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Abstract 
 
We use integer linear optimization modeling techniques to solve the desired 
scheduling problems in Rijndam Centrum and Erasmus Medical Center. First for 
Rijndam, we develop the block schedule of each class, in which the therapists are 
assigned to the class to satisfy the therapy requests for both the doctor and school 
system of this class. In addition, we explore the optimal combination of therapists in a 
team, such that the number of therapists is minimized while the doctor system 
requests of the class can be fully satisfied. Second, we generate the cyclic 
admission/operative schedules for the elective patients in the Gastro-Intestinal 
Surgery Department of Erasmus MC. We show that the resulting cyclic admission 
schemes produce lower variances and daily over-occupations of certain resources, as 
compared with their current non-cyclic approach. 
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Introduction to the thesis 
 
Scheduling in health care facilities is an important topic due to the scarce medical 
resource and the necessity to respond efficiently to all emergency requests. By means 
of appropriate allocation of resources, we can improve health care service in many 
aspects, such as better utilization of rare equipments and human resources, cost saving 
and increasing the revenue for the facility. The primary purpose of this thesis is to 
apply mathematical modeling techniques to some practical problems in the medical 
facility. In the scheduling literature, optimization techniques have been widely applied. 
In this report, we solve scheduling problems in two facilities: Rijndam Centrum and 
Erasmus Medical Center. Our methodologies are developed mainly based on the 
integer linear optimization model.  
 
This thesis consists of two parts. In Part I “Use of Optimization Programming for 
Assigning Therapists to Block Time of Classes”, the first goal is to find an optimal 
block schedule of assigning the therapists to the classes, so that the doctor system 
therapy requests are fully satisfied and therapy requests from the school can be 
satisfied as much as possible. The second goal is to form the best teams of the doctor 
system therapy. The term “best team” means a group of therapists who satisfy the 
therapy requests from each child in the class, and the smaller the size of the team the 
better. In Chapter 1, we describe the problem and the goal of this project. In Chapter 2, 
we introduce of the necessary background of therapy and the role of school Rijndam. 
In Chapter 3, we formulate and present the optimization model. The schedules we 
obtain from the model are shown in Chapter 4. In Chapter 5, we model and obtain the 
best teams of the doctor system. In Chapter 6, our conclusions are made and further 
research is discussed. 
 
Part II of the thesis, “Optimization of Admission Planning for Gastro-Intestinal 
Surgery Patients” is about the cyclic admission schedules of elective patients in the 
GISD of Erasmus MC. The main objective of this problem is to decrease their 
over-occupations of Intensive Care Unit (ICU), Post Anesthesia Care Unit (PACU), 
ward and nursing workload. In Chapter 7, the problems and goals are described. 
Chapter 8 shows the optimization model for generating the admission scheme. 
Chapter 9 demonstrates the related inputs and our application approach. In Chapter 10, 
we compare the performance between non-cyclic and cyclic admission schedules by 
using statistical tests. In Chapter 11, we state our conclusions for this project and 
discuss directions for further research. 
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Chapter 1 

Problem description and objectives 
 
1.1 Introduction 
 

Rijndam is one of the largest rehabilitation centers in the Netherlands. Rijndam 
specializes in the treatment of people who are encountering permanent effects of 
illness, disease or accident. As an example, such a disability may be caused by a 
stroke, lack of oxygen during birth, paraplegia, multiple sclerosis, amputation, chronic 
pain, fatigue, rheumatic disorders, Parkinson's, and serious injuries after accident. 
Rijndam has several subdivisions in Rotterdam in order to treat its patients as close to 
home as possible.  
 
In addition to providing health care for outpatients, Rijndam also supplies therapy for 
children of a specific school. Every year, the school collaborating with Rijndam asks 
for a certain number of therapies from Rijndam for the disabled children in its rooster. 
The school has three school districts scattered in different locations: Rijndam, xx-weg 
and Pluspunt. There are two kind of different systems of the group therapy for the 
children in school: the doctor system and the school system. The doctor system (DS) 
is a type of therapy prescribed by the doctors of Rijndam. It is a team therapy in 
which a certain class is treated by a specific team of therapists, and it is required only 
for children between the ages 4 to 7. The composition of the teams from DS is one of 
the essential issues faced by Rijndam. The school system (SS) refers to the therapy 
requests placed by the school according to the treatment needs of children in the same 
class. In this type of therapy, the whole class is guided by one therapist at each time. 
The school covers the expenses for the requests made under the school system, while 
the prescription made by the doctor system is paid by a healthcare insurance.  
 
Besides the two forms of group therapy mentioned above, there is also individual 
therapy available to each child, which is also prescribed by a doctor. The main 
difference is that in this scenario the focus of the therapy is a specific child, rather 
than a class. However, since the individual therapy is not urgent, whether it is 
scheduled or not depends only on the available time left after when all forms of group 
therapy are scheduled. 
 
In this chapter we describe the problem we consider in this report. Specifically, in 
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Section 1.2 we introduce the objective of this study, while Section 1.3 presents a 
review of related literature and Section 1.4 gives the overview of the report. 
 
1.2 Research objective 
 
At this moment, the schedule that Rijndam adopts is arranged by Rijndam’s planners 
through coordination and communication with the doctors and the school organization. 
Under the current schedule Rijndam uses, the requests from the school system are not 
easy to satisfy. Even after relaxing some of the constraints set by the school and 
Rijndam, the demands from schools for particular types of therapy still cannot be 
satisfied. In the current situation, speech therapy is often an example of therapy where 
the demand is higher than what Rijndam can currently supply. Moreover, due to other 
obligations of the therapists, such as meetings, obtaining a schedule that satisfies all 
constraints is even more challenging. Additionally, some of these obligations, such as 
the weekly meetings held by therapists within the same group (all therapists in 
Rijndam are divided into Group A and Group B for discussions with the planners), do 
not occur on a fixed day and time every week, which makes the planning problem 
even more cumbersome. 
 
In this report, we first focus on finding an optimal schedule for both DS and SS of the 
group therapy. Under the term “optimal” we understand the following. The requests 
from the doctor system should be met without fail, while the demands from the school 
system should be met to the maximum capabilities of Rijndam. Furthermore, for the 
planners’ convenience, the optimal schedule should allow for weekly adaptations, 
irrespective of meetings and other external obligations of the therapists.  
 
Our second goal pertains to the formation of teams for the DS therapies. Because 
therapists currently available to Rijndam are limited, it is necessary for Rijndam to 
efficiently make use of the therapists’ working time. Moreover, it would also be easier 
to control the therapy conditions and progress of children in one class if they are 
treated by the same group of therapists for every DS therapy. Therefore, the formation 
of a therapist team for each class is an essential problem.  Having smaller teams also 
facilitates communications among therapists in a team. Therefore, our second goal is 
to form a team with the smallest number of therapists for the specific class of younger 
children. We call this team “the best team” of DS therapy. With the best teams, all 
requests from children in the corresponding class can be satisfied. 
 
Therefore, in this research we take advantage of optimization techniques to achieve 
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these goals. By constructing an ILP (Integer Linear Programming) model, we provide 
a potential schedule for each class and therapist of Rijndam. It is worth noting that the 
pool of doctors we use in the report is of the year 2009-2010, while the school system 
demands we have are of the year 2008-2009, hence changes of school information 
such as therapy demands and class’s available time are expected for the next year. We 
also build an ILP model for the teams issue and present the so-called “best teams” of 
the classes asking the therapy from DS. 
 
1.3 Literature review 
 
Determination of resource allocation and scheduling is often not based on maximizing 
efficiency, but rather on historical utilization or convenience for planners. A.E. 
Abouleish, F. Dexter, R.H. Epstein, D.A. Lubarsky, C.W. Whitten, and D.S. Prough 
[2003] study the operating room block allocation issue, and they indicate that 
traditional schedules, which are not based on the optimization skills, will result in 
inefficient OR allocation and bad case scheduling, such as excess labor costs. Their 
study also implies the necessity of a methodology which can lead to higher efficiency 
of resources and satisfaction of customers’ (patients’) demands. 
 
Several studies deal with the issue of maximizing the efficiency of facilities by linear 
programming. J.T. Blake, F. Dexter, and J. Donald [2002] develop an integer 
programming model for operating room managers of Mount Sinai Hospital to assign 
block time to surgical groups. The objective is to ensure that the time assigned to each 
group is close to its target. In their study, the schedule accuracy which is defined as 
the ratio of assigned operation time to the total time available is higher than it used to 
be.  
 
F. Dexter, J.T. Blake, D.H. Penning, and D.A. Lubarsky [2001] also use linear 
programming to reallocate operation time among surgeons in order to increase the 
hospital overall contribution margin. The contribution margin means the difference 
between revenue and variable costs which are those increasing with each patient. 
Their results show that relaxing 25% OR time for each surgeon can increase the 
contribution margin by 7.1%. 
 
Numerous studies (see References 4,5,6) including what we have listed above have 
discussed how to assign operations into the block time in terms of the schedules for 
surgeons or operation rooms. The usual goal is to maximize the efficiency of usage of 
operation room or the working time of surgeons. In this report, we study a similar 
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case in which we assign therapists into school block time of classes and hence 
produce the schedules for the therapists and classes. The purpose of our study is to 
increase the therapies supplied to the school as much as possible. 
 
1.4 Overview 
 
Part I of this thesis consists of five chapters. In Chapter 1, the problem and the goals 
have been described. In Chapter 2, we introduce the current information of therapy in 
Rijndam and the school Rijndam is responsible for. In Chapter 3, we formulate the 
conditions described in Chapter 2 and present the optimization model. The schedules 
we obtain from the model are shown in Chapter 4. In Chapter 5, we model and obtain 
the DS teams. In Chapter 6, our conclusions are made and further research is 
discussed. 
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Chapter 2 
 

Introduction to the therapy in Rijndam 
 
In order to obtain an optimal schedule for each class and therapist so that Rijndam can 
provide more therapies to satisfy the school’s demands, we need to take the following 
steps: 
(1) We determine the availability of each therapist and the requests of both DS and SS 

for each class. 
(2) We construct an integer linear optimization model with various constraints related 

to the therapists and classes. 
(3) We produce optimal schedules for each class and therapist by solving the 

optimization model. 
(4) We interpret the results from the model and draw conclusions based on our 

findings. 
 
In this chapter, we focus on step (1) to derive the information we need when building 
the optimization model. In Section 2.1, the therapists employed by Rijndam are 
introduced and their available working time is stated in Appendix A. In Section 2.2, 
the general constraints of every class and specific restrictions of each class are 
described. 
 
2.1 Therapists 
 
In this project, there are two special groups of therapists in Rijndam, Group A and B, 
responsible for the therapy of children in the specific school (There are other 
therapists taking care of the treatments of adults). Each group contains 
Physiotherapists (Fysiotherapists, FT), Occupational therapists (Ergotherapists, ET), 
Speech therapists (Logotherapists, LT), Music therapists (Muziektherapists, MT) and 
other therapy assistants. A physiotherapist is the therapist who focuses on children’s 
limbs and torso by means of specialized exercises or auxiliary machines. An 
occupational therapist helps children learn how to handle their daily routine activities 
such as dressing independently, teeth brushing, the use of wheelchairs and prosthesis 
etc. A speech therapist is the therapist who teaches children communication skills via 
reading and speaking. A music therapist assists children in developing interests in 
music by teaching them how to play the drums, electric piano etc. 
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The team therapy requested from DS is composed of FT, ET and LT, and recall that it 
is required only for younger children at the age from 4 to 7. There are six classes of 
younger children of 4-7 years: 1-2A, 1-2B,…, 1-2F. For each such a class, three DS 
team therapies per week are requested and each therapy takes one hour. Each team of 
therapists only works for a specific class. There are in total six teams separately 
working for each class: Team 1, Team 2,…, Team 6. For example, Team 1 only works 
for the first class (1-2A) and does not work for the other five classes. The organization 
of therapists in each team is decided and fixed by Rijndam and changes are not 
allowed. The composition of teams and their available working time are listed with 
details in Table 2.1 in which each therapist is denoted by his/her abbreviation of name 
and the discipline he/she belongs to. The availability of the whole team is derived 
from the availability and necessity of each therapist in the team. 
 

Table 2.1 The availability and composition of each team 
 Availability Therapist  Availability Therapists

AKR (ET) MTO (ET) 

LHS (ET) DNI (ET) 

HM (FT) SV (FT) 

IV (FT) AMK (LT) 

DBA (LT) LVT (LT) 

Team 1 

(class:1-2A) 

Monday 

Tuesday 

Thursday 

NB (LT) 

Team 2 

(class:1-2B)

Monday morning 

Tuesday 

Friday 

PVW (LT) 

DNI (ET) SBU (ET) 

ST (ET) MTO (ET) 

AU (FT) AU (FT) 

WV (FT) SV (FT) 

AMK (LT) AMK (LT) 

DBA (LT) AL (LT) 

Team 3 

(class:1-2C) 

Monday 

Tuesday 

Friday afternoon 

PVW (LT) 

Team 4 

(class:1-2D)

Tuesday 

Thursday 

Friday 

LVT (LT) 

SBU (ET) SBU (ET) 

AKR (ET) AKR (ET) 

HM (FT) HM (FT) 

IV (FT) IV (FT) 

DBA (LT) NB (LT) 

RKI (LT) RKI (LT) 

Team 5 

(class:1-2E) 

Monday 

Tuesday 

Thursday 

Friday morning 

MJ (ET) 

Team 6 

(class:1-2F)

Tuesday 

Thursday 

Friday morning 

MJ (ET) 

 
From Table 2.1, we notice that some therapists are members of more than one team. 
Take for instance the physiotherapist IV: she works for Teams 1, 5 and 6. Therefore, it 
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is important to take care of the overlap of the therapists in the various teams they 
belong to when scheduling. In other words, it is impossible to schedule Team 1 at a 
block overlapping with Team 5 or Team 6, because of the necessity of IV in any of 
these teams. 
 
The group therapy from SS needs the specialties of ET, LT, and MT. The requirements 
of each class are different and are determined by the school. Only the six classes with 
younger children (1-2A,…, 1-2F) ask for the therapies both from DS and SS. The 
other 14 classes with elder children only need therapy from SS, in which case one 
therapist is responsible for a class at each time. Moreover, each class has its specific 
therapists. For example, the occupational therapists of the class 1-2A specialize only 
in the treatment of therapists AKR and LHS. The reason for having designated 
therapists is that therapists can get better acquaintance of the children’s conditions and 
their progress. In Table 2.2 we list all therapists with their discipline and the classes 
they can work for. The detailed working hours for each therapist can be found in 
Appendix A in which each therapist’s working location on specific day is also 
presented. 
 

Table 2.2 Therapists list of the group therapy from the school system 
 Group Therapist Class Group Therapist Class 

IBR --- MHO 3-4B, 7-8A 

MJ 3-4C, 8A LHS 
1-2A, 5-6A, 8A, 

VZS1, VZS2, VZS3 

LPE 3-4A, 3-4D AKR 
1-2A, 1-2E, 1-2F, 

4-5A 

MTO 
1-2B, 1-2D, 4-5A, 

5-6A, 7-8A 
DNI 1-2B, 1-2C, 3-4B 

SBU 
1-2D, 1-2E, 1-2F, 

3-4A 

ET A 

ST 

1-2C, 3-4C, 3-4D, 

B1, B2, VZ1A, 

VZS1, VZS2, VZS3 

B 

NVR --- 

NB 

1-2A, 1-2F, 3-4B, 

3-4D, 4-5A, 5-6A,  

B1, B2 

DBA 
1-2A, 1-2C, 1-2E, 

3-4A, 7-8A 

RKI 
1-2E, 1-2F, 3-4A, 

3-4C, 3-4D, 8A 
YBE 

3-4A, 3-4B, VZ1A, 

VZS1, VZS2, VZS3 

AL 
1-2D, 3-4B, VZ1A, 

VZS1, VZS2, VZS3 
AMK 

1-2B, 1-2C, 1-2D, 

7-8A 

LT A 

PVW 1-2B, 4-5A, 5-6A 

B 

LVT 1-2B, 1-2D, 3-4C, 8A 
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MT A SST All B EAB All 

 
We notice in Tables 2.1 and 2.2 that some of the therapists not only work in teams but 
also work individually for a class. For example, the speech therapist NB is a member 
of Team 1 and Team 6, and he can also work for the other eight classes for therapy 
requested by SS.  
 
In order not to confuse the readers, we clarify some terms here. “Groups A and B” are 
charged by different planners and hence their group meetings for discussions with the 
planners are held separately. We list the group each therapist belongs to in Table 2.2. 
“Specializations” are the disciplines of therapies. According to the demands from two 
kinds of the group therapy, we mainly care about four specializations: ET, LT, MT, 
and FT which are all stated on page 14. The “team” is a group of therapists 
specifically composed for the specific class of younger children. In Rijndam, there are 
in total six such teams: Team 1,…, Team 6. The details of teams are presented in 
Table 2.1. 
 
All therapists are grouped in two groups, Groups A and B (Table 2.2), and each group 
has a one-hour group meeting per week which all therapists must attend for 
discussions with the planners. The group meetings are determined by the manager, 
and at present they are scheduled to be held every Tuesday. Since the group meetings 
are scheduled weekly and the meeting time is different for each week in a month, 
there are at most five weeks in a regular month, Rijndam has in total five meeting 
schedules for each week. For the first week both Groups A and B meet between 12 
o’clock and 13 o’clock; for the second week both Groups A and B meet from 12:30 
until 13:30; for the third week Group A meet from 12:00 until 13:00 while Group B 
meet from 12:30 until 13:30; for the fourth week Group A meet again from 12:00 until 
13:00 while Group B meet from 13:00 until 14:00; for the possibly final week both 
Groups A and B meet between 12:30 and 13:30. 
 
In addition to the group meetings, there are several other small-scale meetings in 
which only some of the therapists are asked to join in. However, most of such 
meetings are planned only after all forms of group therapy are scheduled. An 
exception is the meeting every Thursday afternoon which therapists MTO and YBE 
participate in and discuss with other therapists from other groups. 
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2.2 Classes 
Currently, there are in total forty classes in the school which Rijndam is responsible 
for. Among them, six classes are for younger children: 1-2A, 1-2B, …, 1-2F. The 
children in these six classes need the therapy both from the doctor and school system. 
The therapy requested from the doctor system takes one hour each time, while the 
requests from the school system take 30 minutes for each therapy. Among the other 34 
classes, in the school year from 2008 until 2009, fourteen classes requested therapy 
from SS while the other twenty classes had no requests in that year. Therefore, in total 
we had twenty classes requiring therapy in the school. These twenty classes are either 
located near Rijndam or in xx-weg; in other words, no group requests were made by 
the classes in Pluspunt (i.e. The classes in Pluspunt only ask for individual therapies). 
The four classes requesting therapy and located in xx-weg are VZ1A, VZS1, VZS2, 
and VZS3. Table 2.3 demonstrates the one-weekly demands of therapy from these 
classes. We notice in particular that classes 3-4A and 3-4B should be given speech 
therapy together, and each time one hour is needed. 

Table 2.3 One-weekly target demands from each class 
Class ET LT MT Team Therapy 

1-2A 1 2 1 3 

1-2B 1 2 1 3 

1-2C 1 2 1 3 

1-2D 1 2 1 3 

1-2E 1 2 1 3 

1-2F 1 2 1 3 

3-4A 1 3 0 0 

3-4B 1 3 1 0 

3-4C 1 3 1 0 

3-4D 1 3 0 0 

4-5A 0 3 1 0 

5-6A 0 3 1 0 

7-8A 0 3 1 0 

8A 0 2 0 0 

B1 0 0 1 0 

B2 0 0 1 0 

VZ1A 0 2 0 0 

VZS1 0 1 1 0 

VZS2 0 1 1 0 

VZS3 0 0 1 0 

Total 10 39 16 18 
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From Table 2.3 we observe that some classes asked for more than one therapy of a 
particular type per week. We should mention that the same type of therapy cannot be 
scheduled for more than once per day. Recall, although this information pertains to 
the school year 2008-2009, we shall consider it to be “typical” and we shall be using 
it to derive the schedules for the following year. 
 
Each day, the school operates from 9 o’clock until 15 o’clock. Time is split in blocks, 
with each block being 30 minutes long. Therefore, there are ten blocks per day in total, 
excluding the lunch time from 12:00 until 13:00. For each class, every Monday 
morning from 10:00 to 10:30 there is the regular class meeting during which no 
therapy can be scheduled. Every Wednesday afternoon cannot be scheduled because 
children are not in school during that period. For younger children, some Wednesday 
mornings are also periods free of school. No therapy should be scheduled during 
lunch time. Moreover, for each class there is some unavailable time that is occupied 
by pre-determined courses such as swimming, sport, project learning, hobby etc. 
Particularly, we cannot schedule 15 minutes before and after swimming since those 
are needed for children’s dressing time. 
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Chapter 3 

Mathematical model 
 
In Chapter 2, we have introduced the essential information on classes and therapists. 
In this chapter, we focus on step (2) mentioned on page 14 to construct an integer 
linear optimization model in order to decide whether a therapist should be assigned to 
a particular class at a certain time, based on the requirements from the school and the 
availability of the therapist. The goal of the optimization model is to increase as much 
as possible the total number of therapies Rijndam can provide, up to the school’s 
demands. In Section 3.1, the notation used in this report is introduced. Later on, in 
Section 3.2 we formulate the integer linear optimization model. 
 
3.1 Variables 
 
In our optimization model, we make use of variables indicating whether a therapist is 
working with a particular class on a given day and block. For each therapist, each 
variable we make use of has several indices that facilitate the formulation of the 
model. There are four indices which play important roles in the optimization model. 
 
(1) Therapist (i). For the convenience in modeling, we number the therapists from 1 to 

27 to represent all therapists we need to schedule. In particular, in our notation, the 
therapist indices from 1 to 6 stand respectively for the 1st team until the 6th team of 
therapists which have been introduced in Table 2.1. In these six teams, besides the 
therapists of ET and LT, there are five physiotherapists who work only in teams 
but are not claimed by the school system (Table 2.1, Table 2.2). The indices from 
7 until 17 represent the individual occupational therapists. Indices 18 until 25 are 
reserved for the speech therapists, while indices 26 and 27 represent two music 
therapists: SST and EAB.  

 
(2) Class (j). We number the classes from 1 to 20. The indices from 1 until 6 stand for 

the classes of younger children, 1-2A, …,1-2F respectively, which require therapy 
both from DS and SS. The other fourteen classes, with indices from 7 until 20, are 
the classes only request the therapy from SS. Among these classes, the former 
sixteen classes are located near Rijndam, while the final four classes (VZ1A, 
VZS1, VZS2 and VZS3) which have indices from 17 until 20 are the classes 
located in xx-weg. The different location forms another constraint in our 
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optimization problem; therapists can work at the remote location only on 
particular days (see Appendix A). 

 
(3) Block (k). The school day starts at 9:00 and finishes at 15:00, and each class block 

lasts 30 minutes. Hence, there are in total ten blocks without considering the lunch 
time from 12:00 until 13:00. Furthermore, due to the fact that team therapy from 
DS takes 1 hour while the therapy from SS takes 30 minutes each time, we adopt 
two kinds of somewhat different definitions of the blocks in the model for the 
therapy from DS and SS respectively. In Table 3.1, we use numbers to represent 
the blocks. Indices from 1 until 6 stand for the blocks in the morning and from 7 
until 10 are the blocks in the afternoon.  
Firstly, because the therapy from two systems need different time and some of the 
therapists could serve classes both in teams and individually, the conditions of DS 
and SS cannot be dealt with separately and hence we must handle both systems 
simultaneously in the optimization model. So an approach which is able to cope 
with both systems together is needed. Secondly, suppose that each block is defined 
to be 30 minutes for both DS and SS. Because the DS therapy lasts one hour, we 
will have difficulties in formulating the following situation: at most one of the two 
cases can be scheduled in (1) block 2 and block 3 (9:30-10:30) (2) block 1 and 
block 2 (9:00-10:00). Therefore, we create two different schemes for the therapy 
from DS and SS respectively. In our definition of the blocks of DS, there exists 
the overlapping of the successive two blocks. Hence, this creates more constraints, 
for example: we cannot have a request from DS being scheduled for a class both 
in blocks 1 (from 9:00 until 10:00) and 2 (from 9:30 until 10:30). Moreover, for 
the group of therapists that are members of multiple teams, any two teams, say 
Teams c and d, a therapist works in cannot be planned such that Team c is 
scheduled in block 1 and Team d is in block 2. As an example, due to the overlap, 
it is impossible to assign a team therapy from DS which therapist, say AKR, is 
needed for in block 1 and a therapy from SS also conducted by AKR in block 2. 
 

(4) Day (l). Since both the school’s requests of therapies and the working cycles of 
each therapist are organized by weeks, accordingly, a one-weekly schedule is 
expected. Here, 1 presents Monday, 2 stands for Tuesday, and so on. 
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Table 3.1 Blocks of the doctor and school system 
Blocks Doctor system School system

1 9:00-10:00 9:00-9:30 

2 9:30-10:30 9:30-10:00 

3 10:00-11:00 10:00-10:30 

4 10:30-11:30 10:30-11:00 

5 11:00-12:00 11:00-11:30 

6 11:30-12:30 11:30-12:00 

7 13:00-14:00 13:00-13:30 

8 13:30-14:30 13:30-14:00 

9 14:00-15:00 14:00-14:30 

10 14:30-15:30 14:30-15:00 

 
Subsequently, we describe the notations of variables and parameters in the model. 

xijkl = the binary integer variable which is 1 only if therapist/team i is assigned to the 

class j in block k on day l, otherwise is 0.  
i=1,2,…,27,  j=1,2,…,20,  k=1,2,…,10,  l=1,2,…,5. 

I ET = the set of occupational therapists in Rijndam. }{ 17,...,8,7=I ET . 

I LT = the set of speech therapists in Rijndam. }{ 25,...,19,18=I LT  

I MT = the set of music therapists in Rijndam. }{ 27,26=I MT  

Gm = the set of teams which the therapist m of physiotherapy works in, m=1,2,…,5. 

Gi = the set of teams which the therapist i works in, i=1,2,…,25. 

I j = the set of individual therapists who are designated by class j, j=1,2,…,20. 

U i = the set of unavailable time blocks for therapist i, i=1,2,…,27. 

U j = the set of unavailable time blocks for class j, j=1,2,…,20. 

T jET , = the one-weekly target demands of ET from class j, j=1,2,…,20. 

T jLT , = the one-weekly target demands of LT from class j, j=1,2,…,20. 
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T jMT , = the one-weekly target demands of MT from class j, j=1,2,…,20. 

 
3.2 The integer linear optimization model 
 
Restrictions of the doctor system 
There are six teams of therapists specifically for the six classes of younger children. 
Therefore, for example, consider Team 1, with index i=1. This team can only work for 
class 1-2A, which has the same index as the team, i.e. j=1. Thus, the constraint is 

0=xijkl , 6,...,2,1=i , ij ≠∀ , lk,∀  

 
The requests from the doctor system are 3 team therapies per week for each class of 
younger children. The 3 team therapies must be satisfied during a week. 

3
5

1

10

1

20

1
=∑∑∑

= = =l k j
ijklx , 6,...,2,1=i  

 
Team therapy takes one hour each time, we have defined the blocks of DS in Table 3.1. 
From the definition of blocks, two consecutive blocks overlap for 30 minutes. 
Therefore, scheduling team therapies for both consecutive blocks on one day is not 
permitted. Since the lunch time is excluded in our definition of blocks, although the 
indices of blocks are consecutive from 1 until 10, the actual time is not continuous 
before and after lunch, e.g. block 6 ends at 12:30 and block 7 starts from 13:00. 
Therefore, we have to take care of the border around lunch break in the constraints, 
and we distinguish the constraints into the cases in the morning (9-12 AM) and the 
afternoon (1-3 PM). 
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The above two constraints describe the situation that at most one of a specific block 
and its previous (or next) one can be scheduled for a team therapy from DS. 
 
We also notice that in Table 3.1 that block 6 and 10 of team therapies include time that 
we are not allowed to schedule due to the lunch break starting at 12 and the school 
finishing at 3PM. Therefore we do not consider the two blocks for scheduling, i.e.: 

0=xijkl , 6,...,2,1=i , 10,6=k , lj,∀  
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For group therapy from DS, physiotherapists only work in teams and they can be the 
members of multiple teams. In order not to schedule the teams in which the same 
physiotherapist works for at the same time, we should use the following constraints: 
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The above two constraints describe the situation that, for all teams a physiotherapist 
works for, at most only one team can be assigned during two consecutive blocks. 
 
In Table 2.1 we have listed the available time for each team, then in those unavailable 
time period, no schedules should be made. In the applications of the next chapter, the 
unavailable time for each team also includes the regular group meeting time and small 
meetings for the therapists in Rijndam. 

0=xijkl , 6,...,2,1=i , j∀ , U ilk ∈∀ ),(  

 
Restrictions of the school system 
According to the one-weekly requests of three different therapies (ET, LT, and MT) 
for each class, we schedule the therapists for the classes to satisfy each class’s demand 
of therapies to the utmost. The total number of therapies we can supply in a week for 
each class should not exceed its demands. The weekly target demands for each class 
are listed in Table 2.3. 
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Restrictions of the classes 
There are two general constraints that should be applied to each class. One is that the 
period from 10:00 until 10:30 on Monday morning is the regular class meeting which 
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is fixed by the school and no therapies should be scheduled in. The other condition is 
that no students are in school on Wednesday afternoon and hence no therapies can be 
planned at that time. For the first condition, since the definition of blocks differs 
between DS and SS, we distinguish the cases into teams and individual therapists. 
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Especially for younger children, sometimes on Wednesday morning (9-12 AM) they 
are at home. Therefore, for the consideration of the expected schedule which can be 
applied in every week, we block this period as one of the constraints in the model. We 
will see later in Chapter 4 that we can find a schedule satisfying all constraints, and 
thus it was not necessary to include Wednesday mornings when young children are at 
school. 

03
=xijk , 6....,2,1, =kj , i∀ . 

 
Regardless of whether the therapies are asked by the doctors or by the school, the 
same therapies cannot be allocated on the same day. Consequently, we have the 
following restrictions. 
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10

1

≤∑
=k

ijklx , 6,...,2,1=i , lj,∀  

(SS-ET)   1
10

1
≤∑ ∑

= ∈k i
ijkl

I ET

x , lj,∀  

(SS-LT)   1
10

1

≤∑ ∑
= ∈k i

ijkl
I LT

x , lj,∀  
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Of course, for a class it only can have at most one therapy each time. We differentiate 
between younger children and other children. Moreover for the case of younger 
children, since they need therapies from both DS and SS and because the definitions 
of blocks in these two systems are different, we can only either assign at most one 
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team therapy from DS at a certain time or schedule one therapy from SS in the next 
block, this is one of the main constraints resulting from the specific definition of 
blocks for the two systems. In the mathematical model, we write 
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We have identified the classes each therapist works for in Table 2.2. In other words, 
we cannot assign the therapists to the classes they do not work for. 

0=xijkl , I ji∉∀ , lkj ,,∀ . 

 
Owing to the pre-determined courses of each class, it is unlikely to schedule any 
therapy during the time that is fixed by the courses of each class. 

0=xijkl , ji,∀ , U j
lk ∈∀ ),(  

 
Restrictions of the therapists 
Naturally, we only consider scheduling the therapy at the time that the therapist is 
available. In the applications of the next chapter, the unavailable time of each 
therapist covers the group meetings and some small-scale meetings a therapist should 
participate in. 

0=xijkl , ji,∀ , U ilk ∈∀ ),(  

 
Similar to the situation of classes, a therapist cannot be assigned to different classes at 
the same time. Furthermore for the occupational therapists and speech therapists, 
some of them not only work in the team but also individually work for school’s 
requests. Hence, it is impossible to schedule both the team therapy a therapist works 
for at a certain time and the therapy conducted individually by the same therapist in 
the next block as well. As for the music therapists, they always work for the school 
system only. Because speech therapist YBE (numbered 23) should especially be 
responsible for classes 3-4A and 3-4B together, we do not consider him now and 
particularly deal with him later. 
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Special constraints of 3-4A , 3-4B and YBE 
Especially for the class 3-4A and 3-4B, numbered 7 and 8 respectively, their three 
speech therapies requested by the school are supposed to be scheduled at the same 
time and both conducted by the therapist YBE (recall that YBE is assigned the index 
23). In other words, at a certain time either both classes are scheduled a speech 
therapy by YBE or both classes are not planned at all. It is impossible that exactly one 
of the two classes is scheduled a speech therapy.  

1,8,23,7,23 ≠+xx klkl , lk,∀  

Besides for 3-4A and 3-4B, the rule that YBE only can be assigned to at most one 
class each time is still held. 
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Moreover, owing to the speech therapies for these two classes are for one hour each 
time, the definition of blocks are the same with team therapy from DS and hence lots 
of the constraints are similar with ones from DS. Therefore, the constraints for YBE 
and classes 3-4A and 3-4B are specifically formulated as follows. The first constraint 
is the overlap of consecutive block slots. 
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Secondly, if YBE is assigned to classes 3-4A or 3-4B, at the same time it is not 
allowed to assign YBE to other classes. 
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Furthermore, like team therapy from DS, blocks 6 and 10 should not be scheduled due 
to the block period is more than what we can schedule. Monday from 10:00 until 
10:30 is also not available. 
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Obejective function 
The goal of the optimization model is to maximize the total number of therapies 
Rijndam can provide for the school based on each class’s requests. Because the 

variable xijkl  is binary between 0 and 1, the summation over all the therapists, 

classes, blocks and days in a week is the total number of therapies that have been 
scheduled within a week. Therefore, the objective function in the optimization model 
is formulated as 
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Chapter 4 

Results and sensitive analysis 
 
In Chapter 2, the major information about the therapists and classes has been 
introduced. In Chapter 3, the integer linear optimization model of assigning therapists 
to classes at appropriate time has been built. Subsequently in this chapter, we focus on 
step (3) on page 14 to apply the data we have in Chapter 2 to the optimization model 
formulated in Chapter 3. We use the optimization modeling software LINGO 11.0 
(see references 8) to solve the integer linear model in Chapter 3. There are in total 
27,000 variables in our model, but most of the variables are 0 (there are a total of 
13550 non-zeros). The time needed to get a solution with LINGO 11.0 is 
approximately 2 minutes (variations in time depend on the settings of constraints in 
each scenario). The one-weekly schedules for each class and therapist are presented in 
Section 4.1 and Section 4.2 respectively. In Section 4.3, we investigate several 
scenarios and present some interesting results which may be a useful reference for the 
manager when taking executive decisions. 
 
4.1 Schedules of class 
 
In the following tables, we demonstrate the one-weekly schedule of each class in this 
section. To continue using the terms which the planners in Rijndam are acquainted 
with, we use BLK representing the unavailable blocked time determined by the class, 
SOZ as the swimming course which is determined by the class, and use GT, SOE, 
SOL, and SOM respectively expressing the team therapy from DS, occupational 
therapy (ET), speech therapy (LT), and music therapy (MT). 
 
For each schedule, the following constraints should be satisfied: 
(1) 10:00-10:30 on Monday morning is the regular class meeting at which no 

therapies should be scheduled. 
(2) On Wednesday afternoon there are no students in school. Hence, there should be 

no therapies required on Wednesday afternoon. 
(3) On Wednesday morning, the younger children are at home. It is impossible to 

allocate therapies for younger children on Wednesday morning. 
(4) Only the candidate therapists who are designated by the class can be planned. 
(5) Swimming takes 30 minutes each time. 15 minutes before and after each 

swimming are children’s dressing time that therefore no therapies can be 
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scheduled. 
(6) The same therapies should not be allocated on the same day. 
 
Under the same targets of demands, Rijndam could not cover all demands from SS 
with the current schedule they use; while with our schedule listed as follows all 
requests are satisfied. For the aspect of the number of therapies provided, in total 65 
therapies which completely satisfy the demands from SS are provided with our 
schedule, while only 61 therapies could be supplied by the schedule Rijndam use now. 
Moreover, because of practical situations, Rijndam often needs to assign therapists, 
who are not designated by one class, to the class (Table 2.2). For example, we 
observed that Rijndam assigns therapist DNI to class 3-4A for an occupational therapy, 
while LPE and SBU are the designated therapists of 3-4A. This is because both LPE 
and SBU are unable to accommodate their schedules to the available time slots of the 
class 3-4A. With our optimized schedule, Rijndam can not only increase their 
utilization (i.e., more working hours per week), but also always assign the right 
therapists to the right class. We conclude that with our schedule produced by the 
optimization model, not only the target demands are fully achieved, but also all 
constraints from the school are satisfied. In the next section, from the schedules of 
therapists we show that no constraints of therapists should be relaxed, either. 
 
1-2A 
Recall that in Table 2.2 AKR and LHS are the occupational therapists and NB and 
DBA are the speech therapists for the therapies from SS requested by class 1-2A. 
Besides, only Team 1 is responsible for 1-2A’s team therapy made by the doctor 
system. 
 
In Table 4.1, three team therapies from DS are scheduled on Monday 13:00-14:00, 
Tuesday 14:00-15:00 and Thursday 13:00-14:00. The demands from SS for 1-2A are 
one SOE, two SOL, and one SOM (Table 2.3) which are all achieved in our schedule 
and two SOL are planned separately on Monday and Thursday. 
 

Table 4.1 Schedules of class 1-2A 
 Monday Tuesday Wednesday Thursday Friday 

9:00      

9:30      

10:00    SOM-SST BLK 

10:30 BLK    BLK 

11:00 BLK SOZ  SOE-LHS BLK 
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11:30 SOL-DBA SOZ    

Lunch 

13:00 GT-Team 1   GT-Team 1  

13:30 GT-Team 1   GT-Team 1  

14:00  GT-Team 1  SOL-DBA  

14:30  GT-Team 1   BLK 

 
1-2B 
Recall that in Table 2.2 MTO and DNI are the occupational therapists and AMK, LVT 
and PVW are the speech therapists for the therapies of SS requested by class 1-2B. 
Besides, only Team 2 is responsible for 1-2B’s team therapy made by the doctor 
system. 
 
In Table 4.2, three team therapies from DS are scheduled on Monday 11:00-12:00, 
Tuesday 14:00-15:00 and Friday 11:00-12:00. The demands from SS for 1-2B are one 
SOE, two SOL, and one SOM (Table 2.3) which are all achieved in our schedule and 
two SOL are planned separately on Tuesday and Thursday. 
 

Table 4.2 Schedules of class 1-2B 
 Monday Tuesday Wednesday Thursday Friday 

9:00 SOE-MTO   SOM-SST  

9:30  SOL-LVT    

10:00     BLK 

10:30  SOZ   BLK 

11:00 GT-Team 2 SOZ   GT-Team 2 

11:30 GT-Team 2    GT-Team 2 

Lunch 

13:00      

13:30 BLK     

14:00 BLK GT-Team 2    

14:30 BLK GT-Team 2  SOL-AMK BLK 

 
1-2C 
Recall that in Table 2.2 DNI and ST are the occupational therapists and AMK and 
DBA are the speech therapists for the therapies from SS requested by class 1-2C. 
Besides, only Team 3 is responsible for 1-2C’s team therapy made by the doctor 
system. 
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In Table 4.3, three team therapies from DS are scheduled on Monday 9:00-10:00, 
Tuesday 9:00-10:00 and Friday 13:30-14:30. The demands from SS for 1-2C are one 
SOE, two SOL, and one SOM (Table 2.3) which are all achieved in our schedule and 
two SOL are planned separately on Monday and Thursday. 
 

Table 4.3 Schedules of class 1-2C 
 Monday Tuesday Wednesday Thursday Friday 

9:00 GT-Team 3 GT-Team 3    

9:30 GT-Team 3 GT-Team 3   SOE-ST 

10:00    SOL-DBA BLK 

10:30     BLK 

11:00    SOZ BLK 

11:30    SOZ  

Lunch 

13:00 SOL-AMK    SOM-EAB 

13:30 BLK    GT-Team 3 

14:00 BLK    GT-Team 3 

14:30 BLK    BLK 

 
1-2D 
Recall that in Table 2.2 SBU and MTO are the occupational therapists and AMK, LVT 
and AL are the speech therapists for the therapies from SS requested by class 1-2D. 
Besides, only Team 4 is responsible for 1-2D’s team therapy made by the doctor 
system. 
 
In Table 4.4, three team therapies are scheduled on Tuesday 10:00-11:00, Thursday 
13:30-14:30 and Friday 9:00-10:00. The demands from SS for 1-2D are one SOE, two 
SOL, and one SOM (Table 2.3) which are all achieved in our schedule and two SOL 
are planned separately on Monday and Friday. 
 

Table 4.4 Schedules of class 1-2D 
 Monday Tuesday Wednesday Thursday Friday 

9:00     GT-Team 4 

9:30  SOM-EAB  SOZ GT-Team 4 

10:00  GT-Team 4   BLK 

10:30 SOL-AMK GT-Team 4   BLK 

11:00     BLK 

11:30      
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Lunch 

13:00      

13:30 BLK   GT-Team 4  

14:00 BLK SOE-SBU  GT-Team 4 SOL-LVT 

14:30     BLK 

 
1-2E 
Recall that in Table 2.2 SBU and AKR are the occupational therapists and DBA and 
RKI are the speech therapists for the therapies from SS requested by class 1-2E. 
Besides, only Team 5 is responsible for 1-2E’s team therapy made by the doctor 
system. 
 
In Table 4.5, three team therapies are scheduled on Monday 14:00-15:00, Tuesday 
11:00-12:00 and Thursday 11:00-12:00. The demands from SS for 1-2E are one SOE, 
two SOL, and one SOM (Table 2.3) which are all achieved in our schedule and two 
SOL are planned separately on Tuesday and Friday. 
 

Table 4.5 Schedules of class 1-2E 
 Monday Tuesday Wednesday Thursday Friday 

9:00      

9:30  SOZ    

10:00     BLK 

10:30 BLK SOL-DBA   BLK 

11:00 BLK GT-Team 5  GT-Team 5 BLK 

11:30 BLK GT-Team 5  GT-Team 5  

Lunch 

13:00    SOE-SBU  

13:30      

14:00 GT-Team 5 SOM-SST   SOL-RKI 

14:30 GT-Team 5     

 
1-2F 
Recall that in Table 2.2 SBU and AKR are the occupational therapists and NB and 
RKI are the speech therapists for the therapies from SS requested by class 1-2F. 
Besides, only Team 6 is responsible for 1-2F’s team therapy made by the doctor 
system. 
 
In Table 4.6, three team therapies are scheduled on Tuesday 9:00-10:00, Thursday 
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9:30-10:30 and Friday 10:00-11:00. The demands from SS for 1-2F are one SOE, two 
SOL, and one SOM (Table 2.3) which are all achieved in our schedule and two SOL 
are planned separately on Monday and Friday. 
 

Table 4.6 Schedules of class 1-2F 
 Monday Tuesday Wednesday Thursday Friday 

9:00  GT-Team 6    

9:30  GT-Team 6  GT-Team 6  

10:00    GT-Team 6 BLK 

10:30    SOZ BLK 

11:00    SOZ GT-Team 6 

11:30 SOL-RKI    GT-Team 6 

Lunch 

13:00 BLK     

13:30 BLK    SOL-NB 

14:00     SOM-EAB 

14:30    SOE-SBU BLK 

 
3-4A 
Recall that in Table 2.2 SBU and LPE are the occupational therapists and DBA, RKI 
and YBE are the speech therapists for the therapies from SS requested by class 3-4A. 
For 3-4A, no team therapies from the doctor system are requested. 
 
The demands from school system for 3-4A are one SOE and three SOL (Table 2.3). 
Moreover, the three SOL of 3-4A and 3-4B should be allocated together and 
conducted by YBE, and each SOL takes one hour. In Table 4.7, we show that the 
demands are all satisfied in our schedule and three SOL conducted by YBE are 
planned separately on Monday, Tuesday and Wednesday. 
 

Table 4.7 Schedules of class 3-4A 
 Monday Tuesday Wednesday Thursday Friday 

9:00   SOL-YBE  BLK 

9:30  SOL-YBE SOL-YBE  BLK 

10:00  SOL-YBE    

10:30   BLK   

11:00 SOL-YBE  BLK SOE-LPE  

11:30 SOL-YBE     

Lunch 
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13:00 SOZ   BLK  

13:30  BLK  BLK  

14:00  BLK  BLK  

14:30  BLK   BLK 

 
3-4B 
Recall that in Table 2.2 MHO and DNI are the occupational therapists and NB, AL 
and YBE are the speech therapists for the therapies from SS requested by class 3-4B. 
For 3-4B, no team therapies from the doctor system are requested. 
 
The demands from school system for 3-4B are one SOE, three SOL and one SOM 
(Table 2.3). Moreover, the three SOL should be allocated together with class 3-4A by 
YBE, and each SOL takes one hour. In Table 4.8, we show that the demands are all 
satisfied in our schedule and three SOL conducted by YBE are indeed planned 
together with 3-4A. 
 

Table 4.8 Schedules of class 3-4B 
 Monday Tuesday Wednesday Thursday Friday 

9:00   SOL-YBE  BLK 

9:30  SOL-YBE SOL-YBE  BLK 

10:00  SOL-YBE    

10:30 SOM-EAB  BLK   

11:00 SOL-YBE  BLK   

11:30 SOL-YBE     

Lunch 

13:00  BLK  BLK  

13:30 SOZ BLK  BLK  

14:00    BLK  

14:30 SOE-DNI    BLK 

 
3-4C 
Recall that in Table 2.2 MJ and ST are the occupational therapists and RKI and LVT 
are the speech therapists for the therapies from SS requested by class 3-4C. For 3-4C, 
no team therapies from the doctor system are requested. 
 
The demands from school system for 3-4C are one SOE, three SOL and one SOM 
(Table 2.3). In Table 4.9, we show that the demands are all satisfied in our schedule 
and three SOL are planned separately on Tuesday, Thursday and Friday. 
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Table 4.9 Schedules of class 3-4C 

 Monday Tuesday Wednesday Thursday Friday 

9:00  SOM-EAB BLK BLK BLK 

9:30  BLK BLK BLK BLK 

10:00      

10:30      

11:00    BLK  

11:30  SOL-LVT  BLK  

Lunch 

13:00 SOE-ST   BLK  

13:30  BLK  BLK SOL-LVT 

14:00 SOZ   BLK  

14:30    SOL-RKI BLK 

 
3-4D 
Recall that in Table 2.2 ST and LPE are the occupational therapists and RKI and NB 
are the speech therapists for the therapies from SS requested by class 3-4D. For 3-4D, 
no team therapies from the doctor system are requested. 
 
The demands from school system for 3-4D are one SOE and three SOL (Table 2.3). In 
Table 4.10, we show that the demands are all satisfied in our schedule and three SOL 
are planned separately on Monday, Thursday and Friday. 
 

Table 4.10 Schedules of class 3-4D 
 Monday Tuesday Wednesday Thursday Friday 

9:00     BLK 

9:30     BLK 

10:00      

10:30    BLK  

11:00    BLK  

11:30    SOL-NB  

Lunch 

13:00 SOL-RKI   BLK  

13:30    BLK SOL-RKI 

14:00  BLK  BLK  

14:30 SOZ SOE-ST   BLK 
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4-5A 
Recall that in Table 2.2 PVW and NB are the designated speech therapists for the 
therapies from SS requested by class 4-5A. For 4-5A, no team therapies from the 
doctor system are requested. 
 
The demands from school system for 4-5A are three SOL and one SOM (Table 2.3). 
In Table 4.11, we show that the demands are all satisfied in our schedule and three 
SOL are planned separately on Monday, Tuesday and Thursday. 
 

Table 4.11 Schedules of class 4-5A 
 Monday Tuesday Wednesday Thursday Friday 

9:00 BLK BLK  SOZ BLK 

9:30 BLK BLK    

10:00      

10:30      

11:00      

11:30  SOL-PVW  SOL-PVW  

Lunch 

13:00    BLK  

13:30  BLK  BLK  

14:00 SOL-PVW SOM-EAB  BLK BLK 

14:30     BLK 

 
5-6A 
Recall that in Table 2.2 PVW and NB are the appointed speech therapists for the 
therapies from SS requested by class 5-6A. For 5-6A, no team therapies from the 
doctor system are requested. 
 
The demands from school system for 5-6A are three SOL and one SOM (Table 2.3). 
In Table 4.12, we show that the demands are all satisfied in our schedule and three 
SOL are planned separately on Monday, Tuesday and Thursday. 
 

Table 4.12 Schedules of class 5-6A 
 Monday Tuesday Wednesday Thursday Friday 

9:00     SOZ 

9:30    BLK  

10:00    BLK  

10:30   BLK   
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11:00  SOL-PVW BLK SOL-PVW  

11:30 SOM-EAB     

Lunch 

13:00    BLK  

13:30  BLK  BLK  

14:00  BLK  BLK  

14:30 SOL-PVW BLK   BLK 

 
7-8A 
Recall that in Table 2.2 AMK and DBA are the speech therapists for the therapies 
from SS requested by class 7-8A. For 7-8A, no team therapies from the doctor system 
are requested. 
 
The demands from school system for 7-8A are three SOL and one SOM (Table 2.3). 
In Table 4.13, we show that the demands are all satisfied in our schedule and three 
SOL are planned separately on Monday, Thursday and Friday. 
 

Table 4.13 Schedules of class 7-8A 
 Monday Tuesday Wednesday Thursday Friday 

9:00      

9:30  BLK   SOZ 

10:00  BLK    

10:30  BLK BLK SOL-DBA  

11:00   BLK   

11:30      

Lunch 

13:00    BLK SOL-AMK 

13:30 SOL-AMK BLK  BLK SOM-EAB 

14:00  BLK  BLK  

14:30  BLK   BLK 

 
8A 
Recall that in Table 2.2 LVT and RKI are the speech therapists for the group therapies 
of 8A. For 8A, no team therapies from the doctor system are requested. 
 
The demands from school system for 8A are two SOL (Table 2.3). In Table 4.14, we 
show that the demands are all satisfied in our schedule and two SOL are planned 
separately on Monday and Tuesday. 



 40

Table 4.14 Schedules of class 8A 
 Monday Tuesday Wednesday Thursday Friday 

9:00      

9:30      

10:00      

10:30     SOZ 

11:00  BLK   SOZ 

11:30  BLK    

Lunch 

13:00    BLK  

13:30 SOL-RKI BLK  BLK  

14:00    BLK  

14:30  SOL-RKI   BLK 

 
B1 
For B1, no team therapies from the doctor system are requested. The demand from 
school system for B1 is one SOM (Table 2.3). In Table 4.15, the SOM is scheduled on 
Tuesday from 14:30 until 15:00. 
 

Table 4.15 Schedules of class B1 
 Monday Tuesday Wednesday Thursday Friday 

9:00 BLK     

9:30 BLK     

10:00      

10:30      

11:00     BLK 

11:30     BLK 

Lunch 

13:00     BLK 

13:30     BLK 

14:00     BLK 

14:30  SOM-EAB   BLK 

 
B2 
For B2, no team therapies from the doctor system are requested. The demand from 
school system for B2 is one SOM (Table 2.3). In Table 4.16, the SOM is scheduled on 
Tuesday from 11:00 until 11:30. 
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Table 4.16 Schedules of class B2 
 Monday Tuesday Wednesday Thursday Friday 

9:00 BLK     

9:30 BLK     

10:00 BLK     

10:30      

11:00  SOM-EAB   BLK 

11:30     BLK 

Lunch 

13:00     BLK 

13:30     BLK 

14:00     BLK 

14:30     BLK 

 
VZ1A 
For classes VZ1A, VZS1, VZS2 and VZS3, no team therapies from the doctor system 
are requested. The candidate speech therapists for these classes are AL and YBE. The 
demands from school system for VZ1A are two SOL (Table 2.3). In Table 4.17, the 
two SOL are scheduled on Tuesday and Thursday respectively. 
 

Table 4.17 Schedules of class VZ1A 
 Monday Tuesday Wednesday Thursday Friday 

9:00    BLK  

9:30    BLK  

10:00      

10:30   BLK   

11:00  SOL-AL BLK   

11:30    SOL-YBE  

Lunch 

13:00 BLK BLK  BLK BLK 

13:30 BLK BLK  BLK BLK 

14:00  BLK  BLK BLK 

14:30     BLK 

 
VZS1 
The demands from school system for VZS1 are one SOL and one SOM (Table 2.3). In 
Table 4.18, the SOL and SOM are scheduled on Thursday and Friday respectively. 
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Table 4.18 Schedules of class VZS1 
 Monday Tuesday Wednesday Thursday Friday 

9:00    SOL-YBE SOM-EAB 

9:30      

10:00   BLK   

10:30   BLK   

11:00   BLK   

11:30      

Lunch 

13:00 BLK BLK  BLK BLK 

13:30 BLK BLK  BLK BLK 

14:00  BLK  BLK BLK 

14:30    BLK BLK 

 
VZS2 
The demands from school system for VZS2 are one SOL and one SOM (Table 2.3). In 
Table 4.19, the SOL and SOM are scheduled on Monday and Thursday respectively. 
 

Table 4.19 Schedules of class VZS2 
 Monday Tuesday Wednesday Thursday Friday 

9:00      

9:30      

10:00   BLK   

10:30   BLK   

11:00   BLK   

11:30      

Lunch 

13:00 BLK BLK  BLK BLK 

13:30 SOL-AL BLK  BLK BLK 

14:00  BLK  BLK BLK 

14:30    SOM-SST BLK 

 
VZS3 
The demands from school system for VZS3 are one SOM (Table 2.3). In Table 4.20, 
the SOL is scheduled on Thursday. 
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Table 4.20 Schedules of class VZS3 
 Monday Tuesday Wednesday Thursday Friday 

9:00   BLK   

9:30   BLK   

10:00      

10:30      

11:00      

11:30      

Lunch 

13:00     BLK 

13:30     BLK 

14:00 BLK   SOM-SST BLK 

14:30 BLK     

 
4.2 Schedules of therapist 
 
In this section, the schedules of assigned therapists are shown as the reference of later 
Rijndam planning individual therapy. All the therapists presented here are planned in 
the schedules listed above, so these schedules of therapists are matched with the 
schedules of classes presented in Section 4.1. According to the therapists demanded 
by the group therapy from DS and SS, we divide them into four groups according to 
their disciplines: ET, LT, MT, and FT. The therapists of ET and LT are the ones who 
may both work in teams and work individually; the therapists of MT are not necessary 
for the team therapies and only work alone for the class; the therapists of FT are the 
members of the team therapies asked by DS and they do not individually provide 
therapy from SS for the class. 
 
For each therapist, there are some points we should pay attention to: 
(1) Group meeting time should not be scheduled therapies. We should recall that 

during one month there were different group meeting times. However, in general 
meeting times range from 12:00 to 13:30 for Group A and from 12:00 to 14:00 for 
Group B on every Tuesday. We simply block all these time blocks rather than 
produce different schedules based on this information.  

(2) In addition to the regular group meetings which all the therapists should 
participate in for the discussion with the planners and members within the same 
group, there exist some small-scale meetings which only certain specific 
therapists are asked to attend. Also, no therapies will be assigned at the small 
meeting time. 
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(3) For the therapist who works in teams, because the detail working arrangements 
within the team can be adjusted according to the availability of therapists, the 
team therapies still can be allocated at the time he/she is not available. Therefore, 
the schedules of team therapies are based on the availability of the whole team 
(Table 2.1). 

(4) Only the therapists who are appointed by the class can be considered to be 
scheduled. 

 
In the following schedules, we list the one-weekly schedule of each therapist along 
with the teams he works in and the classes he can be assigned. The detailed working 
time of each therapist is in Appendix A, in the following schedules we only list the 
activities of therapists from 9:00 until 15:00. 
 
Moreover, since we have blocked the group meeting time separately for the therapists 
belonging to groups A and B, no therapies are scheduled at these time blocks. 
Therefore, the resulted schedules can be applied to each week without being 
influenced by different meeting times in each week. Moreover, because the resulted 
schedules can satisfy all constraints and requests, we can use these schedules for 
every week in stead of producing different schedules of each week. 
 
4.2.1 Schedules of occupational therapists 
 
Since the availability of each therapist differs, in the subsequent schedules we mark 
“X” on the time that the therapist does not work. We use “GT” and “SOE” 
respectively representing “team therapy from DS” and “group therapy individually 
conducted by an occupational therapist” which are all matched with the notations we 
use in the schedules of class. As for the meetings, we use “GM” and “SM” to show 
the group meetings which all therapists should be in and small meetings which only 
specific therapists are asked to join in. Except that therapists IBR, MHO, and NVR 
are not assigned, the schedules of other occupational therapists are displayed below. 
 
MJ 
MJ is the member of Team 5 and Team 6, and he is also the candidate individual 
therapist of class 3-4C (Table 2.2). He works fulltime from 9:00 until 15:00 on 
Tuesday, Thursday and Friday. Because he belongs to Group A, on Tuesday from 
12:00 until 13:30 is blocked for the group meeting. In Table 4.21, the team therapies 
of 1-2E and 1-2F are scheduled. Since on Monday no work of Team 5 is arranged for 
MJ, two team therapies of 1-2E are scheduled separately on Tuesday and Thursday. 
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MJ is not assigned to provide any occupational therapy requested by class 3-4C. 
 

Table 4.21 Schedules of occupational therapist MJ 
 Monday Tuesday Wednesday Thursday Friday 

9:00 X GT- 1-2F X   

9:30 X GT- 1-2F X GT- 1-2F  

10:00 X  X GT- 1-2F  

10:30 X  X   

11:00 X GT- 1-2E X GT- 1-2E GT- 1-2F 

11:30 X GT- 1-2E X GT- 1-2E GT- 1-2F 

Lunch/GM 

13:00 X GM X   

13:30 X  X   

14:00 X  X   

14:30 X  X   

 
LPE 
LPE does not work in teams, but he is the candidate individual therapist of classes 
3-4A and 3-4D (Table 2.2). He works on Monday, Tuesday and Thursday from 9AM 
until 2 PM. Because he belongs to Group A, on Tuesday from 12:00 until 13:30 is 
blocked for the group meeting. In Table 4.22, LPE is assigned to provide an 
occupational therapy requested by class 3-4A. 
 

Table 4.22 Schedules of occupational therapist LPE 
 Monday Tuesday Wednesday Thursday Friday 

9:00   X  X 

9:30   X  X 

10:00   X  X 

10:30   X  X 

11:00   X SOE- 3-4A X 

11:30   X  X 

Lunch/GM 

13:00  GM X  X 

13:30   X  X 

14:00 X X X X X 

14:30 X X X X X 
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MTO 
MTO is the member of Team 2 and Team 4, and he is also the candidate individual 
therapist of classes 1-2B and 1-2D (Table 2.2). He works fulltime from 9:00 until 
15:00 on Monday, Tuesday, Thursday and Friday. Because he belongs to Group A, on 
Tuesday from 12:00 until 13:30 is blocked for the group meeting. MTO also 
participates in two small meetings respectively held on Monday from 1PM until 2PM 
and on Thursday afternoon. In Table 4.23, the team therapies of 1-2B and 1-2D are 
scheduled. Since on Thursday no work of Team 4 is arranged for MTO, only two team 
therapies of 1-2D are scheduled separately on Tuesday and Friday. MTO is assigned 
to provide an occupational therapy requested by class 1-2B. 

Table 4.23 Schedules of occupational therapist MTO 
 Monday Tuesday Wednesday Thursday Friday 

9:00 SOE- 1-2B  X  GT- 1-2D 

9:30   X  GT- 1-2D 

10:00  GT- 1-2D X   

10:30  GT- 1-2D X   

11:00 GT- 1-2B  X  GT- 1-2B 

11:30 GT- 1-2B  X  GT- 1-2B 

Lunch/GM 

13:00 SM GM X SM  

13:30 SM  X SM  

14:00  GT- 1-2B X SM  

14:30  GT- 1-2B X SM  

 
ST 
ST is the member of Team 3 and he is also the candidate individual therapist of 
classes 1-2C, 3-4C, and 3-4D (Table 2.2). He works fulltime from 9:00 until 15:00 on 
Monday, Tuesday and Friday, particularly on Monday morning he works in xx-weg. 
Because he belongs to Group A, on Tuesday from 12:00 until 13:30 is blocked for the 
group meeting. In Table 4.24, since on Monday no work of Team 3 is arranged for ST, 
only two team therapies of 1-2C are scheduled separately on Tuesday and Friday. ST 
is assigned to provide occupational therapies requested by classes 1-2C, 3-4C, and 
3-4D. 
 

Table 4.24 Schedules of occupational therapist ST 
 Monday Tuesday Wednesday Thursday Friday 

9:00  GT- 1-2C X X  

9:30  GT- 1-2C X X SOE- 1-2C 
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10:00   X X  

10:30   X X  

11:00   X X  

11:30   X X  

Lunch/GM 

13:00 SOE- 3-4C GM X X  

13:30   X X GT- 1-2C 

14:00   X X GT- 1-2C 

14:30  SOE- 3-4D X X  

 
LHS 
LHS is the member of Team 1 and he is also the candidate individual therapist of class 
1-2A (Table 2.2). He works everyday except for Wednesday afternoon, but on 
Wednesday morning and Friday he works in xx-weg. Because he belongs to Group B, 
on Tuesday from 12:00 until 14:00 is blocked for the group meeting. In Table 4.25, 
ST is assigned to provide an occupational therapy requested by class 1-2C. 
 

Table 4.25 Schedules of occupational therapist LHS 
 Monday Tuesday Wednesday Thursday Friday 

9:00      

9:30      

10:00      

10:30      

11:00    SOE- 1-2A  

11:30      

Lunch/GM 

13:00 GT- 1-2A GM X GT- 1-2A  

13:30 GT- 1-2A GM X GT- 1-2A  

14:00  GT- 1-2A X   

14:30  GT- 1-2A X   

 
AKR 
AKR is the member of Team 1, 5 and 6, and he is also the candidate individual 
therapist of classes 1-2A, 1-2E, and 1-2F (Table 2.2). He works fulltime from 9:00 
until 15:00 everyday. Because he belongs to Group B, on Tuesday from 12:00 until 
14:00 is blocked for the group meeting. In Table 4.26, except for the team therapies, 
AKR is not assigned to provide any occupational therapy asked by the classes. 
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Table 4.26 Schedules of occupational therapist AKR 
 Monday Tuesday Wednesday Thursday Friday 

9:00  GT- 1-2F    

9:30  GT- 1-2F  GT- 1-2F  

10:00    GT- 1-2F  

10:30      

11:00  GT- 1-2E  GT- 1-2E GT- 1-2F 

11:30  GT- 1-2E  GT- 1-2E GT- 1-2F 

Lunch/GM 

13:00 GT- 1-2A GM  GT- 1-2A  

13:30 GT- 1-2A GM  GT- 1-2A  

14:00 GT- 1-2E GT- 1-2A    

14:30 GT- 1-2E GT- 1-2A    

 
DNI 
DNI is the member of Team 2 and Team 3, and he is also the candidate individual 
therapist of classes 1-2B, 1-2C and 3-4B (Table 2.2). He works everyday except for 
Wednesday afternoon and Friday morning. Because he belongs to Group B, on 
Tuesday from 12:00 until 14:00 is blocked for the group meeting. In Table 4.27, DNI 
is scheduled the team therapies of classes 1-2B and 1-2C but particular not planned 
for 1-2B on Friday. He is assigned to provide an occupational therapy requested by 
class 3-4B. 
 

Table 4.27 Schedules of occupational therapist DNI 
 Monday Tuesday Wednesday Thursday Friday 

9:00 GT- 1-2C GT- 1-2C   X 

9:30 GT- 1-2C GT- 1-2C   X 

10:00     X 

10:30     X 

11:00 GT- 1-2B    X 

11:30 GT- 1-2B    X 

Lunch/GM 

13:00  GM X   

13:30  GM X  GT- 1-2C 

14:00  GT- 1-2B X  GT- 1-2C 

14:30 SOE- 3-4B GT- 1-2B X   
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SBU 
SBU is the member of Team 4, 5 and 6, and he is also the candidate individual 
therapist of classes 1-2D, 1-2E, 1-2F and 3-4A (Table 2.2). He works everyday except 
for Wednesday afternoon. Because he belongs to Group B, on Tuesday from 12:00 
until 14:00 is blocked for the group meeting. There are some other small meetings for 
him to attend respectively on Monday, Tuesday and Wednesday. In Table 4.28, DNI is 
scheduled the team therapies and occupational therapies requested by classes 1-2D, 
1-2E and 1-2F. 
 

Table 4.28 Schedules of occupational therapist SBU 
 Monday Tuesday Wednesday Thursday Friday 

9:00  GT- 1-2F SM  GT- 1-2D 

9:30  GT- 1-2F SM GT- 1-2F GT- 1-2D 

10:00  GT- 1-2D SM GT- 1-2F  

10:30  GT- 1-2D SM   

11:00  GT- 1-2E  GT- 1-2E GT- 1-2F 

11:30  GT- 1-2E  GT- 1-2E GT- 1-2F 

Lunch/GM 

13:00 SM GM X SOE- 1-2E  

13:30 SM GM X GT- 1-2D  

14:00 GT- 1-2E SOE- 1-2D X GT- 1-2D  

14:30 GT- 1-2E SM X SOE- 1-2F  

 
4.2.2 Schedules of speech therapists 
 
In the schedules of speech therapists, we use “SOL” representing the “group therapy 
individually conducted by a speech therapist” which is also matched with what we use 
in the schedules of class. Other notations and their definitions are the same with what 
we have in 4.2.1. The schedules of each speech therapist are as follows. 
 
NB 
NB is the member of Team 1 and Team 6, and he is also the candidate individual 
therapist of classes 1-2A, 1-2F, 3-4B, 3-4D, 4-5A and 5-6A (Table 2.2). He works 
fulltime from 9:00 until 15:00 on Tuesday, Thursday and Friday. Because he belongs 
to Group A, on Tuesday from 12:00 until 13:30 is blocked for the group meeting. In 
Table 4.29, the team therapies of classes 1-2A and 1-2F are scheduled and on Monday 
NB is not planned for class 1-2A. Two speech therapies requested by classes 1-2F and 
3-4D are allocated to be conducted by NB. 
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Table 4.29 Schedules of speech therapist NB 
 Monday Tuesday Wednesday Thursday Friday 

9:00 X GT- 1-2F X   

9:30 X GT- 1-2F X GT- 1-2F  

10:00 X  X GT- 1-2F  

10:30 X  X   

11:00 X  X  GT- 1-2F 

11:30 X  X SOL- 3-4D GT- 1-2F 

Lunch/GM 

13:00 X GM X GT- 1-2A  

13:30 X  X GT- 1-2A SOL- 1-2F 

14:00 X GT- 1-2A X   

14:30 X GT- 1-2A X   

 
RKI 
RKI is the member of Team 5 and Team 6, and he is also the candidate individual 
therapist of classes 1-2E, 1-2F, 3-4A, 3-4C, 3-4D and 8A (Table 2.2). He works 
almost everyday except for Wednesday afternoon. Because he belongs to Group A, on 
Tuesday from 12:00 until 13:30 is blocked for the group meeting. In Table 4.30, the 
team therapies of classes 1-2A and 1-2F are scheduled, but no any speech therapies 
are allocated to be conducted by RKI. 
 

Table 4.30 Schedules of speech therapist RKI 
 Monday Tuesday Wednesday Thursday Friday 

9:00  GT- 1-2F    

9:30  GT- 1-2F  GT- 1-2F  

10:00    GT- 1-2F  

10:30      

11:00  GT- 1-2E  GT- 1-2E GT- 1-2F 

11:30  GT- 1-2E  GT- 1-2E GT- 1-2F 

Lunch/GM 

13:00  GM X   

13:30   X   

14:00 GT- 1-2E  X   

14:30 GT- 1-2E  X   
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AL 
AL is the member of Team 4 and the candidate individual therapist of classes 1-2D, 
3-4B, VZ1A, VZS1, and VZS2 (Table 2.2). He works on Monday, Tuesday and 
Thursday, among which, on Monday and Tuesday he is in xx-weg. Because he 
belongs to Group A, on Tuesday from 12:00 until 13:30 is blocked for the group 
meeting. He also has another meeting on Thursday from 8:30 until 10:00. In Table 
4.31, AL is assigned one team therapy of class 1-2D on Thursday, and two speech 
therapies of class VZ1A and VZS2 are scheduled. 
 

Table 4.31 Schedules of speech therapist AL 
 Monday Tuesday Wednesday Thursday Friday 

9:00   X SM X 

9:30   X SM X 

10:00   X  X 

10:30   X  X 

11:00  SOL- VZ1A X  X 

11:30   X  X 

Lunch/GM 

13:00  GM X  X 

13:30 SOL-VZS2  X GT- 1-2D X 

14:00   X GT- 1-2D X 

14:30   X  X 

 
PVW 
PVW is the member of Team 2 and Team 3, and he is also the candidate individual 
therapist of classes 1-2B, 4-5A and 5-6A (Table 2.2). He works on Monday, Tuesday 
and Thursday morning. Because he belongs to Group A, on Tuesday from 12:00 until 
13:30 is blocked for the group meeting. In Table 4.32, PVW is assigned team 
therapies of classes 1-2B and 1-2C, but no work is scheduled for him on Friday. The 
speech therapies of classes 4-5A and 5-6A are scheduled to be instructed by PVW. 
 

Table 4.32 Schedules of speech therapist PVW 
 Monday Tuesday Wednesday Thursday Friday 

9:00 GT- 1-2C GT- 1-2C X  X 

9:30 GT- 1-2C GT- 1-2C X  X 

10:00   X  X 

10:30   X  X 

11:00 GT- 1-2B SOL- 5-6A X SOL- 5-6A X 
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11:30 GT- 1-2B SOL- 4-5A X SOL- 4-5A X 

Lunch/GM 

13:00  GM X X X 

13:30   X X X 

14:00 SOL- 4-5A GT- 1-2B X X X 

14:30 SOL- 5-6A GT- 1-2B X X X 

 
DBA 
DBA is the member of Team 1, 3 and 5, and he is also the candidate individual 
therapist of classes 1-2A, 1-2C, 1-2E, 3-4A and 7-8A (Table 2.2). He works on 
Monday, Tuesday and Thursday. Because he belongs to Group B, on Tuesday from 
12:00 until 14:00 is blocked for the group meeting. In Table 4.33, DBA is assigned to 
the team therapies of classes 1-2A, 1-2C and 1-2E, but no work with 1-2C is 
scheduled for him on Friday. The speech therapies of classes 1-2A, 1-2C, 1-2E, and 
7-8A are scheduled to be instructed by DBA. 
 

Table 4.33 Schedules of speech therapist DBA 
 Monday Tuesday Wednesday Thursday Friday 

9:00 GT- 1-2C GT- 1-2C X  X 

9:30 GT- 1-2C GT- 1-2C X  X 

10:00   X SOL- 1-2C X 

10:30  SOL- 1-2E X SOL- 7-8A X 

11:00  GT- 1-2E X GT- 1-2E X 

11:30 SOL- 1-2A GT- 1-2E X GT- 1-2E X 

Lunch/GM 

13:00 GT- 1-2A GM X GT- 1-2A X 

13:30 GT- 1-2A GM X GT- 1-2A X 

14:00 GT- 1-2E GT- 1-2A X SOL- 1-2A X 

14:30 GT- 1-2E GT- 1-2A X  X 

 
YBE 
YBE is the appointed individual therapist of classes 3-4A, 3-4B, VZ1A, VZS1 and 
VZS2 (Table 2.2). He works on Monday, Tuesday, Thursday and Wednesday morning, 
but on Thursday morning he works in xx-weg. Because he belongs to Group B, the 
time on Tuesday from 12:00 until 14:00 is blocked for the group meeting. Two other 
small meetings are separately on Monday and Thursday afternoon. In Table 4.34, 
YBE is responsible for three speech therapies of classes 3-4A and 3-4B together for 
one hour each time. On Thursday morning, he works in xx-weg, two speech therapies 
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of classes VZ1A and VZS1 are scheduled. 
 

Table 4.34 Schedules of speech therapist YBE 
 Monday Tuesday Wednesday Thursday Friday 

9:00   SOL-3-4A/B VZS1 X 

9:30  SOL-3-4A/B SOL-3-4A/B  X 

10:00  SOL-3-4A/B   X 

10:30     X 

11:00 SOL-3-4A/B    X 

11:30 SOL-3-4A/B   VZ1A X 

Lunch/GM 

13:00  GM X SM X 

13:30 SM GM X SM X 

14:00 SM  X SM X 

14:30 SM  X SM X 

 
AMK 
AMK is the member of Team 2, 3 and 4, and he is also the candidate individual 
therapist of classes 1-2B, 1-2C, 1-2D and 7-8A (Table 2.2). He does not work only on 
Wednesday afternoon. Because he belongs to Group B, on Tuesday from 12:00 until 
14:00 is blocked for the group meeting. In Table 4.35, AMK is assigned not only team 
therapies of classes 1-2B, 1-2C and 1-2D, but also the speech therapies of classes 
1-2B, 1-2C, 1-2D, and 7-8A. 
 

Table 4.35 Schedules of speech therapist AMK 
 Monday Tuesday Wednesday Thursday Friday 

9:00 GT- 1-2C GT- 1-2C   GT- 1-2D 

9:30 GT- 1-2C GT- 1-2C   GT- 1-2D 

10:00  GT- 1-2D    

10:30 SOL- 1-2D GT- 1-2D    

11:00 GT- 1-2B    GT- 1-2B 

11:30 GT- 1-2B    GT- 1-2B 

Lunch/GM 

13:00 SOL- 1-2C GM X  SOL- 7-8A 

13:30 SOL- 7-8A GM X GT- 1-2D GT- 1-2C 

14:00  GT- 1-2B X GT- 1-2D GT- 1-2C 

14:30  GT- 1-2B X SOL- 1-2B  
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LVT 
LVT is the member of Team 2 and Team 4, and he is also the candidate individual 
therapist of classes 1-2B, 1-2D, 3-4C and 8A (Table 2.2). He does not work only on 
Wednesday, but on Monday and Thursday he is in another place Pluspunt for 
individual therapies. In other words, only Tuesday and Friday are available to be 
scheduled therapy for LVT. Because he belongs to Group B, on Tuesday from 12:00 
until 14:00 is blocked for the group meeting. In Table 4.36, LVT is assigned team 
therapies of class 1-2B. However, he is not planned any work of 1-2B on Monday and 
of 1-2D on Thursday. The speech therapies of classes 1-2B, 1-2D, and 3-4C are 
scheduled. 

Table 4.36 Schedules of speech therapist LVT 
 Monday Tuesday Wednesday Thursday Friday 

9:00   X  GT- 1-2D 

9:30  SOL- 1-2B X  GT- 1-2D 

10:00  GT- 1-2D X   

10:30  GT- 1-2D X   

11:00   X  GT- 1-2B 

11:30  SOL- 3-4C X  GT- 1-2B 

Lunch/GM 

13:00  GM X   

13:30  GM X  SOL- 3-4C 

14:00  GT- 1-2B X  SOL- 1-2D 

14:30  GT- 1-2B X   

 
4.2.3 Schedules of music therapists 
 
“SOM” is used to represent the “group therapy individually conducted by a music 
therapist” which is also matched with the schedules of class. Other notations and their 
definitions are the same with what we have in 4.2.1. The schedules of two music 
therapists are presented here. No restrictions of specific music therapists for each 
class exist. All requested music therapies are to be shared by SST and EAB. 
 
SST 
SST works only on Tuesday and Thursday, and on Tuesday morning and Thursday 
afternoon he is in xx-weg. Because he belongs to Group A, on Tuesday from 12:00 
until 13:30 is blocked for the group meeting. In Table 4.37, SST is assigned music 
therapies of classes 1-2A, 1-2B, 1-2E, VZS2 and VZS3. 
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Table 4.37 Schedules of music therapist SST 
 Monday Tuesday Wednesday Thursday Friday 

9:00 X  X SOM- 1-2B X 

9:30 X  X  X 

10:00 X  X SOM- 1-2A X 

10:30 X  X  X 

11:00 X  X  X 

11:30 X  X  X 

Lunch/GM 

13:00 X GM X  X 

13:30 X  X  X 

14:00 X SOM- 1-2E X SOM- VZS3 X 

14:30 X  X SOM- VZS2 X 

 
EAB 
EAB works on Monday, Tuesday and Friday, and on Monday afternoon and Friday 
morning he is in xx-weg. Because he belongs to Group B, on Tuesday from 12:00 
until 14:00 is blocked for the group meeting. In Table 4.38, EAB is assigned music 
therapies for classes 1-2C, 1-2D, 1-2F, 3-4B, 3-4C, 4-5A, 5-6A, 7-8A, B1, B2, and 
VZS1. 
 

Table 4.38 Schedules of music therapist EAB 
 Monday Tuesday Wednesday Thursday Friday 

9:00  SOM- 3-4C X X SOM- VZS1 

9:30  SOM- 1-2D X X  

10:00   X X  

10:30 SOM- 3-4B  X X  

11:00  SOM- B2 X X  

11:30 SOM- 5-6A  X X  

Lunch/GM 

13:00  GM X X SOM- 1-2C 

13:30  GM X X SOM- 7-8A 

14:00  SOM- 4-5A X X SOM- 1-2F 

14:30  SOM- B1 X X  
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4.2.4 Schedules of physiotherapists 
 
Here, we list the schedules of five physiotherapists who are the members of the team 
therapy from DS. In the group therapy, they only work in teams. Similarly, we use 
“GT” to stand for the team therapy in the subsequent schedules. 
 
HM 
HM works in Team 1, 5 and 6. He does not work only on Wednesday afternoon. 
Because he belongs to Group B, on Tuesday from 12:00 until 14:00 is blocked for the 
group meeting. In Table 4.39, the team therapies of classes 1-2A, 1-2E, and 1-2F are 
scheduled. 
 

Table 4.39 Schedules of physiotherapist HM 
 Monday Tuesday Wednesday Thursday Friday 

9:00  GT- 1-2F    

9:30  GT- 1-2F  GT- 1-2F  

10:00    GT- 1-2F  

10:30      

11:00  GT- 1-2E  GT- 1-2E GT- 1-2F 

11:30  GT- 1-2E  GT- 1-2E GT- 1-2F 

Lunch/GM 

13:00 GT- 1-2A GM X GT- 1-2A  

13:30 GT- 1-2A GM X GT- 1-2A  

14:00 GT- 1-2E GT- 1-2A X   

14:30 GT- 1-2E GT- 1-2A X   

 
IV 
The teams IV works in are the same with HM: Team 1, 5 and 6. IV does not work 
only in the afternoon on Wednesday and Friday. Because he belongs to Group A, on 
Tuesday from 12:00 until 13:30 is blocked for the group meeting. In Table 4.40, the 
team therapies of classes 1-2A, 1-2E, and 1-2F are scheduled. 
 

Table 4.40 Schedules of physiotherapist IV 
 Monday Tuesday Wednesday Thursday Friday 

9:00  GT- 1-2F    

9:30  GT- 1-2F  GT- 1-2F  

10:00    GT- 1-2F  

10:30      
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11:00  GT- 1-2E  GT- 1-2E GT- 1-2F 

11:30  GT- 1-2E  GT- 1-2E GT- 1-2F 

Lunch/GM 

13:00 GT- 1-2A GM X GT- 1-2A X 

13:30 GT- 1-2A  X GT- 1-2A X 

14:00 GT- 1-2E GT- 1-2A X  X 

14:30 GT- 1-2E GT- 1-2A X  X 

 
SV 
SV works in Team 2 and Team 4. He does not work on Wednesday, but on Monday 
afternoon, Thursday and Friday he is in xx-weg. Therefore, we can only assign SV on 
Monday morning and Tuesday. Because he belongs to Group B, on Tuesday from 
12:00 until 14:00 is blocked for the group meeting. In Table 4.41, the team therapies 
of classes 1-2B and 1-2D are scheduled. He is not assigned work for 1-2B on Friday 
and for 1-2D on Thursday and Friday. 
 

Table 4.41 Schedules of physiotherapist SV 
 Monday Tuesday Wednesday Thursday Friday 

9:00   X   

9:30   X   

10:00  GT- 1-2D X   

10:30  GT- 1-2D X   

11:00 GT- 1-2B  X   

11:30 GT- 1-2B  X   

Lunch/GM 

13:00  GM X   

13:30  GM X   

14:00  GT- 1-2B X   

14:30  GT- 1-2B X   

 
AU 
AU works in Team 3 and Team 4. He does not work on Friday, but he is in Pluspunt 
on Monday and Wednesday. Therefore, we can only assign AU on Tuesday and 
Thursday. Because he belongs to Group B, on Tuesday from 12:00 until 14:00 is 
blocked for the group meeting. In Table 4.42, the team therapies of classes 1-2C and 
1-2D are scheduled. He is not assigned any work for 1-2C on Monday and Friday, and 
for 1-2D on Friday. 
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Table 4.42 Schedules of physiotherapist AU 
 Monday Tuesday Wednesday Thursday Friday 

9:00  GT- 1-2C   X 

9:30  GT- 1-2C   X 

10:00  GT- 1-2D   X 

10:30  GT- 1-2D   X 

11:00     X 

11:30     X 

Lunch/GM 

13:00  GM   X 

13:30  GM  GT- 1-2D X 

14:00    GT- 1-2D X 

14:30     X 

WV 
WV works in Team 3 and does not work only on Wednesday afternoon. However, on 
Tuesday, Wednesday and Thursday he is in Pluspunt. Therefore, he is only available 
on Monday and Friday. Because he belongs to Group A, on Tuesday from 12:00 until 
13:30 is blocked for the group meeting. In Table 4.43, the team therapies of class 
1-2C are scheduled but no work of 1-2C is assigned to WV on Tuesday. 
 

Table 4.43 Schedules of physiotherapist WV 
 Monday Tuesday Wednesday Thursday Friday 

9:00 GT- 1-2C     

9:30 GT- 1-2C     

10:00      

10:30      

11:00      

11:30      

Lunch/GM 

13:00  GM X   

13:30   X  GT- 1-2C 

14:00   X  GT- 1-2C 

14:30   X   

 
4.3 Sensitivity analysis 
 
In this section, we examine several scenarios to determine the therapy capacity 
Rijndam can supply with the current staff. First we would like to understand the 
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variations of the maximal capacity of therapies Rijndam can provide when the number 
of therapists of each kind (ET, LT, MT) is increased by one under the assumption that 
the current classes ask for some therapies from Rijndam but the requests are unlimited, 
i.e. the classes will always accept the therapies Rijndam supply. Here, the designated 
constraint is relaxed since the new therapist should be able to work for every class, or 
we will lose the meaning of adding a new therapist. Another assumption is the 
newly-added therapist can work full time everyday in a specific school district. In the 
first observation, each time we add one more occupational therapist, speech therapist, 
and music therapist separately in Rijndam and xx-weg (recall that the classes located 
in Pluspunt do not request group therapy), in other words we have 6 scenarios to 
compare the total provided supplies to the situation with the current therapists. The 
resulted variation of therapy capacity when adding one more therapist of each 
specialty is in Table 4.44. 
 

Table 4.44 The variations of maximal total capacity of therapy  
when increasing therapists 

 Current 

One more 

ET in 

Rijndam 

One more 

ET in 

xx-weg 

One more 

LT in 

Rijndam

One more 

LT in 

xx-weg 

One more 

MT in 

Rijndam 

One more 

MT in 

xx-weg 

Total 

Capacity 
154 154 154 154 154 187 158 

 
The change occurs when we add one more music therapist, who is in Rijndam totally 
give more 33 therapies than the current situation and the other scenarios of adding ET 
and LT while in xx-weg totally increase 4 therapies. However, the total capacity of 
therapies do not change when adding one more ET and LT, it shows that the current  
capacity in ET and LT is enough, so adding therapists of these two kinds does not help 
in increasing the total therapies provided. If Rijndam wants to increase the supply of 
therapies to the school, they can consider hiring more MT. The premise of the 
conclusion is that the current classes need the number of the therapies Rijndam can 
provide. 
 
From Table 4.44, we found that with the current therapists Rijndam can supply at 
most a total of 154 requests which outperform the current total 65 requests which 
come from 20 classes. It shows that there exist more spare therapies Rijndam’s current 
therapists can supply. Therefore, the second issue we are concerned with is how many 
classes Rijndam can fully satisfy based on the current availability of therapists. We 
assume that each new class requests 1 ET, 3 LT, and 1 MT which are the maximal 
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requests of a class according to the data of year 2008-2009. Here the designated 
constraint is also relaxed because we have no idea about who are the designated 
therapists to the new class.  
 
From Figure 4.1, the line “Expectation” is increased 5 more therapies by adding one 
more new class because the total requests of each new class is 5 (1 ET, 3 LT, and 1 
MT), while the dashed line “Realization” shows that with the number of classes added 
the total number of provided therapies will increase. The data of “Expectation” is 
calculated as, when there are in total c classes: 

)20(565 −×+ c  
The “65” in the above formula is the total requests coming from the 20 existing 
classes; “5” is the total requests of a new class, and c-20 is the number of new classes. 
For instance, the expected number of the therapies that Rijndam can provide for 25 
classes is 90)2025(565 =−×+ . The data of “Realization” is obtained from our 
Lingo program, in which we relax the designated constraint and add the target number 
of therapies asked by the new classes. However, we noticed that Rijndam can fully 
satisfy the requests of at most 44 classes and the difference between expectation and 
realization becomes bigger and bigger when more classes are added. 

 
Figure 4.1 The variations of total supplied therapies when adding classes 
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Chapter 5 

The best teams for the therapy for the doctor system 
 
In this chapter, we explore the formation of therapists in a team for therapy of DS. 
The DS therapy is the therapy prescribed by the Rijndam doctors and conducted by a 
group of therapists for a specific class. The goal of this chapter is to search for the 
best teams for these classes of younger children (recall that only the classes of 
younger children need the therapy from DS). In “The best team” we mean a group of 
therapists that can cover the weekly DS requests of each student in the class, while the 
number of therapists in the best team is minimized. In addition, we allow that one 
therapist can work for several teams at different time blocks.   
 
The day and time of the therapy from DS for each class is fixed. Although all 
therapists in a team should work together for a class at specific time blocks, only one 
therapist should be assigned to a student in each therapy session, according to the 
student’s needs. Hence it is actually a one-to-one relationship between therapists and 
students. In each week, there are three times of one-hour DS therapy, and each time 
consists of 2 consecutive half-hour one-to-one sessions. Therefore, each student will 
take at most 6 DS therapies in a week.  
 
The student’s DS requests include LT, FT, and ET. The same therapy treatment cannot 
be scheduled to a student more than once a day. Each (one-to-one) therapy session 
takes 30 minutes, so a student can take at most two different DS therapy treatments in 
one day.  
 
For the new school year from 2009 until 2010, there are totally six classes of younger 
children. However, the first two classes, 1-2A and 1-2B consist of freshmen, who do 
not have requests of DS therapy (currently doctors have not prescribed any therapies 
for freshmen). Therefore, in this chapter we deal with the teaming issues for the other 
four classes: 1-2C, 1-2D, 1-2E and 2-3F. 
 
In Section 5.1, the mathematical ideas and models are introduced. In Section 5.2, we 
describe the data obtained from Rijndam and we show the results from our model. 
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5.1 Variables and the model 
 
In this section, we build two models: the “best team model” and the “one-to-one 
model”. The best team model decides the composition of therapists in a team, while 
the one-to-one model assigns the students in a class to therapists of the corresponding 
team. The idea of the models is to first use the “best team model” to determine the 
team for each class based on therapists’ available time. The optimal solution to the 
model can show us the smallest team consisting of three different types of therapists 
(LT, FT and ET), given that all requests from each student in the specific class are 
satisfied. In the best team model, we not only determine who will join in the team, but 
also decide how therapists contribute their work to the classes, i.e. which therapy 
sessions of a class the therapists work on. The next step is to determine with the 
“one-to-one model,” in which students will be assigned to the therapists determined 
earlier in “the best team” at the time that the therapists are available. Next we will 
introduce the indices, variables and formulation of these two models. 
 
Model I: The best team model 
 
We introduce indexes and variables used in the model as follows.  
 
Indices 
(1) Therapist (i). The types of therapists required by DS, including LT, FT and ET. We 

give each therapist a number representing him/her for the convenience of 
modeling. 

 
(2) Class (j). The classes in this chapter only indicate the classes of younger children 

for whom doctors prescribe the therapy. 
 
(3) Contribution Type (c). If the variables in this model are the binary variables equal 

to 1 when we assign a therapist to a class at its specific DS therapy session, then 
we cannot ensure that the therapists working for a specific class on different 
sessions are identical, although the number of therapists in a team can be 
controlled by the settings of variables. Therefore, in stead of handling the therapy 
arrangements day by day (the indices in the variables hence do not contain day or 
session), we further develop the contribution types. The purpose of creating 
contribution types is to determine the way in which a therapist can serve a class 
during the determined therapy times. By directly deciding each therapist’s 
workloads of three therapy days (six therapy sessions), we can plan out three 
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therapy days at once and easily control the number and the formation of therapists 
in each team.  
The contribution type in modeling is a series made up of six binary zero-one 
numbers. Each number stands for whether the therapist can work for a specific 
class on a fixed therapy session. We explain the idea in Figure 5.1. 
 

 
Figure 5.1 The contribution type chart 

 
A1, A2, B1, B2, C1, and C2 in Figure 5.1 are the binary number equal to either 0 or 1. 
For instance, the vector (0,0;1,0;0,1) is used to represent whether a therapist can work 
for a class in the first half hour on the second therapy day and the second half hour on 
the third day. In this stage, we only care about how a therapist can serve a class. The 
decision about which student will be attended by which therapist will be dealt with in 
the one-to-one model later. Therefore, in total we have 6426 =  contribution types. All 
these 64 combinations represent different contribution types. For example, number 63 
stands for therapists’ participation in every therapy days and times, and hence is type 
(1,1;1,1;1,1). Number 64 is type (0,0;0,0;0,0), which represents no participation in a 
specific team at all. 
 
Variables 

yc

ji,
= the binary integer variable is equal to 1 only if therapist i works in the team for 

the class j with contribution type c, and it is 0 otherwise. The indexes associated 
with this variable are: i=1,2,…,I,  j=1,2,…,J,  c=1,2,…,64. 

I LT = the set of speech therapists. 

I FT = the set of physiotherapists. 

I ET = the set of occupational therapists. 

Cn = the set of contribution types which a therapist works on n sessions to a class. 
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n=0,1,…,6 

Aj
i = the available contribution types of therapist i to class j. i=1,2,…,I,  j=1,2,…,J. 

T jLT , = the total speech therapies requested by class j. j=1,2,…,J. 

T jFT , = the total physiotherapies requested by class j. j=1,2,…,J. 

T jET , = the total occupational therapies requested by class j. j=1,2,…,J. 

N jLT , = the number of speech therapists needed for class j. j=1,2,…,J. 

N jFT , = the number of physiotherapists needed for class j. j=1,2,…,J. 

N jET , = the number of occupational therapists needed for class j. j=1,2,…,J. 

Dj = the set of contribution types therapists work of class j, which causes overlaps of 

therapy times with other classes. j=1,2,…,J. 
 
Model 
The goal of the best team model is to satisfy demands from the classes as much as 
possible, hence the objective function is 

Max [
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The function above is partitioned into six parts. The first part describes the total 
number of therapies provided by the therapists who work in six therapy sessions of 
certain classes (recall that we use number 63 represents the type (1,1;1,1;1,1)); the 
second part is the total number of therapies provided by the therapists working in five 
therapy sessions for some classes. The other four parts are similarly constructed. The 
summation of these six sub-functions is the total number of DS therapies the teams 
can give to these classes. 
 
The realized number of therapies of each class should not exceed its target, so we 
formulate the constraints as follows. The constraint formulation is developed similar 
to the objective function, but we consider it class by class. We distinguish them in 
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three different kinds of therapies. 
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Because we want to employ the smallest number of therapists in each team, the total 
therapists of a certain type of therapy needed by a class should not be more than the 
determined number of therapists of that kind. In mathematics, this can be modeled as 
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Each therapist belongs to exactly one contribution type in each class. Therefore, the 
constraint is 

1
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Since the schedule of each therapy has been determined and some of the time of one 
class overlaps the time of other classes, therapists who can serve these overlapped 
classes should only be assigned to at most one class in the same time block. For 
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instance, if a therapist can work at a certain time, say Tuesday from 9:00 until 9:30, 
which happens to be the first therapy time on the first day of class A and also the first 
therapy time on the second day of class B, then at most one of the following 
contribution types (1, ; , ; , ) of class A and ( , ;1, ; , , ) of class B should be assigned to 
this therapist. So we formulate the situations above as 

1
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Finally, it is impossible to assign a therapist’s unavailable contribution types regarding 
to a class. For example, if a therapist is only available on the first two therapy days for 
a class, then the following contribution types can never happen: ( , ; , ;1,0), ( , ; , ;0,1), 
( , ; , ;1,1). 

0
,
=yc

ji
, Aj
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Model II: The one-to-one model 
 
In this model, we cope with one class each time, and hence the one-to-one model can 
be applied to every class (so we do not consider the class in the index of variables). 
The variables in the one-to-one model indicate whether one student is assigned to a 
specific therapist (the therapist is determined from the best team model) at a certain 
fixed time and day. For each variable we make use of three indices to facilitate the 
formulation of the model.   
 
Indices 
(1) Student (s). We number the students in the class from 1 until S which depends on 

the actual number of students in the class. 
 
(2) Therapist (i). The therapists in the class are the results from the best team model. 

We number the therapists in each class from 1 until I which is the total number of 
therapists in the team including LT, FT, and ET and therefore may be different 
team by team. 

 
(3) Time (t). Recall that in Figure 5.1, we use 1 representing the first half hour on the 

first day, 2 stands for the second half hour on the first day, …, and 6 is the second 
half hour on the third day. 
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Variables 

z tis ,, = the binary integer variable, equal to 1 only if student s is assigned to therapist i 

at time t, otherwise is 0.  
s=1,2,…,S,  i=1,2,…,I,  t=1,2,…,6. 

LT s = the number of speech therapy requested by student s. s=1,2,…,S. 

FT s = the number of physiotherapy requested by student s. s=1,2,…,S. 

ET s = the number of occupational therapy requested by student s. s=1,2,…,S. 

I LT = the set of speech therapists in the corresponding team. 

I FT = the set of physiotherapists in the corresponding team. 

I ET = the set of occupational therapists in the corresponding team. 

Ai = the available therapy time of therapist i in the class. 

 
Model 
In the first model, we have found the best team for the class. In other words, we have 
satisfied all DS requests from each class with the smallest number of therapists. We 
also have known the way in which each therapist contributes to the class from the best 
team model. Subsequently, in this one-to-one model, we need to decide which student 
and at which time should be assigned to a specific therapist, and the solution will be 
based on the therapist’s contribution type determined by the best team model. The 
goal of the one-to-one model is to arrange the therapy time for students to satisfy the 
total requests of the class as much as possible. Therefore, the objective function is 
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The total scheduled number of a therapy of a student should not surpass the student’s 
weekly target requests. The constraints are hence modeled as 
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Because the same therapy cannot be assigned to a student more than once on one day,  
if a student is scheduled a FT at time t=1, then the student cannot be assigned to 
another FT at time t=2, since t=1 and t=2 belong to the same day. The similar 
constraint is applied to t=3 t=4 and t=5 t=6. The situations are formulated as 
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One student can be scheduled at a certain time block with at most one therapist, and 
for the same reason, at a certain time block a therapist can provide therapy to at most 
one student. We formulate the conditions as 
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Since the available therapy time of the therapists in the team has been determined 
from the best team model, we cannot assign students to therapist i at the time which is 
unavailable to therapist i. For example, therapist AMK does not contribute his work at 
the 1st therapy session of class 1-2A (Table 5.5). Therefore, no students of class 1-2A 
can be assigned to therapist AMK at the class’s 1st therapy session. 

,0,, =z tis  Ait∉∀ , is,∀  
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5.2 Inputs and results 
 
Inputs 
The available therapists from school system (in Table 2.2) can provide the therapy for 
the doctor system as well. In the new school year 2009-2010, the speech therapist 
PVW and the occupational therapist DNI will not work anymore. Therefore, in the 
new year, there are totally 24 therapists available to the DS requests. 
 
In our problem, only the classes of younger children will ask for the therapy. In the 
new school year, there are six classes of younger children in the school Rijndam 
supply therapies. In addition to classes 1-2A and 1-2B in which no requests from DS 
are prescribed, the therapy requests for each kind of each student in the other four 
classes 1-2C, 1-2D, 1-2E and 2-3F are shown in Table 5.1. 
 

Table 5.1 The requests from DS of individual students 
Class Students LT FT ET 

Beyza 1 2 2 

Steff 2 2 2 

Stephan 2 1 0 

Ramon 2 2 2 

Chris 0 1 3 

Marlies 2 1 2 

Mustafa 2 0 2 

Cemil 1 2 1 

Sefa 1 2 2 

1-2C 

Total 13 13 16 

Katinka 1 1 2 

Esra 0 2  

Dexter 1 2 2 

Sannah 0 3 2 

Rachel 0 2 1 

Iris 2 1 2 

Nick 2 2 2 

1-2D 

Total 6 13 11 

Leonardo 1 1 2 

Lisa 2 1 2 

Nayara 1 2 2 

1-2E 

Willemijn 2 2 2 
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Damiano 2 1 2 

Bastiaan 2 2 2 

Stefan 1 2 2 

Lara 2 1 2 

Total 13 12 16 

Tristan 2 2 2 

Ceyda 2 2 2 

Stan 2 1 1 

Duncan 1 0 1 

Alex 2 2 2 

Olaf 2 2 2 

Merouan 0 3 2 

2-3F 

Total 11 12 12 

 
The days and time of the therapy from DS determined for the four classes are listed in 
Table 5.2. Notice that class 1-2C separately overlaps the therapy time with the other 
three classes: (1) overlaps with 1-2D on Monday 9:30-10:30, (2) overlaps with 1-2E 
on Tuesday 14:00-15:00, and (3) overlaps with 2-3F on Friday 11:00-12:00. 
According to the therapists’ available time, we summarize the available therapists for 
each class in Table 5.2. Table 5.2 is related to the contribution types of the therapists. 
For example, therapist LVT can work on the last two DS therapy days (last four 
sessions) of class 1-2C. Then, the following two contribution types should not be 
occurred on LVT for class 1-2C: (1, ; , ; , ), ( ,1; , ; , ). 
 

Table 5.2 The time of the therapy from DS and available therapists 
Class Therapy Time 

Mon Tue Fri 
 

9.30 -10.30 14.00-15.00 11.00-12.00 

LT 
RKI, DBA, YBE, 

AMK 

NB, RKI, DBA, 

YBE, AMK, LVT 

NB, RKI, AMK, 

LVT 

FT 
HM, IV, SV, WV, 

MZO 

HM, IV, SV, AU, 

DDE, MZO 

HM, IV, WV 1-2C 

ET 

LPE, MTO, MHO, 

LHS, AKR, 

SBU,NVR 

IBR, MJ, MTO, 

ST, MHO, LHS, 

AKR, SBU, NVR 

MJ, MTO, ST, 

MHO, AKR, 

SBU 

Mon Thr Fri 
 

9.30 -10.30 13.00-14.00 13.30-14.30 

1-2D 

LT 
RKI, DBA, YBE, NB, RKI, AL, NB, RKI, AMK, 
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AMK DBA, AMK LVT 

FT 
HM, IV, SV, WV, 

MZO 

HM, IV, AU, MZO HM, WV 

ET 

LPE, MTO, MHO, 

LHS, AKR, SBU, 

NVR 

MJ, LHS, AKR, 

SBU 

MJ, MTO, ST, 

MHO, AKR, 

SBU 

Tue Thr Fri 
 

14.00-15.00 10.30-11.30 9.00-10.00 

LT 
NB, RKI, DBA, 

YBE, AMK, LVT 

NB, RKI, AL, 

DBA, AMK 

NB, RKI, AMK, 

LVT 

FT 
HM, IV, SV, AU, 

DDE, MZO 

HM, IV, AU, MZO HM, IV, WV 1-2E 

ET 

IBR, MJ, MTO, 

ST, MHO, LHS, 

AKR, SBU, NVR 

MJ, LPE, MTO, 

LHS, AKR, SBU 

MJ, MTO, ST, 

MHO, AKR, 

SBU 

Tue Thr Fri 
 

10.30-11.30 14.00-15.00 11.00-12.00 

LT 
NB, RKI, DBA, 

YBE, AMK, LVT 

NB, RKI, AL, 

DBA, AMK, 

NB, RKI, AMK, 

LVT 

FT 

IBR, MJ, LPE, 

MTO, ST, MHO, 

LHS, AKR, SBU 

MJ, LHS, AKR, 

SBU 

MJ, MTO, ST, 

MHO, AKR, 

SBU 

2-3F 

ET 
HM, IV, SV, AU, 

DDE, MZO 

HM, IV, AU, MZO HM, IV, WV 

 
Results 
From Table 5.1, we see the total requests of three kinds of therapies for each class. 
Therefore, before considering the constraint of therapists’ available contributions, the 
smallest number of therapists of each kind who can cover all requests of the classes is 
listed in Table 5.3. For instance, class 1-2C requests in total 13 LT, since a therapist 
can provide at most 6 therapies for three days, then at least 3 LT therapists is needed 
to satisfy the total requests from class 1-2C. 

Table 5.3 The smallest number of therapists in the team 
Class LT FT ET Total

1-2C 3 3 3 9 

1-2D 1 3 2 6 

1-2E 3 2 3 8 

2-3F 2 2 2 6 
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By means of the “best team model”, we obtain the teams for each class. The team 
includes three types of therapists: LT, FT, and ET. The teams are shown in Table 5.4. 
Note that we need at least 4 physiotherapists in class 1-2C instead of 3 
physiotherapists listed in Table 5.3. This is because if only 3 physiotherapists are 
employed into the team of class 1-2C, we will lose two physiotherapies out of the 
total 50 physiotherapy requests from the four classes asking for the DS therapy. 
Therefore, we add one more physiotherapist to the team of class 1-2C in order to 
satisfy the total physiotherapy requests. The contributions and participations of each 
therapist in the teams are listed in Table 5.5, Table 5.6, Table 5.7 and Table 5.8. We 
use “V” to represent a therapist’s participation in the corresponding therapy time. The 
therapists’ contribution type for each class in our model settings is represented in 
terms of their participation in the therapy sessions of a class in the following tables. 
For instance, therapist WV works for class 1-2C with contribution type (1,1;0,0;1,1), 
and hence he only participates in the first two and last two therapy sessions of class 
1-2C. 
 

Table 5.4 The teams 
Class LT FT ET 

1-2C YBE, AML, LVT SV, WV, DDE, MZO MTO, MHO, NVR 

1-2D RKI HM, IV, MZO AKR, SBU 

1-2E NB, RKI, LVT HM, IV MJ, AKR, SBU 

2-3F NB, RKI HM, IV MJ, AKR 

 
Table 5.5 The contributions of therapists in the team of class 1-2C 

Mon Mon Tue Tue Fri Fri 

Therapy Therapists 9.30 –

10.00

10.00-

10.30

14.00-

14.30

14.30 –

15.00 

11.00- 

11.30 

11.30- 

12.00 

YBE V V V V   

AMK  V V V V V LT 

LVT   V V V V 

SV V V V V   

WV V V   V V 

DDE   V V   
FT 

MZO  V V V   

MTO V V V V V V 

MHO V V V V V V ET 

NVR V V V V   
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Table 5.6 The contributions of therapists in the team of class 1-2D 
Mon Mon Thr Thr Fri Fri 

Therapy Therapists 9.30-

10.00

10.00-

10.30

13.00-

13.30

13.30-

14.00 

13.30- 

14.00 

14.00- 

14.30 

LT RKI V V V V V V 

HM V V V V V V 

IV V V V V   FT 

MZO V  V V   

AKR V V V V V V 
ET 

SBU  V V V V V 

 
Table 5.7 The contributions of therapists in the team of class 1-2E 

Tue Tue Thr Thr Fri Fri 

Therapy Therapists 14.00- 

14.30 

14.30-

15.00

10.30-

11.00 

11.00-

11.30 

9.00- 

9.30 

9.30- 

10.00 

NB V V V V V V 

RKI V V V V V V LT 

LVT     V  

HM V V V V V V 
FT 

IV V V V V V V 

MJ  V V V V V 

AKR V V V V V V ET 

SBU  V V V V V 

 
Table 5.8 The contributions of therapists in the team of class 2-3F 

Tue Tue Thr Thr Fri Fri 

Therapy Therapists 10.30- 

11.00 

11.00-

11.30

14.00-

14.30 

14.30-

15.00 

11.00- 

11.30 

11.30- 

14.00 

NB V V V V V V 
LT 

RKI V V  V V V 

HM V V V V V V 
FT 

IV V V V V V V 

MJ V V V V V V 
ET 

AKR V V V V V V 

 
Now we know the members in each team and their contribution types. In the next step 
we will assign the students to the therapists’ contribution time based on the students’ 
therapy requests (Table 5.1) by the “one-to-one model”. We show the assigned results 



 74

in Table 5.9, Table 5.10, Table 5.11 and Table 5.12. 
 

Table 5.9 The one-to-one DS therapy in class 1-2C 
Mon Mon Tue Tue Fri Fri 

Therapy Therapists 9.30 – 

10.00 

10.00- 

10.30 

14.00- 

14.30 

14.30 –

15.00 

11.00- 

11.30 

11.30- 

12.00 

YBE Ramon Mustafa Steff Sefa   

AMK  Beyza Stephan Mustafa Stephan Steff LT 

LVT   Cemil Marlies Ramon Marlies 

SV Cemil Ramon Chris Ramon   

WV Steff Sefa   Steff Beyza 

DDE   Beyza Stephan   
FT 

MZO  Marlies Sefa Cemil   

MTO Mustafa Chris Marlies Beyza Beyza Ramon 

MHO Sefa Steff Ramon Chris Sefa Chris ET 

NVR Marlies Cemil Mustafa Steff   

 
Table 5.10 The one-to-one DS therapy in class 1-2D 

Mon Mon Thr Thr Fri Fri 

Therapy Therapists 9.30- 

10.00 

10.00-

10.30 

13.00- 

13.30 

13.30- 

14.00 

13.30- 

14.00 

14.00- 

14.30 

LT RKI Nick Katinka Dexter Iris Iris Nick 

HM Dexter Iris Katinka Esra Rachel Sannah 

IV Sannah Nick Nick Sannah   FT 

MZO Esra  Rachel Dexter   

AKR Iris Dexter Iris Katinka Nick Rachel 
ET 

SBU  Sannah Sannah Nick Dexter Katinka 
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Table 5.11 The one-to-one DS therapy in class 1-2E 
Tue Tue Thr Thr Fri Fri 

Therapy Therapists 14.00- 

14.30 

14.30- 

15.00 

10.30- 

11.00 

11.00- 

11.30 

9.00- 

9.30 

9.30- 

10.00 

NB Lisa Leonardo Bastiaan Nayara Damiano Lisa 

RKI Damiano Lara Lara Willemijn Willemijn BastiaanLT 

LVT     Stefan  

HM Willemijn Nayara Nayara Damiano Lisa Leonardo
FT 

IV Bastiaan Stefan Stefan Bastiaan Lara Willemijn

MJ  Bastiaan Willemijn Leonardo Nayara Damiano

AKR Nayara Willemijn Lisa Lara Leonardo Stefan ET 

SBU  Lisa Damiano Stefan Bastiaan Lara 

 
Table 5.12 The one-to-one DS therapy in class 2-3F 

Tue Tue Thr Thr Fri Fri 

Therapy Therapists 10.30- 

11.00 

11.00-

11.30 

14.00- 

14.30 

14.30- 

15.00 

11.00- 

11.30 

11.30- 

14.00 

NB Ceyda Duncan Olaf Tristan Ceyda Olaf 
LT 

RKI Tristan Stan  Alex Stan Alex 

HM Olaf Ceyda Tristan Merouan Tristan Stan 
FT 

IV Merouan Alex Alex Ceyda Olaf Merouan 

MJ Duncan Olaf Ceyda Olaf Merouan Ceyda 
ET 

AKR Alex Tristan Merouan Stan Alex Tristan 

 
From the above four tables, we found that all requests can be satisfied by our solution 
to our model (Table 5.4), which also presents the possibly smallest number of 
therapists. We present the DS schedules of each student of the four classes in 
Appendix B in which it shows that the three kinds of therapy requests of each student 
are fully satisfied by our teams and no the same therapies are scheduled on one day to 
a student. 
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Chapter 6 

Conclusions and recommendations 
 
The contributions of this study, as they are described in this report, are as follows: 
 
(1) We have built the integer linear optimization model of assigning the therapists to 

the classes at appropriate time in order to maximize the number of therapies 
Rijndam can supply. (See Chapter 3) 

(2) We can satisfy with our schedule, produced by the optimization model, all target 
demands of therapies requested by school. (See Chapter 4) 

(3) Our new schedule does not only increase the number of therapies Rijndam can 
provide, i.e. working hours of therapists, but also satisfies all constraints of 
therapists and classes. (See Chapter 4) 

(4) We have established an optimized schedule which can be used every week without 
adjustments week by week like Rijndam’s planners do now, and hence it 
facilitates the planners’ work. (See Chapter 4) 

(5) We have observed that with the current available therapists Rijndam can fully 
satisfy at most 44 classes, and we have also noticed that the current ET and LT are 
enough while hiring one more MT can help increasing the total provided therapies. 
(See Section 4.3) 

(6) We have modeled and determined the optimal composition of the DS teams for the 
classes of younger children. Each team is composed of the possibly smallest 
number of therapists and can satisfy all requests from DS of that class. (See 
Chapter 5) 

 
For further research, in consideration of the planners’ convenience, a useful decision 
system of automatically producing an optimal schedule based on the requirements and 
constraints of therapists and classes is necessary. With this system, even if the 
planners are not familiar with mathematics and any programming software, all they 
need to do is to key in new inputs released in the beginning of a new year, including 
available time of therapists and classes, target requests, meeting time etc, and then an 
optimal schedule is obtained. The system should also help the manager to generate 
multiple schedules and to make the decisions by flexibly relaxing or adding some 
constraints in the system. Therefore, we believe that the development and 
implementation of the schedule system is essential to Rijndam. 
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Chapter 7 

Problem description and objectives 
 
7.1 Introduction 
 
The Gastro-Intestinal Surgery Department (GISD) is an important part of the 
Department of Surgery of the Erasmus Medical Center in the Netherlands. The GISD 
provides care to patients with problems of the oesophagus, stomach, pancreas, colon, 
rectum, liver and bile. In hospitals, there are clinical patients, out-patients, transfers 
etc. We differentiate between the elective patients and emergency patients. The 
elective patients are scheduled admissions which are selected from the waiting list, 
while emergency patients cannot be scheduled due to their necessity of acute 
treatment. All patients can be further divided into operative patients who need to have 
a surgical operation and conservative patients who accept medical treatment without 
surgery. Annually, over 500 operative patients and 400 conservative patients are 
admitted to the GISD. Of all operative patients, 78% are scheduled for an operation 
(elective patients), which means that they have been selected from a waiting list. The 
other 22 % of the patients need an emergency operation. From the 400 conservative 
patients admitted every year to the GISD, approximately 55% are scheduled, while 
the other 45% are emergency arrivals. Conservative patients do not require surgery.  
 
For elective patients, there is a process in the GISD covering the time from their 
admission to discharge from the hospital. The picture of the process is illustrated in 
Figure 7.1. 

 

Figure 7.1: Process for elective patients 
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Operative patients who know in advance their operation dates are admitted to the 
hospital one day earlier. After surgery, these patients may be either transferred to the  
Intensive Care Unit (ICU) or to the Post Anesthesia Care Unit (PACU) or the ward, 
depending on each patient’s physical situation. Usually, patients stay in ICU for 
several days and in PACU for one day. Then they are transferred to the ward until 
their discharge from the hospital. When a patient stays in PACU, a bed in the ward is 
reserved for that patient. A part of the patients staying in the post-operative ward 
needs to reenter ICU due to medical complications. 
 
The conservative patients, i.e. patients who do not need an operation, are admitted on 
the day which they should be hospitalized, and stay in the ward until their discharge. 
 
Master admission planning is an approach which decides on the number of patients 
admitted each day within the cycle of time under the restrictions of resources. 
Nowadays, the GISD does not apply master admission planning. In this report, we 
will concentrate on the admission scheme for elective patients in the GISD and further 
compare the current non-master approach to the potential benefits of the master 
admission planning brings, such as the reduction of the variability of occupation, of 
the mean occupation and of the over-occupation. 
  
In this chapter we describe the situations studied: In Section 7.2 we introduce the 
objectives of this study. Section 7.3 presents a review of related studies and Section 
7.4 gives the overview of the report. 
 
7.2 Research objectives 
 
At this moment the GISD does not use a master schedule for elective patients. 
Elective patients are planned according to their place on the waiting list. The planner 
arranges the patients admitted mainly by considering the available operation time. 
Therefore, other important resources such as ICU, PACU, ward and nursing 
workloads are seldom taken into consideration. Hence, the over-occupation of these 
resources can become quite substantial.  
 
The goal of this research is to build an admission scheme for elective patients by 
considering all critical resources in the hospital. We do this by constructing an ILP 
(Integer Linear Programming) optimization model. In addition, we also investigate the 
effects of cyclic admission planning, and the sensitivity to different changes in 
resources. In order to compare the obtained results, an analytical approach is 
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employed in different scenarios and hypothesis testing is used to examine the 
significance level. In this report, we examine the following subjects: 

 What is the effect of cyclic admission schemes compared to the current 
non-cyclic admission schedule performed in the GISD? 

 What is the effect of different cyclic admission schemes with a cycle length 
of two weeks and of four weeks? 

 What is the effect of different capacities of operation theaters? 
 What is the effect when varying the importance of resources? 

 
Studying the above questions, we hope to find a better admission scheme for the 
GISD, which is superior to the current one in terms of the daily variability, average 
occupation and over-occupation of resources.  
 
7.3 Literature review 
 
Vissers, Bertrand and De Vries [2001] define 5 levels of planning required for hospital 
production control: strategic, patient volume, resource planning, patient group, and 
patient planning. Strategic planning cares about the future direction of the hospital; 
patient volume planning focuses on developments of hospital activities within 1-2 
years; resource planning is about the allocation of resources to departments; patient 
group planning concerns about the time schedule for different patient groups; patient 
planning decides at which time the individual patient will be treated. In a latter paper, 
Vissers and Adan [2002] indicate that utilization of resources refers to the level of 
capacity scheduling, so they conclude that the patient mix admission problems can be 
positioned at patient group level.  
 
The literature about patients’ admission planning is rather extensive. Adan and Vissers 
[2002] develop an integer linear model to generate a cyclic admission profile for each 
patient group. They consider not only one resource in the model but include multiple 
important resources to the hospital. In that paper, they use the average length of stay 
in hospital as the deterministic input. The profile results in small deviations from the 
target utilization of resources. Adan ,Vissers and Dellart [2008] investigate the impact 
of a stochastic length of stay on the total deviation of expected resource utilization 
compared to a deterministic length of stay. They find that using stochastic durations 
(empirical frequency distribution) can decrease the deviations by more than 40%.  
 
In addition to ILP model, Bithell [1967] studies patients’ admission control by a 
discrete-time Markov chain. The states in the Markov chain model are corresponding 
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to the number of in-patients on that day. He defines two statistics to measure the 
efficiency of occupancy: efficiency factor, i.e. the ratio of average number of occupied 
beds to average number of beds required, and the occupation factor, i.e. the expected 
proportion of beds occupied. He further uses the coefficient of variation to assess the 
variability. He concludes that scheduling model by means of discrete-time Markov 
chain provides an improvement in efficiency of occupancy and reduction in variance. 
 
Offensend [1972] also employs the discrete-time Markov model to describe the 
admission system. His aim is to compare the performance of patient census-based 
system and nursing workload-based one. Therefore he develops a new admission 
policy: delaying the elective patients’ admissions as soon as the current patients or 
nursing workload exceed a certain level. In this research, he shows that nursing costs 
are lower under the nursing workload-based admission policy. 
 
Demand for resources in a health care system is highly fluctuating and therefore 
causes a difficulty in hospital management. McManus at al. [2003] probe into the 
relationship between daily variability of requests and accommodation of new 
admissions in the ICU. They address two types of variability: natural and artificial. 
The natural variability is episodic, individual and random, e.g. re-entering, while 
artificial variability is more predictable and controllable, e.g. first entering of elective 
patients. They finally conclude that the day-of-the-week variation of ICU in scheduled 
hospital admissions is artificial and it can potentially be reduced. They also propose 
that the hospital should control the artificial variability. 
 
In former research, Linda de Jonge and Tineke Buijs [2008] construct both an 
emergency and an elective model. The emergency model estimates the usage by 
emergency patients, and the integer programming model is built in order to get the 
admission scheme for elective patients. The regular days and holidays are not 
separated here. By simulations based on the 2-weekly admission scheme of elective 
patients, they found that the distributions of occupied ICU, ward beds, and nursing 
workload only exist a minor difference in performance among all scenarios. 
 
Although admission planning in hospitals is widely discussed in the literature, the 
impact of different cycle lengths on admission are relatively ignored. Oostrum and 
Houdenhoven et al. [2005] found that the average number of operation hours per 
week would increase if the cycle length increases. However, the potential benefits of 
different cycle lengths on variability and the occupation of resources seem not to be 
incorporated.  
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7.4 Overview 
The report consists of five chapters. The problems and goals of this research have 
been described in Chapter 7. Chapter 8 shows the optimization model for generating 
the admission scheme. In Chapter 9, all key inputs needed in the model are 
demonstrated. We then apply the cyclic admission scheme of different scenarios to the 
data of patients admitted during the past one year in the GISD and show the results of 
the comparison in between these scenarios. In Chapter 10, we discuss the results of 
hypothesis testing. In Chapter 11, we state our conclusions for this project and discuss 
directions for further research. 
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Chapter 8 

Mathematical model 
 
In order to solve the over-occupation problem of each resource in the GISD and to 
understand the sensitivity to different allocations of resources, we need to do the 
following steps: 
(1) We categorize the patient groups according to their average usage of resources. 
(2) We produce the admission scheme by setting up and solve an integer linear 

programming model. 
(3) We form various scenarios to detect the effects of different allocations of 

resources, and apply an analytic approach to each scenario. 
(4) We compare several criteria such as variance, mean, occupation rate for each 

scenario by means of statistical hypothesis testing. 
(5) We interpret the results of the hypothesis testing and conclude based on the 

relative score of each scenario. 
 
In this chapter we focus on step (2) to construct an integer linear model for the 
admission scheme and in the next chapter we put the parameters into this model to get 
the admission scheme. In Section 8.1 we describe the related parameters and variables. 
In Section 8.2 the mathematical model is formulated. 
  
8.1 Parameters and variables 
 
Next we introduce the relevant notions of the mathematical model. 
(1) Cycle length. This is the planning cyclic period during which the patients should 

be admitted. In practice, the cycle length varies from one week to four weeks.  
(2) Resources. The resources include operation theaters, ICU, PACU, ward beds and 

nursing workload.  
(3) Patient categories. In this report patients are categorized according to their 

characteristics of now they use the resources of ICU, PACU and operation time. 
(4) Target patient throughput. This is the target number of patients who should be 

admitted within the cycle length. It is calculated from the yearly throughput in the 
historical data.  

(5) Capacity of resources. The capacity of operation theaters is the total operation 
time available to the GISD each day. The capacity of ICU, PACU, and ward beds 
are the total number of beds available to the GISD per day. The nursing workload 
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is measured in terms of points, and the capacity of nursing points is the total 
points available a day for the GISD.  

(6) Allowed extra capacity. This is the extra capacity of resources which the GISD 
can deal with. 

(7) Target utilization of resources. This is part of resources based on the average 
usage by patients per day. 

(8) Operation theater time. This is the average operation time of patients in different 
categories. 

 
Subsequently, we describe the following parameters in the ILP model. Let T denote 
the length of a cycle, and C denote the number of patient categories. It is convenient 
to number the patient categories from 1 to C, where category C belongs to 
conservative patients. We introduce the following notation: 
R = the set of resources including operation theaters, ICU, PACU, ward beds and 

nursing workload; 

TPT C = the target patient throughput of patient category c, c=1,2,…,C ; 

C tr , = the capacity of resource r on day t of the planning cycle, r∈R t=1,2,…,T ; 

AECr = the allowed extra capacity of resource r, r∈R ; 

U tr , = the target utilization of resource r on day t of the planning cycle, r∈R 

t=1,2,…,T ; 

Oc = the operation theater time required for patient category c, c=1,2,…,C ; 

P cICU , = the probability that a patient from category c will be transferred to ICU after 

operation, c=1,2,…,C-1 ; 

P scICU ,, = the probability that a patient from category c will stay in ICU for at least s 

days, c=1,2,…,C-1 s=1,2,…; 

P cPACU , = the probability that a patient from category c will be transferred to PACU 

after operation, c=1,2,…,C-1 ; 

P scward ,, = the probability that a patient from category c will stay in wards for at least 

s days, c=1,2,…,C s=1,2,…; 
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nw cpre, = the nursing points required for an operative patient from category c on the 

pre-operative day, c=1,2,…,C-1 ; 

nw scpost ,, = the nursing points required for an operative patient from category c on the 

s-th post-operative day, c=1,2,…,C-1 s=1,2,…; 

nw sco, = the nursing points required for a conservative patient on the s-th day in ward, 

s=1,2,… ; 

COUU = the costs of under-utilization of a resource with respect to target utilization; 

COOU = the costs of over-utilization of a resource with respect to target utilization; 

COEC = the costs of using the extra capacity of a resource with respect to total 

capacity (e.g. over-occupation costs); 

EM tr , = the average utilization of resource r used by emergency patients on day t of 

the planning cycle, r∈R t=1,2,…,T. 

X tc, = the number of patients from category c, who are planned to be 

operated/admitted on day t of the planning cycle, c=1,2,…,C t=1,2,…,T ; 

UU tr , = the under-utilization of resource r on day t of the planning cycle, r∈R 

t=1,2,…,T ; 

OU tr , = the over-utilization of resource r on day t of the planning cycle, r∈R 

t=1,2,…,T ; 

EC tr , = the over-occupation of resource r on day t of the planning cycle, r∈R 

t=1,2,…,T ; 
 
8.2 The model on admission profiles 
 
Restrictions 
The total number of patients during the cycle should satisfy the target patient 
throughput in each category, i.e.: 
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Each resource has to satisfy various utilization constraints. For each resource r, the 
realized utilization of resource is limited from below by the difference of the target 
utilization and the under-utilization and from above by the sum of the target 
utilization and the over-utilization. 
 
Except for the conservative patients (category C), all other patients in categories from 
1 to C-1 will have surgery. Since the patients who use the operation theater on a 
certain day are the ones who are scheduled to be operated on that day, the constraint 
of expected total operation time (considering the occupation of emergency patients) 
is, 
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Here, I derive the weekly average occupation of emergency patients from the 
historical data.   
 
With a certain probability operative patients go to ICU after operation. A patient who 
enters ICU must occupy a bed in ICU during his whole ICU stay. Thus a patient who 
stays in ICU on day t is one who is either operated on that day or earlier, i.e., his 
length of stay in ICU is at least one day. Due to unpredictable timing of re-entering 
from post-operative ward to ICU, we did not consider the re-entering in the constraint 
of ICU utilization in our optimization model. Therefore, each re-entering will affect 
the occupations of ICU beds and make the variability difficult to control. The 
constraint of ICU is hence presented by 
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Because the length of stay in PACU is regulated to be one day, the patients in PACU 
on day t are the ones who finish surgery on that day. 
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A bed in the ward can be occupied for any of the following reasons: 

 By patients scheduled for operation on the following day (pre-operative day). 
 By patients operated on that day or earlier in time, who did not directly enter the 

ICU after operation and are still in ward on that day. 



 87

 By patients operated several days ago, who directly entered the ICU after 
operation, then went to the ward after some days in the ICU, and still stay in the 
ward on day t. 

 The conservative patients who were admitted earlier and are still in the ward. 
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The usage of nursing points each day is similar to the usage of ward beds except for 
the conservation for patients in PACU. This is because there is no nursing workload 
required in PACU. Similar to the expression above, for the nursing points we have 
that 
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For each of the resources, the maximal utilization (target plus over utilization) should 
not exceed the allowed total capacity. Moreover, the extra capacity cannot exceed the 
allowed extra capacity. 

TtRrECCOUU trtrtrtr ,...,1,,,,,, =∈+≤+  
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Furthermore, there are no patients admitted on weekends. In the models we consider, 
a whole week lasts from Sunday until Saturday. 
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The number of patients is a nonnegative integer. The under- and over-utilization of 
each resource should also be nonnegative. 
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Objective function 
The goal of our optimization model is to minimize the weighted total cost including 
over- and under-utilization costs and costs of using extra capacity. The weight here 
stands for the relative importance of each resource for the GISD. 

Min ∑∑
=∈

++
T

t
trECtrOUtrUU

Rr
r ECcoOUcoUUcow

1
,,, )(  

 
We take advantage of numerous conclusions made in the literature to construct an 
integer linear model which is appropriate for the GISD. First, stochastic lengths of 
stay in the ICU and ward are considered. Second, we employ nursing workload-based 
information. In the next chapter, we present the various parameters that are used as 
inputs in our model and we summarize the results of the ILP for each scenario we 
considered.  
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Chapter 9 
 

Application 
 
In Chapter 8, we have constructed the optimization model that produces the elective 
patients’ admission scheme. In this chapter, we focus on steps (1) and (3) which are 
listed on page 82 to introduce the parameters, scenarios and the application of the 
model to each scenario. The optimization model is applied to the historical patients’ 
data of the GISD. We will first display the input of the model in Section 9.1. The 
application of admission schemes and the outcome in different scenarios will be 
shown in Section 9.2. The exact admission scheme of each scenario is in Appendix D. 
 
9.1 Parameters 
 
Cycle length. We generate a two-weekly and a four-weekly schedule for regular days. 
Regular days are defined as the days which are not holidays, congresses and vacation 
periods. Due to the reduced capacity of operation theaters and hence lower utilization 
of resources during holidays, we need another admission scheme for holidays. 
Furthermore, the period of holidays varies from one week to three weeks. In order to 
adapt the admission scheme in a convenient way, we chose a one-weekly schedule 
especially for holidays. 
 
Patient categories and throughput. According to the GISD patients’ usage of 
operation time, IC, and PACU, we identify six categories of patients. These features 
are given in Table 9.1, Table 9.2, Figure 9.1, and Figure 9.2. The estimation of patient 
throughput of the cycle length in each category is derived from the yearly throughput. 
The patient throughput is listed in Table 9.3. 
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Table 9.1 Definition per category of patients 
Patient category Description of characteristics 

I 
 Short operation time (0-3 hours) 

 With small probability patients will enter IC and PACU  

II 
 Medium operation time (3-5 hours) 

 With small probability patients will enter IC and PACU 

III 
 Medium operation time (3-5 hours) 

 With large probability patients will enter PACU but little in IC 

IV 
 Long operation time (> 5 hours) 

 With large probability patients will enter PACU but little in IC 

V 
 Long operation time (> 5 hours) 

 With large probability patients will enter IC but little in PACU 

VI  Patients without surgery (Conservative patients) 

 
Table 9.2 Characteristics per category of patients 

Patient 

category 

Operation 

time 

(hours) 

% to IC Length of stay 

in ICU 

(days) 

% to 

PACU 

Length of stay in 

ward 

(days) 

I 1.92 2% 1.55 12% 6.55 

II 4.02 2% 1.10 16% 10.57 

III 3.82 3% 1.86 62% 8.27 

IV 5.50 6% 3.80 74% 16.74 

V 6.50 85% 5.10 8% 16.23 

VI     5.07 

 

 
Figure 9.1 Tail distribution of length of stay in ICU for operative patients 
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Figure 9.2 Tail distribution of length of stay in ward per category of patients 
 

Table 9.3 Throughput per category of patients 
Patient 

category 

Total yearly 

throughput 

Yearly 

regular 

throughput 

Yearly 

holiday 

throughput 

2-weekly 

regular 

throughput 

4-weekly 

regular 

throughput 

1-weekly 

holiday 

throughput

I 97 81 16 4 7 2 

II 71 61 10 3 5 1 

III 46 37 9 2 3 1 

IV 74 65 9 3 6 1 

V 105 88 17 4 8 2 

VI 238 195 43 9 17 5 

 

Capacity and utilization of resources. Normally, seven to eight operation theatres are 
assigned to the GISD per week. However, the number of assigned operation theatres 
fluctuates due to holidays, congresses, etc. There are different lengths of operation 
theatres; a short operation theater has a length of 5 hours, a normal operation theater 
has a length of 7.5 hours, and a long operation theater has a length of 9.5 hours. Table 
9.4 summarizes the available operation time per day for different cycle lengths. 
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Table 9.4 Capacity of operation time (hours) 
Week of cycle Mon Tue Wed Thu Fri 

Week 1 15.0 7.5 7.5 9.5 9.5 
2-week 

Week 2 7.5 15.0 7.5 17.0 17.0 

Week 1 7.5 15.0 7.5 9.5 9.5 

Week 2 7.5 15.0 7.5 17.0 17.0 

Week 3 15.0 0.0 0.0 9.5 9.5 
4-week 

Week 4 7.5 7.5 7.5 9.5 17.0 

1-week Week 1 7.50 7.50 7.50 7.50 9.50 

Remark: We later use notationCR

2
,CR

4
,CH

1
respectively representing the distribution 

of daily operation time capacity in Table 9.4 of the 2-weekly schedules on regular 
days, 4-weekly schedules on regular days and 1-weekly schedules on holidays. 
 
ICU and PACU beds are shared by all departments in the Erasmus Medical Center. On 
average, 6 ICU beds and 1 PACU bed a day can be allocated to the GISD. The 
Department of Surgery has three wards, one of them (8 Noord) is used for 
Gastro-Intestinal Surgery patients. This ward has 30 beds. The average nursing points 
estimated for each ward bed per day is 2.2. With 30 beds in the ward this implies a 
capacity of 66.5 points for the nursing workload. 
 
The utilization of each resource is based on the average of the actual utilization rate in 
the last year. We find out that the utilization of resources is much less during holidays, 
even if the number of patients admitted per week does not differ. 
 

Table 9.5 Utilization of resources 
 Operation theater ICU PACU Ward Nursing points 

Regular days 73% 76% 57% 91% 82% 

Holidays 64% 67% 42% 80% 71% 

 
Nursing workload. Table 9.6 shows the nursing points required for each elective 
patient during his stay in the ward. This estimation is based on the San Joaquin score. 
The San Joaquin patient classification system is designed to measure the intensity of 
nursing care. It is a four-category system which is composed of self-care, average care, 
above average care and intensive care and includes nine caring activities of daily 
living, intravenous requirements, and observation etc. Since conservative patients (VI) 
are not operated, there are no nursing points allocated for the preoperative day. 
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Table 9.6 Nursing points for elective patients 
Pre- Post-operative days  Patient category

 operative 1 2 3 4 5 6 7 8 ≥ 9 

I 1.0 2.4 2.4 2.3 2.1 2.1 1.9 1.9 1.9 1.9 

II 1.0 2.4 2.4 2.3 1.8 1.8 1.6 1.6 1.6 1.6 

III 1.4 3.0 3.0 3.0 3.0 3.0 2.7 2.7 2.5 2.5 

IV 1.7 3.0 3.0 2.9 2.8 2.8 2.7 2.7 2.4 2.4 

V 1.0 3.0 3.0 3.0 2.9 2.9 2.9 2.9 2.5 2.5 

VI  1.7 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 

 
Costs. The major problem to the GISD is the over-occupation of each resource. In our 
report, we give 10 points for the cost of using extra capacity and 1 point for both costs 
of under- and over-utilization of all resources. 
 
Weight. The weights used in our model, have been determined by hospital personnel, 
based on the importance they wish to consider for each resource. The weighting 
schemes were considered. In Weight 1, the operation theater which is granted 10 is 
regarded as very important, ICU which granted 5 is in the next place, and PACU 
which is granted 3 is also essential to the GISD. Ward and nursing which are granted 
both 1 are relatively not key resources in Weight 1. Only ward and nursing are 
substantial resources in Weight 2 and they are granted both 10. 
 

Table 9.7 Weights of resources 
 Operation theater ICU PACU Ward Nursing points 

Weight 1 10 5 3 1 1 

Weight 2 0 0 0 10 10 

 
9.2 Application and comparison 
 
Making use of the inputs above and our optimization model as described in Chapter 8, 
we produce cyclic admission schemes. In order to be able to compare the effects of 
cyclic and non-cyclic (current) schedules, we take the following actions to apply to 
our cyclic schemes: 

 We order the data of elective patients in each category by their historical 
admission dates. 

 We change operative patients’ operation dates, and replace conservative patients’ 
admission dates according to the cyclic schemes of regular days and holidays. 
For example, suppose an elective patient who is the 5th of Category I on the 
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historical admission lists and is operated on Tuesday. Since an elective patient is 
operated one day after the admission day, hence the 5th admitted patient is still 
the 5th operative patient of that category. When the cyclic scheme is used, he may 
be scheduled to be operated on the Friday of the same week (i.e. 3 days later than 
his original operation date), but he should still be the 5th elective patient of 
Category I admitted to the hospital. For holidays, we arrange the admissions and 
operations of elective patients in the same way by adopting the schedules for 
holidays. 

 We adjust other information, such as admission date, (re)entering ICU date, 
entering PACU date, entering wards date and discharge date, of each elective 
patient in order to make sure that characteristics of each elective patient remain 
unchanged. Using the same example discussed earlier, since this patient’s 
operation date will be postponed by 3 days in our cyclic schedule, all his 
hospitalized data would also be modified to be 3 days later. With this 
modification, all information of this patient such as the total duration in hospitals 
and length stay of ICU and ward is the same with the historical data. 

 We keep all data of emergency patients invariable. 
 
In this report, we examine the performance of one year, July 2007 to June 2008. Since 
in this case the daily occupation of resources would be affected by the patients 
admitted on the day and prior to the current day, we will obtain biased results if we 
start scheduling patients from July 2007, i.e. we would expect a larger 
under-occupation rate around July 2007 than what happened in reality. Moreover, note 
that we have data for the period from January 2007 until June 2008. In order to avoid 
the effect of the warm-up period around July 2007, we re-schedule the patients from 
January 2007 to June 2008 and exclude the first half year (i.e. January 2007 to June 
2007) which effectively captures the warm-up period. With this approach listed above, 
we assume that the patients who are scheduled to be admitted based on our cyclic 
schemes have already been on the waiting list. The fact that we use the same data of 
patients in our simulation helps avoid unrealistic assumptions and help us do a “fair 
comparison” between two measures by keeping the same input and examining the 
effects of the different planning schemes without the interference of other factors. 
 
In order to understand the effects of different cycle lengths, capacity of operation 
theaters, and importance of resources, eight distinct scenarios are implemented and 
compared with current admission schedule using occupation as a performance 
measure. We describe the scenarios in Table 9.8. Each scenario is distinguished by 
cycle lengths, operation theater capacity, and weights in the optimization model. The 
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cycle lengths are divided into 2-weeks and 4-weeks. The capacity of operation 
theaters include current schedule which is fluctuated everyday (for details please refer 
to Table 9.4) and free capacity which is at most 30 hours per day and is not limited to 
be used by the GISD. The weights are described in Table 9.7: we have two types of 
weights and in the parentheses each number in accordance with order is represented 
by the importance of operation theaters, ICU, PACU, ward and nursing. Appendix D 
lists the exact schedules for each scenario. The criteria of comparison include: the 
variability and mean utilization of each resource, the over-occupation rate of each 
resource, and the under- and central-occupation rate of ward and nursing points. The 
results of comparison between each scenario are shown in Table 9.9. The rows 
indicate the criteria of comparison, and the columns are current situation and eight 
scenarios. In the next chapter, we employ statistical hypothesis testing methods to 
examine the results and discuss the implications. 
 

Table 9.8 The scenarios 
Scenarios Cycle length Operation theater capacity Weights of (OT-ICU-PACU-ward-np)

Scenario 1 2 week 
CR

2
/CH

1
a 

(10-5-3-1-1) 

Scenario 2 2 week Freeb (10-5-3-1-1) 

Scenario 3 2 week 
CR

2
/CH

1
 

(0-0-0-10-10) 

Scenario 4 2 week Free (0-0-0-10-10) 

Scenario 5 4 week 
CR

4
/CH

1
 

(10-5-3-1-1) 

Scenario 6 4 week Free (10-5-3-1-1) 

Scenario 7 4 week 
CR

4
/CH

1
 

(0-0-0-10-10) 

Scenario 8 4 week Free (0-0-0-10-10) 

a. Current capacity of operation theaters is listed in Table 9.4. 

b. Free capacity of operation theaters means 30 hours per day. 
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Table 9.9 Comparison of scenarios 
Scenarios Historical Scenario1 Scenario2 Scenario3 Scenario4

Ward 14.34 14.85 17.14 14.51 16.13 

Nursing points 63.37 49.73 57.18 51.16 48.66 

ICU 1.65 2.4 2.42 2.32 2.42 

Variance 

occupation 

PACU 0.91 0.7 0.8 0.68 0.90 

Ward 28.41 28.32 28.30 28.34 28.27 

Nursing points 48.37 47.91 47.86 47.94 47.81 

ICU 4.42 4.42 4.41 4.40 4.40 

Mean 

occupation 

PACU 0.84 0.81 0.84 0.84 0.84 

<20 0.82 0.82 1.37 1.09 0.55 

20-25 14.48 15.03 16.12 15.3 16.39 

25-30 45.36 46.45 43.17 45.63 45.90 

Ward 

occupation 

rate (%) 

>=30 39.34 37.70 39.34 37.98 37.16 

<40 14.48 13.93 17.21 13.39 12.57 

40-50 42.35 48.64 45.09 45.35 51.64 

50-60 36.61 31.97 32.24 36.62 30.33 

60-66.5 5.74 4.91 4.09 4.37 5.46 

Nursing 

occupation 

rate (%) 

>=66.5 0.82 0.55 1.37 0.27 0.00 

ICU over-occupation ratea (%) 5.19 8.74 9.29 8.20 7.10 

PACU over-occupation rateb (%) 21.04 18.31 19.40 18.58 20.77 

 
Table 9.9 Comparison of scenarios (cont.) 

Scenarios Historical Scenario5 Scenario6 Scenario7 Scenario8

Ward 14.34 15.76 14.64 14.26 14.61 

Nursing points 63.37 61.57 59.81 64.14 62.65 

ICU 1.65 2.22 2.34 2.49 2.97 

Variance 

occupation 

PACU 0.91 0.75 0.78 0.82 0.93 

Ward 28.41 27.72 27.64 27.65 27.74 

Nursing points 48.37 46.80 46.63 46.74 46.83 

ICU 4.42 4.40 4.41 4.39 4.41 

Mean 

occupation 

PACU 0.84 0.81 0.81 0.80 0.82 

<20 0.82 1.09 0.82 1.64 1.09 

20-25 14.48 20.77 21.31 18.31 20.22 

25-30 45.36 42.89 47.54 46.72 46.45 

Ward 

occupation 

rate (%) 

>=30 39.34 35.25 30.33 33.33 32.24 

Nursing <40 14.48 21.04 18.03 18.85 19.95 
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40-50 42.35 42.62 50.28 47.82 48.08 

50-60 36.61 32.24 27.05 26.77 24.87 

60-66.5 5.74 3.28 3.27 6.29 6.28 

occupation 

rate (%) 

>=66.5 0.82 0.82 1.37 0.27 0.82 

ICU over-occupation ratea (%) 5.19 9.02 7.92 9.02 13.11 

PACU over-occupation rateb (%) 21.04 17.49 22.13 19.40 20.77 

a. ICU over occupation rate is defined as the fraction of days on which more than 6 beds are occupied. 

b. PACU over occupation rate is defined as the fraction of days on which more than 1 bed is occupied. 

 
We discuss the results of Table 9.9 in the next chapter by examining with hypothesis 
testing the performance of the comparisons between our cyclic schedules and current 
non-cyclic approach Gastro Department use. 
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Chapter 10 

Sensitivity analysis 
 
In Chapter 9, the parameters and scenarios are introduced and the application of each 
scenario is presented. In this chapter, we put emphasis on step (4) on page 82 to 
introduce the statistical hypothesis testing methods which we use to investigate the 
significance level of differences between each scenario. The results of the significance 
tests are also presented. On the basis of testing results, the potential benefits of cyclic 
admission schemes and effects of different arrangements of resources on daily 
occupations are discussed in Section 10.2. 
 
10.1 Hypothesis testing 
 
There are usually two assumptions which should be satisfied when we do the 
hypothesis testing: normality and independence. We examine the independence 
assumption between two samples first. Based on the results of dependence or 
independence, we then decide which methods are appropriate to test the differences of 
variance and proportion between two samples. In this section, we mainly introduce 
the test statistics and hypotheses.  
 
Pearson’s product moment correlation coefficient. Given two samples X= 

( x1 , x2 ,… xn ) representing the performance (ex. sample mean) in the historical data 

and Y=( y1
, y2

,… yn
) representing the performance applying cyclic schedules with n 

observations each, the coefficient correlation is denoted by 
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where X i and Y i are respectively the i-th observation of X and Y, X andY are the 

means of X and Y.ρ XY
 lies between -1 and 1. X and Y are uncorrelated if 0=ρ XY

. 

In applications, X and Y are regarded as highly correlated if the absolute value of the 
coefficient is over 0.67, and lowly correlated if it is below 0.34. Otherwise we say that 
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X and Y are medium correlated (the coefficient is between 0.34 and 0.67). Via the 
examination of coefficients between any two samples (see details in Appendix C), we 
found that they are all correlated with each other. Hence, in the following hypothesis 
tests we will adopt the tests related to two dependent samples for the testing of 
variances and proportions.  
 
Note that the daily occupation is influenced by the admissions several days ago, and 
hence the independence among the observations in each (historical or cyclic) sample 
is violated. We first adopt the batch method to create the independence among 
observations. CLT holds when we have a large sample and the observations are 
independent and identically distributed random variables. The theorem states that the 
sum of each identical observation and the mean are normally distributed. How big the 
sample should be will depend on the distributions of population. In general, if sample 
size is larger than 30, the sample can be considered as large. Since the number of data 
points in our case is 366, the normality assumption in hypothesis testing holds. 
 
The T test for homogeneity of variance in two dependent samples. In order to evaluate 
whether there is enough evidence to show that the variances of two dependent 
samples are statistically distinct and moreover whether one is smaller (or larger) than 
the other, the null and alternative hypotheses are as follows: 

2
2

2
10 : σσ =H  

2
2

2
11 : σσ ≠H ; 2

2
2
11 : σσ >H ; 2

2
2
11 : σσ <H  

The F test of variances for two independent samples is not applicable to the case of 
dependent samples, since the correlation relationship is not considered in the F test. 
Therefore, the following T test of equality of variances in two dependent samples is 
used: 

)1(4
2)(

222

22

XYSL
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ss
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where 2
Ls  is the larger of the sample variances, and 2

Ss  is the smaller one. The 

parameter ρ XY
in the denominator is the coefficient correlation we have just 

introduced and n-2 in the numerator is the degrees of freedom. We reject the null 

hypothesis is when α;2−> ntt (for 2
2

2
11 : σσ >H ), α;2−−< ntt (for 2

2
2
11 : σσ <H ) or 
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2/;2|| α−> ntt (for 2
2

2
11 : σσ ≠H ) where α;2−nt is theα -th quartile of the T distribution.  

 
The Z test for difference between proportions in two dependent samples. Similar to 
variances, for the comparison of occupation rates in two dependent samples, we 
employ the hypotheses and Z statistics below. The null hypothesis states that two 
proportions are equal, while the alternative hypotheses depict the relations we would 
like to have in mind. 

210 : ppH =  

211 : ppH ≠ ; 211 : ppH > ; 211 : ppH <  

n
pppp

ppZ
2

2121

21

)ˆˆ(ˆˆ
)ˆˆ(
−−+

−
=  

where 1p̂  and 2p̂  are the occupation rates of two dependent samples. 
 
One-sample T test for differences between two batch means. Because we have already 
concluded that any two samples in this report are correlated, the traditional Z and T 
test in the independent settings are not suitable here. Thereupon, a new approach 
which is adequate to test two means of correlated samples is derived. Due to the fact 
that our data have some periodicity, as they represent the length of stay in the hospital, 
by aggregating consecutive days in a batch with size h, we can eliminate (most of) the 
dependencies between observations. To choose the batch size, we first look for the lag 
h by examining the autocorrelation between each sample till the autocorrelation in 
two samples is simultaneously low enough. The lag h, determined by the correlation 
between some day and h days later, is smaller than 0.1 it is regarded as quite low 
correlated as we have just stated on page 97. We found that on average the lag is 9 
days for nursing and ward and 2 days for PACU, which approximates the average stay 
of patients in ward and PACU. For ICU the lag is on average 20 days because the ICU 
occupation is actually correlated with the first entering ICU, multiple reentering and 
final discharge from ICU and hence the lag is a little bit bigger. Then by means of 
taking bigger batches of these observations with lag h and getting the averages in each 

batch, we have two nearly i.i.d. sequences of averages 1
~X  and 2

~X  and therefore 

the i.i.d. difference sequence 21
~~~ XXD −= . In mathematics,  
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Since the batch sample means are the same as the original means, i.e. 

1111 )()(~ ~ μμ === XX EE  and 2222 )()(~ ~ μμ === XX EE , the test whether 1μ  

and 2μ  are statistically different can therefore be equal to test whether the mean of 
batching sample difference 21

~~~ μμμ −=D is zero or not: 

0~:~~: 0210 =⇒= DHH μμμ  

0~:~~: 1211 ≠⇒≠ DHH μμμ ; 

0~:~~: 1211 >⇒> DHH μμμ ; 0~:~~: 1211 <⇒< DHH μμμ  

Consequently, we may take advantage of one-sample T test. The testing statistics is 
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~1  and S  are the sample mean and sample variance of the 

batch difference respectively. 
 
10.2 Results and discussions 
 
In this section, we apply the testing methods presented in Section 10.1 in order to 
compute the results listed in Table 9.9. The testing results are presented by one-sided 
p-value which shows the level we may reject the null hypothesis and accept the 
alternative hypothesis that one testing quantity in our sample is greater than the other. 
We consider a p-value less thanα =0.1 as the level we accept the alternative 
hypothesis. 
 
10.2.1 Effects in variability of occupancy 
 
In each picture of Figure 10.1, the first bar represents the variance of resource 
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occupation in historical data, i.e. the current situation. The following two bars next to 
each other are variances for the 2-weekly and 4-weekly scenarios respectively. The 
center of each bar is the point estimation of variance. The 68%, 90%, 95%, and 99% 
confidence intervals are also shown on the bar represented by the purple, blue, green 
and red color.  
 
As can be seen, Figure 10.1 (a) illustrates that most of the variances of nursing 
occupation in cyclic admission schedules are reduced. By using the T test of equality 
of variances in two dependent samples, Table 10.1 refers to variances and one-sided 
p-value of comparison between cyclic and non-cyclic schedules. It shows that 
2-weekly schedules indeed can reduce the variances of nursing. Note that the 
variability of occupancy is composed of the variability of elective patients and 
variability of emergency patients. Since we only adjust the information of elective 
patients in our applications, the data of emergency patients stay unchanged. Moreover, 
because elective patients are independent of emergency patients, the change of 
variability will be caused by the elective patients, and the variability of emergency 
patients will not be influenced. 
 
From Figure 10.1 (d), most of the scenarios can achieve the goal to reduce the 
variability of daily PACU beds occupation except for scenarios 4 and 8. The possible 
reason why these two scenarios cannot have more constant daily occupations of 
PACU is that the under- and over-occupations of operation theaters and PACU beds 
are not controlled when we only focus on nursing and ward and do not limit the 
available capacity of operation theaters (free capacities of operation theaters/ weight 
(0,0,0,10,10)).  
 
We notice that scenarios 2 and 4, in which the capacities of operation theaters are not 
limited, are slightly more fluctuating in occupation of ward beds. In addition, 
scenarios 3 and 7, in which ward and nursing are more important, have relatively 
smaller variances than other scenarios. However, the performances of variances of 
ward beds are not dissimilar with the historical situation in substance. The result of 
the significance tests also confirms that not much difference in variance of ward beds 
exists.  
 
Cyclic schemes lead to a larger variance for the ICU beds compared to the current 
non-cyclic schedules. The main reason may be that when one bed is increased or 
reduced, it affects the variability up to 25% for the mean occupation of ICU (which is 
equal to 4.4 beds). The coefficient of variation (CV) of ICU is shown in Table 10.1. 
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The definition of CV is the ratio of standard deviation to mean, which is a normalized 
measure for detecting the dispersion. Distribution with CV<1 are usually considered 
to be of low variance, and distribution with CV>1 are of high variance. In our cases, 
all cyclic scenarios have a CV for the ICU no greater than 0.4. Therefore, even though 
their variances are larger than the variance of non-cyclic schedule, they can all be 
considered to be low variances. 
 
In Figure 10.1, we present the variability of each resource in different scenarios. In 
Table 10.1, the testing results for the variances by means of the T test given in Section 
10.1 are demonstrated in terms of one-sided p-values. 
 

 
(a) nursing                                  (b) ward beds 

 
               (c) ICU                                  (d) PACU 

Figure 10.1 Comparison of resources occupation variances between 
cyclic and non-cyclic admission schedules 
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Table 10.1 Variances and one-sided p-value of comparison between 
cyclic and non-cyclic admission schedules 

Non-cyclic Cyclic  

Historical Sce1 Sce2 Sce3 Sce4 Sce5 Sce6 Sce7 Sce8

variance 63.37 49.73 57.18 51.16 48.66 61.57 59.81 64.14 62.65
NP 

p-value  0.005 0.155 0.016 0.002 0.389 0.282 0.452 0.451

variance 14.34 14.85 17.14 14.51 16.13 15.76 14.64 14.26 14.61
Ward 

p-value  0.354 0.025 0.451 0.103 0.169 0.414 0.478 0.422

variance 1.65 2.4 2.42 2.32 2.42 2.22 2.34 2.49 2.97

p-value  0.0001 0.0001 0.0004 0.0001 0.002 0.0003 <<<a <<<ICU 

CV b 0.29 0.35 0.35 0.35 0.35 0.34 0.35 0.36 0.39

variance 0.91 0.7 0.8 0.68 0.90 0.75 0.78 0.82 0.93
PACU 

p-value  0.004 0.106 0.002 0.457 0.031 0.068 0.152 0.416

a. <<< means p-value smaller than 0.0001. 

b. CV is coefficient of variation. CV= standard deviation / mean. 

 
10.2.2 Effects in mean occupancy 
 
Recall that we have rescheduled all patients from January 2007 until June 2008. 
Naturally, all mean occupations (such as the mean number of beds used in the ward, 
ICU, PACU and the mean nursing workload) are identical among the historical data 
and the scenarios we have examined under the conditions that we consider the whole 
period from January 2007 until June 2008 and we exclude the patients that are 
admitted late in this period and are not discharged by the last day we consider. 
 
However, also recall that we have observed only the period of one year (from July 
2007 until June 2008) in order to eliminate the warm-up effects. Because of this 
reason, in the period we observe the mean occupation of various resources will vary 
slightly, since some patients may be scheduled to be admitted in the first six months 
which we do not observe. Another reason is due to the different time window under 
different schedules, i.e. the discharge dates of each patient change when their 
admission/operative dates are re-scheduled based on different schedules, so the total 
occupations in the fixed time period (July 2007 to June 2008) could be different. 
Therefore, it is natural to expect that there exist variations in the mean occupation in 
the year we observe. In particular, since we observe from Table 10.2, the mean 
resource occupations in cyclic schedules are lower than the non-cyclic mean 
occupations. This seems to show that the cyclic schedules are better in scheduling the 
patients so that the over-occupations can be reduced. We conclude that our cyclic 
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schedules manage to plan more patients in the first six months that we do not observe. 
Here we assume that all the patients scheduled to be admitted according to our cyclic 
schedules have been on the waiting lists at the time they are planned to be admitted in 
order to avoid the problem that we do not know when the appointments were actually 
made. Further we take advantage of the batching method to generate two i.i.d. 
samples and use one-sample T test to investigate whether there really exists such a 
phenomenon that cyclic schedules possess lower mean occupation than non-cyclic 
planning. From the p-values, we see that all the 4-weekly schedules indeed reduce the 
mean overload of nursing and ward beds in the period we look at. This also gives us a 
hint that the 4-weekly admission schemes might have the impact on reducing the 
over-occupation rates of nursing and ward beds by serving patients in a better 
schedule than the current non-cyclic schedule. For ICU and PACU beds, we cannot 
conclude that cyclic planning is better in decreasing daily over-occupations than 
non-cyclic planning.  
 

Table 10.2 Mean and one-sided p-value of comparison between 
cyclic and non-cyclic admission schedules 

Non-cyclic Cyclic  

Historical Sce1 Sce2 Sce3 Sce4 Sce5 Sce6 Sce7 Sce8

mean 48.37 47.91 47.86 47.94 47.81 46.80 46.63 46.74 46.83
NP 

p-value  0.333 0.349 0.339 0.408 0.055 0.032 0.048 0.039

mean 28.41 28.32 28.30 28.34 28.27 27.72 27.64 27.65 27.74
Ward 

p-value  0.456 0.410 0.476 0.457 0.082 0.047 0.047 0.136

mean 4.42 4.42 4.41 4.40 4.40 4.40 4.41 4.39 4.41
ICU 

p-value  0.438 0.297 0.294 0.472 0.281 0.302 0.283 0.450

mean 0.841 0.81 0.841 0.838 0.839 0.81 0.81 0.80 0.82
PACU 

p-value  0.318 0.50 0.484 0.486 0.334 0.345 0.290 0.367

 
10.2.3 Effects of different cycle lengths in admission schemes 
 
In the figures below, we compare cyclic (2-weekly and 4-weekly) and non-cyclic 
schedules in the occupation distribution of each resource. The blue line represents the 
non-cyclic (historical) occupation distributions. The pink line refers to 2-weekly 
distributions and the yellow line stands for 4-weekly distributions. The main goal in 
our optimization model is to decrease the over-occupation rates of each resource.  
 
Nursing 
We observe in Figure 10.2 that the tail distributions of nursing, i.e. more than 60 
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nursing points, are reduced in most of the scenarios. The nursing over-occupation rate 
is the proportion of days on which nursing occupation is greater than 66.5. We see in 
Table 10.3 that cyclic schedules possess significantly smaller over-occupation rates of 
nursing workload under the cases which we put more importance on ward and nursing 
points, i.e. scenarios 3, 4, 7, and 8. For the most part, the nursing occupation between 
60 and 66.5 are decreased in cyclic scenarios and the testing results indicate that 
4-weekly schedules can lead to lower 60-66.5 occupation rates of nursing in scenarios 
5 and 6. Besides, we observed that the cyclic nursing distribution move towards the 
lower occupation, so we would have a larger under-occupation in cyclic schedules. In 
Figure 10.2, we present the occupation distribution of nursing in different cycle 
lengths based on their capacity of operation theaters and weights. In Table 10.3, the 
testing results by Z test of proportions (introduced in Section 10.1) is demonstrated in 
terms of one-sided p-values. 
 

 
(a) current OT capacity, weight (10,5,3,1,1)        (b) free OT capacity, weight (10,5,3,1,1) 

 
(c) current OT capacity, weight (0,0,0,10,10)        (d) free OT capacity, weight (0,0,0,10,10) 

Figure 10.2 Comparison of 2-weekly, 4-weekly and non-cyclic schemes 
in nursing occupation 
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Table 10.3 Distribution and one-sided p-value of comparison 
between 2-weekly, 4-weekly and non-cyclic schedules in nursing occupation 

Distribution <40 40-50 50-60 60-66.5 >=66.5

Non-cyclic (%) 14.48 42.35 36.61 5.74 0.82 

2-week (Sce1) 13.93 48.64 31.97 4.91 0.55 
Rate (%) 

4-week (Sce5) 21.04 42.62 32.24 3.28 0.82 

Non-cyclic v.s. 2-week 0.422 0.103 0.142 0.313 0.329 

Non-cyclic v.s. 4-week 0.017 0.478 0.156 0.058 0.480 

current OT 

capacity, weight 

(10,5,3,1,1) p-value 

2-week v.s. 4-week 0.010 0.114 0.474 0.138 0.329 

2-week (Sce2) 17.21 45.09 32.24 4.09 1.37 
Rate (%) 

4-week (Sce6) 18.03 50.28 27.05 3.27 1.37 

Non-cyclic v.s. 2-week 0.176 0.287 0.156 0.157 0.238 

Non-cyclic v.s. 4-week 0.116 0.057 0.010 0.057 0.488 

free OT capacity, 

weight (10,5,3,1,1) 
p-value 

2-week v.s. 4-week 0.396 0.154 0.098 0.281 0.50 

2-week (Sce3) 13.39 45.35 36.62 4.37 0.27 
Rate (%) 

4-week (Sce7) 18.85 47.82 26.77 6.29 0.27 

Non-cyclic v.s. 2-week 0.346 0.270 0.500 0.205 0.156 

Non-cyclic v.s. 4-week 0.073 0.135 0.009 0.381 0.156 

current OT 

capacity, weight 

(0,0,0,10,10) p-value 

2-week v.s. 4-week 0.032 0.312 0.009 0.130 0.50 

2-week (Sce4) 12.57 51.64 30.33 5.46 0.00 
Rate (%) 

4-week (Sce8) 19.95 48.08 24.87 6.28 0.82 

Non-cyclic v.s. 2-week 0.241 0.033 0.070 0.436 0.041 

Non-cyclic v.s. 4-week 0.037 0.124 0.002 0.383 0.50 

free OT capacity, 

weight 

(0,0,0,10,10) p-value 

2-week v.s. 4-week 0.006 0.247 0.079 0.323 0.041 

 
Ward beds 
We define the proportion of days which the ward beds occupation is over the capacity 
(30 beds) as the over-occupation rate. All the ward over-occupation rates of cyclic 
schedules decrease (see Figure 10.3), especially 4-weekly schedules have evidently 
reduced the over-occupation rates (Table 10.4). Cyclic planning also makes ward beds 
occupation more centralized (20-25 beds), and 4-weekly schedules in this part have 
larger occupation than 2-weekly and current schedule. There is no evident difference 
in 25-30 ward beds occupation and under-occupation. In Figure 10.3, we present the 
occupation distribution of ward in different cycle lengths based on their capacity of 
operation theaters and weights. In Table 10.4, the testing results by Z test of 
proportions (in Section 10.1) is demonstrated in terms of one-sided p-values. 
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(a) current OT capacity, weight (10,5,3,1,1)        (b) free OT capacity, weight (10,5,3,1,1) 

 
   (c) current OT capacity, weight (0,0,0,10,10)        (d) free OT capacity, weight (0,0,0,10,10) 

Figure 10.3 Comparison of 2-weekly, 4-weekly and non-cyclic schemes 
in ward beds occupation 

 
Table 10.4 Distribution and one-sided p-value of comparison 

between 2-weekly, 4-weekly and non-cyclic schedules in ward beds occupation 
Distribution <20 20-25 25-30 >=30 

Non-cyclic (%) 0.82 14.48 45.36 39.34 

2-week (Sce1) 0.82 15.03 46.45 37.70 
Rate (%) 

4-week (Sce5) 1.09 20.77 42.89 35.25 

Non-cyclic v.s. 2-week 0.50 0.423 0.414 0.360 

Non-cyclic v.s. 4-week 0.354 0.021 0.307 0.182 

current OT capacity, 

weight (10,5,3,1,1) 
p-value 

2-week v.s. 4-week 0.354 0.033 0.235 0.292 

2-week (Sce2) 1.37 16.12 43.17 39.34 
Rate (%) 

4-week (Sce6) 0.82 21.31 47.54 30.33 

Non-cyclic v.s. 2-week 0.238 0.285 0.328 0.50 

Non-cyclic v.s. 4-week 0.50 0.014 0.333 0.019 

free OT capacity, 

weight (10,5,3,1,1) 
p-value 

2-week v.s. 4-week 0.238 0.052 0.190 0.019 

current OT capacity, Rate (%) 2-week (Sce3) 1.09 15.3 45.63 37.98 
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4-week (Sce7) 1.64 18.31 46.72 33.33 

Non-cyclic v.s. 2-week 0.354 0.387 0.478 0.384 

Non-cyclic v.s. 4-week 0.158 0.100 0.393 0.088 

weight (0,0,0,10,10) 

p-value 

2-week v.s. 4-week 0.262 0.160 0.414 0.146 

2-week (Sce4) 0.55 16.39 45.9 37.16 
Rate (%) 

4-week (Sce8) 1.09 20.22 46.45 32.24 

Non-cyclic v.s. 2-week 0.329 0.255 0.457 0.317 

Non-cyclic v.s. 4-week 0.354 0.031 0.414 0.054 

free OT capacity, 

weight (0,0,0,10,10) 
p-value 

2-week v.s. 4-week 0.210 0.112 0.456 0.129 

 
ICU and PACU beds 
The over-occupation rates of ICU and PACU beds are regarded as the proportion of 
days on which respectively more than 6 and 1 beds are occupied. In Table 10.5, we 
notice that cyclic schemes cannot control the over-occupation rates of ICU beds quite 
well. This may be caused by the re-entering problem which is mentioned on page 78. 
As for PACU beds, there is no significant differences in over-occupation of non-cyclic 
and cyclic schedules. In Table 10.5, we present the over-occupation distribution of 
ICU and PACU in different cycle lengths based on their capacity of operation theaters 
and weights and the testing results by Z test of proportions (given in Section 10.1) in 
terms of one-sided p-values. 
 

Table 10.5 Distribution and one-sided p-value of comparison between cyclic and 
non-cyclic schedules in ICU and PACU beds over-occupation 

Non-cyclic v.s. Cyclic ICU PACU 

Non-cyclic (%) 5.19 21.04 

2-week (Sce1) 8.74 18.31 
Rate (%)

4-week (Sce5) 9.02 17.49 

Non-cyclic v.s. 2-week 0.034 0.202 

Non-cyclic v.s. 4-week 0.025 0.137 

current OT capacity, 

weight (10,5,3,1,1) 
p-value

2-week v.s. 4-week 0.449 0.397 

2-week (Sce2) 9.29 19.4 
Rate (%)

4-week (Sce6) 7.92 22.13 

Non-cyclic v.s. 2-week 0.019 0.311 

Non-cyclic v.s. 4-week 0.074 0.375 

free OT capacity, 

weight (10,5,3,1,1) 
p-value

2-week v.s. 4-week 0.264 0.209 

2-week (Sce3) 8.2 18.58 
Rate (%)

4-week (Sce7) 9.02 19.4 

current OT capacity, 

weight (0,0,0,10,10) 

p-value Non-cyclic v.s. 2-week 0.057 0.227 
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Non-cyclic v.s. 4-week 0.025 0.311 

2-week v.s. 4-week 0.353 0.400 

2-week (Sce4) 7.1 20.77 
Rate (%)

4-week (Sce8) 13.11 20.77 

Non-cyclic v.s. 2-week 0.148 0.468 

Non-cyclic v.s. 4-week 0.0002 0.468 

free OT capacity, 

weight (0,0,0,10,10) 
p-value

2-week v.s. 4-week 0.005 0.50 

 
10.2.4 Effects of different weights in admission schemes 
 
We wish to compare the effects of different weights in the optimization model. The 
weights are presented in the parentheses which include the importance of operation 
theaters, ICU, PACU, ward and nursing in this order. In this report, we have two types 
of weights: (10,5,3,1,1) and (0,0,0,10,10) which are stated in Section 9.1.  
 
Nursing 
In the Figure 10.4, we demonstrate the comparison of the weights (10,5,3,1,1) and 
(0,0,0,10,10). The occupation distribution of nursing in two different weights based 
on their capacity of operation theaters and cycle lengths is presented. The dark blue 
and pink lines in each picture represent 2-weekly comparison, and the yellow and 
light blue lines refer to 4-weekly distributions. In Table 10.6, the testing results by Z 
test of proportions (in Section 10.1) is demonstrated in terms of one-sided p-values. 
We notice that when we put more emphasis on the ward beds and nursing (weight 
(0,0,0,10,10)), we can find that the over-occupation rates of nursing points are smaller. 
This result follows our expectation. For other occupations under 66.5, we cannot 
reach the same conclusion. 

 
(a) current OT capacity                        (b) free OT capacity 

Figure 10.4 Comparison of schemes with different weights in nursing occupation 
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Table 10.6 Comparison of schemes with 
different weights in nursing occupation 

Distribution (%) <40 40-50 50-60 60-66.5 >=66.5

(10,5,3,1,1) Sce1 13.93 48.64 31.97 4.91 0.55 

(0,0,0,10,10) Sce3 13.39 45.35 36.62 4.37 0.27 2-week 

p-value 0.422 0.258 0.141 0.367 0.277 

(10,5,3,1,1) Sce5 21.04 42.62 32.24 3.28 0.82 

(0,0,0,10,10) Sce7 18.85 47.82 26.77 6.29 0.27 

current OT 

capacity 

4-week 

p-value 0.253 0.147 0.086 0.031 0.156 

(10,5,3,1,1) Sce2 17.21 45.09 32.24 4.09 1.37 

(0,0,0,10,10) Sce4 12.57 51.64 30.33 5.46 0.00 2-week 

p-value 0.051 0.101 0.322 0.198 0.012 

(10,5,3,1,1) Sce6 18.03 50.28 27.05 3.27 1.37 

(0,0,0,10,10) Sce8 19.95 48.08 24.87 6.28 0.82 

free OT 

capacity 

4-week 

p-value 0.275 0.336 0.281 0.031 0.238 

 
Ward beds 
In Figure 10.5, we present the occupation distribution of ward in two different 
weights based on their capacity of operation theaters and cycle lengths. In Table 10.7, 
the testing results by Z test of proportions (see Section 10.1) is demonstrated in terms 
of one-sided p-values. From Figure 10.5 we can see that the ward beds occupation 
distributions of each scenario are very similar. The testing results in Table 10.7 also 
demonstrate the analogy of ward beds occupation between different weights. 
 

 
(a) current OT capacity                        (b) free OT capacity 

Figure 10.5 Comparison of schemes with different weights in ward beds occupation 
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Table 10.7 Comparison of schemes with 
different weights in ward beds occupation 

Distribution (%) <20 20-25 25-30 >=30 

(10,5,3,1,1) Sce1 0.82 15.03 46.45 37.70 

(0,0,0,10,10) Sce3 1.09 15.3 45.63 37.98 2-week 

p-value 0.354 0.463 0.435 0.475 

(10,5,3,1,1) Sce5 1.09 20.77 42.89 35.25 

(0,0,0,10,10) Sce7 1.64 18.31 46.72 33.33 

current OT 

capacity 

4-week 

p-value 0.262 0.226 0.219 0.329 

(10,5,3,1,1) Sce2 1.37 16.12 43.17 39.34 

(0,0,0,10,10) Sce4 0.55 16.39 45.9 37.16 2-week 

p-value 0.128 0.464 0.290 0.317 

(10,5,3,1,1) Sce6 0.82 21.31 47.54 30.33 

(0,0,0,10,10) Sce8 1.09 20.22 46.45 32.24 

free OT 

capacity 

4-week 

p-value 0.354 0.373 0.415 0.322 

 
ICU and PACU beds 
In Table 10.8, we present the over-occupation distribution of ICU and PACU in two 
different weights based on their capacity of operation theaters and cycle lengths and 
the testing results by Z test of proportions (see Section 10.1) is demonstrated in terms 
of one-sided p-values. In 4-weekly/free OT capacity schedules, the weighting model 
with weight (10,5,3,1,1) is more capable of reflecting the capability of cutting down 
the over-occupation of ICU beds. This follows our intuition that we put more attention 
to ICU so that we can govern the distribution of ICU better. There is no obvious 
evidence to show the differences in PACU over-occupation between distinct weights. 
 

Table 10.8 Comparison of schemes with 
different weights in ICU and PACU beds over-occupation 

Rate (%) ICU PACU 

(10,5,3,1,1) Sce1 8.74 18.31 

(0,0,0,10,10) Sce3 8.2 18.58 2-week 

p-value 0.401 0.466 

(10,5,3,1,1) Sce5 9.02 17.49 

(0,0,0,10,10) Sce7 9.02 19.4 

current OT 

capacity 

4-week 

p-value 0.50 0.274 

(10,5,3,1,1) Sce2 9.29 19.4 

(0,0,0,10,10) Sce4 7.1 20.77 

free OT 

capacity 2-week 

p-value 0.150 0.340 
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(10,5,3,1,1) Sce6 7.92 22.13 

(0,0,0,10,10) Sce8 13.11 20.77 4-week 

p-value 0.015 0.346 

 
10.2.5 Effects of different OT capacities in admission schemes 
 
Similar with the previous sections, we compare the effects of different capacity of 
operation theaters in the optimization model. Two types of capacity are used, one is 
the current operation schedule which varies each day and the other is free capacity 
schedule which is 30 operation hours per day. For details please refer to Table 10.4. 
 
Nursing 
We use the following figures to compare the current and free capacity of operation 
theaters in each resource. In Figure 10.6, we present the occupation distribution of 
nursing in different capacity of operation theaters based on their weights and cycle 
lengths. In Table 10.9, the testing results by Z test of proportions (see Section 10.1) is 
demonstrated in terms of one-sided p-values. In the figures, the dark blue and pink 
lines represent 2-weekly schedules. The yellow and light blue line refers to 4-weekly 
distributions. The tail (the occupation above 60 points) of the nursing distributions in 
different OT capacities does not differ in statistics. However, we discovered that free 
OT capacities have influences on strengthening nursing central occupation (40-50) in 
4-weekly scenario, while the current OT capacity is significantly more centralized 
between 50-60 points in some scenarios. 
 

 
(a) weight (10,5,3,1,1)                        (b) weight (0,0,0,10,10) 

Figure 10.6 Comparison of schemes with different OT  
capacities in nursing occupation 
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Table 10.9 Comparison of schemes with different OT capacities in nursing occupation 
Distribution (%) <40 40-50 50-60 60-66.5 >=66.5

Current OT (Sce1) 13.93 48.64 31.97 4.91 0.55 

Free OT (Sce2) 17.21 45.09 32.24 4.09 1.37 2-week 

p-value 0.130 0.241 0.474 0.300 0.128 

Current OT (Sce5) 21.04 42.62 32.24 3.28 0.82 

Free OT (Sce6) 18.03 50.28 27.05 3.27 1.37 

weight (10,5,3,1,1) 

4-week 

p-value 0.179 0.064 0.098 0.497 0.238 

Current OT (Sce3) 13.39 45.35 36.62 4.37 0.27 

Free OT (Sce4) 12.57 51.64 30.33 5.46 0.00 2-week 

p-value 0.379 0.110 0.070 0.253 0.160 

Current OT (Sce7) 18.85 47.82 26.77 6.29 0.27 

Free OT (Sce8) 19.95 48.08 24.87 6.28 0.82 

weight 

(0,0,0,10,10) 

4-week 

p-value 0.368 0.480 0.306 0.498 0.156 

 
Ward beds 
In Figure 10.7, we present the occupation distribution of ward in different capacity of 
operation theaters based on their weights and cycle lengths. In Table 10.10, the testing 
results by Z test of proportions (see Section 10.1) is demonstrated in terms of 
one-sided p-values. Both by statistical testing and by plotting the corresponding 
distributions, we found that no significant differences between the ward beds 
occupation rates under the different capacity of operation theaters. The only 
significant advantage of free OT capacities occurred in the 4-weekly schedules with 
weight (10,5,3,1,1) in which apparently free OT capacities gather more occupations in 
25-30 ward beds. 

 
(a) weight (10,5,3,1,1)                        (b) weight (0,0,0,10,10) 

Figure 10.7 Comparison of schemes with different 
OT capacities in ward beds occupation 
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Table 10.10 Comparison of schemes with  
different OT capacities in ward beds occupation 

Distribution (%) <20 20-25 25-30 >=30 

Current OT (Sce1) 0.82 15.03 46.45 37.70 

Free OT (Sce2) 1.37 16.12 43.17 39.34 2-week 

p-value 0.238 0.354 0.367 0.360 

Current OT (Sce5) 1.09 20.77 42.89 35.25 

Free OT (Sce6) 0.82 21.31 47.54 30.33 

weight (10,5,3,1,1) 

4-week 

p-value 0.354 0.437 0.079 0.122 

Current OT (Sce3) 1.09 15.3 45.63 37.98 

Free OT (Sce4) 0.55 16.39 45.9 37.16 2-week 

p-value 0.210 0.356 0.252 0.428 

Current OT (Sce7) 1.64 18.31 46.72 33.33 

Free OT (Sce8) 1.09 20.22 46.45 32.24 

weight 

(0,0,0,10,10) 

4-week 

p-value 0.262 0.278 0.340 0.398 

 
ICU and PACU beds 
In Table 10.11, we present the over-occupation distribution of ICU and PACU in 
different capacity of operation theaters based on their weights and cycle lengths. The 
testing results by Z test of proportions (see Section 10.1) is also demonstrated in terms 
of one-sided p-values. For most of the scenarios, no significant differences of ICU 
and PACU over-occupation exist when comparing different OT capacities. 

Table 10.11 Comparison of schemes with 
different OT capacities in ICU and PACU beds over-occupation 

Rate (%) ICU PACU 

Current OT (Sce1) 8.74 18.31 

Free OT (Sce2) 9.29 19.4 2-week 

p-value 0.402 0.367 

Current OT (Sce5) 9.02 17.49 

Free OT (Sce6) 7.92 22.13 

weight 

(10,5,3,1,1) 

4-week 

p-value 0.305 0.079 

Current OT (Sce3) 8.2 18.58 

Free OT (Sce4) 7.1 20.77 2-week 

p-value 0.295 0.252 

Current OT (Sce7) 9.02 19.4 

Free OT (Sce8) 13.11 20.77 

weight 

(0,0,0,10,10) 

4-week 

p-value 0.047 0.340 
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Chapter 11 

Conclusions and recommendations 
 
The contributions of this study are as follows: 

 We built an integer linear optimization model of cyclic admission schemes for 
elective patients in the GISD. (See Chapter 8) 

 We found that cyclic admission schemes can reduce the daily variability of 
nursing workload (in terms of points) and PACU beds occupation, and help 
decrease the over-occupation of nursing and ward beds. (See Section 10.2.1) 

 We noticed that 4-weekly schedules are superior to control the over-occupations 
of ward beds with respect to the historical performance. On average 4-weekly 
schemes would reduce the daily workload of nursing and ward beds. (See 
Section 10.2.2 and Section 10.2.3) 

 We observed that changing weights in the optimization model, focusing on 
nursing workload and ward beds, can help lower the average over-occupation 
rates of nursing points. (See Section 10.2.4) 

 We concluded that there are no significant differences between the scenarios 
varying the capacities of operation theaters. (See Section 10.2.5) 

 
The first limitation of our work is that we did not take re-entering from post-operative 
ward to ICU into account in our admission model. This is because the timing of 
re-entering is unpredictable. Therefore, the admission model is more suitable to the 
case in which rare re-entering exists. The second restriction is that the results of 
4-weekly schedules are not guaranteed to be optimal because the computation time of 
finding an optimal solution takes too long. However, we produce the 4-weekly 
schedules by controlling the computation time instead of searching for the optimum, 
and found the advantage of reducing the over-occupation in 4-weekly schemes. We 
expect that the optimal 4-weekly schedules can perform better. 
 
For further research we recommend to study the patients’ waiting time. In our cyclic 
admission schemes, the arrangement of patients is based on the goal that achieves 
smaller over-occupation while satisfying the constraints that utilization would not 
exceed the capacity of each resource. However, the model does not consider waiting 
time of patients. Therefore, it may cause some patients to wait for a long time for 
admissions. We believe the waiting time will be another important issue for hospitals, 
so we should deal with the patients’ queue problems in a follow-up research. 
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Appendix A   Working hours of therapists 
 

Discipline Nmae Working hours Working location
Mon: 8.30-15.30 Pluspunt
Tue: 8.30-15.30 Rijndam
Thr: 8.30-15.30 Pluspunt

IBR 

Fri: 8.30-12.30 Pluspunt
Tue: 8.30-17.00 Rijndam
Thr: 8.30-17.00 RijndamMJ 

Fri: 8.30-17.00 Rijndam
Mon: 9.00-14.00 Rijndam
Tue: 9.00-14.00 RijndamLPE 

Thr: 9.00-14.00 Rijndam
Mon: 8.30-16.00 Rijndam
Tue: 8.30-16.00 Rijndam
Thr: 8.30-16.00 Rijndam

MTO 

Fri: 8.30-16.00 Rijndam
Mon: 8.30-16.00 Mor:xx-weg; Aft:Rijndam 
Tue: 8.30-16.00 RijndamST 

Fri: 8.30-15.30 Rijndam
Mon: 8.30-17.00 Rijndam
Tue: 8.30-17.00 RijndamMHO 

Fri: 8.30-17.00 Rijndam
Mon: 8.30-17.00 Rijndam
Tue: 8.30-16.30 Rijndam
Wed:8.30-12.30 xx-weg
Thr: 8.30-17.00 Rijndam

LHS 

Fri: 8.30-15.30 xx-weg
Mon: 8.30-17.00 Rijndam
Tue: 8.30-17.00 Rijndam
Wed: 8.30-17.00 Rijndam
Thr: 8.30-17.00 Rijndam

AKR 

Fri: 8.30-17.00 Rijndam
Mon: 8.30-16.00 Rijndam
Tue: 8.30-16.00 Rijndam
Wed:8.30-12.30 Rijndam
Thr: 8.30-16.00 Rijndam

DNI 

Fri: 13.00-16.00 Rijndam
Mon: 8.30-17.00 Rijndam
Tue: 8.30-17.00 Rijndam
Wed:8.30-12.30 Rijndam
Thr: 8.30-17.00 Rijndam

SBU 

Fri: 8.30-17.00 Rijndam
Mon: 8.30-12.00 Rijndam
Tue: 14.00-17.00 Rijndam

ET 

NVR 

Wed:13.00-17.00 Rijndam
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Discipline Nmae Working hours Working location
Tue: 8.30-15.30 Rijndam
Thr: 8.30-15.30 RijndamNB 

Fri: 8.30-15.30 Rijndam
Mon: 8.30-17.00 Rijndam
Tue: 8.30-17.00 Rijndam
Wed: 8.30-12.30 Rijndam
Thr:8.30-15.30 Rijndam

RKI 

Fri: 8.30-15.30 Rijndam
Mon: 8.30-15.30 xx-weg
Tue: 8.30-15.30 xx-wegAL 

Thr: 8.30-15.30 Rijndam
Mon: 8.30-15.30 Rijndam
Tue: 8.30-15.30 RijndamPVW 

Thr: 8.30-12.30 Rijndam
Mon: 8.30-16.00 Rijndam
Tue: 8.30-17.00 RijndamDBA 

Thr: 8.30-16.00 Rijndam
Mon: 8.30-16.00 Rijndam
Tue: 8.30-16.00 Rijndam
Wed: 8.30-12.30 Rijndam

YBE 

Thr: 8.30-17.00 Mor:xx-weg; Aft:Rijndam 
Mon: 8.30-15.30 Rijndam
Tue: 8.30-15.30 Rijndam
Wed: 8.30-12.30 Rijndam
Thr: 8.30-15.30 Rijndam

AMK 

Fri: 8.30-15.30 Rijndam
Mon: 8.30-15.30 Pluspunt
Tue: 8.30-15.30 Rijndam
Thr: 8.30-15.30 Pluspunt

LT 

LVT 

Fri: 8.30-15.30 Rijndam

 
Discipline Nmae Working hours Working location

Tue: 8.30-17.00 Mor:xx-weg; Aft:Rijndam SST 
Thr: 8.30-16.00 Mor:Rijndam; Aft:xx-weg 
Mon: 8.30-17.00 Mor:Rijndam; Aft:xx-weg 
Tue: 8.30-17.00 Rijndam

MT 

EAB 

Fri: 8.30-16.00 Mor:xx-weg; Aft:Rijndam 

 
Discipline Nmae Working hours Working location

Mon: 8.00-15.00 Rijndam
Tue: 8.00-15.00 Rijndam
Wed: 8.30-12.30 Rijndam
Thr: 8.00-15.00 Rijndam

HM 

Fri: 8.00-15.00 Rijndam
Mon: 8.30-15.30 Rijndam
Tue: 8.30-15.30 Rijndam

FT 

IV 

Wed: 8.30-12.30 Rijndam
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Thr: 8.30-15.30 Rijndam
Fri: 8.30-12.30 Rijndam
Mon: 8.30-15.00 Mor:Rijndam; Aft:xx-weg 
Tue: 8.30-16.00 Rijndam
Thr:8.30-16.00 xx-weg

SV 

Fri: 8.30-15.00 xx-weg
Mon: 8.30-16.00 Pluspunt
Tue: 8.30-17.00 Rijndam
Wed:8.30-16.30 Pluspunt

AU 

Thr: 8.30-16.00 Rijndam
Mon: 8.30-17.00 Rijndam
Tue: 8.30-17.00 Pluspunt
Wed: 8.30-12.30 Pluspunt
Thr: 8.30-17.00 Pluspunt

WV 

Fri: 8.30-17.00 Rijndam
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Appendix B   the one-to-one DS schedules of each student 
 
1-2C 

Mon Mon Tue Tue Fri Fri 
Students 

9:30-10 10-10:30 14-14:30 14:30-15 11-11:30 11:30-12 

Beyza  AMK-LT DDE-FT MTO-ET MTO-ET WV-FT 

Steff WV-FT MHO-ET YBE-LT NVR-ET WV-FT AMK-LT 

Stephan   AMK-LT DDE-FT AMK-LT  

Ramon YBE-LT SV-FT MHO-ET SV-FT LVT-LT MTO-ET 

Chris  MTO-ET SV-FT MHO-ET  MHO-ET 

Marlies NVR-ET MZO-FT MTO-ET LVT-LT  LVT-LT 

Mustafa MTO-ET YBE-LT NVR-ET AMK-LT   

Cemil SV-FT NVR-ET LVT-LT MZO-FT   

Sefa MHO-ET WV-FT MZO-FT YBE-LT MHO-ET  

 
1-2D 

Mon Mon Thr Thr Fri Fri 
Students 

9:30-10 10-10:30 13-13:30 13:30-14 13:30-14 14-14:30 

Katinka  RKI-LT HM-FT AKR-ET  SBU-ET 

Esra MZO-FT   HM-FT   

Dexter HM-FT AKR-ET RKI-LT MZO-FT SBU-ET  

Sannah IV-FT SBU-ET SBU-ET IV-FT  HM-FT 

Rachel   MZO-FT  HM-FT AKR-ET 

Iris AKR-ET HM-FT AKR-ET RKI-LT RKI-LT  

Nick RKI-LT IV-FT IV-FT SBU-ET AKR-ET RKI-LT 

 
1-2E 

Tue Tue Thr Thr Fri Fri 
Students 

14-14:30 14:30-15 10:30-11 11-11:30 9-9:30 9:30-10 

Leonardo  NB-LT  MJ-ET AKR-ET HM-FT 

Lisa NB-LT SBU-ET AKR-ET  HM-FT NB-LT 

Nayara AKR-ET HM-FT HM-FT NB-LT MJ-ET  

Willemijn HM-FT AKR-ET MJ-ET RKI-LT RKI-LT IV-FT 

Damiano RKI-LT  SBU-ET HM-FT NB-LT MJ-ET 

Bastiaan IV-FT MJ-ET NB-LT IV-FT SBU-ET RKI-LT 

Stefan  IV-FT IV-FT SBU-ET LVT-LT AKR-ET 

Lara  RKI-LT RKI-LT AKR-ET IV-FT SBU-ET 
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2-3F 
Tue Tue Thr Thr Fri Fri 

Students 
10:30-11 11-11:30 14-14:30 14:30-15 11-11:30 11:30-12 

Tristan RKI-LT AKR-ET HM-FT NB-LT HM-FT AKR-ET 

Ceyda NB-LT HM-FT MJ-ET IV-FT NB-LT MJ-ET 

Stan  RKI-LT  AKR-ET RKI-LT HM-FT 

Duncan MJ-ET NB-LT     

Alex AKR-ET IV-FT IV-FT RKI-LT AKR-ET RKI-LT 

Olaf HM-FT MJ-ET NB-LT MJ-ET IV-FT NB-LT 

Merouan IV-FT  AKR-ET HM-FT MJ-ET IV-FT 
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Appendix C 
Pearson’s coefficient correlation matrix of non-cyclic and all cyclic scenarios 
 
Nursing 

 Non-cyclic Sce1 Sce2 Sce3 Sce4 Sce5 Sce6 Sce7 Sce8 

Non-cyclic 1 0.439 0.265 0.307 0.461 0.225 0.297 0.312 0.478

Sce1  1 0.589 0.584 0.702 0.477 0.484 0.380 0.495

Sce2   1 0.880 0.574 0.688 0.732 0.544 0.390

Sce3    1 0.630 0.668 0.697 0.608 0.394

Sce4     1 0.424 0.468 0.473 0.534

Sce5      1 0.832 0.690 0.516

Sce6       1 0.707 0.574

Sce7        1 0.537

Sce8         1 

 
Ward beds 

 Non-cyclic Sce1 Sce2 Sce3 Sce4 Sce5 Sce6 Sce7 Sce8 

Non-cyclic 1 0.453 0.496 0.403 0.462 0.344 0.413 0.312 0.418

Sce1  1 0.621 0.568 0.793 0.464 0.422 0.216 0.491

Sce2   1 0.806 0.507 0.635 0.670 0.447 0.415

Sce3    1 0.523 0.593 0.575 0.523 0.408

Sce4     1 0.342 0.342 0.217 0.518

Sce5      1 0.784 0.574 0.512

Sce6       1 0.669 0.556

Sce7        1 0.506

Sce8         1 

 
ICU beds 

 Non-cyclic Sce1 Sce2 Sce3 Sce4 Sce5 Sce6 Sce7 Sce8 

Non-cyclic 1 0.256 0.219 0.230 0.179 0.201 0.226 0.223 0.196

Sce1  1 0.849 0.723 0.689 0.799 0.782 0.715 0.590

Sce2   1 0.846 --- 0.866 0.883 0.785 0.668

Sce3    1 0.849 0.743 0.783 0.749 0.703

Sce4     1 0.709 0.730 0.656 0.666

Sce5      1 0.860 0.819 0.663

Sce6       1 0.802 0.698

Sce7        1 0.723
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Sce8         1 

 
PACU beds 

 Non-cyclic Sce1 Sce2 Sce3 Sce4 Sce5 Sce6 Sce7 Sce8 

Non-cyclic 1 0.309 0.183 0.323 0.207 0.146 0.178 0.262 0.207

Sce1  1 0.566 0.433 0.462 0.515 0.500 0.464 0.311

Sce2   1 0.573 0.387 0.596 0.590 0.456 0.415

Sce3    1 0.541 0.445 0.439 0.545 0.387

Sce4     1 0.333 0.332 0.403 0.503

Sce5      1 0.522 0.565 0.418

Sce6       1 0.439 0.457

Sce7        1 0.546

Sce8         1 
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Appendix D 
Cyclic operation/admission schemes 
 
Current OT capacities, weight (10,5,3,1,1) 
2-week(regular) I II III IV V VI Total 

Monday  1   1 2 4 

Tuesday   1    1 

Wednesday    1  1 2 

Thursday     1  1 

Friday 1 1    2 4 

Monday    1  3 4 

Tuesday  1   1  2 

Wednesday   1    1 

Thursday    1   1 

Friday 3    1 1 5 

Total 4 3 2 3 4 9 25 

 
4-week(regular) I II III IV V VI Total 

Monday    1   1 

Tuesday 2    1  3 

Wednesday 2      2 

Thursday    1   1 

Friday     1  1 

Monday   1    1 

Tuesday  1   1  2 

Wednesday    1   1 

Thursday  3     3 

Friday 3    1  4 

Monday  1   1 2 4 

Tuesday      1 1 

Wednesday      2 2 

Thursday     1 1 2 

Friday    1  3 4 

Monday   1   4 5 

Tuesday   1    1 

Wednesday    1  1 2 

Thursday     1  1 
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Friday    1 1 3 5 

Total 7 5 3 6 8 17 46 

 
1-week(holiday) I II III IV V VI Total 

Monday 1  1    2 

Tuesday     1  1 

Wednesday 1 1     2 

Thursday    1  4 5 

Friday     1 1 2 

Total 2 1 1 1 2 5 12 

 
Free OT capacities, weight (10,5,3,1,1) 
2-week(regular) I II III IV V VI Total 

Monday    1  4 5 

Tuesday     1 1 2 

Wednesday  1 1   1 3 

Thursday    1   1 

Friday     1  1 

Monday  1  1   2 

Tuesday 4      4 

Wednesday     1  1 

Thursday  1 1   2 4 

Friday     1 1 2 

Total 4 3 2 3 4 9 25 

 
4-week(regular) I II III IV V VI Total 

Monday 2 1     3 

Tuesday     1 1 2 

Wednesday    1  1 2 

Thursday  1 1    2 

Friday     1  1 

Monday 1  1    2 

Tuesday     1  1 

Wednesday 2 1     3 

Thursday    1  2 3 

Friday     1 1 2 

Monday    1  3 4 



 126

Tuesday     1  1 

Wednesday  1 1   1 3 

Thursday    1   1 

Friday    1  2 3 

Monday     1 2 3 

Tuesday 2 1     3 

Wednesday     1 1 2 

Thursday    1  2 3 

Friday     1 1 2 

Total 7 5 3 6 8 17 46 

 
1-week(holiday) I II III IV V VI Total 

Monday    1   1 

Tuesday 1 1     2 

Wednesday     1  1 

Thursday 1  1    2 

Friday     1 5 6 

Total 2 1 1 1 2 5 12 

 
Current OT capacities, weight (0,0,0,10,10) 
2-week(regular) I II III IV V VI Total 

Monday   1   2 3 

Tuesday    1  1 2 

Wednesday     1  1 

Thursday    1  3 4 

Friday     1 1 2 

Monday     1  1 

Tuesday 4 1     5 

Wednesday    1  1 2 

Thursday     1  1 

Friday  2 1   1 4 

Total 4 3 2 3 4 9 25 

 

4-week(regular) I II III IV V VI Total 

Monday 1   1   2 

Tuesday 4    1  5 

Wednesday    1  1 2 
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Thursday     1 1 2 

Friday      2 2 

Monday    1  3 4 

Tuesday    1 1  2 

Wednesday   1    1 

Thursday 1    1  2 

Friday  2  1   3 

Monday     2 3 5 

Tuesday      1 1 

Wednesday      2 2 

Thursday       0 

Friday  1 1   2 4 

Monday      2 2 

Tuesday    1   1 

Wednesday 1  1    2 

Thursday  2     2 

Friday     2  2 

Total 7 5 3 6 8 17 46 

 
1-week(holiday) I II III IV V VI Total 

Monday     1  1 

Tuesday    1   1 

Wednesday 1 1     2 

Thursday     1 5 6 

Friday 1  1    2 

Total 2 1 1 1 2 5 12 

 
Free OT capacities, weight (0,0,0,10,10) 
2-week(regular) I II III IV V VI Total 

Monday  2 1   1 4 

Tuesday    1   1 

Wednesday       0 

Thursday       0 

Friday 4    2 1 7 

Monday  1  1  4 6 

Tuesday     1  1 

Wednesday    1  2 3 
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Thursday   1  1  2 

Friday      1 1 

Total 4 3 2 3 4 9 25 

 
4-week(regular) I II III IV V VI Total 

Monday 4   1   5 

Tuesday       0 

Wednesday  2     2 

Thursday     1 2 3 

Friday    1  1 2 

Monday   1 1  1 3 

Tuesday     2 1 3 

Wednesday       0 

Thursday      4 4 

Friday      2 2 

Monday 3     1 4 

Tuesday    1 3 3 7 

Wednesday     1  1 

Thursday       0 

Friday    2   2 

Monday  2     2 

Tuesday  1 1    2 

Wednesday   1    1 

Thursday     1 1 2 

Friday      1 1 

Total 7 5 3 6 8 17 46 

 
1-week(holiday) I II III IV V VI Total 

Monday     1 1 2 

Tuesday     1  1 

Wednesday    1   1 

Thursday  1 1    2 

Friday 2     4 6 

Total 2 1 1 1 2 5 12 
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