014). If it is confirmed that the patient needs an ambulance, the caseenters the SOS Waiting room. The SOS Waiting room is a mean to keep track of the calls thathave not yet been served and are waiting for an ambulance. When an ambulance has reached thecall site, the case will leave the SOS Waiting room. In the meantime, the operator gives medicaladvice to the caller if needed.
 5
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The next step is for the ambulance controller to determine which vehicle to serve the call. Using theclosest rule (see section 4.2.1 for further explanation), CoordCom generates a list of the preferredambulance to dispatch, based on which ambulances that are idle, their equipment and proximity tothe call site, i.e. where the patient is located. The ambulance controller can then choose to dispatchany ambulance in the list. If the call is of priority degree 1 the ambulance with the shortest drivingtime to the call site is always chosen. However, the first vehicle in the list may not always be theclosest one, due to the fact that CoordCom does not take more dynamic factors into account. Suchfactors could for example be traffic congestions, ongoing construction work or other features specificto the area. Furthermore, CoordCom will inform the ambulance operator on how severe the drop inpreparedness would be if choosing to dispatch an ambulance. Preparedness is defined as the abilityto get one or more ambulances to a potential call site within a reasonable time (see section 3.2 forfurther explanation). At a certain location, the preparedness depends on how many ambulancesthat can reach the location within a certain time frame. The preparedness also depends on theexpected need for ambulances in the area; e.g. in a densely populated area it may be necessary tohave more than one ambulance close by in order to reach an adequate preparedness level (Anderssonet al., 2004). However, the preparedness measure is not taken account for when generating the listof the preferred ambulance to dispatch, and neither is the priority of the call.
 The next step of the ambulance dispatching process is for the operator to notify the ambulancepersonnel of the chosen vehicle. The ambulance personnel is connected to the ongoing call and canlisten in in order to acquire the necessary information about the patient. The following course ofevents is mapped out as follows.
 1. The preparation time starts, which is targeted to be no longer than 90 seconds. As soon asthe vehicle is on its way to the the call site, the ambulance personnel gives quittance to thecall center.
 2. The vehicle reaches the call site and the personnel gives quittance.
 3. The ambulance personnel loads the patient into the ambulance and gives quittance.
 4. The vehicle reaches the hospital and the personnel gives quittance.
 5. The patient is consigned to the hospital personnel.
 6. The ambulance returns to the station and the ambulance personnel prepares the vehicle fornew calls to serve.
 6
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3. Theoretical Background
 3.1 Markov processes
 Markov processes are often used to model systems whose dynamics can be viewed as transitionsbetween a finite or infinite number of well demarcated states. Section 3.1 and its subsections is aselection from Markovprocesser och koteori (Enger and Grandell, 2003).
 3.1.1 Markov chain
 A Markov chain is a stochastic process in discrete time and with a countable and finite state spaceE = {ik, k = 1, 2, ..., S} that satisfies the Markov property.
 Definition 3.1.1 {Xn : n ≥ 0} is a Markov chain if
 P (Xn+1 = in+1|X0 = i0, X1 = i1, ..., Xn = in) = P (Xn+1 = in+1|Xn = in)
 for all n and all states i0, i1, ..., in+1.
 The definition implies that a Markov chain is ”memoryless”, that is, predictions of the future couldbe done solely based on the current state as well as based on the ”whole history” of the chain'sprevious states.
 Definition 3.1.2 The transition matrix is the matrix (pij)i,j∈E where pij is the probability of theMarkov chain transitioning from state i to state j.
 Definition 3.1.3 A distribution π = (π1, π2, ..., πS) is a stationary distribution of a Markov chainwith transition matrix P if πP = π. In other words, πk is the probability of finding the Markovchain in state k in asymptotic time.
 3.1.2 Markov process
 A Markov process is a stochastic process in continuous time and with a countable and finite statespace E = {ik, k = 1, 2, ..., S} that satisfies the Markov property.
 7
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Definition 3.1.4 A stochastic process X(t) is a Markov process if
 P (X(tn+1) = in+1 | X(tn) = in, X(tn−1) = in−1, ..., X(t0) = i0) =P (X(tn+1) = in+1 | X(tn) = in)
 for all n, all 0 ≤ t0 < t1 < ... < tn+1 and all states i0, i1, ..., in+1 ∈ E.
 The definition implies that a Markov process is ”memoryless”, that is, predictions of the futurecould be done solely based on the current state as well as based on the ”whole history” of thechain's previous states.
 Definition 3.1.5 The intensity matrix is the matrix (qij)i,j∈E where qij is the intensity of theMarkov process transitioning from state i to state j.
 Definition 3.1.6 A distribution π = (π1, π2, ..., πS) is a stationary distribution of a Markov pro-cesses with intensity matrix Q if
 πQ = 0S∑
 i=1
 πi = 1
 where S is the length of π. In other words, πk is the probability of finding the Markov process instate k in asymptotic time.
 3.2 Ambulance logistics
 EMS-system
 An Emergency Medical Service system (EMS-system), or response area, is a geographical area inwhich some actor provides acute, out-of-hospital, medical care and transportation. This geograph-ical area is divided into several different zones and in some of them, one or several ambulances arestationed.
 Response time and Mean response time
 The response time (RT) is defined as the time between the receipt of a call to the call center andthe arrival of the first service vehicle at the call site. The turnaround time is defined as the timebetween the arrival of the vehicle at the call site and the point in time when it becomes idle again(Bandara et al., 2014). The mean response time (MRT) is defined as the mean value of the responsetimes over a certain time period, over all calls. The ambulance dispatching process is illustrated inFigure 3.1.
 8
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Figure 3.1: Ambulance dispatching process
 Dispatching rules
 A dispatch rule is defined as the algorithm that decides which ambulance that will serve an incom-ing call. Whether or not a certain choice of ambulance is preferred over another can for exampledepend on the priority of the call, the ambulance’s proximity to the call site or the probability thatthe ambulance is the first choice for future calls of a higher priority degree. We make a distinctionbetween priority-based and non-priority-based dispatching rules. The general idea of priority-baseddispatching rules is to use some measure of ”busyness”, ”preparedness” or ”probability of servinga priority 1 call” in order to minimize the MRT for priority 1 calls. However, the Closest rule algo-rithm (see section 4.2.1 for full explanation) falls into the category of non-priority-based dispatchingrules. In the Closest rule, the only parameter taken into account when deciding which ambulancethat should be chosen to serve a given call, is the driving time to the call site. The priority degreeof the call is not considered.
 Preparedness
 In ambulance logistics, preparedness refers to the ability of being able to, within a reasonable time,offer qualified ambulance health care to the inhabitants in a specific geographical area (Anderssonet al., 2004). A preparedness measure is defined by Andersson et al. (2004), intended to be usedwithin the research field of ambulance location and reallocation.
 Assume that the response area is partitioned into N different zones and let M be the total numberof ambulances that serve the response area. The preparedness measure for zone n is then definedas
 pn =1
 zn
 Ln∑m=1
 γ(m)
 t(m)n
 where Ln is the number of ambulances that contribute to the preparedness in zone n, t(m)n is the
 travel time for ambulance m to zone n and γ(m) is the contribution factor for ambulance m, suchthat the closest ambulance has the highest contribution factor, the second closest ambulance has the
 9
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second highest contribution factor, etc. The value zn is a weight that mirrors the demand in zonen, for example the percentage of calls originating from zone n. This means that the preparednessmeasure considers both the demand for ambulances in each zone and the Ln closest ambulances tothe zone in question letting their marginal impact decrease the further the ambulance is from zone
 n, i.e. for larger t(m)n values the contribution is lower.
 10
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4. Methodology
 4.1 Model development
 The EMS-system was modeled as a finite state, continuous time Markov process. The EMS-systemresponse area was partitioned into N different response zones, which are served by M ambulances,each ambulance stationed in a given zone. Furthermore, each call was categorized into K = 2different priority degrees. In each state, each ambulance m is either idle or busy serving a call inzone n of priority degree k, and thus, generating the total number of states (1 +KN)M .
 The intensity of incoming calls to the EMS-system is denoted by λ. Furthermore, the proportionof calls coming from a call site within zone n is set to zn for all n. Consequently, the intensity ofincoming calls to zone n is λn = λzn. The proportion of calls of each priority degree originatingfrom a zone n is denoted dkn. Thus, the intensity of incoming calls to zone n of priority degree k isλkn = λzndkn. The service time, Smn (see Figure 3.1), is represented by the intensity µmn, whereµmn depends on the zone n and ambulance m. It holds that
 0 ≤ zn ≤ 1, ∀nN∑i=1
 zi = 1
 0 ≤ dnk ≤ 1, ∀n, ∀kK∑i=1
 dnk = 1, ∀n(4.1)
 Within Markovian theory it is usually assumed that incoming calls to a call center arrive according toa Poisson process. Furthermore, Markovian properties requires the service times to be exponentiallydistributed. In order to satisfy these Markovian properties, the incoming calls are assumed tobe homogeneously Poisson distributed with intensity λ. However, letting the Poisson process behomogeneous is quite a crude simplification since the call arrival rate of an emergency call centertends to vary greatly depending on the hour of the day. Nevertheless, we argue that this assumptionis reasonable since the data of the examined response areas are collected over a 5 year time period.We deem that the model, despite this simplification, will fulfill the purpose of this thesis.
 The service times Smn are assumed to be exponentially distributed. Assuming an exponentiallydistributed service time is somewhat crude. If this intensity indeed was exponentially distributed,it would imply that an ambulance on its way to a call site would always have the same probabilityof reaching the site, regardless of how long the ambulance has been driving. This is due to the”memory-less” nature of the exponential distribution. However, we argue that this assumption isjustified by the benefits obtained from using Markovian methods. For the sake of simplicity, theexpected value of Smn is set to the double response time, that is rmn × 2 (to and from the callsite), for all ambulances m and zones n. Also, the service time is assumed to be independent of thepriority degree of the call.
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To summarize, Incoming calls ∈ Po(λ)
 Time between incoming calls ∈ Exp(1/λ)
 Smn ∈ Exp(1/2rmn)
 (4.2)
 A transition between two states can be classified as one out of two types. The first kind of transitionis when an ambulance that is idle transitions to a state in which that ambulance becomes busy.These transitions correspond to the incoming call intensities λkn. The second type of transition iswhen an ambulance that is busy transitions to a state in which it becomes idle. These transitionscorrespond to the intensities µmn. Note that two transitions can not occur simultaneously, due tothe Markovian property of the model.
 Whether an ambulance m is chosen to serve an incoming call in zone n depends on the chosendispatch rule. The preferred dispatch order will depend on several parameters. Most dispatchingrules make use of the expected response time for ambulance m to zone n, which is denoted by rmn.rmn is the outcome of the exponentially distributed random variable Rmn. As beforementioned,the aim of this thesis is to analyze the performance of different dispatching rules. We will in section4.2 investigate the formulation of the algorithms of each investigated dispatch rule.
 4.1.1 Parameters
 The parameters used are presented in Table 4.1.
 Notation Type DescriptionN Natural number Total number of zonesM Natural number Total number of ambulancesK Natural number Total number of prioritiesS Natural number Total number of statesλ Intensity Total call intensity of the system [calls/minute]zn Fraction Proportion of calls from zone ndkn Fraction Proportion of calls from zone n with priority kλkn Intensity Call intensity to zone n of priority degree k [call-
 s/minute]Rmn Exponentially distributed
 random variableResponse time of ambulance m to zone n [minutes].The expected value is denoted rmn.
 Smn Exponentially distributedrandom variable
 Service time of ambulance m to zone n [minutes]. Theexpected value is denoted smn.
 µmn Intensity Service intensity for ambulance m serving a case inzone n [minutes−1]
 Table 4.1: Table of parameters
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4.1.2 Assumptions
 The model is set up subject to the following assumptions:
 • Known allocation of ambulances: The ambulances are stationed at one or several stations.We will assume that the location of these stations are known, however, optimal allocation andre-allocation of an ambulance fleet are discussed in Andersson et al. (2004), Brotcorne et al.(2003) and Mason (2013), to mention a few.
 • Ambulances returning to their base station: We assume that all ambulances have toreturn to their base station before taking on a new case. It is not possible to take on a newcase whilst being on or returning from another mission. This is a reasonable assumption sinceit is often the case. Having completed a mission, the ambulance vehicle needs to be cleanedand refilled with material before taking on the next.
 • Zero queue: If all ambulances are busy, incoming calls are assumed to be handled by another,external, system. These drop-out cases are not taken into account by the model. Thus, therewill be no queue of incoming calls. In order to estimate the extent of calls being handled by anexternal system, the asymptotic probability of all ambulances being busy will be considered.We argue that this probability provides an adequate estimation of the drop-out rate.
 • Travel times: We define travel time (or response time) as the time it takes to drive betweenthe point where the ambulance is stationed to the center point of each zone.
 • Lower priority degrees omitted: Cases of priority degrees 3 and 4 are not taken intoconsideration. However, they constitute a minor percentage of the total number of calls,wherefore this is a reasonable simplification. Thus, we will henceforth only consider calls ofpriority degree 1 and 2.
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4.2 Dispatching rules
 4.2.1 Closest rule
 The Closest rule is the dispatch rule currently used by SOS Alarm for calls of all priority degrees.The objective of this dispatch rule is to minimize the RT for the current call and its key principleis to always choose the ambulance that is closest to the call site. The algorithm formulation isinspired by Bandara et al. (2014).
 Closest rule algorithm
 Let N be the number of zones and M be the number of idle ambulances. Let aij ∈ A be aN ×M -matrix.
 Step 1.Let p1, p2, ..., pk, pM be a permutation of (1, 2, ...,M) and let dpk
 i be the driving time ofambulance pk to zone i.
 Step 2.for each i = 1, 2, ..., N
 rank driving time dpk
 i according to dp1
 i ≤ dp2
 i ≤ ... ≤ dpM
 i
 Let the vector (p1, ..., pM ) be the ith row of A.
 The ith row of A corresponds to the preferred dispatch order of ambulances for zone i.
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4.2.2 Preference rule by Bandara et al. (2014)
 The Preference rule is designed by Bandara et al. (2014). The objective of the Preference rule isto minimize the MRT for priority 1 and its general idea is to dispatch the ambulances dependingon the priority of the call. For priority 1 cases, the rule is to always send the closest ambulance.For calls of priority degree 2 however, the Preference rule considers the busy probability of eachambulance, that is, the probability of ambulance k being used as the j:th choice considering theproportion of calls for each zone. For all combinations of k and j, this probability is calculatedas
 bkj =
 N∑i=1
 zi × Iik, Iik =
 {1 if k is the j:th choice of ambulance for zone i
 0 otherwise(4.3)
 The algorithm generates an ordered preference list of ambulances to dispatch for each demand zonedepending on the priority of the call.
 Preference rule algorithm
 Let N be the number of zones and M be the number of idle ambulances. Let aij ∈ A be aN ×M -matrix.
 Step 1.If the call is of priority degree 1, dispatch the ambulance with the minimum response time(see section 4.2.1). Otherwise, proceed to step 2.
 Step 2.Find the the matrix aij ∈ A using the Closest rule algorithm.
 Step 3.Consider the row vector z where zi denotes the proportion of calls from demand zone i,i = 1, ..., N .
 Step 4.Let bkj ∈ B be the Heuristic proportion matrix of size (M ×M).
 for each j = 1, 2, ...,Mfor each k = 1, 2, ...,Msum = 0
 for each i = 1, ..., Nif aij == ksum = sum+ zi
 bkj = sum
 Step 5.Let s = (1, 2, ...,M)T be a column vector and let B′ =
 [B s
 ]. Do priority sort on B′ in
 sequential order to permute the last column of B′. The last column of B′ gives the dispatchorder of ambulances for Priority 2 calls, for all zones.
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4.2.3 Modified preference rule
 The Preference rule presented in section 4.2.2 aims to minimize the MRT for calls of priority degree1, however, it does not employ any measures to keep the MRT for calls of priority degree 2 on anadequate level. Thus, we suggest an improvement; the Modified preference rule. This rule sets amaximum allowed response time, denoted by RTmax, for calls of priority degree 2. This implies thatthe MRT for calls of priority degree 2 can be controlled. An ambulance chosen to serve a call ofpriority degree 2 will not be dispatched if the corresponding response time exceeds RTmax. In thatcase, the next ambulance in the ranking will be chosen. If the response time of all idle ambulancesexceeds RTmax, the ambulance with the shortest response time will be chosen. This implies thatif RTmax is set to a very low value, the Modified Preference rule will in effect generate the sameresults as the Closest rule would have done. Furthermore, if RTmax is set to a very high value, theModified Preference rule will in effect generate the same results as the Preference rule would havedone.
 Modified preference rule algorithm
 Let N be the number of zones and M be the number of idle ambulances. Let bij ∈ B be aM ×M -matrix.
 Step 1.If the call is of priority degree 1, dispatch the ambulance with the minimum response time(see section 4.2.1). Otherwise, proceed to step 2.
 Step 2.Generate the last column of B′ according to the Priority rule, and name it I. This I-vectorgives the dispatch order of ambulances for Priority 2 calls, for all zones.
 Step 3.Let cij ∈ C be a N ×M -matrix. Set each row of C to IT .
 Step 4.Let RTmax be the maximum allowed response time for calls of priority 2.
 for each n = 1, 2, ..., Nfor each m = 1, 2, ...,M
 if RTmax < RT for all m ambulances to zone nLet the leftmost entry of the n:th row in C correspond to theambulance with the shortest RT to zone n. Set the remainingentries of the n:th row in C to zero.
 elseif RTmax < rmn
 Remove the corresponding C-entry and flush the other entriesleftwards. Set the rightmost entry of the row to zero.
 The n:th row of the C-matrix gives the dispatch order of ambulances for Priority 2 callsfrom zone n.
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4.2.4 Preparedness rule
 We suggest a fourth dispatch rule; The Preparedness rule. The Preparedness rule has a differentapproach than the Preference rule, making use of the preparedness measure introduced in section3.2. For the sake of simplicity, the contribution factor γ(m) is set to 1 for all ambulances m. Thegeneral idea of the Preparedness rule is to, for calls of priority degree 2, dispatch the ambulancethat causes the least severe drop in preparedness. The dispatch order is generated by arrangingthe ambulances in descending order considering the magnitude of the minimum preparedness valueamong all zones, for each possible ambulance to be dispatched. For priority 1 cases, the rule is toalways send the closest ambulance. The formula for preparedness is constructed as follows:
 pn =1
 zn
 Ln−1∑m=1
 1
 rmn∀n
 The same measure as in the Modified preference rule is employed in order to keep the MRT ofpriority degree 2 on an adequate level, i.e. RTmax is set as a restriction on maximum travel timeto a case.
 Preparedness rule
 Let N be the number of zones and M be the number of idle ambulances. Let P be a 1×M -vector.
 Step 1.If the call is of priority degree 1, dispatch the ambulance with the minimum response time(see section 4.2.1). Otherwise, proceed to step 2.
 Step 2.Let L be the number of ambulances allowed to contribute to the preparedness in each zone.For each ambulance l, calculate the new preparedness Pl if ambulance l was to be dispatched.
 for each l = 1, 2, ...,MLet p be a zero vector of size 1×Nfor each n = 1, 2, ..., N
 Find the L− 1 closest ambulances to zone nfor each m = 1, 2, ..., L− 1
 pn = pn + 1/rmn
 pn = pn/znPl = min(p)
 Step 3.Let s = (1, 2, ...,M)T be a column vector and let P ′ =
 [P s
 ]. Do reversed priority
 sort on P ′ in sequential order to permute the last column of P ′. The last column of P ′
 gives the dispatch order of ambulances for Priority 2 calls, for all zones. Name this column I.
 Step 4.In order to control the maximum RT allowed for calls of priority degree 2, perform Step 2and Step 3 of the Modified preference rule (see section 4.2.3).
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4.2.5 Busyness rule
 Finally, a fifth dispatch rule is suggested; the Busyness rule. The general idea of the Busyness ruleis to, for calls of priority degree 2, dispatch the ambulance with the lowest probability of being busy.In order to rank the different ambulances, a busyness measure, bm, is computed for each ambulancem. This busyness measure depends on the proportion of calls to a certain zone, zn, the proportionof calls being of a certain priority in that zone, dn1 or dn2, as well as the response time, rmn, tothat zone. It is constructed in such a way that high call proportions (zn and dnk) and proximityof the ambulance to a certain zone, results in higher values. Moreover, since calls of priority 1 aredeemed more important, the contributions of the different priorities to the measure are weighted.The measure we suggest is
 bm =
 N∑n=1
 M∑m=1
 w1dn1znrmn
 + w2dn2znrmn
 ∀m
 Different weights, w1 and w2, are assigned to priority 1 and 2, respectively. They are preferably setas w1 > w2. We chose to set w1 = 1 and w2 = 0, implying that in our case, calls of priority degree2 will not contribute to the value at all.
 Busyness rule
 Let N be the number of zones and M be the number of idle ambulances. Let P be a 1×M -vector.
 Step 1.If the call is of priority degree 1, dispatch the ambulance with the minimum response time(see section 4.2.1). Otherwise, proceed to step 2.
 Step 2.For each ambulance m, calculate the busy probability as:
 bm =
 N∑n=1
 M∑m=1
 w1dn1znrmn
 + w2dn2znrmn
 Step 3.Let s = (1, 2, ...,M)T be a column vector and let b′ =
 [b s
 ]. Do priority sort on b′ in
 sequential order to permute the last column of b′. The last column of b′ gives the dispatchorder of ambulances for Priority 2 calls, for all zones. Name this column I.
 Step 4.In order to control the maximum RT allowed for calls of priority degree 2, perform Step 2and Step 3 of the Modified preference rule (see section 4.2.3).
 18

Page 31
						

4.3 Model implementation
 Generating the intensity matrix Q and the stationary distribution π
 In order to solve the problem explicitly, the intensity matrix Q of the investigated system is con-structed (see Figure 4.1 for a schematic overview). Q will be of size S × S, where S is the numberof states, given by S = (1 + NK)M . An entry qij ∈ Q is the intensity of the system transitioningto state j, given that it is in state i (see Definition 3.1.5).
 In order to keep track of all states, a S ×M -matrix is constructed. Row i in this matrix representsstate i. The first entry in row i contains information on what the first ambulance is doing giventhat the system is in state i, the second entry on what the second ambulance is doing given thatthe system is in state i, and so on. Each entry can take on 1 +KN different values. For example,if the value is ”0”, the ambulance is idle. If ”31”, the ambulance is serving a call in zone 3 andthe call is of priority degree 1. (0, 0, 52) denotes a state in which ambulance 1 and 2 are idle andambulance 3 serves a call in zone 5 of priority degree 2.
 Since two events cannot happen at the same time, only some states can communicate with eachother. This implies that Q will be very sparse. The upper triangular part of Q will correspondto the situations when a state in which an ambulance is idle transitions to a state in which thatambulance becomes busy. It is in these cases when the different dispatching rules come to use. TheClosest rule is always used to fill entries qij for ambulances transitioning to a busy state, whenserving a case of priority 1, while one of the other rules is used for ambulances transitioning to abusy state when serving cases of priority 2. The lower triangular part of Q will correspond to thecase when a state in which an ambulance is busy transitions to a state in which that ambulancebecomes idle.
 Filling the upper triangular part of the Q matrix with transition intensities involves two steps. Thefirst step is to identify possible transitions. For example, a state in which all ambulances are idlecannot transition to a state where two or more ambulances are busy. In other words, the transition(0, 0) → (32, 51) is not allowed. A pattern of possible transitions, that is, non-zero entries in Q,is identified. The second step is to choose among possible transitions. For example, given thatthe system is in some state in which two or more ambulances are idle, the states that the systemactually will transition to depends on the dispatch rule. A transition such as (0, 0) → (32, 0) willonly be chosen if ambulance 1 is the first choice to serve a call in zone 3 of priority degree 2. Thecorresponding Q-entry would in that case be equal to the intensity λ32.
 For the lower triangular part of the Q-matrix, step two is skipped. All possible transitions corre-spond to non-zero entries since the intensity of an ambulance becoming idle is independent of theused dispatch rule. For example, the Q-entry corresponding to the transition (32, 0) → (0, 0) willbe equal to µ13, referring to ambulance 1 solving a case of priority 2 in zone 3.
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The last step is to fill the diagonal of the Q-matrix. According to Markovian theory, each diag-onal entry is calculated as the negative sum of all entries on the corresponding row. When theQ-matrix has been constructed, the stationary distribution π is found by solving the system ofequations
 πQ = 0S∑
 i=1
 πi = 1(4.4)
 π is of dimension 1 × S, where each entry represents the asymptotic probability of being in thecorresponding state (see Definition 3.1.6). The information contained in the π-vector is used whencalculating the MRT:s of the investigated EMS-system.
 mn
 Upper triangular part -Entries of type λkn
 Lower triangular part - Entries of type μ
 (1+KN) columns
 (1+KN) rows
 M
 M Diagonal
 {{
 Figure 4.1: Schematic overview of the intensity matrix Q
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Calculating MRT
 The stationary distribution vector π serves as a starting point for computing MRT. Each entry inthe π-vector represents the probability of being in the corresponding state in asymptotic time. TheMRT, or equivalently expected response time, depends on both the response time for ambulance mserving case x and the probability that ambulance m solves case x, where case x depends on zonen and priority k. The MRT for a certain priority k = p, MRTk, can be expressed as
 MRTk =
 N∑n=1
 M∑m=1
 E[Rmn | Ambulance m to zone n for priority k]×
 P (Ambulance m to zone n for priority k)
 (4.5)
 Not that, since the response time are assumed not to depend on the priority k of the call, (4.5)equals
 MRTk =
 N∑n=1
 M∑m=1
 E[Rmn | Ambulance m to zone n]×
 P (Ambulance m to zone n for priority k)
 (4.6)
 Using Bayes’ theorem on conditional probability, equation (4.5) can be rewritten as
 MRTk =
 N∑n=1
 M∑m=1
 E[Rmn | Ambulance m to zone n for priority k]×
 P (Ambulance m to zone n for priority k | n = l, k = p)×P(n = l)P(k = p | n = l)
 (4.7)
 The components of equation (4.7) are explained below:
 Factor 1: The first factor is the expected value of Rmn given that the case is served by ambulancem, in zone n and the priority degree of the call is k. This corresponds to rmn.
 Factor 2: The second factor describes the probability in asymptotic time of ambulance m solvinga case of type x, that is, a case in zone n of priority degree k. This probability is computedby adding all terms corresponding to a certain case (zone l, priority k) in the π-vector over afixed ambulance and then normalizing this term:
 P(Ambulance m to zone n for priority k | n = l, k = p) =π[lmp]∑M
 m=1 π[lmp]
 where π[lmp] stands for the summation over all entries in π that correspond to states in whichambulance m serves cases in zone l of priority p. Likewise, the denominator
 ∑Mm=1 π
 [lmp]
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stands for the summation over all entries in π for all ambulances m, containing cases in zonel of priority p.
 Factor 3: The third factor describes the probability that the call site is located in zone l whichis given by P(n = l) = zl.
 Factor 4: The fourth factor is simply the probability of a call entering the system being of acertain priority p, knowing that the call comes from zone l, therefore P(k = p | n = l) = dpl.
 Finally, we obtain
 MRTk =
 N∑n=1
 M∑m=1
 rmn ×π[lmp]∑M
 m=1 π[lmp]
 × zldpl (4.8)
 Limitations in computational power
 This explicit solution method can not be used to ”solve” too big EMS-systems. The number ofstates grows quickly as the number of zones and ambulances increases. A large number of stateswill imply a big Q-matrix, and thus, equation (4.4) cannot be solved with conventional methods.A way to overcome this obstacle is to use simulation.
 4.4 Simulation model
 In order to verify the results obtained using the explicit solution, simulations were performed onthree different EMS-systems. Simulation is a technique used to imitate the behavior and actions ofa real system over time, in this case an EMS-system. This new approach is not based on the exactsame model, nor mathematical theory, as used in the explicit solution. In other words, Markovianproperties do not need to be fulfilled. This implies that some assumptions and simplifications thatwere required in the explicit solution can be re-evaluated. Indeed, one of the main advantages ofsimulating a Markov process is the possibility of loosening distribution assumptions. For example,the service times Smn were in the explicit solution, quite crudely, assumed to be exponentiallydistributed. In a simulation setting however, it would be possible to choose a distribution thatmore accurately mirrors the actual behavior of the service times. Nevertheless, in order to be ableto compare the results from the simulation with the results obtained using the explicit solution,identical distributions of the intensity of incoming calls and service times were used when construct-ing the simulation model. Moreover, we did not have access to the data needed to estimate thedistributions of the intensity of incoming calls and the service times.
 A second main advantage of using simulation is the fact that it is less limited by computationalpower, in comparison with the explicit solution, and thus it can be used to investigate the differentdispatching rules’ performances on even bigger EMS-systems. Thus, it would provide a betterpicture of how the different rules would perform if they were to be used in reality.
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Simulation algorithm
 The simulation algorithm starts by randomizing the time intervals between incoming calls, suchthat the time between incoming calls are exponentially distributed with expected value 1/λ. Eachincoming call is then attributed a certain case, i.e. a zone n and a priority k, according to theproportions of zn and dkn. Further, the ambulance to dispatch is chosen using some dispatch rule.From here, the algorithm keeps track of which ambulances are busy serving what cases. Dependingon the priority of the case, the corresponding response times are saved in a priority 1- and priority2 vector, respectively, such that RT = Smn/2. Also, the service time Smn, which is exponentiallydistributed with expected value 1/2rmn, is saved in order to make the ambulance idle again whenthe service time has elapsed. Finally, the MRT:s are obtained by computing the mean value of thepriority 1- and priority 2 vectors. The simulation is performed using Matlab.
 4.5 Investigated EMS-systems and data
 Four EMS-systems of different sizes were analyzed: A smaller reference system consisting of 4 zonesand 2 ambulances (designed for testing), the response area of Norrkoping consisting of 13 zones and3 ambulance, the response area of Odeshog/Mjolby consisting of 13 zones and 3 ambulances andfinally, the response area of Ostergotland county, consisting of 876 zones and 12 ambulances.
 Reference system
 The Reference system was constructed in order to test the performance of the different dispatchingrules on a smaller scale. The response area is divided into 4 quadratic, equally large zones (N = 4)and counts two ambulances (M = 2), whereof one is stationed in zone 1 and the other in zone 4.The response times are set as shown in Figure 4.2. Input parameters for call and service intensitiesare set to arbitrary, but realistic values. The allotment of incoming calls to a certain zone andthe response times used for the system are arbitrary as well but set to feasible values in line withrealistic data. The values are set as shown below.
 z =(0.1 0.25 0.3 0.35
 )d =
 0.5 0.50.5 0.50.5 0.50.5 0.5
 λ = 0.05
 Norrkoping response area
 The Norrkoping response area is divided into 13 zones and counts 3 ambulances. Call intensity,proportion of calls from each zone and each priority, and travel times are found using historical datafrom the time period 2010-2014. The data are collected by SOS Alarm on behalf of the universityof Linkoping. A graphical representation of the response area is found in Figure 4.3a, wherein theambulance station locations are represented by yellow crosses. The travel time for an ambulance
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8 minutes
 7 minutes
 14 minutes
 9 minutes
 10 minutes
 A
 B
 Zone 1 Zone 2
 Zone 3 Zone 4
 Figure 4.2: Graphical representation of the 4×2 reference system
 stationed on station X serving a call in a zone Y is approximated as the travel times between stationX and the center of zone Y.
 Odeshog/Mjolby response area
 The Odeshog/Mjolby response area is divided into 13 zones and counts 3 ambulances. Call intensity,proportion of calls from each zone and each priority, and travel times are found using historical datafrom the time period 2010-2014. The data are collected by SOS Alarm on behalf of the universityof Linkoping. A graphical representation of the response area is found in Figure 4.3b, wherein theambulance station locations are represented by orange circles. The travel times are approximatedin an identical way as for the Norrkoping response area.
 Ostergotland response area
 The Ostergotland response area is divided into 876 zones and counts 12 ambulances. Call intensity,proportion of calls from each zone and each priority, and travel times are found using historical datafrom the time period 2010-2014. The data are collected by SOS Alarm on behalf of the universityof Linkoping. A graphical representation of the response area is found in Figure 4.3c, wherein theambulance station locations are represented by yellow crosses. The travel times are approximatedin an identical way as for the abovementioned response areas.
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2
 Location 1
 (a) Norrkoping response area (b) Odeshog/Mjolby response area
 (c) Ostergotland response area
 Figure 4.3: Three EMS-systems
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5. Results
 This section presents the results obtained from testing the dispatching rules presented in section4.2 for each response area. The results are given as the MRT:s for priority degrees 1 and 2, denotedhenceforth as MRT1 and MRT2, for each dispatch rule studied.
 Note that for the Modified preference rule, the Preparedness rule and for the Busyness rule, themaximum response time RTmax is involved. These dispatching rules will be tested for several valuesof RTmax, starting at a sufficiently low value, close to the minimum RT of the given EMS-system.Setting a low value of this kind, implies RTmax will not have an impact on the rule. In effect, ityields the same results as the Closest rule. From there, RTmax is increased step by step, up toa value exceeding the maximum RT of the response area. For this last RTmax value, it can benoticed that the MRT:s reach a limit which they do not exceed, independent of further increases inRTmax.
 In the Preparedness rule, L is set equal toM for the Reference system, Norrkoping and Odeshog/Mjolbyresponse area. This implies that all ambulances contribute to the preparedness of each zone. Thechoice of setting L = M is due to the fact that the studied EMS-systems are rather small, withmaximum 3 ambulances and the ambulances being situated at maximum 2 different locations. Forbigger EMS-systems it is however interesting to vary the number of contributing ambulances L.As Andersson and Varbrand (2007) did when using the preparedness measure on the county ofStockholm, we chose to set L = 7 for the Ostergotland EMS-system.
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5.1 Reference system response area
 The MRT results of the Reference system response area are presented in table 5.1. A graphicalrepresentation of these results are presented in Figure 5.1a. Note that the leftmost data points(RTmax = 6) and rightmost data points (RTmax = 16) obtained using the Modified preferencerule are equal to the MRT:s obtained using the Closest rule and the MRT:s obtained using thePreference rule respectively. These are represented by dashed lines in Figure 5.1a.
 hhhhhhhhhhhhhhhDispatching rulesMRT
 MRT1 [min] MRT2 [min]
 Closest rule 8.3697 8.3697Preference rule 8.1795 10.1940Modified preference ruleRTmax = 6 min 8.3697 8.3697RTmax = 8 min 8.3697 8.3697RTmax = 10 min 8.2555 8.6038RTmax = 12 min 8.2555 8.6038RTmax = 14 min 8.1795 10.1940RTmax = 16 min 8.1795 10.1940Preparedness ruleRTmax = 6 min 8.3697 8.3697RTmax = 8 min 8.3697 8.3697RTmax = 10 min 8.2555 8.6038RTmax = 12 min 8.2555 8.6038RTmax = 14 min 8.1795 10.1940RTmax = 16 min 8.1795 10.1940Busyness ruleRTmax = 6 min 8.3697 8.3697RTmax = 8 min 8.3697 8.3697RTmax = 10 min 8.2555 8.6038RTmax = 12 min 8.2555 8.6038RTmax = 14 min 8.1795 10.1940RTmax = 16 min 8.1795 10.1940
 Table 5.1: MRT results of the Reference system response area
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5.2 Norrkoping response area
 The MRT results of the Norrkoping response area are presented in table 5.2. A graphical represen-tation of these results are presented in Figure 5.1b. Note that the leftmost data points (RTmax = 5)and rightmost data points (RTmax = 20) obtained using the Modified preference rule are equal tothe MRT:s obtained using the Closest rule and the MRT:s obtained using the Preference rule re-spectively. These are represented by dashed lines in Figure 5.1b.
 hhhhhhhhhhhhhhhDispatching rulesMRT
 MRT1 [min] MRT2 [min]
 Closest rule 5.2726 5.2185Preference rule 5.1733 6.7904Modified preference ruleRTmax = 5 min 5.2726 5.2185RTmax = 7.5 min 5.2186 6.1325RTmax = 10 min 5.1856 6.4109RTmax = 12.5 min 5.1853 6.4341RTmax = 15 min 5.1763 6.7035RTmax = 17.5 min 5.1733 6.7904RTmax = 20 min 5.1733 6.7904Preparedness ruleRTmax = 5 min 5.2726 5.2185RTmax = 7.5 min 5.2148 6.0422RTmax = 10 min 5.1827 6.2877RTmax = 12.5 min 5.1995 6.8847RTmax = 15 min 5.1906 7.1451RTmax = 17.5 min 5.1876 7.2263RTmax = 20 min 5.1876 7.2263Busyness ruleRTmax = 5 min 5.2726 5.2185RTmax = 7.5 min 5.2186 6.1325RTmax = 10 min 5.1856 6.4109RTmax = 12.5 min 5.1853 6.4341RTmax = 15 min 5.1763 6.7035RTmax = 17.5 min 5.1733 6.7904RTmax = 20 min 5.1733 6.7904
 Table 5.2: MRT results of the Norrkoping response area
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5.3 Odeshog/Mjolby response area
 The MRT results of the Odeshog/Mjolby response area are presented in table 5.3. A graphicalrepresentation of the results are presented in Figure 5.1c. Note that the Modified preference ruleand preparedness rule yield identical MRT:s for all values of RTmax, and for both priority degrees.Also note that the leftmost data points (RTmax = 10) and rightmost data points (RTmax = 40) areequal to the MRT:s obtained using the Closest rule and the MRT:s obtained using the Preferencerule respectively. These are represented by dashed lines in Figure 5.1c.
 hhhhhhhhhhhhhhhDispatching rulesMRT
 MRT1 [min] MRT2 [min]
 Closest rule 12.6100 12.6825Preference rule 11.1425 18.4183Modified preference ruleRTmax = 10 min 12.6100 12.6825RTmax = 15 min 12.6107 12.6844RTmax = 20 min 12.5706 13.2879RTmax = 25 min 11.7692 16.9270RTmax = 30 min 11.2858 18.2596RTmax = 35 min 11.2274 18.4115RTmax = 40 min 11.1425 18.4183Preparedness ruleRTmax = 10 min 12.6100 12.6825RTmax = 15 min 12.6100 12.6825RTmax = 20 min 12.5199 13.3133RTmax = 25 min 11.3820 18.8737RTmax = 30 min 10.8561 21.1307RTmax = 35 min 10.7942 21.3863RTmax = 40 min 10.6878 21.4421Busyness ruleRTmax = 10 min 12.6100 12.6825RTmax = 15 min 12.6111 12.6843RTmax = 20 min 12.6244 13.3967RTmax = 25 min 12.2224 18.1180RTmax = 30 min 11.9105 19.9402RTmax = 35 min 11.8650 20.1530RTmax = 40 min 11.7715 20.2265
 Table 5.3: MRT results of the Odeshog/Mjolby response area
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5.4 Asymptotic probability of all ambulances being busy
 The asymptotic probability of all ambulances being busy is computed from the π-vector obtainedin section 4.3 and is presented in Figure 5.2. This measure is considered to be a good indicator forhow often a call is redirected to another region and thus leaves the system. Figure 5.2a correspondsto the Reference response area, Figure 5.2b corresponds to the Norrkoping response area and Figure5.2c corresponds to the Odeshog/Mjolby response area.
 5.5 Simulation results
 Simulations were performed on the Norrkoping and Odeshog/Mjolby response areas, as well as theOstergotland EMS-system. A graphical representation of these results is found in Figure 5.3.
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 Figure 5.1: MRT results - Explicit solution. The Modified preference rule, the Busyness rule and the Preparedness rulesets a maximum allowed response time, denoted by RTmax, for calls of priority degree 2. An ambulance chosen to serve acall of priority degree 2 will not be dispatched if the corresponding response time exceeds RTmax. If the response times ofall idle ambulances exceeds RTmax, the ambulance with the shortest response time will be chosen. The trend is clear; allfour priority-based dispatching rules yield a lower MRT for priority 1 calls than the Closest rule, for all three EMS-systems.
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 Figure 5.2: Asymptotic probability of all ambulances being busy. The Modified preference rule, the Busyness rule and thePreparedness rule sets a maximum allowed response time, denoted by RTmax, for calls of priority degree 2. An ambulancechosen to serve a call of priority degree 2 will not be dispatched if the corresponding response time exceeds RTmax. If theresponse times of all idle ambulances exceeds RTmax, the ambulance with the shortest response time will be chosen. Thetrend is clear; higher values of RTmax yield a higher busy probability.
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 Figure 5.3: MRT results - Simulation. The Modified preference rule, the Busyness rule and the Preparedness rule setsa maximum allowed response time, denoted by RTmax, for calls of priority degree 2. An ambulance chosen to serve a callof priority degree 2 will not be dispatched if the corresponding response time exceeds RTmax. If the response times of allidle ambulances exceeds RTmax, the ambulance with the shortest response time will be chosen. The trend is clear; all fourpriority-based dispatching rules yield a lower MRT for priority 1 calls than the Closest rule, for all three EMS-systems.
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6. Discussion
 6.1 Performance of the studied dispatching rules
 Closest rule
 Since the Closest rule does not take the priority degree of the call into account, it is not verysurprising that both the MRT1 and MRT2 are roughly the same for the majority of the EMS-systems examined. However, one may ask why they are not exactly the same when using theexplicit solution. The difference in the MRT1 and the MRT2 observed for the Norrkoping andOdeshog/Mjolby areas is due to differences in the dkn- and zn-factors. For example, consider aremotely located zone with a high proportion of incoming calls (high zn-value) and a high proportionof priority degree 1 calls (high dn1-value). In this case, the MRT1 of this zone will obviously bevery high, which due to the large zn-value will have high influence on the global MRT1.
 Preference rule
 Compared to the Closest rule, the Preference rule decreases the MRT1:s while increasing theMRT2:s, for all three EMS-systems examined using the explicit solution. However, these differ-ences between the MRT1:s and the MRT2:S, in comparison to the Closest rule, are not balanced inthe meaning that the MRT1:s do not decrease as much as the MRT2:s increase. For all three EMS-systems examined using the explicit solution, a rather small decrease in the MRT1:s corresponds toa significant increase of the MRT2:s. This unbalance shows that the trade-off between decreasingthe MRT1 and keeping the MRT2 on an adequate level is non-linear. Thus, in order to lower theMRT1 a significant sacrifice in the MRT2 is required.
 Modified Preference rule
 The Modified preference rule possesses one obvious improvement compared to the Preference rule:the trade-off between the MRT1 and the MRT2 can be controlled. The RTmax-measure enables theModified preference rule to bridge the gap between the Closest rule and the Preference rule. Whensetting RTmax to a value lower than the minimum RT of the EMS-system in question, the Modifiedpreference rule yields the same MRT results as the Closest rule. On the other hand, setting theRTmax to a value higher than the maximum RT of the EMS-system, the Modified preference ruleyields the same results as the Preference rule.
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Preparedness rule
 Compared to the Closest rule, the Preparedness rule decreases the MRT1:s while increasing theMRT2:s, for all three EMS-systems examined using the explicit solution. Alike the Modified pref-erence rule, the Preparedness rule has the ability to control the trade-off between the MRT1 andthe MRT2. In the Reference system response area, using the Preparedness rule yields identicalMRT results as when using the Modified preference rule (see Figure 5.1a). In the Norrkoping re-sponse area, the Preference rule decreases the MRT1 and increases the MRT2, in congruence withthe Modified preference rule (see Figure 5.1b). However, at low RTmax values the MRT1 and theMRT2 results obtained using the Preparedness rule are slightly better, i.e. both lower MRT1- andMRT2 values, than when using the Modified preparedness rule. At RTmax values larger than 13minutes, the MRT1 and MRT2 results obtained using the Preparedness rule are larger than thecorresponding values obtained using the Modified preference rule. In the Odeshog/Mjolby responsearea, the MRT results obtained using the Preparedness rule follow a pattern which is very similar tothe MRT results obtained using the Modified preference rule (see Figure 5.1c). The Preparednessrule manages to decrease the MRT1 further than both the Modified Preparedness rule and theBusyness rule do. However, this decrease in the MRT1 is accompanied by a pronounced sacrificein the MRT2.
 Busyness rule
 Compared to the Closest rule, the Busyness rule decreases the MRT1:s while increasing the MRT2:s,for all three EMS-systems examined using the explicit solution. Alike the Modified preference ruleand the Preparedness rule, the Busyness rule has the ability to control the trade-off between theMRT1 and the MRT2. In the Reference system response area, the results obtained using theBusyness rule are identical to the results obtained using both the Modified preference rule andthe Preparedness rule (see Figure 5.1a). In the Norrkoping response area, the exact same resultsas obtained using the Busyness rule as when using the Modified preference rule (see Figure 5.1b).Lastly, the results of the Odeshog/Mjolby response area shows an interesting performance of theBusyness rule (see Figure 5.1c). Namely, MRT1 is lowered by approximately 1 minute compared tothe MRT1 results using the Closest rule - a smaller decrease than obtained when using the Modifiedpreference rule and Preparedness rule, however, this decrease is accompanied by a less significantincrease in MRT2 than the Preparedness rule yields.
 6.2 Comparison of the studied dispatching rules
 It could seem surprising that the MRT1 and MRT2 results obtained using the Modified preferencerule, the Preparedness rule and the Busyness rule are identical for the Reference EMS-system.Giving it some thought, however, it is not very surprising. Since the Norrkoping, Odeshog/Mjolbyand Reference EMS-systems all are quite small (13 × 3 and 4 × 2, respectively) the number ofpossible ways of dispatching the ambulances are restricted to a few alternatives. In the Norrkopingand Odeshog/Mjolby response areas, two out of the three ambulances will often be busy, leavingonly one possible choice of ambulance. Moreover, even though the algorithm formulations of thethree dispatching rules are different, their general ideas are quite similar. All three dispatching rules
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aim to ensure a high ambulance availability for calls of priority degree 1. Furthermore, in figure5.2a, it can be observed that also the asymptotic busy probability of the Reference system responsearea is exactly the same using all three rules. This is due to the busy probability being deducteddirectly from the content in the π-vector, which is also the case for the MRT results.
 The Preparedness rule, Modified preference rule and the Busyness rule yielded very similar resultsin the Reference system and the Norrkoping response areas. In the Odeshog/Mjolby response area,the Preparedness rule outperformed the Modified Preference rule and the Busyness rule in loweringMRT1. However, the Preparedness rule yielded a higher MRT2 than the other two dispatchingrules did. Yet, it is difficult to draw a conclusion on which of these three rules that is the best fora given response area, since it depends on what one finds most important; lowering the MRT1 atall costs or keeping the MRT2 on an adequate level.
 6.3 Discussion on simulation results
 The results obtained from the simulations performed on the Norrkoping, Odeshog/Mjolby andOstergotland EMS-systems confirmed the results obtained using the explicit solution. The MRTresults presented in Figure 5.1 and Figure 5.3 for the Norrkoping and Odeshog/Mjolby the responseareas in figures are strikingly alike. This asserts the reliability of the identified trends in thedispatching rules’ performances observed when using the explicit solution. The simulations runon the Ostergotland response area show how the different rules would perform on an even biggersystem, with more zones and more ambulances. Broadly speaking, the Modified preference rule, thePreparedness rule and the Busyness rule all decrease the MRT1:s in comparison with the Closestrule, while increasing the MRT2:s, for all three EMS-systems examined (see Figure 5.3c).
 The simulations run on the Norrkoping and Odeshog/Mjolby response areas randomize 1000 timeintervals, 30 times. In the Norrkoping response area, this corresponds to simulating about 30 days,30 times over. In the Odeshog/Mjolby response area, this corresponds to about 16 days, 30 timesover. However, due to limitations in computational power the simulation run on the Ostergotlandresponse area only randomize 500 time intervals, 5 times, which corresponds to about 9 days, 5times over. The fact that the number of simulations run on the Ostergotland response area is quitelimited is one of the main reasons why the MRT results of the Ostergotland response area areseemingly volatile.
 Furthermore, in order to compare the explicit results to the results from the simulations, one shouldbe aware of differences between these two methods. One of the differences is that the entries ofthe π-vector, obtained from the explicit solution, represent the asymptotic probabilities of being inthe different states of the system. On the other hand, when running a simulation, one starts attime t = 0 and therefore the first ambulance dispatches could be largely differing from what thedispatching trend looks like when the system has reached a stationary state. A widely recognizedremedy is to implement a so called burn in time, thus only taking the behavior of the system after acertain time into account. A burn in period was implemented, for all EMS-systems simulated.
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6.4 The impact of assumptions and simplification
 The service times Smn were assumed to be exponentially distributed, with the expected value rmn×2 (to and from the call site), for all ambulances m and zones n. As beforementioned, this is a quitecrude assumption. An alternative way would be to introduce two exponential distributions, one forthe response time and one for the turn-around time (see Figure 3.1). Since the service time is the sumof two exponentially distributed random variables, it would have an Erlang distribution. One canargue that the shape of the Erlang distribution probability density function more accurately mirrorsthe nature of the service times. Furthermore, the service times were assumed to be independent ofthe priority degree k. One may argue that the service time of a more urgent call ought to be longerthan a call of a lower priority degree. However, we deem that this simplification is justified by thesignificantly less complex model it implies.
 How does the zero queue assumption impact the MRT results? In order to estimate the impact ofthe zero queue assumption, the asymptotic probability of all ambulances being busy was calculated.We argue that this is a reasonable way of mirroring the drop-out rate, or in other words, the numberof cases that are delegated to an external EMS-system. The trend is clear; large values of RTmax
 yield large values of the asymptotic probability of all ambulances being busy, and thus, increasesthe drop-out rate (see figure 5.2). This is due to the fact that high RTmax-values correspond to ahigh total MRT, that is, the mean of MRT1 and MRT2. In turn, a high total MRT correspondsto generally longer travel times and therefore also a higher probability of all ambulances beingbusy. This finding suggests that the zero-queue assumption favors priority-based dispatching rules.A high drop-out rate is not taken into account when calculating the MRT:s, and neither whenassessing the performance of the dispatch rule in question. However, the asymptotic probability ofall ambulances being busy is very low for all response areas, as well as the relative change betweenthe dispatching rules. Thus, we deem this assumption to be justifiable.
 6.5 Conclusion
 In this thesis, several existing and newly-formulated dispatching rules for ambulance dispatchinghave been studied, which has led to interesting comparisons and findings about the individualperformances of the rules. Firstly, it is affirmed that the Closest rule is the simplest rule with thelowest flexibility. The Preference rule, formulated by Bandara et al. (2014), managed to lower theMRT1 in comparison to the Closest rule. However, the reduction in the MRT1 was accompaniedwith a significant increase in the MRT2. The Modified preference rule, on the other hand, possessesan obvious improvement compared to the Preference rule; it can control the trade-off between theMRT1 and the MRT2. Thanks to the flexibility enabled by the RTmax-measure, the Modifiedpreference rule bridges the gap between the Closest rule and the Preference rule. The Preparednessrule yielded particularly good MRT1 results in the Odeshog/Mjolby response area, outperformingboth the Modified preference rule and the Busyness rule. However, it implicated a significant trade-off in the MRT2. Lastly, the Busyness rule managed to decrease the MRT1, while at the same timeincreasing the MRT2, in congruence with both the Modified preference rules and the Preparednessrule. When evaluating the performances of these rules, recall that for cases of priority degree 1, i.e.life-threatening cases, saving time is crucial and that each second increases the patient’s chances ofsurvival.
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The Modified preference rule, the Preparedness rule and the Busyness rule have quite similarbehaviors and it is therefore difficult to deduce which of these is the most efficient one. On someEMS-systems the Preparedness rule yielded better results for the MRT1 than the other rules, and onother EMS-systems, the differences in MRT1 were less apparent. On some EMS-systems the trade-offs between the MRT1 and MRT2 were alike, whilst on other EMS-systems there were significantdifferences between the rules. One might argue that the performances of the rules are system-dependent, meaning that one rule could fit some type of EMS-system, whilst another rule fits someother type of EMS-system better. However, in order to draw a conclusion on which rule is theoptimal one universally speaking, more EMS-systems of different sizes ought to be studied.
 Today, SOS Alarm exclusively uses the Closest rule in their dispatching process. As this study hasshown, numerous other dispatching rules exist, outperforming and allowing a greater flexibility thanthe Closest rule. We conclude that priority-based dispatching rules yield a reduction in the MRTfor calls of priority degree 1 and that a travel time restriction on priority based dispatching rulesenables a more adaptive use of these rules. When it comes to priority 1 calls, we emphasize thatsaving seconds can make a significant difference in the patient’s survival probability. Ultimately,we strongly believe that SOS Alarm should consider implementing priority based dispatching rulesin their dispatching process.
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Part II
 Humans and automation
 A case study of the interplay between the
 ambulance dispatcher and automation
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7. Introduction
 7.1 Background
 The dispatching algorithms presented, investigated and evaluated in Part I of this thesis constitutea small component of a broad trend: the automation of the ambulance dispatching process (seesection 2.3 for a description of this process). The dispatching algorithm used by SOS Alarm today,the Closest rule, is an integrated part of the CoordCom/ResQMap software system (see section2.2). However, before implementing another dispatch rule, for example one of the dispatching rulespresented in Part I of this thesis, one must consider the impact of the automation’s design on humanperformance, and thereby the automated system’s performance as a whole. Thus, the interplaybetween human operators and automation, with the objective to maximise system performance,becomes an interesting subject of study.
 7.2 Purpose
 The purpose of Part II of this thesis is to understand the context in which the algorithms inves-tigated in Part I potentially will be used. How will our contribution to the ongoing automationof the SOS Alarm ambulance dispatching process be received by the professionals and what placewould it potentially have in this process? In order to understand this context, we must concretisethe difficulties, dangers and benefits of automation of ambulance dispatching and understand theinterplay between the professional competencies of the operators and the automated system theyuse.
 7.3 Restrictions
 This thesis aims to map out the characteristics of the automation of the ambulance dispatchingprocess, not of the EMS-sector as a whole. The subject of study is demarcated as Sweden andSOS Alarm. Moreover, it should be well noted that the aim is not to elaborate some guide orrecommendation for how new features should be implemented in the CoordCom/ResQMap softwaresystem.
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7.4 Reasearch question
 Our research question is:
 What are the characteristics of the interplay between the SOS Alarm ambulance operator/con-troller and the automation they use, and how do their professional competencies affect this inter-play?
 In order to answer our research question, we will study:
 1. The interplay between existing automation and operator.
 2. The professional competencies of the SOS Alarm ambulance operator/controller.
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8. Methodology
 In order to address the research question of this thesis, a case study at SOS Alarm and a literaturereview were performed. The case study consisted of two parts. Firstly, a participant observationwas held at the SOS Alarm emergency call center of Stockholm and secondly, interviews were heldwith two SOS Alarm operators/controllers.
 The purpose of the participant observation was to acquire an overall comprehension of the operationsof SOS Alarm, how automated systems are involved in these operations and a feeling for theoperator/controller profession. At this moment, we hadn’t come that far in our work, which gave usthe possibility to let our observations and discoveries steer us in an interesting direction and helpedus precise our problem formulation. During the participant observation, we received a tutorial onthe CoordCom and ResQMap softwares and were able to test the automation ourselves in a testenvironment setup. The participant observation gave us an opportunity to observe and analyzebehaviours, actions, what people said, how things were said, as well as the physical environment.As the research question is of exploratory character, observation methodology is appropriate (Hallinand Blomkvist, 2014). Field notes were taken about our instant impressions and the informationcollected during our visit (first order of construct). When the observation was over, other thoughtsand comments were added (second order of construct).
 The objective of the interviews was to gain a deeper insight on the profession itself, as well as howthe ambulance operators/controllers feel about their job, their performance and their relation tothe automation. The interviews were held with two experienced SOS Alarm operators/controllersat two separate occasions in April 2016 via Skype.
 The collection of the articles needed for the literature review was carried out using different searchengines and in consultation with Maria Hammaren (The Institute of Industrial Management andEngineering, KTH). In the case of most articles collected, KTH Primo was the search engine used.The keywords were: ”humans and automation”, ”professional skills”, ”professional competencies”,”use of automation”, etc.
 8.1 Structure of the interviews and data collection
 The interviews held can be categorized as semi-structured. The questions asked were rather openand formulated in such a way that they encouraged further discussion, not necessarily related to theoriginal question. The aim of this choice of structure was to collect all types of qualitative data onthe phenomenon and not exclude new dimensions which could come up during the interview.
 The questions were categorized into a number of sub-topics. Most of the sub-topics were linked toa phenomenon discussed in the literature review or a phenomenon we became aware of during the
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participant observation at SOS Alarm. Before conducting the interviews, we produced an interviewguide where we wrote down these topics with a few questions for each. The questions were mostlyof prelusive, probing and specifying type. During the interview, the questions were more or lessasked in order, however, in compliance with the interviewee. Our approach during the interviewscould be described as hypothetical deductive (Patel and Davidson, 2003). Previous theories andfindings within the area of profession competencies and automation were to some extent allowedto steer the case study, in such a way that these formed the outset for the choice and formulationof the interview questions. After the interviews had been held, we looked for arithmetic reliabilitybetween interviews in order to measure conformity between the answers.
 With permission given by the interviewees, the interviews were recorded. The recordings allowed usto re-listen and in depth analyze the answers of the interviewees, which yielded a greater understand-ing of the subjects investigated. Furthermore, anterior to the interview session, the intervieweeswere provided with a brief document describing the dispatching processes as we had perceived it.The idea was to give the interviewees an initial understanding of the purpose and the outset ofthe interview. It would have been possible to interview a larger pool of interviewees, however thiswould have been time-consuming. Instead we chose to focus on interviewing a few carefully selectedoperators.
 Reliability and validity
 The choice of qualitative methods was rather natural as it can be difficult to quantitatively measureprofessional competencies as well as the dynamics between a human operator and an automatedsystem. A qualitative study is subjective and implies interpretation, therefore its reliability canbe questioned. However, we worked around the danger of subjectivity by keeping it in mind andalways discussing our interpretations with each other, looking back at them and reevaluating. Itcan be demanding to be objective when one already has a clear image in mind, which is why thistask became increasingly difficult along the way, as we accumulated information.
 8.2 Literature review
 Human factors
 A literature review was conducted on the research field of Human factors. Human factors, orergonomics, is commonly defined as the field of research that considers the design of processes,products and systems with respect to human abilities and limitations, with the objective to makethe interaction between automation and the humans that use it as effective, safe and comfortableas possible (Human Factors and Ergonomics Society, 2016). The field of Human factors contains awide range of subdisciplines, however, we will focus on the characteristics of the interplay betweenhumans and automation.
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Automation
 Automation is defined by Parasuraman et al. (2000) as the execution by a machine of a task thatwas previously carried out by a human, either partially or fully. Automation can refer to theexecution of tasks which humans do not want to perform, cannot perform or which the machinesimply performs more accurately or to a lower cost. This is the definition we will use in our study.Within the growing area of automation, researchers have increasingly been looking at the impact onhuman performance and problems that can be associated with the growing amount of automationmade possible by new technology. Consequently, one of the main questions of the Human factorsresearch area is what can and should be automated, to what extent and what can not or should notbe automated. In their paper, Parasuraman et al. (2000) present tools and models to be used asframeworks in order to help answering this type of questions. We will use some of their approachas an outset.
 Following the definition of automation abovementioned, automation should be considered as a scalewhere different levels of automation exist. This level of automation constitutes another importantproperty of digitalized systems. Several scales and levels have been proposed in literature (Riley(1989); Sheridan and Verplank (1989); Parasuraman et al. (2000)). Parasuraman et al. (2000) pro-pose a scale of ten levels which is specifically suited for automation concerning decision support,referring to the automation of selection from among decision alternatives. The lowest level impli-cates fully manual performance and the highest level implicates full automation. We have decidednot to use their scale explicitly, however, we will use it as an inspiration when describing the systemin question in our case study.
 Professional competencies
 Professional competence is broadly defined as the set of theoretical and practical skills, knowledgesand abilities, which enables one to effectively and correctly perform the tasks of a specific profession.Research within this area typically questions what kind of competencies can be drawn to a specificprofession and how the competency can be defined, how professional competencies are acquired andhow they are expressed.
 8.2.1 The interplay between the operator and the automation
 This sections aims to review the human operator’s approach and attitude towards the automation.Primarily, this involves understanding the reasons why the human operator chooses to use theautomation or not. Parasuraman and Riley (1997) refer to ”use of automation” as the propensityof the human operators to engage or disengage with available automation. They argue that thedecision to use automation is based on a complex interaction between many factors and divergesgreatly among individuals.
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Mental workload and cognitive overhead
 Apart from quality, another evident reason for introducing automation is reducing the mentalworkload of the human operator. However, in lack of empirical evidence, Parasuraman and Riley(1997) downplay the significance of mental workload on use of automation. On the other hand, theydiscuss cognitive overhead, which refers to the thought and evaluation connected to the decisionof using automation, if the benefits of using it are not apparent at first glance. If the cognitiveoverhead involved is deemed too demanding by the operator, he or she might decide not to use theautomation at all (Kirlik, 1993).
 System autonomy and authority
 System autonomy and authority are two properties of an automated system, which largely impactthe interplay between automation and human operator. System autonomy refers to the extentof the automation system performing the tasks by itself, without human intervention or control.Furthermore, system authority refers to the human operator’s entitlement to override a decisiontaken by the automation. Parasuraman and Riley (1997) discuss the risks associated with high-authority and high-autonomy systems. They argue that the operator of such a system acquires littlepractice of the skills needed when performing the automated task manually, for example needed incase of system failure. A diminishing self-confidence in practical skills results in a greater reliance onthe automation (Lee and Moray, 1992), which in turn can result in a vicious circle, and eventuallyover-reliance on the automation.
 8.2.2 The consequences of a malfunctioning interplay
 The properties of the automation and how it is used by the human operator affect the operator’srole in the ambulance dispatching process. Moreover, a malfunctioning interplay can have greatinfluence on the operator’s performance. It can for example imply a risk for monitoring errors andcould be a threat to the general performance of the automated system. This section will presentdifferent views from current research on how a malfunctioning interplay between human operatorand automation can affect performance in the short, and long run.
 Influence of automation reliability, accuracy and consistency
 According to Parasuraman et al. (2000), automation reliability is a key factor to the operator’strust in the automation. Inversely, unreliability often is a reason for the operator to underutilise theautomation or even disable certain functions. This can cause the system’s potential benefits not tobe used to the full. Parasuraman and Riley (1997) argue that automation systems with inconsistentreliability induce a more attentive monitoring, and thus fewer monitoring errors. In line with this,Parasuraman et al. (2000) state that over-trust, or what they refer to as ”complacency”, is morecommon for systems that are very reliable. The few times ”reliable” systems do fail, the failuresare mostly not detected. Trust in automation is often a result from high reliability, accuracy andconsistency. In turn, trust in automation is related with the general attitude towards automation.
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However, the attitude towards automation has been shown to be very uneven among individuals(Parasuraman and Riley, 1997).
 Over-reliance and impact of manual taskload on monitoring errors
 By Parasuraman and Riley (1997), the situation of a malfunctioning interplay due to over-relianceon automation is termed ”misuse”. Over-reliance leads to an uncritical use of automation anddeficient recognition of its limitation, which in turn can result in decision biases or human monitoringerrors. Decision biases of different types may arise when decisions are to be made in an uncertainenvironment. Skitka et al. (1999) found that human operators monitoring an automated systemwere more likely to commit omission (missing events) and commission (follow the automation’srecommendations, even if it contradicts previous training) errors than human operators in a non-automated setting. Human monitoring errors refer to errors in monitoring the inputs as well asfailure to detect malfunctions of the automated system. Parasuraman and Riley (1997) argue thathuman operators with an extensive manual taskload tend to make more monitoring errors thanoperators with fewer additional manual tasks. Manual taskload refers to the set of additionalmanual tasks not directly affiliated with the automation system.
 Lack of situation awareness
 In the article of Parasuraman and Riley (1997), a reduction of situation awareness is mentioned asa consequence of over-reliance on automation. This effect on human performance is discussed indepth in the article written by Parasuraman et al. (2000). According to the authors, when decisionsare being made by the automation, the awareness of the operator concerning the system, as wellas the attention paid to other attributes of his or her work environment, tend to drop. It showsthat human operators are less aware of changes in the system or in their environment when thesechanges are controlled by another agent and the human operator is not directly involved. In thiscase, the other agent would for example be the automation. In addition, when the operator is notsufficiently engaged in the task, he or she may not have enough understanding for the functioning ofthe system and how the automation comes to a solution, which leads to a loss of control. Likewise,as the operator is not truly involved in the operations, a mental distance is established betweenthe operator and reality. This makes the operator lose awareness of the real situation he or she ishandling. In his article, Nilsson (1999) uses Perby’s theories in order to explain how the lack ofsensuous and physical contact with reality influences the operator’s situation awareness and as aconsequence the kind of knowledge that has to be acquired and how it can be acquired.
 The problem of skill degradation
 Skill degradation is another negative effect on human performance caused by automation over-reliance and misuse. Skill degradation refers to the situation when the tasks formerly performedmanually by a human operator are automated, and the operator ceases learning and practicing hisor her manual skills. Jorn Nilsson refers in his article to this phenomenon as ”knowledge erosion”(Nilsson, 1999). In the long run, skill degradation leads to a loss of knowledge and experience,and thus inferior performance. The phenomenon is especially pronounced when a generational shift
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takes place, since the new operators have never performed the tasks manually and rely entirely onthe automation.
 The importance of learning by trial-and-error
 Nilsson (1999) emphasizes failures as an essential part of knowledge development. Overcomingdifficulties and testing borders are good ways to learn. However, when a system is highly automated,there is not much room for mistakes being made by the human operator and encouraging a limit-testing behaviour can be controversial.
 8.2.3 Professional competence
 Skills, knowledge and abilities can either be explicit or implicit, and one may be more or less aware ofpossessing them. In literature within the area of cognitive research, researchers typically distinguishbetween knowledge that is described as informal and can not be verbalised (implicit knowledge), andon the other hand, knowledge that is formal and can be verbalised (explicit knowledge). Implicitknowledge is often explained to be comparable to intuition and knowledge of procedures, whilstexplicit knowledge would refer to knowledge of facts and concepts. What also differs betweenthese two types of knowledge is that they often derive from different forms of learning mechanisms.Implicit knowledge, sometimes referred to as procedural knowledge, is mostly acquired throughexperience in contrast to explicit knowledge, sometimes referred to as declarative knowledge (e.g. byHoffman (1992) and by Woods and Cortada (2000)). In general, an important part of professionalcompetencies are acquired by practice and training. Therefore, implicit knowledge is often anessential subject of research when studying the competencies linked to a given profession. Anotherproperty of implicit knowledge is that it is ”situated” as Sternberg and Horvath (1999) call it,which they describe as the knowledge becoming accessible in specific situations of routine andpractice.
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9. Results & Analysis
 9.1 Description of the ambulance dispatching process
 Mapping out the ambulance dispatching process and the tasks performed by the operators/con-trollers in detail was fundamental in order to analyze the operator/controller profession and theprofessional’s interaction with the automation. See section 3.2 for an ingoing description of thisprocess.
 9.2 The interplay between operator and automation
 In this section, we will presents the results from the participant observation and interviews, in thelight of the findings of the literature review.
 Mental workload and cognitive overhead
 The CoordCom/ResQMap software is designed to serve as decision support. Both intervieweesagreed that the automation indeed reduces mental workload, and they emphasized the importanceof ResQMap as a mean of visualisation. The cognitive overhead, that is, the mental effort involvedwhen the ambulance operator/controller determines whether the proposed vehicle is optimal or not,seemed to be quite insignificant. Using the real-time map of ResQMap, the ambulance controllercan in most cases easily determine the proximity of the proposed vehicle to the call site. Further-more, the interviewees agreed that they mostly have time to critically evaluate the alternativessuggested by the automation. If they later would realise the dispatching was not optimal, changesor adjustments could be made afterwards.
 Level of automation and system autonomy and authority
 The CoordCom software system used by SOS Alarm for coordination of command, control, com-munication and information was introduced 1981 (SOS Alarm AB, 2016b). Since then, the degreeof automation has increased and so have the authority and autonomy of the system. For example,operators can today make use of ResQMap, a visualisation tool fully integrated with the CoordComsystem. As explained in section 3.2, the automated system as it is today generates a ranked listof the preferred ambulances to dispatch, based on which ambulances that are idle, their equipmentand how close they are to the call site. The ambulance controller can then choose to dispatch
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whichever ambulance in the list he or she finds suitable. This means that several options are pro-vided to the human operator, with the best alternative on top of the list. From there, the operatoris leading the process, with the automation having no further say in the decision. Thus, since theautomated system cannot execute any decision without assistance of a human operator, the levelof autonomy of the automation is rather low. Furthermore, the operator can easily override anyproposal or recommendation given by the automation. Therefore, also the level of authority is verylow. This notion is confirmed by the findings from the interviews held with the SOS Alarm oper-ators. Both interviewees considered the CoordCom/ResQMap system as highly non-autonomousand non-authoritarian. Both thought of the automation as a mean of decision support since theystill are the ones in charge.
 9.3 The consequences of a malfunctioning interplay
 Influence of automation reliability and consistency
 In general, the interviewees agreed upon the reliability of CoordCom/ResQmap. They both foundthe automation highly accurate, however, they emphasized the importance of using it as a decisionsupport and keeping a critical attitude towards it. The findings from the interviews also indicatedhigh consistency and high reliability of the automation. As discussed in section 8.2.2, high systemreliability, accuracy and consistency can lead to over-reliance on the automation and increase therisk for monitoring errors. However, according to both interviewees, salient warning indicators makeit easy to detect system failures and by means of these, the operators decisively downplayed the riskof monitoring errors. Overall, the attitude towards automation was positive and both intervieweesstated that they have faith in technology. However, one of the interviewees’ attitudes was slightlyless positive, an opinion supported by the argument that ”too much technology can bring us downwhen it stops functioning”.
 Manual taskload
 The operator/controller profession includes a number of manual tasks - answering calls, interpretingthe urgency of the call and prioritizing it, etc. One of the most articulated manual tasks expressedby the interviewees however, is to keep track of the ambulance personnel’s working hours, lunchbreaks and other breaks. CoordCom does not take the ambulance personnel’s breaks into accountwhen recommending which ambulance to dispatch. Thus, to handle this kind of information anotherside-computer is used, or the operator/controller must have it in mind, in order to avoid assigning anambulance team to serve a call while they are on lunch break. The interviewed operators/controllersseemed to think of this manual task as somewhat stressing, and considered it influencing their overallperformance in a negative way. A more implicit manual task of the operator/controller professionis to compensate for other factors not taken into account by CoordCom. For example, the drivingtime to a call site is calculated assuming the ambulance driving within the legal speed limits, whichis not always the case. Furthermore, CoordCom does not take live traffic information into account.Yet, the interviewees seemed to view these kind of tasks as a natural part of the job, and not as ashortcoming of CoordCom.
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Lack of situation awareness
 Both interviewees suggested that the automation, and in particular the visual aid, ResQMap,are crucial to their understanding of the situation and that it contributes considerably to theirsituation awareness. The ambulance operators/controllers always have a picture of the situationin mind, whether it is of the call site or the positioning of the ambulances. However, without theaid of ResQMap, acquiring a mental picture of the situation becomes more difficult. ”One wouldfeel extremely handicapped without the map”, one of the interviewees stated. Both intervieweesbelieved however that they would have managed to handle a total system collapse. Yet the responsearea in question is quite small compared to many others, which simplifies the task.
 The problem of skill degradation
 When the operator’s job turns into a passive role, the loss of professional skill is a substantial dangerof automation. It is difficult to acquire a just image of how automation influences the operator/-controller profession at SOS Alarm over time, since many of today’s operators have experiencedthe transition to a more automated profession. In other words, they have themselves experiencedand developed knowledge during times when the sector was much less automated. These operatorshave practical experience and would know how to handle ambulance dispatching manually if theautomation system would fail. However, this knowledge will not be automatically transmitted tocoming operators for whom the digital support system will be seen as a matter of course. Fromour interviews and participant observation, we found that ambulance operators and controllers whohave been in the profession since a longer time and have used manual control, would not only per-form better in case of system failure, but also feel more comfortable handling such a situation thannew professionals. As Jorn Nilsson found, studying the operators at the chemical plant, the oneswho have been working manually have a better understanding of the great picture, more familiarityand more routine knowledge to rely on as regards system failures (Nilsson, 1999).
 Concerning this phenomenon of ”knowledge erosion”, the opinions of our interviewees diverged. Theoperators agreed that a knowledge gap could arise from automation, however, they did not bothagree on having noticed this phenomenon at SOS Alarm. The operators emphasized the importanceof experience in order to gain proficiency in the profession as an ambulance operator/controller, butdownplayed the significance of practicing ambulance dispatching manually. This may be due to thefact that system failures are rare at SOS Alarm, and in case of failure a backup system is activated.Furthermore, if the call center experiences technical problems it is possible to redirect the incomingcalls to a neighboring call center. Thus, the probability of having to dispatch ambulances manually,without automation aid, is extremely low. Still, handling a system collapse is an important aspectof automation use. As described in Jorn Nilsson’s article, if the system collapses, the operators haveto rely entirely on their manual skills. In the chemical plant studied in his article, where dangerouschemicals are handled, this aspect is even more critical. Similarly, in the case of SOS Alarm, asystem collapse or failure would indeed be extremely critical since it would imply longer responsetimes and thus jeopardize lives.
 50

Page 63
						

9.4 Professional competencies
 As described in section 3.2, the profession of an ambulance operator/controller consists of specificand clearly defined tasks to be completed along a process. In order to perform these tasks success-fully and effectively, the operators and controllers need to possess specific competencies and skills.Some of these competencies are easy to identify and describe, whilst others are harder to discoverand more difficult to grasp, not always directly linked to the actual task description. From thefindings about the different types of competencies, differences were construed in what tasks thatcould easily be replaced by automation and which could not.
 Job requirements
 According to SOS Alarm’s official description of the profession requirements, an ambulance operatormust have at least 5 years of working experience and preferably some experience from a caring orservice profession. To be eligible, also computer literacy is needed and soft factors such as dedication,empathy, self-confidence, patience and cooperativeness are required (SOS Alarm AB, 2016c). Whenstarting the job as an ambulance operator/controller, one must complete an introductory courseand an individual supervisor is assigned to each new operator. Mastering the profession requiresabout two to three years of experience (Interviews, April 2016).
 Types of knowledge possessed by the ambulance operator/controller
 During our participant observation at SOS Alarm, as well as from our interviews, we got the strongimpression that the operators and controllers possess a range of competencies which they are notaware of or had difficulties articulating - that is, implicit knowledge. Most of these competencieswere identified observing an SOS Alarm operator/controller handling the CoordCom/ResQMapsystem in a test setting and during the subsequent discussion. It showed that the majority of theprofessional competencies were action-based. Mathematical knowledge, for example useful for un-derstanding the algorithms used by the software, was not of importance. One of the intervieweesmentioned complex ambulance dispatch situations, such as a lack of resources e.g., as a momentwhen professional competencies are put to the test. In this case, the interviewee mentioned thatone mostly relies on former experiences and learning. It is also common to ask other operators/con-trollers on the same shift for help, putting forward that the knowledge detained by the professionalsis to some extent collective and not only individual.
 A prime example of implicit knowledge possessed by the ambulance operator/controller is knowledgeof the local area. This type of knowledge is acquired through personal experience. For instance, ifthe operator at some time personally has been on the call site, it is significantly easier to get a justpicture of the situation. Furthermore, having a detailed knowledge of the call site will often pose anadvantage when directing the ambulance personnel to the site. As one of the interviewees argued,knowledge of the local area is crucial since it permits more time and focus being given to helping thepatient, rather than locating him or her. An example of the ambulance operator making use of itsknowledge of the local area was cited during one of the interviews. The interviewee had in personvisited the call site in question, which was remotely and quite oddly located, during a field studytrip in primary school, and could instantly acquire an understanding of the situation. Another
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example when local knowledge greatly contributed was cited during the participant observation.The operator was able to indicate a shorter way to the call site having the knowledge about acertain shortcut through a street reserved for bus traffic.
 Social skills are another example of implicit knowledge crucial to the ambulance operator profession.First of all, the ability to interpret and communicate with people in stress and shock is a fundamentalpart of the profession. Also, being able to take charge of the conversation and, when needed, firmlyinstruct the person calling to act in a specific way is an important characteristic. Not to be forgottenis the ability to understand and cooperate with the ambulance personnel. Different ambulanceteams have different strengths and weaknesses, and it is a vital part of the ambulance controllerprofession to coordinate them and exploit the full potential of the ambulance fleet. The socialskills are considered as the most challenging part of the profession by the operators themselves(Interviews, April 2016). An example of common difficulties that were cited both during theparticipant observation and during the interviews were language difficulties and cultural clashesencountered when answering incoming calls. It is not unusual that the person on the other sideof the line does not speak Swedish very well or at all. In this case, it can be difficult to get holdof the right information, and translation and interpretation skills are put on trial. As stated bythe operators, a good way to tackle the situation could be to ask to talk to a child instead, sincechildren sometimes are better at objectively describing the situation. Furthermore, a difficultystated several times, was to determine whether a call was honest or if it could be a prank call or acall from a delusional person. This is of course a very difficult part of the profession, since if theperson calling actually is in need of an ambulance, the operator has full responsibility for the caseuntil an ambulance has arrived to the call site.
 9.5 Automation difficulties and possibilities
 A first version of the decision support tool CoordCom, CoordCom G1, was introduced at SOSAlarm in the early 1980’s. At that time, analogue radio was the primary tool used to contact eachother. Since then, the CoordCom tool has developed and numerous functions have been added tothe automation in order to make it more complete. The latest version of CoordCom was introducedabout 10 years ago. At that time, also the visualisation tool, ResQmap, was introduced (Interviews,April 2016).
 The findings from the participant observation and interviews show that the operators/controllershave control over the automation, know how to use most of its functions and try to exploit thesystem’s benefits as much as possible. The CoordCom/ResQMap automated system is very exten-sive and contains a large number of different features. Some of these features are fundamental inorder to be able to perform the basic tasks, while other features can be used as a mean of sup-plementary information retrieval. Both interviewees concurred that it requires years of experienceand practice in order to master all of them. None of the functions were considered useless by theoperators of the automation, rather, the choice not to use a certain feature would be due to thehigh amount of features incorporated, which could be demanding to use all simultaneously. Theoverall impression is that the operators have a positive attitude towards further development of theCoordCom/ResQMap softwares and the automation of the dispatch process. Image verification,which would give the operator/controller the possibility to see the call site, was mentioned as auseful function to be incorporated in the future. In addition, live traffic information was mentioned
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as a further extension of the CoordCom/ResQMap system. However, the type of tasks where socialskills are involved seemed harder to be executed by a machine or robot. Both interviewees agreedthat it would be difficult to automate these tasks, at least in the near future.
 9.6 Possible remedies to a malfunctioning interplay
 A first step to take and maybe the most obvious way to tackle a malfunctioning interplay, wouldbe to raise the awareness of the operators/controllers as well as the automation designers on thedangers of a malfunctioning interplay. One must acknowledge the fact that automation is merely thereplacement of the human operator with the system designer, and thus, a well-functioning interplaybetween these is crucial. Raising awareness would in turn increase the operators awareness of theirown performance and could result in a higher effort for detecting system errors or more reflectionabout one’s actions.
 Allowing a trial-and-error learning approach as suggested by Nilsson (1999) could be helpful. In theemergency service sector and in the case of SOS Alarm, however, it would probably be perceived asirresponsible. An alternative could be to use the test environment, intended to test new softwares,for this purpose. However, there is a substantial risk that this wouldn’t have the same learning effect.Still, there are other possibilities. Parasuraman and Riley (1997) discuss adaptive task allocationas a measure that can be taken in order to reduce the risk of human monitoring errors. Adaptivetask allocation refers to a working structure based on a work division between the automation andthe operator. This structure would imply that most of the time the automation would perform thetasks, while rest of the time the automation would be turned off and the human operator wouldexecute the tasks manually instead, giving him or her a chance to train his or her capacities. Thisapproach could be interesting, yet it can be seen as controversial too.
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10. Conclusion
 We have found the automation used by the ambulance operators and controllers of SOS Alarmto be very well integrated into their daily work. Overall, the dynamics of the interplay betweenthe operators/controllers and the automation came across as well-functioning. The intervieweestry to use the automation at its full potential as a tool for decision support. They considered theCoordCom/ResQMap system to be useful, trustworthy and to lower their workload.
 Despite a generally good integration of the automation with the operator’s/controller’s profession afew malfunctions or phenomenons, which could lead to a malfunctioning interplay, were discerned.Firstly, the manual taskload seemed unnecessarily extensive mainly due to the fact that the con-trollers are responsible for keeping track of the ambulance personnel’s breaks as well as their workinghours. This appears as something which could contribute to stress and in a broader perspectiveworsen the interplay with the automation, e.g. causing monitoring errors or stealing attention nec-essary to discover system errors. Further, lowered situation awareness and skill degradation weretwo phenomenons noticed. The interviewed operators/controllers however, seemed aware of therisks these phenomenons could bring with them and seemed confident in how to handle it.
 Studying the operator/controller profession itself, the complexity of the profession became apparent.The professional competencies required for performing the tasks effectively are many and diverse.Both a helicopter-view and broad solution-oriented thinking, as well as detailed knowledge andgreat social skills are central. Most of the competencies which were observed were implicit, suchas the social skills needed when answering an incoming call. The acquirement of professionalcompetencies and knowledge was experience and training based to a substantial extent. Thesecharacteristics of the profession make it difficult to automate the entire ambulance dispatchingprocess, especially in the operator part of the profession, where the importance of professionalcompetencies are pronounced.
 In the second part of this thesis, we have been discussing the interplay between the operator/con-troller and the automation. However, we have only studied the relationship and interplay betweenthe operators/controllers and the automation. Another interesting view on the topic of automationof the emergency service sector would be the public’s, meaning the ones benefiting and using thisservice. Would they support it? Would it be controversial and why? Exploring society’s perceptionon automation of the EMS-sector would for sure be very interesting and is an opinion which shouldbe considered when increasing the use of automation in this specific sector.
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