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Management Samenvatting

Introductie

Dit onderzoek is gericht op de verbetagivan de huidige capacitetnning in hetRoessingh. Het
Roessinghis een groot revalidatie centrum gelegen in Enschede leedt hoogwaardige

NEBJI f ARF (A &blBr Bakinisahlerdiniscipatiénten met verschillende aandoeningen

Dit onderzoek zal zich bezig houden met de uitvoervan revalidatidJNR2 I NJ YY I Qa @2
volwassenenDeze programm@ kunneneen aantal weken duren tot meer dan een half j@@ap dit

moment staat de organisatie voor de uitdagidgyy RS NB G f ARF GASLINRINI YYI Q&
Dit rapport doet verslag van de huidige prases en de mogelijkhedenvoor verbeterde

capaciteitsplanningan therapeuten

Probleem beschrijving

De vogende aelenzijn gesteld: het aanbieden van dgkwalitatieve zorg, snelle toegang tot zorg,
efficiénte inzet vanmiddelen en het behalen van de productieafspraken, die zijn gemaakt met
zorgverzekeraars. Therapeuten zijn ingedeeld in specialistische @iamerantwoordelijk zijn voor

de behandeling van één of meerdere diagnose groepen. De wekelijkse vraag naar behandeling
fluctueert als resultaat van onzekere aankomst van nieuwe patiénten en een wisselende vraag naar
zorg van de huidige patiénten. Ale vraag de capaciteit van therapeuten in een specialistisch team
overstijgt, kunnen niet alle afspraken wordenptgnd Patiénten ondervinden dada hun therapie
programma niet volledig gerealiseerd wordt, wat kwalijk is voor de kwaliteit van hun beliagde

Verder zien we een structurele onderbezetting van therapeuten en een sterk fluctuerende werkdruk.

Methoden

Een analyse is uitgevoerd van het revalidatie cey planning en management, dauidige
knelpunten en prestatiéndicatoren.Gebaeerd op dezanalyse is eemethode ontwikkeld om de
toewijzing van therapeuten aan specialistische teams te verbeterenigatikimpacbnderzocht van
het beleid om meer of minder specialistische teams to vormen. In deze methode de toewsjzing

gemodelleerd al$1INLP probleem edit wordt opgelost met een Simulatl Annealing auristiek.

Resultaten en Aanbevelingen

Allereerst wordtde toewijzing van therapeutetesproken. Experimenten tonen aan dat de nieuwe
toewijzing van therapeuten aan specialistischs teams léadt meer gelike behandeling van

patiénten en de hoeveelheid niet verroosterdésprakerhalveertin de meeste disciplines.
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Als tweede is het beleid voor het vormen van specialistische teams ondergoglgrimenten tonen

aan dat het vormen van zeer spalistisch teams en/of het toewijzen van teanaan alleen
poliklinische of klinische patiénten de hoeveelheid niet verroostasdeandelingernvergroot, wat

f SARG G204 SSy t1F3ISNB o6ST1SidAy3a @Iy GKSNI LISdzi Sy
Het meestflexibele beleid is om één groot team van generalisten te vormBit leidt tot de beste
prestaties. de hoeveelheidniet verroosterdefysiotherapiekan tot wel 86% afnemen. Echter, het
vormen van specialistische teams is bevorderlijk voor de kwaliteit van de behandelingen. Daarom
wordt er voorgesteldom een team van generalisten te vormen als aanvulling op de specialistische
teams. Ditteam kan de behandelingen overnemen die niet meer bij de specialistische teams gepland
kunnen wordenAls 80% van déysiaherapieénuitgevoerd wordtdoor hoog specialistische teams

kan een realisatie graad van 93% behaald wordendrijpezettingsgraadvan 80%. Deze prestatie is
maar iets lageten opzichte varet meest flexibele beleid (dan een kan een realisatie graad van 97%
bij een bezettinggraadvan 83% behaald worden). Daarom raden wij het Roessingh aan een
aanvullend team van generalisten te vormeaast hoog specialistische teams omdat dit het beleid is
met de beste afweging tussen kwaliteit van zorg en efficiénte inzet van therapeuten. Bovendien is

hierbijeen minimale hoeveelheid extra trainingn therapeutenvereist.

De toegangstijd is nidiestudeerd in detailtoch kan er op basis vatle experimenten imoofdstuk 5
geconcludeerd worden dat variabiliteit van de werkdruk af zal nemen en daarmee de toegangstijd

VOOr nieuwe patiénten

De maximaalplanbare fractie directe tijdvordt op dit manent gehanteerd als de norm voor de
bezettingsgraad, maar experimenten tonen aan datealiseerdebezettingsgraad altijd lagés. Als
deze planbarefractie verhoogdwordt, kan de beettingsgraad verbeterd worden. &ér er is een
limiet ten opzén van dezererbetering, omdat de huidige arbeidskracht te groot is voor de huidige

vraagnaar zorg

Een laatste aanbeveling is om zoveel mogelifipraken als groefiserapieén uit te voeren, omdat

therapeuten dan meerdere patiénten tegelijkertijd kunnen behandelen

Conclusie
In dit onderzoek is aangetoond dagrbeterde capaciteitsplanning bijaagt aan hogere kwaliteit van

revalidatieLINE 3 NJ, &ffiCiEnteee inzet van therapeuten en verbeterde toegang tot zorg.
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Management Summary

Introduction

This study focuses on improving the capacity planning of therapists in the Roessingh Rehabilitation
Centre (RRC). The RRC is a large rehabilitation centre in Enschede, the Netherlands, that offers highly
sophisticated, multidisciplinary rehabilitation thegyy programs for inand outpatients with various
diagnosed conditions. The focus of this study lies on the execution of adult therapy programs, which
can take a few weeks up to more than half a y&zurrently the organization is facing the challenge

to adequately scheduldi KS LJ G A Sy (&aQ i &i§ Npottlve dvdlRtE e dCdent

performance and researdhe possibilities o€apacity planning of therapists.

Problem description

The following objectivesfor capacity planninghave been defind: deliveiing high quality of care,
guaranteeing quick access for new patients, making economic use of the resources and meeting the
production targesthat were agreed with health care insurer§herapists are organized in specialized
teams which are regmsible for the treatment of one or more diagnosis groups. The weekly demand
for therapy fluctuates as a result of the uncertain arrival new patients and patients who need
changing therapies. Unscheduled therapy occurs when therapy demand exceeds thiycapac
specialized team. Patients currently experience incomplete realization of their therapy programs
which negatively influences the quality of care. Furthermore we see a structural underutilization of

therapists and a highly fluctuating workload.

Methods

We analyzed the rehabilitation process, planning and control, the current bottlenecks and
established performance indicators. Based on this analysis we developed a method to improve the
allotment of therapists to specialized tearmnd weresearchedlifferent policies for the formation of
specialized teamdn thismethod theallotment is modelledasa MINLPproblem andsolvedwith a

Simulated Anealing heuristic

Results & Recommendations
First the improved allotment otherapists to specialized teamis regarded. We found that
alternative allotment plangienerated by our methodkad to more equal treatment of patients and

successfully decrease the average amount of unscheduled therayp®&3% for most disciplines

Management Summar



Seondly we researched the policies for the formationspiecialized teas Experiments show that
forming more specialized teams and/or dedicating teams to eithepimoutpatients increases the
amount of unscheduled therapy, which leads to a lower utilratdf therapists and a lower
realization level of therapy programs. Thmst flexible policy to leads to the best performance is to
form one large team of generalists; the amount of unscheduled physiotherapy can be reduced by as
much as 86%However, formng specialized teams is beneficial for the quality of the therapies.
Therefore a further option is to form a team géneralists in addition to the specialized teams; this
team can intercept all demand that cannot be scheduled in the specialized tea®B8%lfof the

therapies are conducted by highly specialized teams a realization level of 93% of the therapy

LINEAINFYa OFy 06S |OKASOSR 6AGK | LIK@AA2GKSNI LA A

slightly lowercompared to the best policfthen a realtation level of 97% and a utilization of 83% can
be achieved). Therefore weelieve that deploying highly specialized teams plus an additional team
of generalists is the best suited policy with the best trade off between quality of care aniefi

deployment of therapists with a minimamount of retrainingof therapistsrequired.

The access time for therapy has not been studied in detail; however, based on the analysis presented
in Chapter 5 it follows that forming less specialized teams will reduckleaat variability, which will

in turn decrease the access time to the therapy centre.

The load is currently used as the standard for the utilization; however, experiments show that actual
utilization will always lower. The utilization can only inereased when the schedulable load is
increased. However, the utilization can only be improved to a certain limit, because the current

workforce is too large the current workload to meet the utilization targets.

Lastlywe recommend executing as many grothgrapies as possible, because therapists can treat

multiple patients simultaneously during these appointments.

Conclusion

In this study we have shown that tactical capacity planning of therapists can effectively improve the
execution of adult therapy jgrans in terms of quality of caresconomic deployment of therapists

andaccess to care.
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Terminology and abbreviations

Abbreviations NCVA Stroke
RRC Roessingh Rehabilitatidbentre NMA Neuromuscular disorders
AO Orthopaedics or Amputation NMAFL @ ALS
MPZ Spinal cordnjury V-MS Multiple Sclerosis
NAH Non congenital brain damage V-PAR tFNJAyazyQa 5A

Rehabilitation
(therapy) programs

Diagnosis groups

In and outpatients

Specialized teams of

therapists

4EA OEAGADI

Unscheduled therapy

Realizationlevel of
therapy programs

Utilization of
therapists

Frequently used terms

Rehabilitation programs consist of weekly protocols stating type ¢
duration of therapy for the individual patient, who can be given indivic
or group appointments.Patients often receive therapies in multip
disciplines at the same time.

Patients can be characterized by their diagnosed conditions and div
into so called diagnosis groups

LYLIGASYGa FNB LI GASydGa GKI Gtheir
treatment; outpatients are hospitalized and visit the RRC by myppent.

Therapistswork for one of the disciplines. Withia discipline they are
allotted to a specialized team which is responsible for the treatmen
one or more diagnosis groupA. team that treats all diagnose groufs
called a team of generalists.

Therapists normally spend a certain fraction of their working hc
directly on treating patients and another fraction on administrative ta
that are directly related to the therapies. Managemenishset a standarc
for the maximum fraction of hours that therapists may hhaduled for
therapies This fraction will be referred to as the logdn Dutch: de loac
is demaximalefractie directe tijddie therapeuten kunnnen realisergn

When there is not enough time in the schedules of therapists i
specialized team to plan all therapy appointmerntgrapyappointments
cannot be scheduled and this leads to incompletely realized rehabilit
programs for patients

The degree to which programbave beenexecuted is called th
realization level.

¢ KS  KSNJ LA adéseriDes hdwii Jefficiedtly dhar@pists are
deployed; it is a measure of the realized therap@snpared to the
therapist work force.
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1 Introduction

This study was commissioned by the Service Department of the Roessingh Rehabilitation Centre in
Enschedéand will focus on the operations involved in the execution of rehabilitation programs for
adult patiens. TheRoessingtRehabilitationCentre is introducedn paragraphl.l. In paragraph 1.2

the research motivation is explained and finally the research questiondedired in paragraph.3.

1.1 The Roessingh Rehabilitation Centre

People who suffer fromserioushealth problemssuch asfor exampleMSor have survived a serious
incident such as a stroke an accidentpften requirespecial careRehabilitation therapies help to
improve, support and restore their physical and mental functions to enable the patients to

participate in society as best as giide.

The Roesegh Rehabilitation Centre (thRRC) offers highly specialized rehabilitation care and is one

of the largest rehabilitation clinics in the Netherlands. The RR&i®f the Roessingh Concerfihe
Roessingh Concern has a long history ohlgining treatment, care and research for scientific and
commercial purposes. The RRC is unique for its programs for pain, high spinal cord lesions and
clinically treated children. Thstroke patients are the largest group of patients within the RRC. The

RRC serves a large arémthe eastern part of Hollandisthe next nearestrehabilitation centres are

in Apeldoorn, Arnhem or Zwolle.

The RRC offersi- and outpatient treatment. An average oflL86 inpatients and B94 outpatients
were in treatment at the same timein 2013 There arethree different departments within the RRC:
the inpatient department, the outpatient department and the therapy centPatients who require

constant care by nurses during their treatmesute hospitalizedn the inpatient depamment. The

' In this research e chronic pain and children divisiand the division in Winterswijire not regarded.
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outpatient department consists of a waiting room for outpatients and consultatioom® where
appointments between thephysicias and patiens take place.The rehabilitation programs are
carried out by therapists in the therapy centrEhe thergies range from physical therapies such as

physiotherapy to social and mental therapies such as career counselling and psychotherapy.

The medical staff within the RRC can be split in three categories: rehabilitation physicians, therapists
and nurses The gal of this research is to improve the planning and control of therapy programs,
therefore this report concentrates on the operations in the therapy centre and not on the other
departments of the RR@dditionally his study only focuses on adult patieratsd is not concerned

with pain programs and children rehabilitation.

Department Medical staff Type of patients
Inpatient department Nurses andPhysicians Inpatients
Outpatient department Nurses and Physicians Outpatients
Therapy centre Therapists In- and outpatients

Table 1 Medical staff and patients types per department.

Introduction



1.2 Research motivation

In recent years the RRC has started to offer meophisticatedtherapies by highly specialized
therapists Patientsthat demand lessomplicated therapyare treatedin nursing homes, so only the
complex asesremain in the RRCTherefore appointment scheduling has becomacreasingly
complex.The fact that theDutch government has imposed stricter rules for the access to care and
that health care insurers force health care institutions deploy their resourcesnore efficient
increases the challenge for any health care institutidaalth care institutioa spend around 80% of
their budget on staffso consequentlyefficient deployment oftaff is top priority formanagement.

Within rehabilitation care, therapisterm the largestgroup withinthe medical stef[Appendix B

Currentlythe organizationis facingthe challenge toadequately schedule the therapy programs.
Most problems are caused by inefficient capacity planning and become evident when theytherap
programs are scheduled by the planning departmdritetherapy demand fluctuates as a result of

the uncertain arrival process of new patients and due patients having a changing need for therapies
during their rehabilitation programTherapistswork for ane of the disciplines. Withim discipline

they are allotted to a specialized team which is responsible for the treatment of one or more
diagnosis groupd/Vhen there is not enough time in the schedules of therapists in a specialized team
to plan all theray appointmentstherapyappointments are not scheduled and often not realizkd
other words; thetherapy demand exceeds the capacity of a specialized td@atients currently
experience incomplete realization of their therapy programs which has a negafiuence on the
quality of care. Furthermore we see a structural underutilization of therapists and a highly fluctuating

workload.

Management is interested to find how capacity planning of their therapists can improve the
execution of therapy programsA lack of well definedbjectives calldor quantified performance

measures to substantiate the current discussiansd researclalternativeplanning.
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1.3 Research question

The main research question is formulated as follows:

How can therapist capacityplanning improve the execution of the therapy programs?

In order toanswer this questiosit is broken down inta series obmallerresearch questions, which

will be answered in the corresponding chapters:

Chapter 2.1: What are the processes involvatthe execution ofehabilitation therapie®
The characteristics of rehabilitation therapyd the resources involvede explored

and described.

Chapter 2.2: What are the characteristics ofthe current planning and controlfunctions?
All planningand control functions involved in the execution of therapy prograras

exploredin hierarchial order.

Chapter 2.3: What performance measures can be defined fhe executon of rehabilitation
therapies?
To substantiate the current discussions thisjedives for the operations in the
therapy centreare explored. Theurrent performance is explored lay analysis of

historic data.

Chapter 2.4 What are the current bottlenecks in the execution of therapy programs
A bottleneck analysis is carried outadifplanning and control functions in hierarchical

order.

Chapter 3:  Whichmethods for capacitplanningin rehabilitation therapy havbeenproposedin
the literature?
A literature review is conducted tprovide a theoretic framework for capacity
planning techniques andbjectivesin rehabilitation care. Due to a lack of available

theory,capacity planning techniques in simitsalth serviceare also reviewed

Chapter 4: How can the theraist capacityproblem be modelle@nd solved?
The capacity pidem is formally described and adequate solving methods are

discussed
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Chapter 5:

Chapter 6:

Chapter 7

How does alternative capacity planning improve the perform&nce
Here the results of the new alternative therapisipacity planningare comparedo

the curent situationunder variouglternative policies.

What are the implementation considerationsfor alternative therapist capacity
planning?

First, alternative allotment plangnust be createdthe new allotment method is
integrated in a decision support to@aondly alternative capacity planning requires
improvedperformance measuremenkinally, there-allotment of therapists imposes

implementation challenges for management.

Which conclusions and recommendation follow from this research?
Thefindings of this researchre recappedand discussedrecommendationgor the

RRC and directions for furthersearchdirectionsare discussed per hierarchic level

Introduction



2 Context analysis

In this chaptera context analysis of the rehabilitation process is désd. The analysis focuses on
the operations in the therapy centyebecause there the rehabilitation therapies are executéd
extensive bottleneck analysies been carried outcross the organization witpatients, physiciars,
therapists, managementand administrative stafffAppendix Bl In paragraph2.1 the processes
involved in the execution afehabilitation programs aredescribed. Paragraph.2 expgainshow this
process is planned and controlled. In paragrasBperformance measures are formulated for the
rehabilitation processin paragrapi2.4 a bottleneckanalysisof the current planning of rehabilitation
therapiesis carriedout. In paragrapt2.5the conclusions of theontext analysisre drawnand the

scope of the remainder of thigtudy is delimited

2.1 Process description

Whena patienthas been referredo the RRC by higeneral practitionera rehabilitationphysicianor
another type ofphysicianin the hospital a first appointment is made for consultation with a
rehabilitation physician The time between referral and the first consultation referred to as the
access time to the RRT hephysiciandecides whether to adnit a patients and if sowhether the
patient shouldreceivein- or outpatienttreatment. Inpatients are hospitalized in the RRiDsatient
department Outpatients stayat home duringtheir treatment. During the first consultatiorthe
physiciandiagnoseghe patient'sconditionand puts togethera suitable rehabilitation programrhe
rehabilitation program is carried out by therapists and monitored by the rehabilitadforsician The
physiciansees his inpatients in the clinic and outpatients get regatarsultations in the outpatient

department.

A patient may have to wait for his rehabilitation program to start; this time is referred to as the
access time to the therapy centr&Vhen the patient is admitted to therapy, his therapy program is
scheduled wekly. When the physician decides that a patient is sufficiently rehabilitated, he
dismisses the patient. For an outpatient this means that his therapies stop. When an inpatient is
dismissed from the clinic, he can continue his therapies as an outpatidr@ dismissed completely.

Both in and outpatients visit the therapy centre by appointment; they share therapy facilities.

Context analysiu



Accestime

tothe RRC
Patient is Patient waits for e o t I (S/T@ NK- 6 /AT iRy
referred to first consult * with docior i programis
the RRC o determined
|
0 v B
Pé}?r?tﬂ‘:\é ?'ts 2 Patient is Weekly therapy Execution of B i
ointma:r¥t admitted > appointments » rehabilitation N ——
app to therapy are scheduled program ;
Accestimetothe T ‘

therapy centre

Figure 1 Chronological order of events in the rehabilitation process; go to Appendix | for a legend

of the used shapes

In paragraph2.1.1the nature of rehabilitation programs will be discussed. The patient types and
resources involved in the execution of rehabilitation programs are discussed respectively in

paragraph?2.1.2and2.1.3

2.1.1 (Standard) Rehabilitation Programs

As explained in the previous paragraph, a patiemcBvidualrehabilitation program is determined in

the first consultation with thephysician Rehabilitation programs consist of weekly protocstating

type and duration oftherapy for the individual patient, who can be given individual or group
appointments.The® are groupappointmentssdzOK | & @& (i K S NJcardSddmiitloyponesdr £ | A y 3 &
two therapistswith up to 10 participants.Patients often receive therapies in multiple disciplines at

the same timeALJ: G A Sy G Q& NI K Imasibe daifiéd bt @itffot disNBtigns. Y

Therapy Discipline Week 1 Week 2 Week 16
Activity therapy 5 5 1
Ergo therapy 4 3 3
Psychotherapy 2 2 0

Table 2 Example of a rehabilitation program of 16 weeks

During the weekly meeting, thephysicianand specialized teantlNBE @A S¢g | £ f LAhndik Sy G & Q
necessary, smadldjustments are made their prograns. Each six weeks a patient review meeting is

organized which iattended by the patientin this meetinghe physicianand therapistteam disaiss

Context analysi



the patient's progress antmplement structural alterationso the programs Medical staff explains
that frequent adjustments are important because therapy programs need to be tailor made to the
LI G A Sy G ApPendix FSTRelefor® the horizon of appointment planning is currently limited to

one week.

In an effort to get grip of their operations, the RRC has formulated starmehsabilitation programs
(SRPs) for the inpatient Eachinpatient is assigned to a limited number of predefined standard
rehabilitation programsSRPs havegroven to be very helpful in reducing the patienemngth of stay.
By clearly defining the duration of the program, the patient digltherapistsare more determined

and focussedo achievesuccessfutehabilitation in tre plannedtime span Appendix H

2.1.2 Patient Types

Patients carreceive in or outpatient treatment. Inpatients are usually physically and/or mentally
weaker and require a higher amounf therapiesthan outpatients.Furthermore mtients can be
characterizé by their diagnosedconditions and divide into so calleddiagnosisgroups all adult
diagnosis groupare shown in the table belowrPatients n the samediagnosiggroups require similar
therapies, e.g. non congenital brain damage patients generally need more cognitive therapies,

whereasspinal cord injury patients need more physical training.

Diagnosis Group Abbrev iation Type of Treatment
Orthopaedics or Amputati on AO Inpatient / Outpatient
Spinal cord injury MPZ Inpatient / Outpatient
Non congenital brain damage NAH Inpatient / Outpatient
Stroke NCVA Inpatient / Outpatient
Neuromuscular disorders NMA Outpatient

ALS NMAFL Outpatient
Multiple Sclerosis V-MS Outpatient
OAOEET 01180 $EC V-PAR Outpatient
Lungs and Respiratory system V-RES Outpatient

Table 3 Classification of patients by diagnosis group and type of treatment
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2.1.3 Involved Resources

Theresources involvedh rehabilitation therapycan be split intgphysical resources antherapists
Physical resourcesiclude all therapy facilities likéhe appointment rooms, fitness devices, the

swimmingpool etc.

Therapistsare employed for fixed hourper weekand many therapists work part tim&.herapists
execute the therapies and in one of ttdisciplines: activity therapy, movement teachjrgrgo
therapy, physiotherapy, speech therapy, social work psgcholog§. Within a discipline, therapists

are allottedto specialized teams. These specialized teams are responsible for a number of diagnosis

groups.
All therapists
! 1
Disciplines Pty
pl Therpy Pychology
‘ 1‘ ‘ [ { . [ ] .
Specialized Teamil Team 1 Team T Team 1 Team T
teams Team T

Figure 2 Subdivision of therapist work force

Therapists treatpatient individually or in group appointmesitthey are able to treatmultiple
patients simultaneously during groupappointments Especially movement teachers and
physiotherapistsoften treat patients in groups whereas psychologists will typically onisedt
patients individuallyTherapists normally spend a certain fraction of their working hours directly on
treating patients and another fraction on administrative tasks that are directly related to the
therapies. Management has set a standard for the mmaxn fraction of hours that therapists may be
scheduled for therapieper discipline This fraction will be referred to as the loathe load is
discipline specificfor example psychologistshas a lower load tharmphysiotherapists because

psychologists ned more time to document about their therapies.

% There are actually more small disciplines, suclktagnitive therapy, dieteticszareer counselling,

therapeutic computer therapgtc. However, this study focuses on the 7 largest disciplines.
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2.2 Planning and control

The control span of the RRC is divided over six profit cepAmsendix A. Each profit centre has its

own physicians, therapists and nurses, which are managed and controlled by process managers.
Profit centre 3, 4 and 5 are concerned with adult rehabilitation c&iagnosis groups that require
similar treatment are assigned to the same profit centre.

Profit Centre | Diagnosis Groups

3 AO , MPZ ,¥S , VRES, YPAR
4 NCVA
5 NAH, NMA, NMAFL

Table 4 Assignment of diagno sis groups to the profit centres

The hierarchic framework for planning and control by Hans, Houdenhoven and Hulshof is used as
guidance[1] to analyse the planning and control mechanisms of the rehabilitation proddss
framework consists of théour managerial areas in health camgdical, resource capacity, materials

and financial The focus of this study ion resource capacity management, which is concerned with

the planningand control of renewable resources

Resource
Medical Capacity Materials Financial
Planning Planning Planning Planning
Case mix
. Investment
Research, planning, :
. Supply chain plans,
. development of capacity . .
Strategic . . o warehouse contracting with
medical dimensioning, . .
design insurance
protocols workforce .
. companies T
planning -
Treatment Block planning, . %
. . Supplier =
. selection, staffing, . Budget and cost| ©
Tactical L selection, . =3
protocol admission . allocation o
. tendering a
selection control @
o
Diagnosis and Appointment Materials g
Offline planning of scheduling, purchasing, DRG billing, cast 9
Operational individual workforce determining flow analysis =
treatment scheduling order sizes &
. _Trlage_, Monitoring, Rush ordering, Billing
Online diagnosing . .2
. . emergency inventory complications
Operational | emergencies anc 2 o
coordination replenishing and changes

complications

H Managerial Areafh

Table 5 Hierarchic framework for planning and control [1]
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The planning and control functions canrther be characterized by the four hierarchical levels:
strategig tactical and operationalplanning, wherghe operationallevelcan be divided in theffline
andonlineoperational planning. The subsequent planning levels relate to more operationalrognce
with a shorter planning horizon and increased availability of informafgnAll hierarchic levels of

resource capacity planning are elaborated in the next paragraphs.

2.2.1 Strategic planning
Strategic planning involves investment decisions by the board of diredtoisenhanceproduction
agreements, capacity dimensioning athe policy for the formation okpecialized teasm Forming

specialized teasis a strategic decision because it involves training of therapists.

Production agreements

Production agreements are madgearly with health insurers.The RRC aims to increase their
production with 5% every yearAlong with the production agreements management must decide
which types patients they willtreat. This patient mix is often referred to as the case niike
production agrements and the case mix together determine the workload for the next.yHae
production agreements arsplit over the profit centresgach profit centre has their own production

target

Capacity dimensioning

Managementdimensions the therapy facilitiesnd therapist work forcebased on the production
agreementsfor the following years This involvednvesting in facilities and hiring atismissing

therapists

Policy for forming specialized teams

Therapists are organized in teams trak responsible for treating a number of diagnosis groups.
Specialized team can either be assigned to one diagnosis group, all diagnosis groups in a profit
centre or to all diagnosis groupshe less diagnose groupdesam treats, the more specialized the
team is.Expertsexplainthat therapists gain experience by attending courses and repeatedly treating
the same diagnosisgroups [Appendix H Management has stimulatedherapists to specialize,

because this is believed to lead to higher quality of care.

Specialized teamcan bededicatedto either in-or 2 dzii LJI @iagSogigyroupsor both. The benefit
of dedicating teams to both is that patients can keep the same therapists when they change from

inpatient to outpatient treatment.However,dedicating teams to either #or outpatientsmakesit
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possible to schedule it Y R 2 dzii LI G A Sy (i Q ately: Cutrdhtly yeams &ry dedicatedId J- NJ

both in- and outpatients

A team of generalists can leployed in addition tothe specialized teams. These generalists can
intercept any surplus therapy that cannot be carried out by the generalis.therapists are

assigned t@ specialized teams, because this makes coordination and team meetingstegslizn.
Basically there are thremanagerial decisions that describe a policy for the formation of teams:

1. Is ateam of generalists formed in additianthe specialized tean?s
2. How specialized should specialized tearbe?

3. Areteams dedicated to either #rand outpatients or both?

The current policy is to form specialized teams, which treat aln outpatients that are assigned

to a profit centre; however, thereare also some highly specialized teams that treat only diagnosis

group.

2.2.2 Tactical planning
Tactical planning is a level that is often overlooked. This planning has a much longer horizon than
operational planning and therefore there is morexibility. At this level decisions are made
concerning thestrategically agreed capacity and demand. Applied to the rehabilitation process this
involves therapist staffing and admission control of new patiertierd are two types atherapist
staffing the assignment of therapists &pecialized teamand the assignment of therapists to

weekly working shifts.

Allotment of therapists to specialized teams

Therapistsare employedn specialized teamithat are responsible for the therapy of a number of
diagnosiggroups.Therapists must be trained and allotted to the specialized teams that were formed
on strategic levelln the current situationthe therapist allotment is based on the former experience
of a therapist, e.g. if a therapist is experiencedraating spinal cord injury patients, the therapist is

allotted to the spinal cord injury team.

Shift scheduling

The (i K S NJ Wékkly arking hoursare recorded inblock schedulesThe block scheduleare
constructed by managemeiin dialogue with theapists.Many therapists work part timeThe block

schedules are definegher half hourslot and therapiss can indicate their availability per slot
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Therapistscan scheduleadministration timein their block scheduleon theseslots no therapymay

be schedled. This results ivery complex schedules.

Admission control

The demad for therapies can be controlling the admissiomefv patiens. Currently the admission
policy is to admit inpatietimmediately and to admit outpatients whermpacity becomes available.

For eachspecialized teanthere is awaiting list Patients are admitted according to the first come
first serve principle: the patient, who has been waiting the longest, is admitted first. This guarantees

fairness among patients

2.2.3 Offline operational planning

Onoffline operational level therapwappointmentsare scheduledand patients on the waiting list are
admitted by planners othe central Scheduling DepartmentThey receiveall LJ- G A fefdp@a Q
programs forfollowingweekafter the weekly meetingsf the physicians andpecialized teas The
planners in the scheduling department maR8, 60 or 90minute appointmentsbetween patients

and therapists.The schedule is ready on Thursday and handed out to patients and therapists

Outpatients receive theischedules for next week by mail.

Patients areassigned tdixed therapsts for their individual therapiedNewly admittedpatients need
to be assigned to a therapidRatient can only be assigned to a therapist in specializd teamfor

their diagnosiggroup.

The planner mustmatch the availabilityof the patient and therapist.Qutpatients areallowed to

block 5 day parts in the week anthe availability of therapists is defined in the block schedules

CdzNI KSNIX2NB GKSNI LIAada OdzNNByi(f e IPafightd dnsOle G KSA N
scheduled for grougherapiesthat take place atfixed times in the weekFurthermore panners

attempt to allow for adequate resting times and to avoid excessivating time between

appointments

2.2.4 Online operational planning

On operational level théherapyappointments are executedReschedulingf appointmentsis done
by therapists themselves (decentral planning). Sometimes therapititgo to the clinic tatry and
find anextrainpatient they can give extra therapy or they have contact with outpatiems make

extra appointmentsWhen a therapist falls ill, other therapists will try to substitute if possible.
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2.3 Performance measures

In this paragraphperformance measuresfor the rehabilitation processare formulated The
importance of management by objectives has been explained by Peter Drucker in3]9%4is
believedto lead toalignmentof objectivesacrossthe organization and increase the understanding
towards improvement of the performancdhe criteria for good performance measures has been
subject to intensive study and Doran published the SMMRTriteria that are very famous and
widely accepted guidelingbat will be used in this studyDoranstates that organizational objectives

should be Specific, Measurable, Attainable, Relevant and-bouad|[3].

In paragraph2.3.1 the objectives of the rehabilitation process will be described qualitatively by
means of etensive interviews throughout the organizatioAfpendix Handliterature researchThe
broad involvement of employees and management in setting pgerformance indicators makes
them Attainable and Agreed throught the organizationln paragrap2.3.2the objectives that are
Relevant fottherapist capacityplanningare selectedThe criterion Time bound is less relevant in this
case: the objective is to reorganize as quickly as posdiblparagraph2.3.3 the objectives are
quantified as key performance indicators (KPIs), such that they are Measurable. Finddita a

analysis is carried out to measure the current performaincearagrapt?.3.4

2.3.1 Qualitative definition of objectives

In this paragraph the objectives of the rehabilitation procesdl be explored Many different
stakeholdersthat canbe distinguished in the rehabilitation procesaternal stakeholder such as
patients (and their caretakers), therapist®habilitation physicias and administrators as well as
external stakeholders such as the Dutch government and healthicsueers[5]. There are roughly
five different objectives forthe rehablitation processin the RRCoffering high quality of care,
guaranteeing quiclaccess to caréor new patients, making economic use of resouroemployee

satisfaction angatient satisfaction

Quiality of care

The physiciandecides what therapies a patieshould receive in order tsuccessfly rehabilitate

The role of thephysicianis comparable to the role of a mechanical engineer in a production
environmentin the sense that they provide the technical restrictidosthe processThephysiciaf a
first20 2SS 00GA GBS A& (2 thedapyPOgiaing as EdnpletelyllasipbsSiyldie d&yree to
which programs are executed is called tiealizationlevel. The second objective is themultaneous

start of disciplines within the rehabilitation pragm: patients should start and undergo treatment in
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all disciplines at the same time in order to successfully rehabilitate. The third important factor
high quality ofcareis the deployment of highly specialized and skilled staff. Fourthly continuity of
care is considered important for successful rehabilitation prograwtich means thatpatients
should get a fixed therapistheseobjectivesfor quality are comparable to thenes described by
BraaksmaKortbeek, Post & Nollg6].

Access to care

The Dutch government has set norms for thecesgime to the therapy centreThese norms are

called the Teeknormen and should ensuegjual and quiclaccesgo carefor all citizens.

Economic use of resources

The main concern addministraors is the continuity of the RR[Z]. Theyearly budget is defined in
the strategic production agreements with health care insur@ise production target is 5% growth
compared to last yeaThe RRC has a strong incentive to meet the production agreements; otherwise
the budget for next year will be revised downwards. There is no incentive to go over the production

agreements, because the health care insurers willaomhpensatemore than the greed production.

The RRC must deploy its personnel efficiently to maintain financially stable. The RRC can invoice an
hourly rate for therapy appointments; any activities otherththerapy cannot be invoiced.he
therapis@ @ilizationdescribeshow efficiently therapists are deployed; it is a measure of the realized
therapies compared to the therapist work forcehe loaddescribed irparagraph2.1.3 is often used

a standard for therapist utilization.

Employee satisfaction

Therapistsprefer their workinghoursto be well adjusted to their personal live§here should be

balanceddistribution of the work load andufficienttime to completetheir administrative tasks.

Patient and caretaker satisfaction

Caretakers play a very significant role in rehabilitation care as they take the care of patients when
they are not in the RRC and they are responsible for transporting outpatients to and from the RRC.
In- and outpatients differ in their preferences regardithe weekly appointment schedule. Inpatients

like their therapies to be spread evenly over the days of the week. Outpatients on the other hand
want to minimize their visits to the RRC and they want minimal waiting time between the
appointments. Furthermar patients have preferences for resting time between appointments;

especially when therapies are physically very demandingst patients and therapists like their
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schedules to be similar in consecutive wedkathermore there are restrictions in the detysof the
program for patients, e.g. patients should not get more than one physiotheagppintment per

morning of afternoon.

2.3.2 Selection of + 0 ) f@ @erapist capacity planning

The focus of this research is the capacity planning of therapi$iich isboth astrategic andactical
decision. Therefor¢he list of objectives defined in the previous paragrapharrowed down to a set

of key performance measures relevafur this type of planningHulshof Boucherie, Hans & Hurink

[7] indicate that tactical planning in elective patient care has a crucial role in maximizing resource
utilization, achieving agreed production targets, achieving minimized and equitable access time for
all patient groups,maximized and equal quality afare for all patient groupswhile balancing

workload.Therefore foutkey performance indicatorare selected

the realizationlevel of rehabilitation programs
the acess time to the therapy centre

the utilization of therapists

= = 4 =2

achieving the agreedroduction

2.3.3 Quantitative definiton T £ +0) 6 O

In this paragraphite four selected KPI's are quantified to make them measurable and specific.

Realization level of rehabilitation programs

When therapy appointments cannot be scheduled or cancelepitient'srehabilitationprogram is
not completely ralized. The realization leved, , of patientQ, § rehabilitation program in weghkw,

per disciplined, can be expressed as follows:

WhereY is theamountof therapyrealizedin discipline dor patienti in weekw and™Y isthe
amount of therapy thatwas prescribed in the rehabilitation progranThe amount of therapy is

measured in hours.
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Whenall prescribedtherapy is realized, the realization level is 100%e scheduled realization level,
0@ , compares the amount afcheduledherapyto the amount of the therapy in the rehabilitation

program.

Where3 and5  are relatively the number of scheduled and unscheduled hourd@fapy in
discipline d in week win case all scheduled appointments are realized, the realization level is equal

to the scheduled realization level. In this study we will assathgcheduled therapy is realized

The realization level isomparable to thefill rate ori service level that is used in inventory
managemen{8]. The fil rate is aservice levethat describes the proportion of total demand which

can be delivered from stock on hand within a reference period.

At the moment there is no norm for the averagealization levelbut management and medical staff
agreeit shouldbe maximized to ensura highquality of care.Therealizationlevel should be same

for eachpatient groupto ensureequal treatment

Access timeto the therapy centre

The performance indicats) for the access timare the Treeknormen which are definedy the
Dutch government The Treeknormen are twofold: 80% of all inpatients/outpatients should be
admitted in 5/3 weeks, and the maximum waiting time for any inpatient/outpatient may not exceed
7/4 weeks.The access timet, for a patient i, is definal asthe difference between the week of

referral and the week of admission.

TheTreeknormerfor outpatients can tha formallybe describedas follows:

M~t o mpand (i)~ T p

And for inpatients:

M~1 v myand (i)~ x p
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Therapists Utilization

The utilization” , of a therapisth in week wis defined as the fractioof time atherapistspend on
treating patients The utilization can found by comparintpe realized amount of therapy,

Y ,to the number of hourghe therapistsis available. Note that we mugake into account that in

some disciplines can treat multiple patients at a time during groups sessions, this described by the

factore

Where¢ is the number of hours per week a theragiss employed by the RRIhe load is used as a

standard for the therapist utilization, see paragrah.3

Production

The production targets definedas theamount of therapythat should be realizeger discipline The
production target is 5% growth compared to last year. The target in split into monthly targets, so for
example February this year is compared to February last year to caunctleoinfluence ofseasonal
trends in demand and supply. The KPI, is definedper discipline das the absolute difference
between the realized production and last year's production plus 5%, because both under and over

achieving is undesirable.
Il Nl E Q6 @RI O MNBE T®B plt WY1 £ Q6 @ERRLNH ¢ £dbs

2.3.4 Data analysis of current performance

In this paragraph a data analysis is carried out in order to evaluate the current performance in terms

of the fou formulatedY t L Qa

Realization level of rehabilitation programs

This KPI cannot be measured, because unscheduled appointraeatsiot registered. Only the
realizedtherapies araegistered in the data warehousExperts believe that one average 90% of the

therapies on the rehabilitation programs aseheduledand realized

Access time to the therapy centre

Currently all inpatients are admitted straight away and therefore anlypatients experience an

access timeo the therapy centreCurrentlythe accesdimes are not correctlylogged.Thereforewe

Context analysi



cannot test if the Treeknormen are obeyeh analysis of the average access time can be found in

Appendix D

Therapists Utilization

Instead of analyzing each therapist's utilization individually, the avethgepist utilization per
disciplineis analyzedThe realization of therapy houris compared to theavailablecapacity. Note
that therapists working in discipline d aaot spendall their time on therapieglue to obligatory
administrative tasksManagement has defined the load as the standard for the average utilization

per disciplineTheefore it becomes apparent thate average utilization of therapists is structurally

to low.
Discipline Utilization Load
Activity therapy 0,62 1,00
Movement teaching 0,57 0,95
Ergo therapy 0,79 0,80
Physiotherapy 0,86 0,90
Speech therapy 0,76 0,70
Social work 0,39 0,50
Psychotherapy 0,29 0,50

Table 6 Average therapist utilization per discipline

Currently manyeams are highly specialized and treat only one diagnose greesm example we
showthe amount ofphysidherapyper week foroutpatientsin the stroke diagnosis grougNCVA).

100
80
60
40
20

Hours realized per week

1 4 7 10 13 16 19 22 25 28 31 34 37 40 43 46 49 52

B FT NCVA

Figure 3 Realization per week in 2012, physiotherapy for stroke outpatients

® Time tha is reserved on managerial tasks (voorwaarde scheppende tijd) is not taken into account in the

available capacity.
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The amount of therapies fluctuates heavind there are clear seasonal trends: the production is
lower in the scbol holidays: around the turn of the year and in the summer months. We will focus

this research on the "normal" months.

Whenthe amount of therapy of one diagnose groups is compared to the total amount of therapy per
week, we see that the relativdluctuations aremuch smder due to the phenomenon calledsk
pooling. This indicatesharing capacity among patient grouigsavery interestingoption to improve

the therapist utilization

Therapy hours

EAO mMPZ mNAH ®ENCVA BAO =mMPZ mNAH
B NCVA mNMA  mNMAFL= V-MS = V-RES = V-PAR

Figure 4 Realization of physiotherapies per week in 2012 (in hours) per diagnosis groups
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Production

The average production per discipline is analysed per discipline; this is the average number of hours

therapists work per week.

Discipline Average production (hours per week)
Activity therapy 254,22
Movement teaching 323,99
Ergo therapy 467,34
Physiotherapy 754,29
Speech therapy 221,97
Social work 99,34
Psychotherapy 109,92

Table 7 Average weekly production per discipline

49, % 11%

10%
15%

34% 21%

W activity therapy B movement teaching m ergo therapy
H physiotherapy m speech therapy m social work
m psychotherapy

Figure 5 Pie diagram of the average production over the disciplines
We see that about 70% of the adult rehabilitation programs are physical therapies and the other 30%

has more to do with mental rehabilitatio@ver the recent years, theRC has been successful in
achieving its target production according to the financial departméppendix f
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2.4 Bottlenecks

The scheduling department is currensyruggling to adequately schedule the therapy prograds.
bottleneck analysisf the current planning and control @arried out All resource capacitplanning
decisionshave beervisualizedand placed in hierarchical ordér the figure belowThe focus of this
study is on tactical capacity planningtbkrapists;however, we will discuss all hierarchic levels of
planning to give a complete picture of the current bottlenecks in the successful execution of

rehabilitation programs.

Demandlans Planninddecisions Capacitylans
Demand Resource Capacity
Strategic Management
employs .
Number of Production mergpgs Definition of teams
patients & | [« agreements —» | and their assignment
case mix with insurers Management to diagnose groups
defines a policy
for forming teams
Management
allots Distribution of
= therapists to therapists over the —
Tactical specialist specialist teams
teams
Th:h\il:t(;rlslfng Block schedules
T i g » (weekly availability
Schz =] of therapists)
N Admission
Offline (el
Operational L A
v Planners
schedule the WeLdy
L Weekly . appointment
Waiting list demand for appointments > schedule for
Gy thera [BEEED therapists and
patients Py therapist and bl
; patients
patient
Online . .
. | Execution of appointments
Operatlona according to schedule and L
potential rescheduling,
no shows

Administration

Data
Warehouse

Figure 6 Overview of current planning and decisions making, for a legend of the used shapes, go to
Appendix |
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Policy for the formation of specialized teams & the allotment of therapists to specialized

teams

The weekly demand for therapy fluctuates as a result of the uncertain arrival process of new patients
and the fact that patients have a changing need for therapies duhiag rehabilitation program.
When therapy demand exceeds that therapist capacity of a specialized team, therapy remains

unschedled, which leads to incomplete realizationtbérapy programs.

Currently the specialized teams are highly specialized andvtink force is not well divided over the
teams. Thaefore the options for assignmenof patients are very limitedand therapy cannot be
scheduled in one team, while therapists in another team have holes in their sch@taladmission
process is also hinded, because new patientsan only be assigned to a small number of therapists.

This resultsn long access times to therapy.

AEAOAPEOOOS xI OEET C OEEZEOO

Many inpatients complain that their therapy is very much concentrated on some days in the week,
while they get almost now therapy on others. This is caused by the availability of therapists: most
therapists work on Tuesday and Thursday and very little work on Friday. Outpatients prefer to
receive their appointmerst on as little days as possiblethel availability of therapists is not well
aligned across the disciplines and there are group therapies are given at fixed times in the week.
Therefore appointments must be made on multiple days. Overall block schedules are not well tuned
G2 0GKS IlelerdnkeS.y (14 Q LINJ

Appointment scheduling

The frequent alterations to the rehabilitation programs cause a large amount of administrative work
and limit the horizon of appointment planning to one week. Outpatients receive their appointment
schedules by mail ofriday, Saturday or even sometimes on Monday (in which case they might
already have missed appointments). Therefore outpatients have very little time to adapt their

personal schedule and make arrangements with their work, family to transport them etc.

Comnunication issues between medical staff and the scheduling department lead to incomplete
knowledge of the rehabilitation programs. If therapy cannot be scheduled, this leads to the
incompletely scheduled rehabilitation program. Very often, the treatmerd pétient is elongated to

make up for the missed therapy. This is very undesirable, because these patients block capacity for
new patients and increase their waiting time. Furthermore, medical staff stresses that it is very

important patients receive theitherapy in time.
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over by another therapist, because patients are assigned to fixed therapists or other therapists do

not have any space in their schedsl This results in unscheduled appointments for patients.

Appointment scheduling is very complex: around 6000 appointments are made weekly and we noted
they are subject to a large number of restrictions. Currently the planners use a heuristic to make the
schedules: they copy the schedule of last week, adjust any changes in the frequency of therapies and
then admit outpatients if there is capacity available. Due to the complexity, it is very likely that this

heuristic leads to nofptimal schedules.

Execution of appointments and rescheduling

Many therapists haveholes in their schedulghat they camot fill, this leads to unrest in the

organization Patient compliance is quite low: there are many cancellation and no shows, especially
among outpatients When a therapist falls ill, his appointments are very often cancelled, because
patients cannot easily be assigned to another therapists. Cancellation by either the therapist or the

patient leads to a lower realization of the rehabilitation program.

Theraists indicate that the actual duration of appointments are often much shorter than 30 minutes
because other appointments finished late and/or patients needed time to move from one therapy

facility to another.
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2.5 Conclusion and delimitation

In this paragraphve will conclude the contextrealysisand delimit the scope of thistudy.

The core business of the RRC dsdffer rehabilitation therapiesPatients are divided into groups
according to their diagnosed condition; they will be referred to as diagnosis groups. Rehabilitation
programs consist of weekly protocols stating type and duration of a therapy for the individual
patient, who can be givemdividual or group appointments. The programs are defined by physicians
and carried out by a multidisciplinary team of therapists who are employed for a fixed number of
hours per week. Therapists normally spend a certain fraction of their working howgstlgion
treating patients and another fraction on administrative tasks that are directly related to the
therapies. Management has set a standard for the maximum fraction of hours that therapists may be
scheduled for therapies. This fraction will be reéatrto as the load. Therapists work for one of the
disciplines and within a discipline they are allotted tepecialized teamvhichis responsible for the
treatment of a number of diagnose groups. The current policy is that therapists work in teams that
treat all diagnosis groupthat are assigned tin a profit centre Managementis howeverstimulating
therapists to specializeven more because this is believed to lead to higher qualityreatment. In
consultation with therapists, management allots th@émspecialized teams and fixes their working
shifts in the week. When appointments are cancelled by patients or therapists, rescheduling is done

by therapists themselves.

In order to evaluate the current performance the objectives of the rehabilitatioocgss were
identified, ranked and quantifiedFive different objectiveare identified: quality of care, access to
care, economic performance, employee satisfaction and patient satisfaction. The focus of this
research lies on quality of care and economépldyment of staff. Access to cavéll not be taken

into account, because it cannot be analyzed properly based on the available performanteTtata
most important performance measure for quality of care is the realization level of rehabilitation
programs. The realization level indicates which fraction of the therapy in the rehabilitation program
can be realized by the available therapists. The economic deployment of staff is measured by the

utilization of therapists, which is the fraction of their wargihours they spend on treating patients.

* There is no information about theausal relations betweeadmission and  LJ- G A Sy G Q& RSYIl yR
while the patient in therapyso ro analysis of the access time of new patients can be carried out. SRPs are a
source of information about thisausalitythey are only defined for inpatients and not for outpatierstsd for

inpatients they are very intensively alteretherefore they are no reliable source of information.
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The planning and control of the RRC is split into profit centres, each profit centre is responsible for
the treatment of a number of diagnose groupSherapy is scheduled by a central planning
department that make weekly appointment schedules and admits new patients for therapy.
Unscheduled therapy occurs when therapy demand exceeds the capacitypetialized teamThe
demand fluctuates as a result of the uncertain arrival process of new patients and duetpatien
having a changing need for therapies during their rehabilitation progréhe options to make
appointments betweenpatients and therapists arevery limited becausea patient can only be
assigned to therapists in one specialized team. This leads to many unscheduled appointments and
increased waiting time for new patients. Furthermore we see a structural underutilization of
therapists and a highly fluctuating workloath the data analysis we found evidence that the
performance can be improved by capacity sharing. This means that the amount of unscheduled
therapy could be decreased by forming less specialized teams that treat more diagnosis groups. In

this way, more capacity ghared amongst thdiagnosiggroups, which leads to risk pooling

Therefore this study wilbe delimited tothe allotment of therapists to specialized teams under
different policies for the formation afpecialized team Allotment of therapists to the tamsshould
be done such that an equal realization of therapy program can be guaranteed to each diagnosis

group.For recommendations on the other planning decisions we refer to paragtéh
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Figure 7 Hierarchic planning framework, the highlighted planning decisions are the focus of this
study, for a legend of the used shapes go to Appendix |
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3 Theoretic Framework

In this paragrapla theoretical frameworks provided for strategic and tactical capadijocationin
rehabilitation care The taxonomy by Hulshadnd Kortbeek is used as the starting point far
literature review[9]. They classifyrehabilitation care as residential care servicaVe will give an
overview all the theoryand OR technique$or residential care serviceper hierarchiclevel in
paragraph3.1 In paragraph 3.2 we will review capaci@yiocation techniques that have been

proposed for comparable health services.

3.1 Hierarchic planning in rehabilitation care

We notice that the majority of research in residential care servicegseson the operations in the
clinic. Howeverour studyconcentrates on th@perations in the therapy centre. This greatly narrows

down therelevant literature.

3.1.1 Strategic level

On strategic level, literature engages in the placement policy of patients, the regional coverage, the
case mix of patients and capacity dimensionih@. The placement policy describes which patients
are eligibk for rehabilitation care These policies aragreements betweenmegional hospitalsand
rehabilitation centresabout the referral of patientsRegional coverage describes the geographic area

a rehabilitation clinic serveS hecase mix of patientdescribes whichtypes and volumes of patients

a centre will serveThe case mix is an agreement between health care insurers and rehabilitation
centres. These three policies determine the arrival process of new patients and therefore the

demand for therapy.

Literaure states that the capacity dimensioning of the therapist disciplines in rehabilitation therapy
are highly interrelated The operationgan only be improved when all disciplines are aligfied].
Improperly balanced dimensioning can cause some disciplines to be bottlenecks, while others are
underutilized[10]. Busbyand Carter haveshown the need for access capacity using basic queuing
theory. When capacity dimensioning is based on average denthaigl)eads to long access times
[11]. Desai, Penn, Brailsfort, an@hipuluresearche a staff skill mix in order to optimize the

performance: subtasks cdre identified and executed by less qualified s{dfz].

3.1.2 Tactical level

Admissioncontrol and capacity allocation are tactical planning decisigkdmission control consists

of policies for the selection, admissi@md waiting time of new patientshe first step in admission
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control is to group patient§13]. Then the patients groups must be prioritized by their medical
urgency[14]. In practice, a new patient is often admitted, when capacity has become avdildile

Leff and Garg propose the use of admission plan that prescribes how many patients of each patients
group should be taken into service during a certain planning hofiz8h This policy was founat
decrease the access time and increase resource utilization on the long run. Patrick proposes a
dynamic adhission rule that is based on the current state of the system and/or the forecasted state
[14]. Such forecasted information could also be interesting to adapting the capacity to the
demand15].

Hhere is a strong interrelation between capacity allocation and admission co@@mphcity allocation

is classified by Kortbeek and Hulshof as a tactical decision in which the resource capacities that have
been decided on strategic level are subdividedrabe patient groupg9]. A special type of capacity
allocation is shift scheduling. Shift scheduling is involved with assigning therapists to working shifts
[16]. The assignment of therapists to working shifts is recorded in block schedules. These block
schedules need created such that feasible appointment schedules can be generated on operational
level[10]. In order to facilitate combination appointments (seext paragraph), the shifts of various

disciplines should be align¢ti7] to facilitate interdisciplinary team meeting&0).

3.1.3 Offline operational level

Therapy appointment scheduling hageceiveda considerable amount of attention in literature.
Severalstudieshave developed decision support intelligence tberapy appointment scheduling

with advanced planning and scheduling meth¢i8]. The tools proposed in these papers aim to

increase the quality of the appointment schedules by increasing the utilization of therapists and
Y2NB STFSOGA@Ste YSSGAy3a GKS LI GASyGaqQ yR adl F-
on a day, the witing time between appointments etc. Sonmmudied havebeen focussed on
appointment scheduling in the outpatient clini@he objective in these studies to make
combination appointments, where multiple appointments are made on one tdagninimize the

number of visits to a rehabilitation clinjé].

3.2 Capacity allocation in comparable health services

When reviewing the body of research done in residential care services prek@usparagraph, we
found that the amount of work done onmtrategic and tacticatapacityallocationis negligible[9].
Therefore we will try and find relevant literature on capacity allocation by comparing the operations
in the therapy centre to othietypes of health service€apacity allocation is a tactical decision, which

must be based on the forecasted demand. Lahricapierre, HertzTaliband Bouvierexplain that it
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is very hard to estimate the true care demand on historical data, as thoftéda biased by the

available capacitj19].

3.2.1 Capacity allocation in ambulatory health services

The first obvious comparison can be made betwede therapy centreand an outpatient
department Operations in aroutpatient department are categorized as ambulatagre services

[9]. Kortbeek and Hulshof describe that the involved resources in ambulatory services are
consultation rooms, waiting rooms, staff, consultation time capacity and equipm®&wisher,
Jacobson, Jun and Batigscribe that ambulatory care facilities dimension their resources with the

objective to maximize the clinic profit, the patient satisfaction and the staff satisfag2ign

Hulshof and Kortbeek distinguish two types of capacity allonatihe assignment of patient groups

to resource types and secondly the division of available time over the patient groups., Ste#t

Over, Hansen, Golladay and Davenmtudy the problem of optimal staffing to patient groups in an
outpatient departmentin order to maximize the number of patients servigd]. In order to do so

they described a mixed integer linear programming problem. They study the effects of scale and
patient mix, but do not take into account uncertainty in the operatidnstheir reviewSmithdaniels,
Schweikhart and Smithdaniediscuss the effect of uncertainty. Thetate that efficiency gains are
possible in capacity allotment when certain tasks bansubstituted between clinical staff, either

horizontally (equally skilled staff) or verticallywier skilled staff]22].

3.2.2 Capacity allocation in home care services

The second comparison can be drawn with home care service. Home care is proviehedtiin
disciplinary teamsbecause patients have needs in a mixture of disciplines. Home care professionals
typically treat multiple patients per dayoordination betweerhe disciplines isrequired to ensure
continuity of care[10]. The coordinationbetween the disciplinesnakesthe resource capacity
planning in home care extremely complgG3]. Busbyand Carterexplain that the objectives for
capacity allocation in home care services araltocate the resources to patient groups and districts
such thatworkloadfor therapists, accesgimes and quality of caréor patients and equally divided

[11]. Fairness among patient groups is a very important objediwvethe operations inhealth

systems in Europg4].

Benzarti,Evren S. And Dallergescribe in theiliterature review thatfluctuations in demandarise
from uncertainty in the arrival process of care requestsl the different levels of care required per

patient [10]. Busby and Carter created a decision tool that can evaluate the performance of the
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capacity allocation of home care workers in terms of waiting time for patients, costgjaality of

care. They define wplity of care is defined as the number of visithidr decision tool is based on
queuing theory11]. Lahrichine et al. study the dynamic assignment of a surplus team of home care
nurses thatcan be flexibility deployed. Thigound that the organization can better react to any
fluctuations in the demand or cancellations by personnel (because of illness or personal

circumstances) and workload is better balan¢&g.

3.3 Conclusion

In the literature, theeffect of capacity allocatioon the quality of service and the access tifoe
new patients is describedV have not found a method that explicitly optimizes the quality of care by
optimal allocation of resourcesTherefore the problem of resource alltton will be further

researched in this studyn particular we will look at the allotment of therapists to specialized teams.
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4 Therapist Allotment Model

We found that the capacity planning oftherapists greatly influences the realization of the
rehabilitation programs.Each therapist is employed in one of therapy disciplines. Within their
discipline, therapists are allotted to a specialized team. Each patient is classified dgrmsis
group. Specialized teams are dedicated to a number of tfidagnosisgroups. The therapy demand

for the specialized teams fluctuates, which leads to unscheduled therapies when the demand
exceeds the capacity of the team. We will research how we can alteehatiot therapists to the
specialized teams using mathematical optimization. The objective of the allotment is to minimize the
unscheduled therapy and therefore maximize the utilization of therapists and realization level of

rehabilitation therapy prograns.

The allotmentis modeled as an integer programming problerm paragraph4.1and4.2we will give
a formal description of the entities and parameténsolved inthe allotment problem.There are two
different allotment configurations all therapists can be allottetb a specialized teanor a part of
therapistsis allottedto specialized teamsvhile the rest of the therapists arallotted to a team of
generalists.These configurationsare modelled and solved differently, whichill we discussed

respectively in paragraph.3and4.4.

Each discipline is analyzed independentheir interdependenceis not taken into account. We
assumea static allotment of therapists: a therapist is assigned to one team and is employed for a
fixed amount of hours per week. The objective of this allotment is to minimize the unscheduled
therapy and optimize the utilization of therapists. The total cafyathat is assigned to each
specialized team is compared to the stochastic demand. More detailed scheduling constraints such
as the fixed assignment of therapists to patients, the availghdiitd preferences of patients and
therapist are not taken into account. Therefore the allotment planning is a type of rough cut capacity
planning. The allotment of therapist to specialized teams will be based on statistical information

about the historic denand.
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4.1 Entities

In this paragraph we describe the involved entities in the allotment problém. RRC has employed
a number oftherapists.Each therapist works for one of the therapy disciplines. Within a discipline,
specialized teamare responsible fahe rehabilitation programs for a number diagnosiggroups of

patients. Therefore we have the following sets and elements:

Index Description Set Description

h Therapist H All therapists

d Discipline D All disciplines

t Team Y All specializedeams
g Diagnosigroup G All disciplines

Table 8 Entities in the therapist allotment problem

There are 8 disciplines that will be evaluated in this studgtivity therapy, movement teaching
ergotherapy, physiotherapy, speech therapy, social work and psychology. There dietént in-

and outpatientdiagnosigyroups see paragrap.1.2

4.2 Parameters

In this paragraph we will firstlivision of therapists over disciplines and specialigzons Then we
discuss the assignment dfagnosisgroups to specialized teamBinallywe will discuss the demand

for therapyper diagnosiggroupand the therapy capacity

4.2.1 Allotment of therapists to disciplines and teams

Therapists can be characterized by their disciplingy therapist works for only one discipline, e.g. a
therapist is either trained as a physiotherapist or as a social worker. Therefore the total set of

therapists can be split into set of therapists working for each discipline.

®There was insufficient data available about the other discipline in order to substantiate the analysis.
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Within a discipline each therapist is working for one of the teams. The total body of physiotherapists

(therapists in discipline physiotherapy) is the combination of teams within the discipline

physiotherapy:
(@] Ok
Index | Description Set Description
h Therapist O All therapists working for disciplirce
h Therapist O All therapists working for tearn in disciplined

Table 9 Distribution of therapists over disciplines and  specialized team

Therapist capacity

Many therapists are not available every day of the week and work part time. However, therapists
have a fixed working schedule per week, which means they work for on fixed days for a fixed number

of hours,¢e , per week. Therefore the capacity of therapistdefined per week.

The capacity of therapists can be defined in hours, e.g. a therapist that works 3 days a week, is
employed for 24 hours (three times eighthis is not equal to the effective nhumber of deployable
hours, as we will clarify ma A therapist can treat a specific number of patients simultaneously, we
describe that by the factor, . Psychologists will typically only treat one patient, while movement
teachers, d=M, can treat a maximum number of patignts simultaneously. Howeer, therapists

that can treat more than one patient simultaneously will also treat patients individually when they
require individual attention. Therefore a part of the therapists will do both individual and group
appointments. When we take into accouritel percentage of individual appointments per discipline,

“ [ can be calculated as follows:
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Furthermore each discipline has a maximum Idad, This maximum load describes the maximum
fraction of their time that they can spel directly on treating patients. The other part of their time
they must spend on administrative tasks that are indirectly concerned with patient care. Therefore

the total deployable hours of therapist, h, per week are:

® &2 9 @oiiQxO

The total number of hours per specialized team is:

£ D> Q3 @oi b

R

[
¢

4.2.2 Policies for the formation of specialized team s

Eachteam is responsible for treating one or mag@gnosigroups of patientaccording to the policy
that is maintained The division into teams isamein each discipline Eachdiagnosisgroup is

assigned to one of thepecializedeams:

O O
Index Description Set Description
g Diagnosigroup | O All diagnosigyroups treated byspecializedeamt

Table 10 The assignment of specialized teams to diagnosis groups

There are 10 different possible policies to form 8pecialized teamas discussed in paragrapi4.

Demand for therapy

Each week medical staff requests the therapy for all patients that are currently in treatment,
according to their rehabilitation programdhe therapy is requested péliscipline. For example a
request for therapy can be 4 hours of physiotherapy, 2 hours of ergo therapy and 1,5 hours of logo
therapy. All theLJ: ( A @glésts @an be aggregated peiagnosisgroup to yield the aggregated

therapy demand for in a discipknof the diagnosisgroup in a given week)y . We know that a
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specialized teamis responsible for multiplediagnosisgroups (depending on the policy that is

maintained) therefore the demand per teany, , is the sum over all assignéiagnosiggroups.

We assume that the aggregated demand to be normally distributed using the central limit theorem,
O x0 * R . The central limit theorem giulatesthat a large sum of independent stochastic
variables withthe same probability distribution will be normally distributed. The mearvof is
estimated by the sample mean[, and the variance is estimated with the sample variamce,of

the demand data sample with simeWhere the estimators ardefined as follows:

. p ¥
ol E

p . . .
€ p
When we assume the demand in the differesingnosisgroups to be independent, the therapy
demand per teams is also normally distributed with thiédi@wing parameters:

[O}V] %0 1 Qo

VIR By DD 1o
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4.3 Therapist allotment to specialized teams

In this paragraph we formulatéhe model for the allotment of therapists to specialized tearfiben
we will discuss the computational problem is this problem and research and compare solving

techniques.

4.3.1 Formal model description

Each therapist must be allotted to specializedteam within adiscipline. Therefore the decision
variable is formulated as follows:

PQTNI Nt ¢ £ @ H QDG
meE T 0QI Q

Each therapist may only be assigned to specialized tean:

A P | "o
The therapy capacitpf team t in discipline, d0, is thesum of the working hours of all allotted

therapists:

Notice thato is defined as the number of hours that therapists are emplayedweek. e weekly
demand per teamw , is stochasti@and different per disciplinee.g. most stroke patients need more
hours of physiotherapy than psychotherapy per wew¥ith a certainprobability the demand
exceeds the therapy capacity of a team, in which case theéliebe unscheduledthus unrealized
therapy. These unschedulethours of therapy,”Y , lead to an incomplete realization of the

rehabilitation progams The probability thatinscheduled appointments occig defined as follows:

0O Y m 00 6 N0 1)
This probability gives us an idea of how often unscheduled appointments occur, but it does not give
an idea of degree to which rehabilitation programs have been sche@dulddealized Thenumber of

unscheduled appointments &dochastic variable which gefined as follows:

Y [TA® 6 ht QD
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The resulting scheduled realizatidevef in team t in discipline dpae, is the fraction of the

requested therapy that was scheduted

We notice that in case of no unschedulé@rapy, the scheduledrealization levels 100%.0 s the
demand for therapy for team, t, in discipline, d, which is the sum of all patients' individual demand
that are treated by team, tln this modé it is a parameter. Patients' individual demands are
specified in their rehabilitation programs. Therefore the scheduled realizdtenl is a direct
measure of the degree in which the patients rehabilitation programs have been scheduled for

patients inteam, t.

For this analysis we are interested in finding the expdctalueof the unscheduled appointments

and the realization rate, respectivée"Y andd 8They are related as follows:

We start by definin® "y 8

oY Ol A® 6 hm 101

We assumd the demand per team to be normally distributeitherefore we canfind’ O Y in the

following way:

07y £ Da N0 o)

Where0d & j is thestandardnormal loss function and j is the standardized tea capacity. These

variablesare the defined as follows:

0 a @ a4 2O Qded & Op Fa IO

® Notice that the actual realization level may be different from the scheduled realizatiohdeeeto no shows

and cancellations as explained in paragr&ph
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v e Sandard normal density distribution function

F e Sandard normal distributiorfunction

Table 11 Explanation of used functions

Therefore we can now determif@ Y andO 6  for team t in each discipline d.

We add twoextra constraints to make sure the expected loss per tédi, , does not exceed the
expected demand nor can it be negative. The expected loss can adopt these infeasible values,
because we have assumed the demand to be normally distributed and a noistrébdion allows

for negative values.
oY m I Qo
oYY 00V (N0 1)

The goal of this optimisation problem is to maximize the expected scheduled degree of realization of
the therapy programs.This is analogous to mininmig the total number of unscheduled

appointments. Therefore the objective is formulated as follows:

G Q¢ O7Y 1Q

The demand for therapy is defined per discipline; therefore we have separate optimisation problems
per discipline. By minimizing the unscheduled appointments, we simultaneously maximize the
(scheduled) utilization of therapists, because we maximize thedidbd number of appointments

per therapists.this objective might not be fair and lead to structural differences in degree of
realizationof therapy programs amontipe teams. In health care management we strive to achieve
fairness for all patierst therefore we want to realize rehabilitation programs to the same degree in
all specialized teams and therefore offer the realization level to all patient types. Therefore, an
alternative objective is proposethat more fairlyimproves the realization el inthe specialized

teams:

i A& 1'Q
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For this maxmin objective we introduce an extra decision variafdle, which is the minimal

realization rate per discipline. Its constraints are defined as follows:

®» 0 IO

9 1w VA

Arecap of the whole problem formulation can be foundAppendix E

4.3.2 Solving method

Thetherapist allotment problem is classified as a mixed integer non linear problem (MINLP). It has
binary and nonnegative decision variables. The objective function is not a linear function of the
decision variables. This MINLP problem can be solved to alijniby complete enumeration of the
solution space. Givel®therapists andis the number of teams, there ai?y different solutions in
which all therapists are allotted to one of the teams: each therapist can be assigned to T different

teams.

For the largest discipline, physiotherapy, there are 30 different therapists and if we choose the policy
in which we have 13 teams, therefore there greoc ways to allot the therapistfor an elementary
speed of 0.00001 seconds, it would takat least ® milliard times the age of the univers® solve

the problem

We do not take into account the solutions in which therapists are not allotted to teams, because this

would always yield more unscheduled therapy and therefore these solutions are not wodyirgu

We do not take into account the solutions in which therapists are not allotted to teams, because this
would always yield more unscheduled therapy and therefore these solutions are not worth studying.
Therefore complete enumeration is nétasibleand we will propose approximation methods that
yield a feasible and near optimal solution within a reasonable computation time. Weesdhrch

two constructive heuristics ahthen a local search technique and select the best one. The best
heuristic is tle one that yields the best solution within a ddyote that if we could prove that the

objective of this problenis multi modular, local search yields an optimal solutjgh).

Constructive Heuristics

In this paragraph two different constructive heuristics are discussed.
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Random Sampling

In random sampling all therapists are considered and allotted to one of the teams randomly. The
allotment probability is equal for each team. This g#ela really quick, but poor solution. Each

therapist is allotted once and therefore the solution is feasible.

Regret Based Sampling

Random sampling does not take into account difference in priority allotting therapists to teams.
Therefore we propose a sntar sampling method. Regret based sampling takes the priority values
into account and was proposed by Drexl for job scheduling in project managdginBefore we

allot the therapists, we sort them by nencreasing workindnours: therapists that work the most

will be allotted first and therapists that work little hours are allotted last. This longest processing
time dispatching rule is often used online parallel machine scheduling problems. Therapists are

allotted one at @ime. The following steps are taken:

(1) Select therapist that is first in array
2)5SGSN¥YAYS SIFOK GSIYQa NB 3N
(3) Allot therapist to team with highest regret factor

N

FIOG2NJ

c

(4) Delete therapist from array

(5) If therapist array is not empty, go back to step 1, else: stop.
The regret factor used:is
I QOIOd@awo ép 00O
Therapists are assigned to the team with the lowest expected realization@ate,

Local Search Heuristics

In addition to the constructive methods, a local search method was teMéltry to improve the
solution by moving a therapist to another team. We start with feasible solution using the random
sampling procedure that was explained previously. A neighbour solution is found by selected a
random therapist and moving that therapigh a randomly selected team. This way any possible
solution can be found. We do not consider solutions in which therapists are not all allotted, because

these solutions will always cause a lower objective.
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Simulated Annealing

Simulated annealing (SA) cha applied as a local search heuristic for combinatorial probl&vis

For an extensive description of the SA algorithm, werrédethe paper by Aarst and Korf8]. For

each objective (minimize the sum of expected loss or maximize the minimum realization level) a
unique cooling scheme is used to make sure that the acceptgnckability near the starting
temperature is close to one and at the end temperature close to zero, for the cooling schemes, we

refer to Appendix F

Selection ofbest heuristic

For a randomly selected policy and a randomly selected discipline the three heuristics are compared.
The first two heuristics solve the problem almost instantly; SA takes around 30 minutes to solve the
allotment problem with the current coalg schemeFor longer cooling periods, the improvement in

the objective was found negible.

Objective
Random Sampling 0.77
Regret Based Sampling 0.90

Simulated Annealing 0.91

Table 12 Comparing the performance of the heuristics for both objectives.

We see that the simulated annealing algorithm performs tkethin minimizing the objective

therefore we well use SA to soltige allotment problem.
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4.4 Therapist allotment to specialized teams with an additional team of

generalists

In this paragraph we wifbrmally describe the allotment problem of therapistsdpecialized teams
and an additional team of generalistfhe objective is to allotherapists such that aninimum
fraction of therapy, g,s carried out by specialized teamBhe computational complexity of this
allotment problem is then discussedhe average number of unscheduled theraggnnot be
described analytically and therefore a simple discrete event simulation will be carriesTlogit.

demand of the specialized teams is simulated by means of a Monte Carlo simulation.

When patiens demand therapies, the appointmengse made with therapists of thespecialized
teams. Howeverwhen these therapists do not have time in their schedulg, lhe therapiesare
scheduled to theteam of generalists; in other wordshere is an overflow of demand from the
specialized teams to the team of generalidgtghen the schedules of the generalists are fillgrapy

remains uscheduled

Stochastic Specialized team
demand for T1 1

Unscheduled

Stochastic Specialized team ’—> Therapy
B
demand for T2 2

Teams of
> .
‘ generalists

Stochastic Specialized team
demand for T2 3

Stochastic Specialized team
demand for T4 4

Figure 8 Visual representation of t he overflow of demand from the specialized teams to the team of
generalists
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4.4.1 Formal model description

The therapists must be allotted to one of the specialized teamthe teamof generalistsAllotting
therapists to the team of generalists decreases the amount of unscheduled therapy. Thasefore

want to maximize the number of therapists that are allottedhis team.

Where

PQEMIT O NN & £ ®D Q0 QD OWEWHQQ
TE TR O PR NI 000 € @ TMAQ Qe Qi wa Qi 0 i
To ensure the quality of care, we set a standard fer tiinimum fraction of therapy, g, which should
be executed by specialistShe first allotment constraint is that a therapist magt be allottedto

more than one specializedteam. In case a therapist is not allotted to a specialized team, he is

automaticdly allotted to the team of generalists.

A P | "o

Thee isa minimum amount of hours) ;, that needs to be allotted to each teatn ensure that

g*100% of the therapies are carried out by therapists in the specialized teams
0 pp NO Qo

WhereO @ isthe expected value of théherapydemandper specialized teanTherefore wecan

then formulate thefollowing constraint:

Therefore we have now made ®a minimum offj Jp mht of the expected therapy demand is
carried out by the specialistwhile a maximum amount of therapists is allotted to the team of
generalists
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4.4.2 Solving method

This allotment problentan be classified an ILP problemTherefore itcan effectively be solved to

optimality with the CPLEX solver in AIMNt8s solver is based on the simplex algorithm

4.4.3 Simulation of the unscheduled therapy

We are interested irthe average number ofinscheduled appointmentwith the current therapist

allotment. Therefore we analyze theerformanceby simulatinghe therapy demand

The weekly therapy demand for a specialized team is the sumdiagnosiggroup that the teams
assigned to. The demand paiagnosiggroup is normally distributed with parameters that have been
found by analysis of historic datehdweeklytherapy demanddr the teamof generalists0 s
the sum of aldemandthat cannot be served bihe specialized team Theunscheduleddemand of a

specialized team is equal to the positive difference betwgedemand and capacity

WhereB . & 3 is equal to the capacity od specialized teamUnscheduledtherapy,6

takes place when the demand exceeds the capadfithe team of generalist

0 i Agnh A 10

¢

WhereB . @ Qb j is the capacity of théeeam of generalistsThe overalfraction of scheduled

demand,®» ,is thendefined as follows:

WhereB 0 s the total therapy demand of all patients in week w.

The average utilization of therapists, , in discipline d is defed as follows:
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Number of replications

We must determine the number of replications, n, for our simulatibime goal of the simulation is to
estimate the mean ofthe unscheduled therapyO 6 . When we assume the mean of the
unscheduled therapyas a normal distributionthe corfidence interval of the mean is defined as

follows:

. i . i
o pB@ é—h*f P8 @ T

Wheredf is the sample averagef discipline ¢ which is an estimator for the mean and is the
sample variatiorof discipline ¢dwhich is an estimator for the variand&/e want to construct a 95%
confidence interval for the mean that has a 10% error relative to the mean. However, the mean is
unknown, and therefore we measure the error relative to the sample aver@gerelative error with

respect to the sample average is 0.1/01)= 0.11[29].

’
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We have chosenot simulate 1400 weeks, n = 1408ich thatthe criterion above is true for each

discipline.

4.5 Conclusion

In this chapter we havenodelled the allotment of therapists to specialized teams as an integer non
linear programming problemWe base the allotment decision ostatistical information of the
historic therapy demand. There are two different configurations of the allotment probie the

first, all therapists are allottedo a specialzed teamand in the secondan additional team of
generalistsis deployed In the first configuration the objective of the allotment is to maximize the
minimum realization rate amongst the speciatizeams, to ensure the fair treatment of all patients.

In the second configuration the objective isrtonimize the number of unscheduled therapies in the
team of generalists under the constraint that a minimum fraction of the care, q, is executed by

therapists in the specialized teams.

We found that the instance of the first allotment probldialotment to specialized team# so large

that it takes too long to solve it by complete enumeration. Therefore heuristics are proposed to solve
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the problem closdo optimality. After testing, we have selected the Simulated Annealing algorithm
as the best heuristicThe secona@llotment problem (allotment to one of the specialized teams or the
team of generalistsgan be solved with the CPEX solver in AIMM&asmable time Furthermore

we have described a discrete simulation model that can be used to predict the average amount of

unscheduled therapy per week.
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5 Experiments & Results

In this chapter, the allotment method defined in the previous chapter is useénergte alternative
therapist allotment plans. First a data analysis is carried out to collect all necessary input data for the
modelin paragraphb.l The performance of our allotment method is validated against the current
performance in paragraplb.2. After validation, we will use the allotment heuristic toeate an
allotment plan for the current policy for thepecialized teas. Then we compardifferent policies

for the formation of therapisteams in paragrap.4. Finally we carry out a sensitivity analy#is
paragraph5.5 to investigate the robustness of this allotment method and we experiment with the

current capacityto researchpossibilities to increase the utilization of therapists.

In order to evaluate the performance of the therapist allotment plans, the performance was
measured in terms of the minimum realization level among the specialized téaf0O 0 , the
expected amount of unscheduled therapy per week per discipline and the average utilization of
therapists in the discipline. The average utilisation of therapists per disciplines directly related

to the amount of unscheduled therapy in the discipli@eY :

B, OV 07y
B, GO

Where the denominator is the total effective working hours of all therapists in disciplinad
B . O0 is the expected therapy demand of all patients in disciplide We see that the

maximum utilization of therapists is achieved when there is no unscheduled therapy.

5.1 Data analysis

In order to execute the capacity allotment planning, we need the right input daterapist
allotment is a tactical decision that is based on aggregated data about on the uncertain demand. We
will use statistical information about the historic demand of the last two years and we assume the
demand to be normally distributed. The averageldhe sample variation of the aggregate demand

per diagnosiggroup, per discipline were found by data analysis and can be foudgppehdix €

In addition we eed to describe the capacity: we need to know how many therapists are employed
per discipline and how many hours per week are they contracted Appéndix B To find the
GKSNI LIAaGaQ STFSOUAGBS OF LI OA G & rg Se vaod@um nintbdrS A y G 2

of patients that can be treated by one therapist simultaneously in a group therapyand the
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fraction of individual therapies, [for a detailed description of the effective capacity, we refer to

paragraph?2.1.3. The values far and] are based on expert opinions.

Fraction Maximum number of | Simultaneous
Individual patients Factor

Discipline (A) (B) (A+(1-A)*B) Load
Activity Therapy 0.68 4 1.96 1
Movement Teaching 0.39 6 4.05 0.95
Ergo Therapy 0.96 3 1.08 0.8
Physiotherapy 0.93 4 1.21 0.9
Speech Therapy 0.89 3 1.22 0.7
Social Work 0.96 4 1.28 0.5
Psychotherapy 0.98 6 1.1 0.5

Table 13 Data of discipline characteristics

5.2 Validation

The averageutilizationis used to validate our model 6 SO dza S (cdul8notbéinie&shikdY t L Qa
The (theoretic) utilization of therapists was calculated with our model and compared to the actual
utilization found in the data analysis [paragrabti]. For the alculation of the theoretic utilization

we assume thatherapist currentlytreat all in and outpatient diagnosis groups in their profit centre

(policy 4).

Discipline Actual Performance Theoretic Performance
Activity Therapy 0.62 0.62
Movement Teaching 0.57 0.56
Ergo Therapy 0.79 0.68
Physiotherapy 0.86 0.79
Speech Therapy 0.76 0.66
Social Work 0.39 0.36
Psychotherapy 0.29 0.32

Table 14 Comparison the average utilization of the actual performance compared to the theoretic
performance
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Thetheoretical utilization found for ergo therapy, physiotherapy and speech therapy is much lower
than the actual utilization found by data analysis. In our model, thegmnot bescheduled when

there are not enough therapists. In practiceirsescarry out a part of the physig ergo- and speech
therapies, when there are not sufficient therapists. Thereftinere is adifference between the
actual and theoretical utilization. However, the Rit€fers their therapists to carrgut the therapies
instead ofthe nurses. Experts indicate that on average only 90% of the therapy can be scheduled in

the disciplines physiotherapy, which validates the findings of our model.

5.3 Generation of alternative therapist allotment plans

We have generatal alternative therapist allotment plans using the allotmentethod. The
specialized team treat all in and outpatient diagnosis groups in a profit centre (policy 4). An
example of an alternative therapist allotment plan can be foundlinin the table belowthe

performanceof the alternative and current planning are compared.

Average amount of
unscheduled therapy Minimum realization
Discipline per week [hours] Utilization therapists level

Current | Alternative Current | Alternative | Current @ Alternative

¥;’;’§r:?neg”t 2.95 1.30 0.56 0.57 0.99 0.99
Ergo Therapy 71.18 34.31 0.68 0.73 0.71 0.93
Physiotherapy 49.80 43.76 0.79 0.81 0.90 0.94
Speech Therapy = 29.07 36.28 0.66 0.64 0.69 0.83
Social Work 9.62 5.15 0.36 0.37 0.77 0.95
Psychotherapy 5.19 0.45 0.32 0.29 0.91 1.00

Table 15 Comparison of the performance of the current allotment of the alternative allotment

plans

Thealternative therapist allotment plankads to lessinscheduled therapy iall disciplines except
speech therapyWith less unscheduled therapy the utilization of therapists improves. Furthermore
we see that new allotment method divideéke capacity of theapists betterover the teams,such

that the minimum realization levedcrossthe teams is increasefn other words,therefore there is
more equal treatment of all diagnosis grougderefore we conclude thahe alternativeallotment

planssuccessfullymprove the performance
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5.4 Comparison of policies for forming therapist teams

There are different policiegor forming teams these are determined by the following three
managerial decisiong-or a detailed explanation of theonsideration in forming teamwe refer to

paragraph2.2.1

1. Is ateam of generalistformedin addition to the specialized tean?s
a. Yesform ateam of generalists in addition to the specializedrtea
b. No, form only specialized teams
2. How specialized should specialized tearbe?
a. Highly specialized, assign teamistjone diagnosis group
b. Moderately specialized, assign team tbdiagnosis groups in a profit centre
c. Not specialized (generalists), agsieam to # diagnosis groups
3. Areteams dedicated to either #rand outpatients or both?
a. Yestheyeither in- or outpatients

b. No,theytreat both in-and outpatients

Thisresults in10 policies for the formation of therapist teams, which arewh in thetable below.

Policy 4is currently maintained.

Policy Nr 1 2 3 4 5 6 7 8 9 10
Decision 1 No No No No No No Yes @ Yes Yes Yes
o Profit | Profit Profit | Profit
Decision 2 One | One All All One | One
centre | centre centre | centre
Decision 3 Either | Both | Hther | Both | Either| Both Either Both Either Both

Table 16 Overview of all possible policies for the formation of therapist teams

In the first 6 policies all therapists are assignedatspecialized team and in policy 7 to aad

additional team ofyeneralistds formed
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5.4.1 Forming only specialized teams ( policy 1 to 6)

Each therapist isllotted to one of the specialized teams and th&nimum realization level across

the teams is maximized'he performance of allotment plafigr each policyiscompared in the table

below.
Policy 1 | Policy 2 | Policy 3 Policy 4 | Policy 5 | Policy 6
Average Amount of Unscheduled Therapy (hours per week)
Activity Therapy N.A. 10.07 2.36 0.57 0.00 0.00
Movement Teaching N.A. 54.78 3.28 1.30 0.66 0.07
Ergo Therapy 82.62 66.58 45.27 34.31 27.41 20.61
Physiotherapy 149.71 129.58 65.51 43.76 36.91 20.63
Speech Therapy N.A. 118.42 65.12 36.28 31.14 25.48
Social Work N.A. 25.23 10.23 5.15 3.59 1.43
Psychotherapy N.A. 7.78 1.84 0.45 0.10 0.00
Minimum Realization Level
Activity Therapy N.A. 0.92 0.99 1.00 1.00 1.00
Movement Teaching N.A. 0.64 0.98 0.99 1.00 1.00
Ergo Therapy 0.75 0.84 0.89 0.93 0.94 0.96
Physiotherapy 0.72 0.79 0.90 0.94 0.95 0.97
Speech Therapy N.A. 0.43 0.68 0.83 0.86 0.89
Social Work N.A. 0.27 0.85 0.95 0.96 1.00
Psychotherapy N.A. 0.88 0.98 1.00 1.00 0.99
Average utilization
Activity Therapy N.A. 0.60 0.62 0.62 0.62 0.62
Movement Teaching N.A. 0.47 0.56 0.57 0.57 0.57
Ergo Therapy 0.65 0.67 0.71 0.73 0.74 0.75
Physiotherapy 0.69 0.71 0.78 0.81 0.81 0.83
Speech Therapy N.A. 0.35 0.54 0.64 0.65 0.67
Social Work N.A. 0.29 0.35 0.37 0.38 0.39
Psychotherapy N.A. 0.27 0.29 0.29 0.29 0.29

Table 17 Performance of therapist allotment plans in  different policies .7

" When the number of therapist is smaller than the number of teams, the discipline no allotni@nti®

evaluated and N.A. is displayed in the table
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From policy 1 to @herapist teams become less specializélus teams areassigned to more
diagnosis groupsThe best performance is achieved when all therapists aitdgted to one large
team ofgeneralists (policy 6X.he deploymat of highlyspecialized teamkeads to moraunscheduled
therapy. This leads to a lower utilizatiaf therapistsand a lower realization level of the therapy
programs.Furthermore dedicating teams to either #or outpatients instead of both has a negati
influence on the performanceThereason that the formation of less specialized therapéstds to
the improved performances that diagnosis groupshare capacity. By sharing capacity the variability

of the demand is reduced, this effectdalled riskpooling.

5.4.2 Forming specialized teams with an additional team of generalists (policy
7 to 10)

A team of generalists can Hermed in additionto the specialized teamd his teamintercepts the
demandthat cannot be served bthe specialized team$:orming a team of generalisispossiblein
physical therapy disciplines such as physiotherapy, ergo therapy and movement teAtirigke

the allotment of physiotherapists as example in our experimemte allotment plans are formed
such that therapist in specialized teams will execwtdraction of the therapies, g. In case g equals 1,
all therapists will be allotted to a specialized team and when g= 0, all therapists are allotted to the
team of generalists We will evaluate the performance that cae lchieved for various values of g
between O and 1Furthermore,the various policies for the formation of forming specialized teams

are compared. Teams become less specialized from policy 7 to 10.

Experiments & Resul



2 100,0
o
) 90,0
=
3 80,0
>
E _ 70,0
2® 600 X
5¢ 500 Expected Loss Policy
ISl ' ;
g § 40,0 )\ X Expected Loss Policy
g ~ X X u M Expected Loss Policy
5 30,0 = 7S
Py .

% 20,0 M pe P m [ ) @ Expected Loss Policy 1
%’ 10,0

0,0

0,00 0,20 0,40 0,60 0,80 1,00
Fraction of therapies executed by specialis!

Figure 9 The average number of unscheduled therapies ( in hours per week)

The average amount of unscheduled therapy increasten a larger fraction of the therapies is
carried out by the specialized tean®helargest improvemenof the performancetakes placavhen
at least 20% of theherapies are carried out the by the teams of generaligts, T® (see figure

above)
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We will now compare policies that have the same type of specialized tdarmi one policythere is
an additional team of generalis@ndin the other policy thereA & .y\@ @llot the therapists such that

a maximum of 20% is executed by the team of generalists0.8

Specialized teams

Only specialized teams plus a team of generalists
Policy 1 Policy 7
Realization level 0.72 0.93
Utilization of therapists 0.69 0.80
Policy 2 Policy 8
Realization level 0.79 0.95
Utilization of therapists 0.71 0.81
Policy 3 Policy 9
Realization level 0.90 0.97
Utilization of therapists 0.78 0.83
Policy 4 Policy 10
Realization level 0.94 0.97
Utilization of therapists 0.81 0.83

Table 18 Comparison of the performance in physiotherapy for the policies with and without a team
of generalists

The amount of unscheduled therapis greatly reducedby 50 to 70%by employing a team of
generalists that carries out 20% of tkieerapies Thereforewe seethe utilizationof therapistsand

realizationlevelimprovesas well
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5.5 Sensitivity Analysis

A sensitivity analysis is executed to investigate the influence of variations in the demand and/or the

capacity of therapists.

5.5.1 Increased demand fluctuations

The unscheduled appointments are currently not registered. Therefore the variability of the demand
is structurally underestimatedlo correct forthis the variation in the demands increased by 10 and

20%

Average amount of unscheduled the rapy per week [hours]

Discipline No extra variation + 10 % variation + 20 % variation
Activity Therapy 2.36 3.21 4.00

Movement Teaching | 3.28 4.62 4.39

Ergo Therapy 45.27 47.23 49.58
Physiotherapy 65.51 67.28 71.88

Speech Therapy 65.12 65.57 68.69

Social Work 10.23 11.04 11.55
Psychotherapy 1.84 2.20 2.55

Table 19 Sensitivity a nalysis with respect to the demand variability

We see that the under higher variation, the amount of unscheduled appointments increases. When
the allotment plans for physiotherapists were compared, we saw in a randomly picked policy that 22
of the 29 therapists were assigned differently. Therefore the solutions of our allotment tool are not
robust to changeThis is actually very undesirable; beaatisis means that many therapists must be

re-allotted and retrained.

5.5.2 Experiments with the current capacity

In the experiments we found that thatilization of therapistss structurallylower than the loadThe

load is currently used as a standard for the utilization of theraptatsyever,the load is currently
used as the maximum fraction of tleapacitythat can bescheduled Therefore we will experiment
with increasing the(schedulable) load with 10% ar2D%, while making sure the load does not
exceed 100%Furthermore we found thatte current therapist work forcéoo large for thecurrent
demand;therefore we have also experimented with decreasing the workforce by cutting down the

working hours of therpists by 20% and 40%VNe have carried out thexperiments forpolicy 6:
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assigning all therapists to one large team of generalistperiments are only feasible if tlwerage

utilizationdoesnot exceed the load and the realization level should not f&libly 90%.

Experiment 1 2 3 4 5
Increase in load 10% 20% 10% 20% 20%
Decrease in work force 0% 0% 20% 20% 40%
Realization level
Activity Therapy 1.00 1.00 0.99 0.99 0.91
Movement Teaching 1.00 1.00 0.99 0.99 0.91
Ergo Therapy 0.99 1.00 0.89 0.95 0.76
Physiotherapy 0.99 0.99 0.91 0.91 0.70
Speech Therapy 0.95 0.99 0.82 0.90 0.71
Social Work 1.00 1.00 0.98 1.00 0.93
Psychotherapy 1.00 1.00 1.00 1.00 1.00
Utilization Load
Activity Therapy 0.62 0.62 0.77 0.77 0.94 1
Movement Teaching 0.57 0.57 0.70 0.70 0.86 0.95
Ergo Therapy 0.78 0.78 0.88 0.94 1.00 0.8
Physiotherapy 0.85 0.85 0.97 0.97 1.00 0.9
Speech Therapy 0.72 0.75 0.78 0.85 0.89 0.7
Social Work 0.39 0.39 0.48 0.49 0.61 0.5
Psychotherapy 0.29 0.29 0.37 0.37 0.49 0.5

Table 20 Results of experiments, the red values are not within the acceptable standards

Increasing the schedulable load is a very effective tool in increasing thegeveutilization of
therapists. However, the efficiency can only bepioved to a certain limit. In order to improve the
utilization even further, he work force of thalisciplines activity therapy, social work and movement
therapy must be cut down We see that this leads to improved performance when the work force is
decreased slightly;however, when the work force is cut down todrastically the realization level

drops below the acceptable standard
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5.6 Conclusion

The allotment method has been validated aggénerates feasible planfor the allotment of
therapists tospecialized team The current policy is to form specialized teams that treat all diagnose
groups in a profit centréWe generated alternative allotment plans for all disciplines and found that
they leadto more equal treatmenbf patients. The @pacity idivided more fairly over the teams and
the minimumrealizationlevel among the teams improvead all disciplines; 90%f all therapies are
realized in aldisciplines except speech therapy. Furthermaggperiments show thathe average
amount of unschedied therapyis decrease by 50% for most disciplines, whitéads to a better
utilization of therapistsin theremainder of this paragrapthe experiments for physiotherapy will be

used as typical exampdéor all disciplines.

The different policies for drming specialized team have been investigatedit was found that
forming highly specialized teams au@dicating teams to either inor outpatientsincrease the
amount of unscheduled therapyJnscheduled therapies cause a poor utilization of theramsis a
poor realization level of therapy programihe most therapgan bescheduledand realizedvhen all
therapists are allotted to one large team of generalists that treat any type of patEent. in
physiotherapy forming a team of generalideads t086%less unscheduled therapgompared to
forming the mosthighly specialized tean¥sThis results in a realization level of 97% and a utilization
of 83%.

Furthermorewe have experimented with formingtaam ofgeneralists in addition to the specialized
teams. When 80% of the therapies are carried out by thspecialized teamsthe amount of
unscheduledphysiotherapiescan be decreased by 50 to 70%herefore a ealization level of more

than 93% can be achieved and the utilizationpbiysidherapistsof 80%.

Finally, experimens have been carried out concerning the economic deployment of therapists,
becausecurrently they are structurally underutilizedThe first intervention is to increasthe
0 K S NI schedulaBleQload A second intervention is to cut dowthe current work force.
Experiment showed thathe averageutilizationis improved by both interventions anditting down
is possible irmactivity therapy, movement teaching, social work and psychoMgth these proposed

interventions the average utilitian of therapists can meet the standards set by management.

® Comparing policy 1 and 6
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6 Implementation of alternative capacity planning

This chapter described a proposal of the implementation thfe new therapistcapacity planning.
Management needs to make therapist allotment plans using the mathematical model described in
chapter 4. Therefore the mathematical model has been implemented into a modelling system called
AIMMS .Theallotmenttool has been developed as a prototype andaifgplication by managemerns
discussed in paragraph 6.The allotment tool requires performance data; therefore the current
performance measurement must be improved. Furthermore, active and routine performance
measuring could be the key a cultural changad improved performance. Performance
measurement will be discussed in paragraph 6.2. Findlgcdonsiderations in rallotting therapists

arediscussed in paragraph 6.3

6.1 Prototype of allotment tool

In this study a prototype for an allotment tool has been build. The allotment method developed in
this study has beeimplemented in a prototype todhat can be utilized by management to create a

new allotment plan.

The allotment tool can evaluate a rangd policies for the formation of specialized teams.
Management can determine the level of speciality of a specialized team, by assigning teams to one
diagnosiggroup, alldiagnosiggroups in a profit centre or atliagnosiggroups. Specialized teams can

be dedicated to just in or outpatients or teams can treat bothand outpatients in thediagnosis
group. Furthermore management can decide if they want to deploy a generic team in addition to the

specialized teams

The toolhas a user friendly interface that can be operated by a manager. Historic demand data and
the current therapist capacity data can be easily loaded into the program by thelugbe selection

menuthe user can decide whaypes of teams need to be forndgselect golicy).
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6.2 Performance Measurement

At this moment a structural lack of data hinders substantiated planning and decision making.

Therefore we propose the RRC starts to measure the followingf lstrformance data:

1 The arrival rate of new patients
1 The characteristics of patients:
o Diagnosigroup
0 In/Out patient
0 Assignment to an SRP
1 The therapy program per progressive week per discipline (e.g. 5 hours physiotherapy in the
first week, 4 hours physiberapy in the second week, 3 hours of ergo therapy in the second
week, 2 hours of social work in the second week, etc ...)
0 N.B. this is NOT the realization; this is the demand that is requested! And must be
registered in the scheduling department befoleetappointments are made.
o From this data the realization level can be deduced.
1 The deviations from the standard rehabilitation programs: how much longer or shorter are
patients in therapy and how much more or less do they need than indicated in the SRP?

1 The actual length of a therapy appointments (versus the scheduled length)

6.3 Re-allotting therapist to specialized teams

This therapist allotment could be evaluated yearly and/or when new therapists are employed.
However,we warn that reallotting therapistson a regular basis would cause a lot of unrest in the
organization and is therefore undesirable. The user of this tool can load all statistical demand
information and capacity information into the tool. Instead of finding a whole new allotment of

therapists, the optimal allotment of hours be also be benchmarked to the current allotment of hours.

An alternative assignment of therapists to specidkstmsmeans that therapists will treat different
types of patientsor therefore respecialize This requiresappropriate training and hence a
considerable investment by managemerfforming a team of generalists in addition to the
specialized teamds a very interesting option, because we found this greatly improves the
operational performanceThe RRC could enaogl all newly employedtherapists as generalisand

leave the currenttherapistsworking in their own specialism; such that they do not have to be
retrained Therefore we see that the investment in training is much lower when a team a generalists

is formed
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6.4 Conclusion

In order to improve the capacity planning of therapists, the allotment tool can be used as decision
support by management. The tool can be easily operated and can evaluate a large raotjecied

The tool needs historic demand as input tptimize the allotment, this requires improved
performance measurement. The most important performance measure that needs to be logged is
the amount ofunscheduled therapper week Performance measurement can also play a vital role in

motivating therapiss$ to adopt the new way of working.

Reallotting therapists to teams requires an investment in the form of retraining of therapisis.
amount ofretraining required can be reduced lgrming a team of generalistsistead of making

therapists respecialize
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7 Conclusions & Recommendations

In this chaptemwe present the findings of this study and give recommendations to management. We
start by recapping thenain conclusion of this research in paragrapi. Then the limitations of this
study are discussed in paragragt?2. Finally, ve will do other recommendationsor the RRC and
further researchconcerningthe improvement of the execution of therapy prograrms paragraph

7.3

7.1 Conclusions & Recommendations

Management wants to improve the execution of the therapy programs by tactical capacity planning

of their therapists and therefore the followimgsearch questiomvasdefined

How can therapist capacity planning improve the execution of the adult therapy programs?

In the context analysis we found thaatients are treated according to theiehabilitationprogram.
Rehabilitation programs consist of weekly protocols stating type and duration of a théoagphe
individual patient Thetherapiesare carried out by a multidisciplinary team of therapists. Therapists
are employed for a fixed number of hoursrpeeek and work for a specialized teamvhich is
responsible for the treatment of one or more diagnosis groupke current policy is to form
specialized team per profit centreWhen the therapy demand exceeds the capacity of a specialized

team, therapy ramains unscheduled.

The objectivedor capacity planningare to deliver high qualityf care,while guaranteeingquick
accesdor new patients making economic use of the resources and meeting the production target
that was agreed with health care insurertn order to measure performance four KPI were
established: the production target, the utilization of therapists, the access time to the therapy centre
and the realization level. The realization level is defined adrdwion of the therapy program that

has been realizedit is a measure for theguality of care The utilization of therapists and the
realization level do not meet the standards set by management and the improvement of these KPlIs is
therefore the focus of this research. The access time cabeoevaluated based on the available

performance data.

Based on this analysis we developed a method to improve the allotment of therapists to specialized
teamsand weresearched different policies for the formation of specialized teamsur allotment

method the problemis modelledas non linear integer programming problem asdlvedwith a
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simulated annealing heuristic

First the improved allotment aherapists to specialized teanis regardedExperiments showethat
the method developed in this stly generates amlternative allotment of therapiststhat leads to
more equal treatment of patientand decrease theurrentamount of unscheduled therapids 50%
for most disciplinesi-urthermorea realization level of 90% of the therapy programs camadigeved

for all disciplines except fapeech therapy.

Secondly wecomparedpolicies for the formation ofpecializedeams. Experiments showed that

forming highly specialized teams amdsigningteams to either in or outpatients increases the

amount ofunscheduled therapyWe found thatunscheduled therapies have a negative effect on the
NBFEATFGAZ2Y §S@St 2F (KS {KSNI LR ThebeRparfaim¥ige | & ¢ S
is achieved when all therapists workdne large team of generaliss for physiotherapy the amount

of unscheduledherapycan be reduce@ds much a86% This results in a realization level of 97% and

a utilization of 83%.

However, forming specialized teams is beneficial for the quality of the therapies. Theaeforther
option is to forma team ofgeneralists in addition to the specialized teartis80% of the therapies
are carried out byhighly specialized teamsa realization level of 9% can beachievedwith a
LIK & a A 2 (i KulidaliohJbfE80% \We see that these values are only slightly lower than the
possibleperformance(policy of formingone large team of generaligtsThe quality of the care is
high, because large part of the program can be carried out by the specialized teams dmigh
realization of the therapy programs is achieved and efficient deployment of therapists is guaranteed
by their high utilizationTherefore werecommend the RRC form highly specialized teams plus an
additional team ofgeneralists because we believihis is the best suitedpolicy with the best trade

off between quality of care and efficient deployment of therapidtsirthermore the amount of
retraining required is smaller by forming a team of generalists comparee-adiotting therapistso

specializedg¢ams.

The load is currently used as the standard for the utilization; however, experiments show that actual
utilization will always lower, even with the improved capacity planniiége showed that the
utilization of therapists can be increasedibgreasinghe schedulable loaddowever the utilization

can only be improved to a certain limibecause we found the current workforce is too large the
current workload In order to improve the economic deployment of therapisigher, management
mustmake a choice: either increase the current workloadaltyacting more patients to the RRC or

cutting down the current workforce.
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The access time for therapy has not been studied in detail; however, based on the data analysis
presented in Chapter 2 and 5 follows that forming less specialized teams will reduce workload
variability, which will in turn decrease the access time to the therapy ceiitnés isyet another

reason whywe recommend the RRC to make its therapist capacity planning more flexitdenting

an additional team of generalists and/or forming less specialized teams.

Furthermore we recommend executing as many group appointments as possible. This is an
AYGiSNBadGAy3a 2LIGA2y G2 AYyONBIFasS (KSNJItpkgatieat) LINE R

during group appointments. This way ttieerapistcapacity becomesvenmore flexible
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7.2 Discussion & Limitations

This study has several limitations.

1 The quality of the alternative capacity planning that is proposed in this report is lifojted
the availability of reliable performance dattherefore the results offor the alternative
capacity planning should be interpretedvith care The most pressing issue is that
unscheduled appointments are currently not documented the currentperformance data
is biasedHowever, the resultef this studyshow clear trends that provide valuable insights
for the RRC.

1 We found that the allotment is not robust &thanges in the variation of the therapggmand
the allotment of therapists changes drastiga This is a problem for implementation,
because this meamanytherapists have to be rallotted and their specialist knowledge is
wasted. Therefore we believe that further development of the tool should focus on
proposing allotments that are asmilar to the current allotment as possible.

T In our model we assume that patients are treated by any therapist spexialized team
However,in practice weseethat many patients are assigned to fixétierapists;therefore
we suspect that the actual performaa will be lower than predicted by our model

1 Furthermore, @r model does not take into account thénterdependencebetween the
disciplines In practice we see thatherapies need to be executednsiltaneously in all
disciplines, therefore therapy is onlglanned when there is capacity available in all
disciplines. This will lead to a lower utilization of therapists and an increased access time for
new patients.

T We did not take operational restriction such as the availability of therapists and patients int
account.

1 Further research may be invested into improving the fairne$sthe allotment, by
formulatingthe current objective differentlyfairness is very important, because we want to
guarantee equal treatment to patients.

f We assume a normal distributioof the demand. However, this theoretic distribution allows
for negative values and is therefore not a good assumption in case the demand in a diagnosis
group is very small.

1 Due to time restrictions, @& were not able togenerate allotment plans witlan adlitional
team of generalists for all discipline. Therefome have takerphysiotherapy as an example.

T In this study thdocus has been ooapacity planning of therapistapwever,further research

should also take into account other resources such as raomdsherapy devices.
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7.3 Other r ecommendations

In order to improvethe execution of therapy programshe RRGnust optimizeits recourse capacity
planning and controbn each hierarchic levdktrategic, tactical, operational offline and online)
Furthermore a culture of continuous improvement must bereated throughout the whole
organizationand we strongly advice the RRCdmecuteroutine performance measuremeri order

to facilitate better informed decision makingA lack ofclearly defined and selecte&PlIs prevents

this. Management must define goals for the operations; such as access times, utilization of therapists
etc, and translate these into standards for the KPIs. Tloesebe used to control processes and
achieve cultural changey comparing the auent performance to the standard&mployeesnustbe
rewarded for detecting operational problems and all employeesshould be actively involved in
improvement and innovationAfter detection of the problemits causesshould be researched

carefullyand as a result thereo§ solutioncan bedevised and selected

In the remainder of this reporttecommendationsare done for the planning and control of the

therapy programs per hierarchic ley®&.B. no recommendations are done on strategic planning.

7.3.1 Tactical Decision Making

Shift scheduling of therapists is very important in creating feasible and well balanced appointment
schedules for patients. The shift scheduling must be optimized to minimize the number of weekly

visits for outpatients and to spread KS Ay LI 0ASydQa GKSNI LR Fa Sljdz f
Aligning the shifts of outpatierdedicatedtherapists across the disciplines increases the possibility

of planning combination appointments and thus decreases the number of visits to thérRRi@&nt

GKSNY LIA&aGiaQ aKAFia akKz2dZ R 0S FaaAdySR S@gSyte 20
of inpatients. Not only the individual appointments, as well as the group sessions should be well
positioned in the week schedulé& practical recommendation is to start therapists' shifts after 10

o'clock in the morning, becaugysicias and nurses are taking care of patients before that time.

In an attempt to align patient demand and therapist capacity, therapists could be deployed more
flexibly; therapists weekly working hours are adapted to the current demand. Winemapy
LINEAN} Ya FNB LI FYYSR FdzNIKSNI F KSFR | yiRcadhyeOS NI I A
scheduled dynamically a few weeks ahe@drrentlythe therapy demands commuicated to the

scheduling departmenbne weekin advance andhis is at too short notice talter the therapists

working hours.
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Admission control is a very important tool in managemgd decreasing the variatiom therapy
demand.Fluctuations in the demand are caused by a fluctuating the number of patients as well as

Tt dzOGdzr GA2ya Ay LI GASYGAQ AYRADARIH viouldros Veryy R 2 @S
interesting to test alternative admission strategies. A good admission pstioyld balance the

waiting time for new patients, the realization of therapy programs for the present patients and the
workload of therapistsA dynamic admissn rule could be based on forecasted dafée believe that

dynamic shift schedulinglynamicadmission rulesand forecasting demandeserve more attention

in further research.

Furthermore we encourage medical staff to thimkmore flexible definition othe therapy programs.
Currently,the therapy programs are definegher week and if therapy is cannot be scheduled, it is
cancelled. Instead of cancelling the appointments, a further option would be to schedule therapy a

week later or earlier.

7.3.2 Offline operat ional planning and scheduling

Therapy scheduling is a very complex procedure, because it is subject to a large number of
restrictions: assignment restrictions, availability of patients and therapists and preferences of
patients and therapists. To conquéte complexity we recommend that planners use a decision

support tool based on advanced planning and scheduling princifesnprove the appointment

schedules with respect to the scheduled therapyk & OF'y 6S aOKSRdzZ SR | YR
preferencesmore effectively.The planners could then focus more on spotting structural capacity

problems and gain information on the demand.

Furthermore, werecommend the RRC to invest in IT support and cooperation between therapists
and planner$to prevent communiation problems between work floor and scheduling department
and increase the feasibility of the schedulBy. standardizing the policies for assignment of patients
to therapists the rehabilitation programsnd the working schedules of therapists, the alignment
between work floor and scheduling department will become much more efficient and less
susceptible to communication error§his requires all therapists to be scheduled to standardized
shifts, fixed agreementabout the assignment of therapists thagnosisgroups and the development

of standard rehabilitation programs for aliagnosisgroups (in and outpatient) in each discipline.

Therapists' andphysicias’ agendas should be coordinated, to avoid unnecessamyble

° Some initiatives already exist in which therapists think along with planners to assign patients to therapist,

these initiatives should be stimulated.
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appointments.We recommendncreasinghe planning horizon of outpatient appointments avoid

the high number of cancellations by outpatientBhis requires medical staff to plan outpatient's
rehabilitation programs further aheadVe also believét is not necessary for outpatients to block
day-parts (currently they are allowed to block 5 per week), when appointments are planned further
ahead.The off times of therapists must be coordinated by their process manager and there should
be a strong focs on substituting for one another to make sure all patients receive their therapaes.
increase the realization of therapy programs, we believe they should be scheduled more flexible:
physiciais should indicate which therapy can be scheduled a week eani¢ater to improve the

overall realization of the program.

Appointments should be as flexible as possible to avoid unnecessary and excessive scheduling efforts
and allow for flexible rescheduling of the appointment schedule in case appointments ram atg

being called off. Many of the therapy sessions are carried out as group therapies and could possibly
be organized as walk in appointments. The high rate of no shows among outpatients makes it
interesting to overbook appointments in order to increabe utilization of therapists and increase

the realization of therapy appointmentsiowever,an overbooking rule should take into account the
waiting time for patients and the workload for therapists. Furthermore cyclic appointment for
outpatients shouldbe made: such that they always have to visit the RRC on the same weekday(s).
This provides certainty to the outpatient and it simplifies the scheduling effort. Instead of scheduling
30 minute slots, outpatient could be assigned to morning or afternooni@essin which they
receive all their different therapies. Further research should investigate the feasibility of these

appointment methods.

7.3.3 Online operational

In order to increase the number of patients that can be treated per therapist, the RRC showdd fo

on decreasing the therapists' secondary activities such as administration and meétiggysould be
achieved by clever use of IT and active involvement of therapists in finding more efficient solution.
The therapists' individual utilization should blsely monitored by process managefsirthermore

we found that therapists are capable of &tng multiple patients simultar@usly during group
sessions, therefore we would suggest that the RRC organizes as much of the therapy in group

sessions as posse.

Furthermore webelieve more attention should be paid to sehedulingappointments due to the
large number of cancellations and no shows. We believe that the planhépgrtment and

therapists should stay actively involvement in rescheduling cancelled appointments after making

Conclusions & Recommendatiom



finishing the appointment schedule®ight now many communication problems hinder efficient
reschedulingTo fill up no shows, a physical or virtual waiting rocoald bearranged, from which

therapists can select another patiewhen a patient does not show up for an appointment.

Conclusions & Recommendatio
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Appendix A. Organization Chart of the Roessi hgh Rehabilitation Centre (RRC)
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Appendix B. Overview of w ork force

Medical compared to

Staff Type Fraction of total work force administrative
Physicians 7,16%
Nurses 24,17%

66,47%
Therapists 32,60%
Other * 2,54%
Supporting & Administrative Staff 33,53% 33,53%

* (Vocational training, driving school, dietics, creative therapy, therapeutic computer therapy)

# FTEG® therapists employed per discipline

Activity Therapy 5.79
Movement Teaching 3.92
Ergo Therapy 15.31
Physiotherapy 20.24
Speech Therapy 6.65
Social Work 6.26
Psychotherapy 9.50

Overview of work forc



Appendix C. Statistical information of the historic demand  for therapies

Average of Aggregated Demand (hours per week)

Diagnosis Group AO MPZ NAH NVCA AO MPZ NAH NCVA  NMA NMAFL | V\MS | V-RES | V-PAR
Profit Centre 3 3 5 4 3 3 5 4 5 5 3 3 3
In/Outpatient In In In In Out Out Out Out Out Out Out Out Out
Activity Therapy 5148 @ 43.11 @ 43.82 | 69.76 | 14.16 = 1.88 | 19.83 | 7.89 0.89 0.01 1.29 0.00 0.09

Movement Teaching 26.47 | 28.27 | 14.89 26.66 42.69 7.85 4058 33.34 1051 0.53 3.06 86.71 2.44

Ergo Therapy 2475 | 48.73 | 84.37 | 184.21 | 22.07 A 10.04 @ 31.73  39.27  11.11 4.15 3.39 0.88 2.62
Physiotherapy 88.32 91.09 107.39 169.92 86.19 22.39 4176 49.36 20.49 2.46 6.78 64.96 3.18
Speech Therapy 1.14 1.35 16.16 | 108.92 | 0.13 0.13 4.53 85.96 1.20 1.12 0.74 0.03 0.58
Social Work 6.51 9.70 9.63 10.96 | 3.79 1.10 1431 7.79 6.73 9.56 2.22 16.68 0.35
Psychotherapy 2.16 6.17 11.11 16.85 9.57 355 | 29.78 | 17.62 | 5.87 0.45 5.21 0.95 0.62

This is based ohnistorical data2012 and 2013 up till week 44

Statistical information of the historic demand for therapi



Diagnosis Group
Profit Centre
In/Outpatient
Activity Therapy
Movement Teaching
Ergo Therapy
Physiotherapy
Speech Therapy
Social Work

Psychotherapy

Sample Variation of Aggregated Demand (hours per week)

AO MPZ NAH NVCA AO MPZ

3 5 4 3 3

In In In Out Out

653.04 1 389.41 | 238.72 | 579.23 | 60.30 | 4.89

65.70 62.79 |30.10  63.59 122.21 13.99

76.26 | 171.59 | 308.32 | 2867.72 | 67.03 | 17.03

446.70 | 419.60 | 747.60  1882.86 688.72 77.01

2.27

1.26 53.53 | 825.35 |0.20 0.19

15.76 | 68.09 | 20.65 | 13.62 13.86 | 1.20

2.89

10.53 | 19.13 |170.46 |12.61 |23.23

This is based on historical de2812 and 2013 up till week 44

NAH

5

Out

52.85

94.82

112.15

139.58

10.33

37.46

139.02

NCVA NMA

4

Out

43.99

119.08

150.98

244.41

533.51

17.81

51.66

Statistical information of the historic demand for therapi
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Out

4.59

33.43

64.82

111.64

1.21

22.41

59.63

NMAFL V-MS  V-RES

5

Out

0.00

0.45

9.87

5.27

1.36

31.20

0.65

3

Out

4.27

4.72

3.99

5.84

0.38

1.95

6.27

3

Out

0.83

3804.94

2.34

2055.71

0.09

164.08

72.39

V-PAR

3

Out

0.18

3113.55

3.85

1768.13

0.49

133.41

0.89



Appendix D. Analysis of average access time
¢tKS ww/ R2SayQé LINRPLISNIe& 23 GKS | 00Saa daysS G2
average access times for patients that are currently waiting for therapy, of course this is an unreliable

measure and it paints a picture of the average asdéme that is far to positive.

We can do a betteanalysisf the average access time based on thenthly samples on the number
of patients on the waiting list) , per diagnosisgroup, g. By using Little's Law the average access
time can be deducedrdm the average number of patients on the waiting list, by the following

formula:

2S aadzyS GKS FNNAQGFE LINPOS&aa 2F 2dz2iLd GASyda Aa

process of an outpatierdiagnosigroup is:
~"0 QO

Where~ "O "Q is the probability an arbitrary outpatient belongs tliagnosisgroup g. Therefore

we get the following waiting line analygier diagnose group

Diagnosis group Fraction of outpatients Average accesstime [days]

AO 23.16% 2334

MPZ 8.26% 38.70

NAH 23.53% 4.59
NCVA 20.30% 8.66
NMA 9.58% 1431

NMA FL 5.05% 2.46
V-MS 3.77% 31.23
V-PAR 1.26% 18.65
V-RES 5.09% 20.68

Analysis of average accesme Rl



Appendix E. Mathematical Problem Formulation

The problem formulation of the allotment of therapists to specialized teams:

Allotment of therapists to specialized teams

Obijective functioris to maximize the minimum realization level among the specialized teams

i Agd 1Q
S.t.
©» 6 I 'O (maxmin constraint)
A P | "o
6 0o oD
0 Y m 00 6 01

oY A Da 0 10]
¢ 2920 g
A
0 a w & 3w Qm - d G Op Fa 010
Range of decision variables:
& mp 1D

Mathematical Problem Formulatio
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Allotment of therapists to specialized teams with an additional team of generalists

Obijective functioris to allot as many therapists to the team of generalists as possible

S.t

Range of decision variables:

0 fpp T 1 'Qo

Mathematical Problem Formulatio



Appendix F. Simulated annealing cooling parameters

Parameter Value
Cooling Parameter 0.975
Start Temperature 15

End Temperature 0.01
MarkovChainLenght 200

With these parameters, the following algorithm cooling scheme was obtained.

AcceptanceRatio

000k

] 2% <5 5 110
OEIEIFEE AcceptanceRatio0040)

Simulated annealing cooling paramet



Appendix G. Example of an allotment plan

Example ofin allotment plan fopolicy 3 of forming specialized teams.

Profit centre RVE 3 RVE 3 RVE 4 RVE 4 RVE 5 RVE 5

Assigned to inpatients | outpatients | inpatients | outpatients | inpatients | outpatients

Hemmink 1

Endeman 1

Schulten 1

Hultink 1

Schipper 1

Lenferink 1

Krabbe 1

Fleerkotte 1

Fleerkotte 2 1

Vegt 1

Aa 1

Kahlman 1

Stege 1

Lohuis 1

Oosterhoff 1

Ebner 1

Bijvank 1

Donkersloot 1

Engele 1

Huttenhuis 1

Olde Klieverik 1

Walter 1

Example of an allotment pla



Appendix H. List of interviewed personnel

Position
Management

Secretaries

Project Manager
Medical staff

Patient matters, complaint officer
Planners

Controllers

ICT department

Patients

Name
Carrol Terleth (medical director)

Ronald Groen (head of service department)

J. Jillings (project manager)

P. Theeuwen (project manager)
H. Frankerfproject manager)
S. Mekenkamp

L. Perik

N. Melenhorst

J. Boerman

M. Wolters

O. Roukens

E. Maas (physician)

J. Nijlant (physican)

A. de Kort (physician)

D. Brouwer (head nurse)

J. Oostendorpphysio therapist)
A. Engele (ergo therapist)

E. Donkersloot (ergo therapist)
J. Rinket (career counselling)
P. de Haan (ergo therapist)

N. Bongers

A. de Vries (head of department)
R. Geerdink

S.Peeters

A. Mast

M. Weegerink

J. Cloostermans

J. Tibben

J. Nederhoff

Ef AYyLIGASYyGa

GKFG Faa¢

List of interviewed personne@dil



Appendix I.  Legend of used shapes

Bvent

Process

Planning
decision
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Appendix J. Glossary English - Dutch

Roessingh Rehabilitation Clinic

The service department
Inpatients

Outpatient

Inpatient department
Outpatient department
Therapy Centre
Physicians

Nurses

Therapists

The scheduling department
Block schedules
Activity Therapy
Career Counseling
Movement Teaching
Dietetics

Cognitive therapy
Ergo Therapy
Physiotherapists
Speech Therapy
Social Workers
Psychology

Profit Centres

Patient Progress Review

Roessingh Revalidati€€entrum
Het service bedrijf

Klinische patienten
Poliklinische patienten

De kliniek

De polikliniek

Alle behandelfaciliteiten
Revalidatie artsen

Verpleging

De behandelaars

De afdeling fanning

{ GNYzO G dzdzN> ASY RI Q&
Activiteitentherapeut
Arbeidsrevalidatie
Bewegingsagoog

Dieethiek

Cognitieve therapie
Ergotherapeut

Fysiotherapeut

Logopedist

Maatschappelijk werker
Psycholoog

wSadzZ GF 1 d +SNIyiGg22NRSE A

tFdASYG . SALINB1AYIZT 62NR

Glossary EnglistDutch



Weekly Meeting

Spinal cord injury
Orthopaedics

Stroke

Non congenital brain damage
Neuromuscular disorders
Parkinson's disease

Lungs and respiratory system
Multiple Sclerosis

Off times

Appointment Compliance

Allotment of therapists to specialized teams

Ochtend overleg met behandelteam
Dwarlesie

Orthopedie

CVA

Niet aangeboren hersenletsel
Neuromusculaire aandoeningen

De ziekte van Parkinson

Longen en luchtwegen

MS

Spertijden

Het nakomen van afspraken

Het toewijzen van therapeuten aan specialistische tee

Glossary EnglistDutch
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