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Management Summary 
 

 

 

 

Every organization has to determine which products or services it will include in its product portfolio. 

This holds both for non-profit organizations (NPO) as well as for-profit organizations (FPO). Profit 

organizations seem to be more keen on profit and are attentive to this matter, while NPO‟s are faced 

with this question if limits on resources occur: on manpower, building space, profit etc.  

 

At ROC Eindhoven firstly the question was formulated how to decide which courses should be exe-

cuted or not when financial constraints were exceeded. This happened at a moment when new educa-

tional methods were used. The organization wants to know which factors are important to make this 

decision and how these factors must play a role in this decision. As a result the research questions 

were formulated: 

 

Research question 1 

Which quantitative and qualitative factors are important for the optimal product mix decision for ROC 

Eindhoven? 

Research question 2 

What are the influences of dependency (substitution, follow up courses) between educational pro-

grams on the optimal product mix decision for ROC Eindhoven. 

 

This research has the following deliverables: 

 

a. A list of qualitative factors that play an important role in the product mix decision. 

b. A mathematical tool implemented in software (AIMMS) to support on the product mix decision in 

which al quantitative factors between courses are included, and all qualitative factors are made 

quantifiable.  

 

From interviews with higher management of ROC Eindhoven, other ROC‟s, and a few enterprises 

(totally 22 persons) a list of factors was obtained. This list of 22 factors was the input for a question-

naire filled in by 22 persons, 16 of  the interviewees and 6 new persons. The outcome from this ques-

tionnaire was a list of  6 qualitative Factors.  The factors are ranked with a relative weight in a list. The 

user (decision maker) can score the courses on which he has to make the decision, in the list and get a 

ranking of the courses under subject.  

 

 

 Factor Description Score 
Relative 

score 

1 4 Behoefte bedrijven (BBL) (arb.marktperspectief) 43 30% 

2 5 Behoefte vanuit studenten; (BOL) 26 18% 

3 3 Analyse kansen/concurrentie in omgeving 21 15% 

4 21 Toekomstperspectief 19 13% 

5 1 Actualiteit; stand van technologie 18 13% 

6 9 Draagvlak in het team 15 11% 

  Sum 142 100% 

Table 1 List  of important factors 

 

The selected most important factors are in line with the Mission and Strategy of the Organization. 

(Strategisch uitvoeringsplan, 2006). 
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The second outcome of the research project is a software tool for the quantitative factors. The quanti-

tative factors are found from the Mission of the Organization. Profitability is used as a constraint, and 

can be put as a limit in two different ways: minimum profit of the school or minimum profit of the 

organization, maximizing the number of students or the number of graduates. Dependency between 

courses is modelled via repeater possibility, drop out possibility, substitution possibility for students to 

choose another course than the one initially desired, and follow up students that choose another course 

after graduating for their first course.  

The tool calculates the optimal product mix, accounting for the factors above mentioned. If the choice 

is made to use the limit for the profit of the school, the model calculates the optimal product mix, and 

shows the number of students, number of graduates and the profit of  the school, corresponding with 

the product mix. It also shows the corresponding effect on the profit of  the organization as a whole, 

all costs and number of students per course. If the limit is set for the profit of the organization as a 

whole it gives the optimal product mix under this constraint and shows the effect on the profit of the 

school and the other parameters likewise.   

 

 

 
Figure 1. Profit for each course (i). Course 27 gives the highest loss, course 19 gives the highest profit. 

 

In figure 1 the profit for each course is given. Course 27 gives the highest loss and course 19 gives the 

highest profit. From this picture one would expect that the first course to delete would be course 27. 

Taking into account all the relations between the courses and tightening the profitlimit for the school, 

course 26 is the first to delete, if we maximize for the number of students. Course 17 is the second. 

The reason lies behind the relationships between courses, the number of students in the course and the 

loss making of the course. Course 17 has a good substitute in course 18. See chapter 7 for further ex-

planation. 

 

If an organization has a high flexibility, it can adapt all costs to any fluctuation of income. We mod-

elled the flexibility by using a declination factor for the labour costs for the school: declination factor 

A. If income is reduced, the difference in labour costs needed and current labour costs, can only be 

reduced by a factor A each year. Increasing of costs (hiring personnel) has no restriction. In the same 

way we modelled the service costs of the general departments, with a declination factor B.   

 

The software tool has been used for ROC Eindhoven, at the School for Technology, which at start of 

the project in January 2010 was making a loss in executing all courses in the portfolio. The main re-

sults of this case study were: 
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1. The amount of loss making of a course does not tell much about the ranking of the course, 

whether it is a candidate for deleting to improve the profit. All other parameters that charac-

terize a course have their influence as well. This shows the usefulness of accounting for all 

quantitative factors, especially dependency, as in our model. 

2. The declination factor for the costs of the school and the declination factor for the service 

costs of the organization do not influence the mutual ranking of the courses for the product 

mix. A first candidate stays a first candidate when the declination factor is changed. The 

reason lies in the linearity of the costs. The declination factors have an impact on profit. As 

a result, if the minimum profit is set on a particular limit, indirectly the declination factor by 

changing the profit influences which courses should be in the product portfolio.  

3. To get the profit for the school to approximately 0, the declination factor A for the school  

must be at least around 0.7. This means that at least 70% of  all manpower (teachers and 

administration) that is not needed at a moment should be reduced next year.   

4. The improvement of the profit for the school can be destroyed by the worsening of the prof-

it for the organization if the declination factor B is below 0.5, meaning that at least 50% of 

manpower from general departments that is not needed at a certain moment, should be re-

duced in one year. 

5. If a course has a high substitution factor for another (better performing) course its ranking 

for candidate for deletion gets higher, i.e. it will already with lower profit limits be candi-

date.   

6. A higher drop out probability at the final year of  a four year course makes profit go down, 

because of generating less diplomas, but its influence is very low on ranking. (negligible on 

the worst performing course), due to the relatively small difference in amount of money.  

 

 

Recommendations are given in chapter 8, which courses to delete or which courses should be looked 

at closely for efficiency.  

 

During this master thesis project the organization of ROC Eindhoven has changed. A new Board of 

Government stated that every course should be profitable if executed. This new insight is a motive for 

the organization to look for inefficiency and try to improve bad performing courses, but at the end the 

same question arises. Which course has to be deleted (first) and what are the consequences (qualita-

tively and quantitatively)?  Our model can support this decision. 

James argued that NPO‟s have the will to grow. On the other hand, an NPO like a school has a mis-

sion: its purpose is to educate people within the financial constraints. The purpose is not to generate as 

much profit as possible. The danger exists that the organization will consume this positive profit for all 

kinds of extra service costs.  De Vericourt (De vericourt,  2007) and also James (James, 1990) discuss 

the possibility for NPO‟s to have cross subsidization: less profitable courses are fund with money of 

high revenue generating programs. This money can also come from for-profit activities. 

From the sensitivity analysis we learned that service costs of general departments have an important 

influence on profitability. See chapter 7.  

An inflexible organization has to surround itself with enough employees to do the job at the highest 

peak, and will have superfluous employees in the down periods. We recommend building the school 

into a flexible organization, if not already, which can smoothly enough adapt to all fluctuations (Dec-

lination factors A and B above 0.5).  
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Chapter   1 
 

Introduction 

 
This chapter provides an introduction to the problem which is covered in this Master Thesis project 

and elaborates the outline of this report. 

 

 

 

__________________________________________________________________________________ 

1.1 Research design 

 

Research that is aiming at developing prescriptive knowledge in the form of technological solution 

concepts, usually follows the reflective cycle (Van Aken et al., 2007). Van Aken combined his reflec-

tive cycle and the regulative cycle of  Van Strien as depicted in Figure 1.1. The project has been con-

ducted according to this framework. 

 

 

 

 

Choice of case

Developing 

technological rules

Reflection on 

results

Choice of type of 

problem

Problem

definition

Analysis & 

diagnosis

Plan of 

action

Interven-

tion
Evaluation

Reflective cycle Regulative cycle

Problem mess

 
Figure 1.1: Research design (based on Van Aken et al., 2007 and Van Strien, 1997) 

 

 

The reflective cycle consists of choosing a type of business problem in the form of a case, solving that 

problem through the regulating cycle, reflecting on the results with the aim of learning of this project, 

developing technological rules, and then starting a new (similar) project.  

In the regulative cycle the problem will first be defined and literature is studied. In the second step, the 

analysis and diagnosis step, knowledge can be used to interpret the results of the diagnosis. During the 

plan of action, the solution for the problem is designed. The intervention step is to change work pro-

cesses in the organization (in our case: the decision support tool is used in the organization).  An eval-

uation step is to provide knowledge about what still has to be done, and what has already been 

achieved. The aim of this project is to propose a sound solution method, and focuses on the first three 

stages, which is the design part. 

The choice of type of problem is explained in chapter 1.2. The literature that has been studied is short-

ly described in chapter 1.3. The choice of  case study is at ROC Eindhoven, school for Technology can 
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be found in chapter 1.4. In the next step the problem for the specific case study is defined in chapter 

1.5. In chapter 2 a description is given of the analysis phase. In the plan of action step the qualitative 

and quantitative factors that play a role are discovered as described in chapter 3. These factors are 

input for the mathematical model. In chapter 4 the mathematical model is described. This mathemati-

cal model has been implemented in software. Chapter 5 provides a manual. After the model was built, 

it was tested during a validation and verification step in chapter 6. Data of 34 courses of ROC Eindho-

ven, school for technology were filled in and the results are showed in chapter 7.  Conclusions are 

drawn in chapter 8.  

 

 

 

__________________________________________________________________________________ 

1.2 Choice of problem  

 

The subject for this master thesis project is making the right decision for the optimal product mix in 

non- profit organizations (NPO). The choice is depending on financial factors and the tangible and 

intangible factors which are important for the mission and target of the organization. Dependency can 

exist between products. Customers can choose an alternative within the product portfolio, called sub-

stitution/cannibalization. Substitution occurs when a customer finds an alternative in the product port-

folio in case a product is deleted. Cannibalization occurs when a product is added to the portfolio and 

already existing customers choose the new product (part of the customers already bought a certain 

product, and switched to the new product, i.e. they are not new customers). In our project we will not 

make a difference between substitution and cannibalization. In both cases a customer may find an 

alternative which we model in the same way.   

 

 

 

__________________________________________________________________________________ 

1.3 Literature review 

 

In this paragraph the result of the literature review is described. In order to get familiar with the topic 

of the subject to study, we used reviews to get general information. Library catalogue and indexes 

(ABI/inform or Web of Science) were used for exploring the literature, but also search engines on the 

internet. Secondly the searching via references gave a wider set of articles. This is called the „snowball 

method‟: a reference in one article points to another article.  

 

The literature found, can be divided into several categories: (1) background information, in which 

reviews will be discussed, and which will give general information about product variety influencing 

the performance of organizations and on methods for program evaluation in NPO‟s, (2) product mix in 

educational organizations, since we are interested in NPO‟s and want to do a case study in an educa-

tional organization, (3) interrelationships between products, because these influence the financial per-

formance, (4) methods for combining factors, how to combine the quantitative and qualitative factors,  

and (5) others, in which other interesting articles are mentioned which were found during the literature 

study. 

 

The most important papers we found on the subject are described below. 

 

 

Demand for variety may arise from a taste for diversity in individual consumption. There will be a 

trade off between the demand for variety and the lower unit production costs with fewer variants. 

(Lancaster, 1990). Product variety influences the performance of companies. Increasing variety does 

not guarantee an increase in long run profits and can worsen competitiveness (Ramdas, 2003). On the 

other hand rapidly evolving technologies and global competition can contribute to product variety. 
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Ramdas gives an overview on literature on the topic of product variety. Dill (Dill et al., 2000) argues 

that program or institutional diversity in higher education is similar to product diversity in private 

markets. We can extend this vision to other (lower) educations without a lot of risk. Increased diversi-

ty will lead to increased social and economic benefits to society for other educational forms as well 

(secondary vocational education in our case). 

 

Our project deals with a non profit organization in an educational environment. The goal is not to 

maximize profit, but profit is one of the constraints.   

We first mention the paper of Zanakis (Zanakis, 1995), which gives an overview of methods of com-

bining factors for evaluation of a product assortment. In this overview also papers are found in educa-

tional organizations. 

Papers that are found on educational organizations use either some efficiency comparison between 

programs or departments with a type of Data Envelopment Analysis (DEA) or they use a utility func-

tion. The background of DEA is that if a firm that produces output levels using specific input levels, 

another firm of equal size must also be able to get the same result. Efficiency of departments or pro-

grams is compared as with benchmarking. (Salerno,  2006; Hopkins, 1977). DEA ranks the products 

with an efficiency factor. If efficiency is below 1.0 the product can be improved. 

James, uses an objective function with one that maximizes prestige and other sources of managerial 

satisfaction (James, 1990), subject to a break-even constraint of revenues and costs.  

The problem in our case is that we do not know which factors to include in our decision tool. We will 

first have to discover which factors are important. Secondly the efficiency ranking as in DEA gives us 

not enough support for the determination of the product mix. The question what are the consequences 

of deleting a program (course) for another program (course), has still to be answered. Efficiency ratios 

give no information which course to delete, since the courses in our project are not easily to be com-

pared. Maximizing a utility function for a whole department or university as in James gives no support 

for the organization to determine what the best product mix is.  

 

 

Non-profit firms sometimes engage in for-profit activities for the purpose of generating revenue to 

subsidize their mission activities (De Vericourt, 2009). James (James, 1990) referred to cross subsidi-

zation of programs. The idea of cross subsidization is also in our model: at a certain profit level  less 

profitable courses (or projects) are funded by high revenue generating courses.   

 

Our project elaborates on the work of  Hopkins (Hopkins, 1977) for discovering the factors. The paper 

of Hopkins gives a description of a case study in the University of Stanford where they use an objec-

tive function to get to an optimal size of a university. The weighing factors of the chosen variables are 

ranked with help of pairwise comparisons. In this case it gave 360 pairwise comparisons for each ad-

ministrator. The variables are found during discussion settings with administrators. We use the tech-

nique of interviews to get a set of factors and come through a questionnaire with constant sum scale to 

a set of important factors to include. This is far less time consuming for the administrators and is a 

more clear process then the high number of pair wise comparisons. 

 

The decision on the product mix is also influenced by the dependency of programs: substitution and 

one stop shopping. Substitution occurs when a customer chooses another product if the product of first 

choice is not available. We only found one paper  that uses substitution in the field of educational or-

ganizations, (Kelchtermans et al., 2007). Kelchtermans studies the profit and welfare effects of reduc-

ing product diversity in higher education, against the background of a funding system reform in Flan-

ders (Belgium). They use a diversion ratio to model the fractions of students lost that flows back to 

other programs of the same institution. We use probabilities for students to choose another course if 

the course of first choice is deleted.   

One stop shopping is well known within the retail business. As an example we mention the paper of  

Cachon et al. (Cachon, 2005). They compare two scenarios of retail assortment planning in which 

there is consumer search and one with no search. They found that in the presence of consumer search, 

it may be optimal to include an unprofitable variant. In our case students can choose a follow up 

course after graduating for the current course. Deleting this current course will have an effect on this 
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follow up course. Another type of one stop shopping might occur when an enterprise chooses to leave 

with all its students to another ROC if part of the courses is no longer available. The paper of Flapper 

et al. (Flapper, 2009) is an example. We did not include this in our model. 

 

We will search for a list of important factors through interviews and questionnaire. This list of im-

portant qualitative factors is input for the data to be filled in for a mathematical model. In the mathe-

matical model all quantitative factors are used, and it will maximize the number of students, subject to 

all constraints. Considering the qualitative factors will determine the values of data to be filled in for 

the quantitative factors. 

In our model also dependency (substitution and follow up) between courses is modelled. We limited 

the  decrease of manpower (teachers and administration) at two levels: at the school of subject and at 

the whole organization. We have found no papers on this subject. 

Further we did not find any papers how to model dependency in an optimal mathematical model by 

means of LP, by clasping the decision variables between constraints. 

 

 

 

__________________________________________________________________________________ 

1.4 Choice of case 

 
The choice of type of problem has been formulated in paragraph 1.2. This problem is called the prod-

uct assortment problem that in some businesses is very well known (e.g. retail). ROC Eindhoven is an 

educational non- profit organization, which has several educational courses for vocational secondary 

levels. The choice of case will be in this organization at the engineering department (school for Tech-

nology: Electrical Engineering, Mechanical Engineering and Installation Techniques). Reason to 

choose this department is the various types and high number of different courses. A solution worked 

out at this department will be generazible for many other schools. The school executes around 40 dif-

ferent courses, for which payment is received from Government. The payment received for a certain 

course is depending on the type of  the course. The type of the course can differ in course duration 

(1,2,3 or 4 school years), European educational level of diplomas given (BOL, BBL or dtBOL, see list 

of Abbreviations). Besides these differences in type, a course can differ in program. This difference in 

program makes it more expensive or cheaper to execute (certain practical programs demand small 

groups and expensive material consumption). There is also the problem of dependency in different 

ways: (a) if a course is deleted, students can choose another course (substitution or cannibalization if a 

new courses is started as is explained in 1.3) and (b) some students will choose another course after 

graduating for the first one. To explain this second item: a course can  demand a preliminary course of 

a lower level, (if the lower level course is deleted, part of the students will be lost for the higher level 

course). 

An important criterion is for every organization profitability. Executing all courses must be done with-

in the financial budget of the school. Another criterion is the  other qualitative and quantitative factors 

that can play an important role (e.g. amount of students, quality of graduates, and relation with stake-

holders).  

 

 

 

__________________________________________________________________________________ 

1.5 Research Questions 

 

We did not discover in our literature study any model in which all financial factors, other tangible and 

intangible factors and dependency between products are combined. 

In the assignment as firstly stated, the financial result of all courses within a department had to be ana-

lyzed, with the restriction of a certain level of profit. During the project a new Board of management 

stated new insights: the criterion had to be that every course has a profit of at least zero.  But the prob-
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lem stays the same: what will happen if a course which is less profitable is deleted (change of students 

or graduates) and how will  it influence the performance of  other courses? 

  

From the above we come to our main research questions: 

 

Research question 1 

Which quantitative and qualitative factors are important for the optimal product mix decision for the  

non profit educational organization ROC Eindhoven? 

Research question 2 

What are the influences of dependency (substitution, follow up courses) between educational pro-

grams on the optimal product mix decision for the non profit educational organization ROC Eindho-

ven. 

 

We note that we did not take the improvement of courses into account. The efficiency of executing 

educational programs has to be achieved before using our model. Another way to deal with this ques-

tion is to use our model and depending on the result, one can ask whether the efficiency of the educa-

tional programs can be improved. 

 

 

 

__________________________________________________________________________________ 

1.6 Deliverables 

 

The organization expects to have a tool that supports the decision which courses should be part of the 

product mix. This tool consists of a list of important qualitative factors. The influence of these qualita-

tive factors is made quantifiable by means of filling in values for the quantitative factors in a mathe-

matical model. The mathematical model generates the optimal product mix, subject to satisfying a set 

of constraints. This mathematical model consisting of quantitative factors is implemented in software. 

With this software tool the composition of the product portfolio is made.  
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Chapter   2 
 

Analysis phase 
 

In this chapter we analyze the present situation, give a description of the problem and the plan of ac-

tion. 

 

 

___________________________________________________________________________ 

2.1 Present situation 

 
Schools have to deal with the question of deletion/addition of educational programs since long. This 

question is becoming more relevant since the existence of large school organizations with a growing 

amount of students, huge amount of programs and methods, and opportunities to differentiate among 

these programs. As James (James et al., 1981, p. 589) stated: non-profit organizations “will scarcely 

break-even, will generate a constant desire to grow and undertake new ventures and will face a perpet-

ual shortage of funds with which to do so”.  

 

To answer the first research question we will have to know the qualitative and quantitative factors 

which are important. These are not well known, so we will have to discover which factors to include 

for ROC Eindhoven. Sources can be the mission and strategy or the business plan of the organization, 

as well as surveys or interviews.  

For the second research question, we combine dependency between courses within a financial model. 

There is no model available at ROC Eindhoven that combines dependency. The financial performance 

must be combined with the other qualitative and quantitative factors in order to rank the different edu-

cational programs and to make the decision which programs to include in the optimal product mix. 

 

In a discussion with management of the financial department and the department for concern control 

of ROC Eindhoven there are some methods mentioned that are used at this moment:  

 On behalf of the Board of government a paper is written: “Scan Selectieve Groei.” 

(Scan Selective Growth). The worth Growth betrays already the desire mentioned 

by James et al. This paper gives a quantitative method on which to decide which 

program should be executed or pruned. The document mentions that there should 

be a complete financial foundation on the revenues and on expenditures. This fi-

nancial outcome should be calculated using the method of Break Even Analysis. 

Income can be governmental subsidies, incidentical income from third parties like 

municipalities, etc,. Expenditures are all normal expenditures of  an education 

program plus all development costs if it is a new or upgraded program. Factors are 

divided in four main groups:  A. Financial. In this paragraph questions are to be 

answered on profitability. B. Importance to labour market. C. Branding. D. Need 

for client. There are no examples of use of the tool at that moment. 

 Break Even Analysis. A calculating program in Excel to calculate at which point 

the break even point of an educational program is reached. Purpose is to investi-

gate the result of differing the amount of students. Some expenditures have to be 

estimated like average salary of instructors or teachers. The model is based on the 

current allocation model of ROC Eindhoven. This model is widely spread among 

management at ROC Eindhoven. 

 An extended program to calculate costs and revenues called “onderwijscalculator” 

the program is used as a first exercise by some HBO students. At this moment the 

program is not implemented, because of the developing of a “Programguide”. 
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 “Programguide”  A program set of educational courses. All educational programs 

can be composed of these more elementary courses. The aim is to have less ele-

mentary courses which are all profitable. This is part of the program called 

„roadmap to excellence‟, a program initiated by higher management to achieve a 

higher (equal) quality level to all courses of ROC Eindhoven (roadmap to excel-

lence, 2009). At this moment ROC Eindhoven is in a transitionproces (organiza-

tional change), for which 11 priorities are determined. (letter of CvB of ROC 

Eindhoven, sept 2009). 

 

 

 

The qualitative and quantitative factors of importance are very likely to be congruent to the Mission 

and Strategy of ROC Eindhoven. (Strategisch Uitvoeringsplan 2005-2010): 

Mission of ROC Eindhoven: 

"ROC Eindhoven provides an open, stimulating learning environment for both young and mature stu-

dents. Attractive, practice-based programmes lead to optimal performance by students in their efforts 

to achieve their ambitions. They gain perspective as well as satisfaction from their studies. ROC Eind-

hoven values highly the contribution and commitment of its students, staff and social partners." 

(Source: Strategic Policy Plan 2006-2010). 

As a result 5 main Targets are set in “Strategisch Uitvoerinsplan “: 

(1) Reach more students, (2) More success for students, (3) Better throughput for students in the edu-

cation chain (VMBO-MBO-HBO), (4) Professional educational skills of employees, (5) Bold embed-

ding in the region. 

 

Besides these main targets, also other factors can be of importance. This information is gathered 

through a survey as described in chapter 3. 

 

 

 

___________________________________________________________________________ 

2.2 Problem description 

 
To take a decision in which courses are to be part of the product mix portfolio, we want to take all 

important quantitative and qualitative factors into account. Which qualitative factors are important are 

to be searched by means of an interview and a survey which will be described in chapter 3.  

The main targets of the Mission of ROC Eindhoven are: 

(1) reach more students: the target is to have more students in the school. We take the number of stu-

dents matriculated into account. These students are forecasted for the time period in the model. 

(2) more success for students: the target here is to have a higher number of  graduates. 

(3) better throughput in the educational chain. The plan makes the difference between throughput to 

HBO and internal throughput if students go from level 2 to 3 or 4. The influence of the internal 

throughput is part of our model by means of the follow up dependency. 

(4) professional educational skills of employees. Human resource is for every organization important, 

this means that the organization will not easily fire skilled people whenever a fluctuation in students 

occurs. We will set a limit to the declination of employees (manpower) 

(5) bold embedding in the region. The target  is to have more cooperation with the surrounding enter-

prises and schools. In the end it must translate itself in more students forecasted for the time period in 

the model.  

 As a constraint the profit of the school will be set to a limit. The mathematical model is described in 

chapter 4. The income generated is depending on the number of students and the number of graduates 
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and is taxed (38%) by the General Departments for their Services. When on the school level a decision 

is made about deleting/adding a course which seems optimal for the school, it will influence the finan-

cial result of the General departments. If a decision is optimal at the level of ROC Eindhoven (includ-

ing the School for Technology), it might not be optimal for the school. Therefore  in the model it must 

be possible to optimize for the School or for the whole Organization. In chapter 5 the implementation 

of the model of chapter 4 is described. Validation and verification of the software model is done in 

chapter 6, and the results are showed in chapter 7. The general conclusion of the project is conducted 

in chapter 8, with recommendations for ROC Eindhoven, and recommendations for future research.  
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Chapter   3 
 

Exploring factors 
 

Besides the attempts that were already made (see 2 Analysis), the knowledge which qualitative factors 

are important for the decision to retain or add a course is not clear within the organization of ROC 

Eindhoven. The method chosen to get more information about this topic, was a survey on a large part 

of  higher and middle management of ROC‟s and some firms. One can choose between  a question-

naire, and an interview. A questionnaire is mostly used if there is enough information about the sub-

ject. The aim is to get information about detailed personal or group thinking. If the information on the 

subject is not clear and the aim is to get information about the topic, an interview is more suita-

ble.(Graziano, 2004). 

We decided to use both: First an interview face to face, to gain insight about which factors to include. 

Secondly a questionnaire to get information what the importance of the different factors are, which 

were mentioned in the interviews. The questionnaire was used to give ranking of all factors. 

Besides these qualitative factors we already saw some quantitative factors and we will show 

how the qualitative factors can be made quantifiable. 

 

 
 

__________________________________________________________________________________ 

3.1 Qualitative factors 

 

In this paragraph the extracting of the qualitative factors is shown. In paragraph 3.2.1 the interviews 

are described, and the questionnaire in paragraph 3.2.2. Results are shown in paragraph 3.2.3.  

___________________________________________________________________________

3.1.1 Interviews 
 

Interviews were held with 21 persons, 6 of the management of the School for Technology, 3 of  higher 

management of other schools, 2 of the Board of ROC Eindhoven (CvB), 3 of Supporting Departments 

of ROC Eindhoven, 3 of  higher management of other ROC‟s, 1 of  an organization for higher voca-

tional education and 3 of companies that have students on courses of the School for Technology.  

 

 - Management of  School for technology: 6 persons 

 - Chief of Financial Department: 1 person 

 - Concern Controller: 1 person 

 - Policy Member: 1 person 

 - Members of CvB: 2 persons 

 - Management of other ROC‟s: 3 persons 

 - Management of HBO (Fontys): 1 person 

 - Management of Companies: 3 persons 

 

The composition was made to have a broad group that has influence on making the decisions of delet-

ing or adding a course. Companies were added because they have experience in making the same deci-

sions in their own organizations and have interest in which courses are in the product mix portfolio.  

 

In advance a short description of the goal of the thesis project was sent to the subjects, together with 

the question which was formulated: 

Which qualitative factors are important to decide on product mix portfolio? 
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Appointments were scheduled with the persons concerned for a one hour interview. After a short in-

troduction to explain the Master thesis project (10 minutes), the question was presented. At the end of 

the interview, the result was summarized by the interviewer and confirmation was asked. A short cov-

er of the conversation was made and sent to the interviewees for confirmation, or if necessary extend-

ed with explanatory questions about the intention of the answers. Sometimes  questions were phrased 

to find out whether the interviewee really finds the mentioned factor important for the product mix 

portfolio. Sometimes factors were mentioned that are important for education in general, but have no 

distinctive importance between courses. The minutes made of these interviews were sent approximate-

ly one week later to the interviewee, for control and/or adding remarks. 

 

Out of  these minutes a list of factors was distilled. In appendix III this list is depicted. The last column 

shows the frequency score on each factor by all interviewees.  

 

Three remarks on this list have to be made: 

a. Sometimes an interviewee mentions a Factor only for deleting or only for adding a 

course. We did not take this into account in the list of Appendix 1. After consulting an 

expert on making surveys (Dr A. Kleingeld, TUE), who saw no logical difference be-

tween these two distinctions on these factors, we decided to ignore them. In literature  

we also could not find any distinction in deleting or adding a product, not in literature in 

educational environment, nor in literature on product mix decisions for other products or 

services. 

b. Factors “Toekomstperspectief “ and “Levensvatbaarheid op korte termijn”,  only differ 

in gradation. The first factor was mentioned in general, the second was mentioned with 

unsubsidized courses, because the time to recover the costs is shorter. 

c. The Factor  “Aanpassen van bestaande opleidingen” is deleted, because this is actually 

making a new course.  

 

The Factors are ranked in order of the number of interviewees that mentioned the specific factor. The 

following questions arise: 

1. Are all factors that interviewees think that are important, actually mentioned by them? There is a 

possibility that some interviewees did not mention a factor at the moment of the interview, be-

cause they forgot to mention it at that time, but think it is an  important one.  There is also a possi-

bility that they did not mention it because they are not aware of the factor, it is not well known to 

them. 

2. Has the interviewer marked all the factors which are mentioned by the interviewees?  The inter-

views are taken by one man, so some personal influence might occur for marking factors. Also the 

interviewee can be influenced by the interviewer by some clarifying questions afterwards. 

3. Is a factor that is mentioned more often by interviewees,  more important? A factor that is men-

tioned by everyone can be of tremendous importance, because everyone mentions it. On the other 

hand it can be of  little importance, but it is mentioned because it is a factor that everyone thinks of 

from the first moment, being a factor that is spoken about a lot lately, in the organization or in so-

ciety. 

 

All interviewees were sent the minutes of the interview. All participants have sent them back accom-

panied with one or more remarks. If a participant has forgotten to mention a very important factor, it 

could be corrected by the comment on the minutes.  

The whole process of making appointments, holding interviews, sending the minutes and incorporate 

the comments to the list of factors took approximately a span of time of three months.  

 

 

 

___________________________________________________________________________

3.1.2 Questionnaire 
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The questions at the end of paragraph 3.1 are the reason we composed a questionnaire. In this ques-

tionnaire all 22 Factors that were found during the interviews are ordered alphabetically. This ques-

tionnaire is sent to the same group of interviewees and to some additional other persons. People are 

asked to score the factors to their relative importance (this will be explained hereafter) 

By sending the questionnaire, question 1 of paragraph 32.1 is answered. If someone was not aware of 

a certain factor, he will come across this factor in the questionnaire. Question 2. can be removed, be-

cause interviewees could comment on the minutes as explained at the end of paragraph 3.1 The ques-

tionnaire also gives the opportunity of scoring on factors that were not marked by the interviewer, and 

there is space for additional remarks. (which was not used). 

The most important reason to send the questionnaire is the answer to question 3. Participants will have 

to score the factors to their relative importance. 

 

The questionnaire with 22 factors was sent to the participants. The group of participants consists of the 

interviewees of 21 persons and 7 additional persons. Five persons of the old group of 21 interviewees 

did not react, because of different reasons (other job in another organization, other position, hart dis-

ease etc.). 

Of  the additional group of 7 persons, one did not react. The additional group consisted of higher man-

agement (director) of the different schools of ROC Eindhoven and the new Chairman of the Board of 

ROC Eindhoven. 

 

In Appendix II the questionnaire (in Dutch) is inserted. Participants were asked to score the factors to 

a total of 10 (integer) points. The most important factor gets the highest score, the next important gets 

a lower score until the sum of 10 is reached. Some examples: A respondent can score one Factor at 10,  

he can score 3,3,2,1,1 or give 10 Factors 1 point each. A short explanation was sent with the question-

naire, together with a list of definitions of the factors (also inserted in appendix 3). 

 

 

 

___________________________________________________________________________

3.1.3 Result 
 

The result of the scores is put down in Appendix III. In the first row the number of the columns is the 

number of  the participants (there were 22 participants). In the first column we numbered the Factors. 

The second column gives a short description of the factor. In column 3 to 24 the scores of the 22 par-

ticipants are depicted. The sum of the scores of each participant adds up to 10, as we can see  in the 

bottom row. The last two columns give the result for all participants summed together. In the last but 

one column each cell represents the sum of the scores of all participants for a Factor. In the bottom cell 

of that column the scores are added up. All scores of all participants add up to 220, as well as the sum 

of all scores of all Factors (220). In the last column the relative score of each Factor is represented in 

each cell. This relative score for a Factor is calculated, by taking the score for each factor in the last 

but one column, and divide it with the total sum (220). 

 

According to Miller (Miller, 1956) it is not psychological advisable to use a lot of Factors for decision 

making. The distinctive capability of humans is for uni-dimensional stimuli limited to approximately 

seven. Miller does not prove this scientifically, but makes it very plausible by several examples.  

This gives us some direction, but the number of Factors still can vary. 

 

Suppose all Factors are of equal importance and the number of respondents is very high. In that case 

the respondents would arbitrarily spread the maximum sum (10) equally over the Factors. All factors 

would show the same average score. If we incorporate this in our situation, the average score on 22 

Factors and n respondents with a total sum score of 10 is *10 / 22n . In our case with 22 respondents, 

the average score is 10 points. The reasoning is that with a sore higher then 10, the factor has prefer-

ence, and with a score lower then 10 the factor has disapprovement, relative to the coincidence score 

of 10.   
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 The Factors 1,3,4,5,9, 13,and 21 have a score of 10 or more. This result does not completely fit with 

the result in Appendix I of the interviews. Apparently the fact that respondents were confronted with 

the factors of other participants, together with conscious assignment of scores for importance, has 

given another result. The result of seven factors as was the limit for Miller is a coincidence, but is fea-

sible.  

 

The result of the factors with a higher score then 10 (marked green in appendix III), looks feasible. 

They are of significant importance for a non profit educational organization. The other Factors have 

less importance. 

It is remarkable that “draagvlak in het team = support in team(eng.)” is seen as important, while 

“tevredenheid medewerkers = satisfaction employees” is of less importance. Apparently the individual 

is of less importance than an operational healthy organization. 

 

The result of the questionnaire can be used to give the Factors a relative weight.  

 

 

  Factor Description Score 
Relative 
score 

1 4 Behoefte bedrijven (BBL) (arb.marktperspectief) 43 30% 

2 5 Behoefte vanuit studenten; (BOL) 26 18% 

3 3 Analyse kansen/concurrentie in omgeving 21 15% 

4 21 Toekomstperspectief 19 13% 

5 1 Actualiteit; stand van technologie 18 13% 

6 9 Draagvlak in het team 15 11% 

    Sum  142 100% 

Table 3.1 Relative Weight of important factors. 

 

 
In Table 3.1 the six factors are depicted with their score. Column two represents the number of the 

factor  from the table in Appendix  III. The third column represents the description of the factor, and in 

the fourth column the score is to be seen as was in Appendix III. In the last column the relative weight 

of the factors is calculated as the score of each factor divided by the sum of the scores (142).   

These six Factors attribute a score of 142 which is 65% of the total score. The other 16 Factors that are 

not incorporated, only represent 35% of the total score.  The result of these six factors indeed makes a 

significant difference. 

 

 

 
__________________________________________________________________________________ 

3.2 Quantitative Factors 

 

From the problem description we already saw which important quantitative factors must enter our 

model from the mission of ROC Eindhoven. We will further elaborate on them in this paragraph. For 

detailed explanation we refer to chapter 4.  

1. Profit. We model both the profit for the school as well as the profit for the organization, be-

cause there can be a difference in consequences. To calculate the profits we have to know the 

income and the costs. 

2. Number of students. To get the number of all students participating in a course we will have to 

know the flow of these students through the course for every school year. Because we want to 

forecast the number of students in the future, we will have to model the new students entering 

for the different calendar years. The choice is for 6 years, which is explained in chapter….. 

The flow of students in a courses is modelled by the drop out probabilities, repeater probabil-
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ities. If a course is deleted students can choose another course with the substitution probabil-

ity. See chapter 4 for explanation of the mathematical model. 

3. Number of graduates. All students who reached their final year have a possibility to get a di-

ploma.  

4. Students with a diploma have the possibility to take a new follow up course.  

5. The limit to the declination of employees (manpower) is set at two different levels in the or-

ganization: at the school (with declination factor A) and at the level of the central departments 

(with declination factor B). They can have different impacts on profit. Note that we only limit 

the decrease of manpower, not the increase.  With declination factor B all costs from central 

departments are modelled, including buildings, computers etc.  

6. Forecasting of new students can be done by the number of new students entering the school for 

each different course.  

 

 

___________________________________________________________________________ 

3.3 Combining factors in the framework 

 

 
The six qualitative factors are of importance for determination of the optimal product mix for ROC 

Eindhoven. We will make these factors quantifiable by showing the relation of these factors to the 

quantitative factors. The translation of qualitative factors into quantitative numbers is part of the 

framework. 

 

 

Qualitative factors

Quantitative factors in

Mathematical model

Result: courses to 

delete

 
  Figure 3.1. The framework with qualitative factors and quantitative factors 

 

 

See Figure 3.1 We start with the qualitative factors. The relation of these qualitative factors with the 

quantitative factors in the model is translated by entering the corresponding estimations of the values 

for the quantitative factors in the mathematical model. The optimal product mix is calculated subject 

to all constraints as a result of all quantitative factors. The result is investigated by the user and if de-

sired it outcome can lead to new insights. These new insights will lead us back to the qualitative fac-

tors. The user has to find out whether there is a motive to change the quantitative factors regarding the 

qualitative factors. 
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In the following we will try to give the relation of the six qualitative factors to the quantitative factors. 

If a relation is not mentioned here at this moment, it does not mean that this relation can not be of im-

portance. The user can account for its influence. 

 

1. Need of enterprises. If surrounding enterprises require specific skilled personnel, which must 

have done a specific course, it is important for the school to operate this course. Firms will 

hire new personnel and send them to the school. This will result in a forecast of a higher num-

ber of students (or lower if there is less need). The model has a possibility of a forecast of six 

years. At low economical levels firms will not hire students and they will choose a BOL pro-

gram. At higher economical levels students will choose a BBL program. In the same way the 

substitution possibilities are estimated. A high forecast of one course can give a lower result of 

forecast for another course.  

2. Need by students. Students like to participate in the course. This will translate itself in a high 

forecast of the number of students, even when there is no (high) need by firms. A high fore-

cast of one course can give a lower result of forecast for another course.  

3. Analysis of competitive offerings. The organization has to respond to concurrency. If concur-

rents start a new course it can give a lower forecast for some courses of the organization. 

Sometimes concurrents get stronger if they have less diversity and give a clear picture of their 

core business. 

4. Future perspective. The qualitative factors have all some mutual relation. This one is strongly 

related with factor 1, the need by enterprises. If  future perspective for a job for students is 

low, it will influence the number of students. This is difficult to forecast, because sometimes 

students like to participate on a course even when there is not enough need. This will give new 

students at other courses for which there is a higher need, a few years later if students find 

jobs in another field. 

5. Modern technologies. Some courses demand for the use highly modern and sometimes expen-

sive technologies. A course equipped with these technologies has a competitive advantage to 

courses of another concurrent organization with old fashioned technologies. This can not only 

hold for equipment but also for manpower. As an example we mention hiring specific person-

nel from firms with specific up to date knowledge. 

6. Support by teams. For new courses there must be enough support in the team for starting up. 

Have the members all the competences needed for the job? If not, extra support will be need-

ed, which will cost money. In the model it is possible to put in the start up costs for courses. 

For an existing course it might occur that members of a team do not want to say farewell to a 

course that is candidate for deleting. They want to think along for solutions to retain the 

course, for instance by teaching larger groups to compensate.  
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Chapter   4 
 

 

Model for Quantitative Factors 

 
In this chapter you will find a description of the mathematical model corresponding to the problem of 

the quantitative Factors. 

 

 

__________________________________________________________________________________ 

4.1 Introduction 

 

ROC Eindhoven consists of 8 different schools, each school executes different courses. The School for 

Technology executes around 40 courses (January 2011). 

Some of these courses show a negative financial result on the budget of the school. In the Problem 

Description it was already stated that we are interested in the consequences of deleting a course from 

or adding a new course to the product mix portfolio. 

If a course is deleted or added it will affect the number of students and thereby the number of gradu-

ates, financial results, need for direct teaching personnel, building space, administrative personnel. 

Schools pay a certain proportion of their income to Central Services consisting of Higher Management 

and Departments for Financial Control, HR, Educational Development, Facility Services and IT. At 

ROC Eindhoven no activity based cost allocation exists for these services, because of a lack of speci-

fied data at this moment. That is the reason why schools are taxed with a proportion of their income to 

cover the costs for Central Services. 

The income for a school for regular activities is depending on two main parameters: number of stu-

dents receiving education and number of graduates (diplomas) generated. 

The payment received for a certain Course i is depending on the type of the course. The type of the 

course is characterized by the course duration (1, 2 3, or 4 school years), the sort of  educational route 

(BOL, BBL or dtBOL, see list of Abbreviations for explanation) and the educational level (European 

standard 1, 2, 3 or 4). See Appendix IV for a glossary of the payments received. 

In the table in Appendix IV one can see that the income  is taxed by Central Services for 38%.  At 

School level, costs for teaching personnel and material consumption by students are directly related to 

a specific course i. Middle management and administrative personnel are on a proportion base, taxed 

on income. Total costs for administration is divided over the different courses in proportion to their 

weighed students. A student of type BBL or dtBOL have weight one, and students of type BOL have 

weight 2,5. This is done because the income of a BOL student is almost 2,5 times higher then of a 

BBL or dtBOL student.  

 

One of the main purposes of a School is educating as many students as possible, aiming at a high per-

centage that will graduate. See Mission Statement (“Strategisch uitvoeringsplan”, 2006). Another im-

portant reason for existence for a school is to deliver as many graduates (students who successfully 

end their course with a diploma) to the society as possible.  The mathematical model will include the 

financial results (profit or loss) as a constraint. For the main objective to maximize, one can choose for 

the total number of students receiving education or the number of diplomas given. The user of the 

model can compare the outcome for the different objectives to gain insight. The decision variables are 

deleting or adding a course, which will be binary variables. 

Focussing on the number of diplomas, or the number of graduates which is the same, has one difficul-

ty. The moment a course is deleted, all students participating in the course must have the possibility to 

finish the course, which is settled by rules of  the Ministry of Education. To get round this confusing 

matter, we will take the number of the graduates at the end of the time horizon as the objective to max-

imize.  
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__________________________________________________________________________________ 

4.1.1 List of variables 

 

 

, {0,...,1}A A  declination factor for manpower costs per calendar year 

, {0,...,1}B B  declination factor for service costs per calendar year 

mC   total manpower costs over all teacher types,  over all courses and all calendar years. 

( )nC i   set up costs for a new course i, necessary  if a new course would be started  

( )pC i   set up costs for a new course i, if course i is in operation ( ( )Y i =1) 

( )D i   diploma fee per graduate for course i. 

( , )d i m  binary to indicate that school year m of course i is the final school year ( ( , )d i m = 1) 

  or not ( ( , )d i m = 0). 

( , )G i t   number of graduates (receiving a diploma)  of course i in calendar year t 

h , {1,2,3}h  index denoting type of teacher. 

i , {1,..., }i N  index denoting the course under consideration. 

( )I i    income for the organization  for  course i, over all course years and all calendar 

  years 

j , {1,2,3,4}j  index denoting the school year under consideration. 

k , {1,..., }k N  index denoting another course than course i.  

m , {1,..., }m j  index denoting the final school year 

M   number of all courses, existing and new that a school can operate. 

Max   non trivial number, greater than any number  of students entering 

2Max   non trivial number, greater then the sum of  all teachers of any type h in any year.  

3Max   non trivial number, greater then any amount of overhead costs per calendar year t. 

4Max   non trivial number, greater than any setup costs for a new course. 

5Max   non trivial number, greater then any amount of service costs per calendar year t. 

( )m i   average material cost per student on a school year base for course i 

( )M i   sum of material costs over all school years and all  calendar years for course i. 

N   number of different existing courses that a school can operate. 

( , , )n i j t  students participating in course i, in school year j, in calendar year t. 

( , ,0)n i j  initialisation of  students in the calendar year t = 0 before the decision is ef

  fectuated, when courses are deleted or added. For course i, in school year j. 

( , )
a

n i t    new students (coming from outside the school),  that enter course i,  in calendar year 

  t, if course i is in operation ( ( )Y i = 1). 

( , , )
b

n i k t  students that choose for another course k  if course i is not in operation ( ( )Y i = 0) in 

  calendar year t and the other course k is in operation (Y(k) = 1). 

( , , )
c

n i k t   continuators from course i to course k, when they graduate for course i, in calendar 

  year t-1, they enter course k in calendar year t 

( , , )
d

n i j t  students that decide to repeat  school year j  at the end of the school year  in calendar 

  year t-1, they enter course i  in calendar year t.  

( , 1, )
e

n i j t  students that drop out at the end of school year  j-1,  in calendar year t-1, they enter 

  course i in calendar year t. 
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( , )
n

n i t  new students (coming from outside the school),  interested  to enter course i, in calen-

  dar year t. (As far as known by ROC: it is their first choice) 

O   overhead costs for administration of the school in euros, in calendar year t = 

  0. 

'O   overhead costs for administration of the school per weighted student. 

1( )tO   overhead costs, as needed for all courses, in calendar year t,  for administra-

  tion of the school in euros. 

2 ( )tO   limit in declination of overhead costs, from one year earlier. 

( )aO t   overhead costs, to be taken into account for all courses, in calendar year t. 

  These costs are restricted in declination per calendar year. 

1( , )q h t  supporting binary variable to indicate whether 2 ( , )X h t is greater then  

  1( , )X h t , ( 1( , )q h t =1) or otherwise ( 1( , )q h t =0). 

2 ( )q t   supporting binary variable to indicate whether 2 ( )tO is greater then 1( )tO , 

  ( 2 ( )q t =1) or otherwise ( 2 ( )q t =0). 

3( )q t   supporting binary variable to indicate whether 2 ( )tS is greater then 1( )tS , 

  ( 3( )q t =1) or otherwise ( 3( )q t =0). 

SP   net profit for the school, over all courses and all calendar years. 

OP   net profit for the organization, over all courses and all calendar  years.  

( , )p i k   probability that  students choose course k if course i is no tin operation 

( , )r i k   probability that graduates of course i participate in a continuation course k, starting 

  in the first school year of course k, if course k is in operation.  

( )L h   salary costs per year for one teacher of  type h. 

1( , )s i j  probability for course i, that a student will repeat school year j. 

2( , )s i j  probability for course i, that a student will drop out at  school year j. 

1( )S t   service costs for General Departments from the Organization, in calendar year t. 

2 ( )S t   limit in declination of service costs for General Departments from the Organization, 

  in calendar year t. 

( )aS t   service costs for General Departments from the Organization, to be taken into ac-

  count,  in calendar year t. These costs are restricted in declination per calendar year.  

t , {1,...,6}t  index denoting the calendar year under consideration. 

1T   binary as toggle switch to choose between two Objective Functions, for maximum 

  number of students ( 1T  = 1) or maximum number of graduates in calendar year t = 6 

  ( 1T  = 0). 

2T   binary as toggle switch to choose between constraints for minimum profit for the 

  school ( 2T  = 1) or for the organization ( 2T = 0). 

( )V i   residence fee per student for course i, depending on attributes of course i. 

( )w i   binary to indicate the attribute educational route BOL  of course i.( ( )w i  = 1) or not 

  ( ( )w i  = 0).  

( , )X h t  manpower( in FTE’s) needed,  for all  courses and all school years, per teacher type 

  h,  in  calendar year t. 

'( , , )X h i j  manpower( in FTE’s) per student for course i, per teacher type h, in school year j. 



Decision Support Tool for the Optimal Product Mix           26 

1( , )X h t  manpower (in FTE’s), per teacher type h, over all courses and all school years, as 

  needed by amount of students. 

2 ( , )X h t  limitation  in declination of manpower (in FTE’s), per teacher type h,  from one year 

  earlier. 

( , )aX h t  manpower (in FTE’s) to be taken into account for costs per teacher type h, per calen-

  dar year t. 

( )Y i   binary to indicate that course i is in operation ( ( )Y i =1) or not ( ( )Y i  = 0) 

 

 

S   desired  minimum profit for the School 

O   desired  minimum profit for the Organization as a whole. 

 

 

 

 

__________________________________________________________________________________ 

4.1.2 Assumptions 
 

The following assumptions are made: 

 

1. Students leaving a course without getting a diploma, leave the school. They leave at the end of a 

school year.   

2. If a course is deleted, students that already are active in the course, have the opportunity to finish 

the course.  

3. The decision of deleting/adding a course is done in the first calendar year only. 

4. Students always enter a course via the first school year. 

5. All probabilities are constant over all calendar years. 

6. After graduating, students only choose a course on the same educational level or higher.  

7. Teachers of  a specific type (instructor, teacher LB, teacher LC) are able to take care of all lessons 

from another teacher of the same type. 

8. There are no restrictions with respect to the resources: buildings, manpower, service personnel, for 

extension. There is a restriction on shrinking. 

9. If the number of students changes due to deleting/adding a course or for other reasons, the re-

quired manpower changes accordingly (linearly). 

10. If the number of students changes due to deleting/adding a course or for other reasons, the re-

quired administrative personnel changes accordingly (linearly). 

11. If the number of students changes due to deleting/adding a course or forecast, the required service 

costs changes accordingly (linearly). 

12. Students that want to continue after graduating from course i, can only have  one choice 

from all courses k. If course k is not in operation they will leave. 

13. Average material costs made by students participating in course i, are equal for each school year j. 

 

Explanation. 

1. For the income of fees from Government there are counting dates for students. These dates are 1 

October and 1 February. Leaving after 1 February has no effect on the income. For this model we 

assume that they leave after 1 February. Data from counted students are an average of 1 October 

and 1 February. 

2. This is a rule of the Ministry. A student is allowed to finish the course, which he started. 

3. If the model has to optimize the maximum amount of students within the financial constraints, it 

can come up with a solution of deleting a course after a few years, say calendar year 3. Our aim is 

to make a decision about deleting or adding a course at this very moment (calendar year 0), before 

the start of  next year (calendar year 1). Suppose the model would give a solution in which delet-
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ing a course in 3 years from now would be the optimal solution. A decision maker will not use this 

information. Each  year the same question about deleting or adding will arise, and by the time we 

get near calendar year 3, again the question will be whether or not we will have to delete the 

course. This is known as the rolling horizon model.  

4. Students have to enter in the first school year of the specific course, there is no entering in higher 

school years.  

5. A probability is assumed to be constant and does not change after some years. 

6. It is logical for students to continue on a higher level in the same field. Sometimes they take an-

other course on the same level, because they like to broaden their knowledge. It‟s very rare for 

students to take another course on a lower level, therefore we neglect this in our model, i.e. we set 

the corresponding possabilities to zero. 

7. If  there is a shrink in number of students for a specific course, i.e. deleting a course, students are 

able to take another course of their second choice. The number of teaching hours for the first 

course are less and teaching hours for the second course are becoming more. This all happens 

within the school for Technology and students probably will choose a course within the same in-

terest field. The foregoing makes it likely that teaching hours are in the same field. We therefore 

assume that teaching hours can shift from one teacher to another if the teacher is of the same type 

(teacher LB, teacher LC, instructor). If they do not exactly fit, teachers can adapt to the new situa-

tion within the time span. 

8. If the decision is made to add a new course, the school has almost a year to adapt to the new situa-

tion by hiring extra personnel or hiring a new building if necessary. Other fluctuations of the num-

ber of students are dealt with in the same way. On the other hand, there is a restriction in decreas-

ing resources in the model. 

9. Students are grouped together to take teaching hours theory or practical hours. Putting an extra 

student in these groups will not change these teaching hours. As soon as the group grows the pos-

sibility to make a new group becomes larger. This will not always happen suddenly. A small 

group can be combined with another group, a larger group can be split for some teaching hours 

and not for others. At a certain amount of students a group that is split into two subgroups for 

practical hours can be split into three etc. Also for accompaniment a larger group will take more 

time. The result is that in reality the amount of teaching hours is not exactly linear related to the 

number of students, but can jump with two or three students to a new value. For practicality we 

assume linearity.  

10. Administrative work is directly related to specific students and not to groups. Even in the sub de-

partment for planning (making all sorts of  schedules), the work is for a large part related to specif-

ic students. 

11. Service costs of the organization change accordingly with the number of students. More students 

for the whole organization means more buildings, more computers, more administrative personnel, 

more HRM etc.  

12. Most students want to continue with a specific course. If this specific course is not available they 

will look for another ROC with the course of their interest. 

13. Material costs made by students for a course i, are only known in totally for a course. In order to 

account for these material costs, an average material cost per course per student is calculated from 

the total costs per course divided by all students participating in course i, in a calendar year.  

 

 

 

__________________________________________________________________________________ 

4.2 Objective Function 

 

The Objective of  the Organization is to maximize the number of students in education. As we saw in 

the introduction also the number of diplomas (graduates) at the end of the time horizon can be the 

Objective of the Organization.   

 

Maximize z: 
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Where  

 1 1* ( , , ) (1 )* ( , 6)
t i j i

z T n i j t T G i t  (4.1) 

1T allows to choose between the Objective to maximize the  number of students in education ( 1T = 1) 

and the Objective to maximize the number of  Graduates in calendar year 6 ( 1T = 0). 

 

 

 

__________________________________________________________________________________ 

4.3 Constraints 

 

In Figure 4.1 the flow of students to the first school year of a course i,  is depicted.  

Students will start if course 1 is in operation with the first school year.  Whether or not a course is in 

operation is indicated via decision variable Y(i), where Y(i) = 1 if the course is in operation and Y(i) = 

0 if not.  

There is a distinction between school years (j) and calendar years (t). After entering the first school 

year, students can proceed to the next school year in the next calendar. 

If course i is in operation, then ( , )
a

n i t  students will flow to the first year from outside the school. If  

( ) 0Y i , these external students will not enter, and choose another course with probability ( , )p i k . 

See figure 3.1. 

 

,

( , , )b

k k i

n k i t

i

,

( , , )c

k k i

n k i t

( ,1, )dn i t

( , )an i t

 
Figure 4.1. The student flows for the first school year in a specific calendar year. 

 

In Figure 4.1, ( , , )bn k i t  represents the students that choose course i if course k is not in operation, 

and choose course i, if  course i is in operation, with probability  ( , )p k i   Moreover there are contin-

uators ( , , )cn k i t  who finished course k that choose for course i (if course i is in operation) with prob-

ability  ( , )r k i .  There are students repeating the first school year ( ,1, )dn i t .  

 

Deleting/adding a course has direct consequences for the first school year. If a course is deleted, the 

number of students in the first calendar year becomes zero, but the other students in higher school 

years will continue to their final year and partly will graduate and again partly will continue with a 

new continuation course. We will explain here after.  

  

Flows of students: First year Students 

 

The constraints are 
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, {1,..., }:i i N  

 ( ) {0,1}Y i  (4.2) 

( , ), {1,..., }, {1,...,6}:i t i N t  

 ( , ) * ( )
a

n i t Max Y i  (4.3) 

( , ), {1,..., }, {1,...,6}:i t i N t  

 ( , ) ( , )
a n

n i t n i t  (4.4) 

( , ), {1,..., }, {1,...,6}:i t i N t  

 ( , ) ( , ) *(1 ( ))
a n

n i t n i t Max Y i  (4.5) 

( , ), {1,..., }, {1,...,6}:i t i N t  

 ( , ) 0
a

n i t  (4.6) 

 

where Max  is a big number that is bigger than any ( , )
a

n i t .  

 

The flows of students to course i from all the other courses k, are given by ( k i ): 

 

, {1,..., 1, 1,..., }:k k i i N  

 ( ) {0,1}Y k  (4.7) 

 

( , , ), {1,..., }, {1,..., 1, 1,..., }, {1,...,6} :i k t i N k i i N t  

 ( , , ) * ( )
b

n k i t Max Y i  (4.8) 

 

( , , ), {1,..., }, {1,..., 1, 1,..., }, {1,...,6} :i k t i N k i i N t  

 ( , , ) *(1 ( ))
b

n k i t Max Y k  (4.9) 

 

( , , ), {1,..., }, {1,..., 1, 1,..., }, {1,...,6} :i k t i N k i i N t  

 ( , , ) ( , )* ( , )
b n

n k i t n k t p k i  (4.10) 

 

( , , ), {1,..., }, {1,..., 1, 1,..., }, {1,...,6} :i k t i N k i i N t  

 ( , , ) ( , )* ( , ) *(1 ( ) ( ))
b n

n k i t n k t p k i Max Y i Y k  (4.11) 

 

( , , ), {1,..., }, {1,..., 1, 1,..., }, {1,...,6} :i k t i N k i i N t  

 ( , , ) 0
b

n k i t  (4.12) 

 

 

Graduates from course k can leave the school or continue to other continuation courses i with a proba-

bility ( , )r k i . In latter case we will call them continuators ( , , )
c

n k i t .  Continuation courses are 

courses in which students can participate if they have the fitting preliminary course. 

 

 

Some continuators who finished course k are interested to enter course i in the first school year, which 

is only possible if  course  i is in operation (Y(i) = 1). For k i : 

 

( , , ), {1,..., }, {1,..., 1, 1,..., }, {1,...,6} :i k t i N k i i N t  

 ( , , ) * ( )
c

n k i t Max Y i  (4.13) 
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( , , ), {1,..., }, {1,..., 1, 1,..., }, {1,...,6} :i k t i N k i i N t  

 ( , , ) ( , 1)* ( , )
c

n k i t G k t r k i  (4.14) 

 

( , , ), {1,..., }, {1,..., 1, 1,..., }, {1,...,6} :i k t i N k i i N t  

 ( , , ) ( , 1)* ( , ) *(1 ( ))
c

n k i t G k t r k i Max Y i  (4.15) 

 

( , , ), {1,..., }, {1,..., 1, 1,..., }, {1,...,6} :i k t i N k i i N t  

 ( , , ) 0
c

n k i t  (4.16) 

 

 

We model the repeaters for the first school year: 

 

( , ), {1,..., }, {1,...,6}:i t i N t  

 ( ,1, ) * ( )
d

n i t Max Y i  (4.17) 

 

( , ), {1,..., }, {1,...,6}:i t i N t  

 ( ,1, ) 1( ,1)* ( ,1, 1)
d

n i t s i n i t  (4.18) 

 

( , ), {1,..., }, {1,...,6}:i t i N t  

 ( ,1, ) 1( ,1)* ( ,1, 1) *(1 ( ))
d

n i t s i n i t Max Y i  (4.19) 

 

( , , ), {1,..., }, {1,...,6}:i k t i N t  

 ( ,1, ) 0
d

n i t  (4.20) 

 

 

 

We can model the first year students:  

For j = 1: 

 

( , ), {1,..., }, {1,...,6}:i t i N t  

 ( ,1, ) ( , ) ( , , ) ( , , ) ( ,1, )
a b c d

k k
k i k i

n i t n i t n k i t n k i t n i t  (4.21) 

 

In the first school year, new students will enter if course i is in operation, plus students that choose 

course i if other courses k are not in operation, plus students that come from other courses k as gradu-

ates which have chosen course i as continuation plus repeaters from one earlier calendar year. 

Note that continuators and repeaters come from one earlier calendar year t-1. 

 

 

 

Second and higher year students 
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i

( , , )dn i j t

J-1

J
( , 1, )en i j t

 
Figure 4.2. The student flows for school year j, coming from school year j - 1 in a  calendar year t, 

depicted for course i.  

  

Students entering school year j in calendar year t are students who finished school year j-1 of the same 

course, in calendar year t-1 minus students that drop out, plus students that repeat school year j. See 

Figure 4.2 for a depiction. Students ( , , )
d

n i j t repeat a course with probability 1( , )s i j , and students 

( , , )
e

n i j t  drop out with probability 2( , 1)s i j . 

 

( , , ), {1,..., }, {1,...,4}, {1,...,6}:i j t i N j t  

 ( , , ) 1( , )* ( , , 1)dn i j t s i j n i j t  (4.22) 

 

( , , ), {1,..., }, {1,...,4}, {1,...,6}:i j t i N j t  

 ( , 1, ) 2( , 1)* ( , 1, 1)en i j t s i j n i j t  (4.23) 

 

 

To model that students have reached their final year, we need an attribute of  course i, the length of the 

course in school years, that is course duration ( , )d i m . 

 

The number of students participating in course i, school year j, 2j , calendar year t, is given by: 

  

 

( , , ), {1,..., }, {1,...,4}, {1,...,6}:i j t i N j t  

 
4

( , , ) 1( , )* ( , , 1) 1 1( , 1) 2( , 1) ( , 1, 1) * ( , )( [ ])*{ }
m j

n i j t s i j n i j t s i j s i j n i j t d i m

 (4.24) 

 

( , ), {1,..., }, {1,...,4}:i t i N m  

 ( , ) {0,1}d i m  (4.25) 

 

The parameter ( , )d i m  is binary. If a course i consists of three school years then ( ,3)d i = 1 and 

( ,1) ( ,2) ( ,4) 0d i d i d i  . The sum notation is necessary to obtain a parameter that has value  1 

for all school years up to the final. 

Note that 1 2( , ) ( , ) 1S i j S i j  

 

The number of graduates ( , )G i t is given by: 

 



Decision Support Tool for the Optimal Product Mix           32 

( , , ), {1,..., }, {1,...,4}, {1,...,6}:i j t i N j t  

 
1 2

( , ) ( , , ) *[1 ( * ( , )( , ) ( , ))]G i t n i j t S d i ji j S i j  (4.26) 

 

 

 

 

__________________________________________________________________________________ 

4.4 Revenue constraint 

 

We will make a distinction between the revenues that the organization as a whole receives and the 

revenues for the school. The management of a school is responsible for its budget to be able to have 

courses in operation. If a course is in a financially bad shape, it is willing to delete that course. The 

model has to discover the consequences for the school. This decision taken by the management of a 

school will also influence the financial situation of the organization as a whole. These consequences 

for the organization as a whole are made visible by “profit for the organization”. 

In the following paragraphs first the profit for the school is explained, which is straight forward In-

come minus Costs. In these costs manpower, (people involved in teaching and administrative person-

nel) play the most important role. In the second paragraph the profit for the school is explained, taking 

into account the consequences when  costs for teaching personnel and costs for administrative person-

nel must be handled with a restriction. In the third paragraph is explained what the financial conse-

quences are for the whole organization, if a school decides to delete or add a course. 

 

 

__________________________________________________________________________________ 

4.4.1 Total Profit for the school 
 

 

Income 

The income for any course i is depending on two main parameters: the amount of students in educa-

tion and the amount of graduates (diplomas) generated. From government the organization receives a 

residence fee per student and a diploma fee for each graduate. From these revenues, a proportion 

(38%)  for Services and Higher management for the organization is subtracted. This leads to an in-

come for any type of course i for a student as calculated in Appendix IV.  

The income for the school for course i is given by: 

 

( ), {1,..., }:i i N  

 ( ) { ( , , )* ( ) ( , )* ( )}
t j

I i n i j t V i G i t D i  (4.27) 

In this equation V(i) is the residence-fee per course i per student and D(i) is the diploma-fee for course 

i per student. I(i) is the total income generated by course i as received by the school.  

 

 

Costs 

Executing a course, involves costs. All costs like buildings, maintenance, services and higher man-

agement are calculated using a proportion of the fee received by the school. The school receives the 

income as calculated via 4.27.  Other costs for the school are: 

- material costs for students, 

- manpower costs (teaching personnel) 

- overhead costs (administrative personnel) 

 

Material costs are calculated as the average material costs ( )m i per student of course i, multiplied by 

the number of students participating in the course. This average material cost is calculated from total 
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costs per course divided by all students participating in course i. The calculation is done in beforehand 

to get these data for ( )m i . 

 

 

( ), {1,..., }:i i N  

 ( ) ( , , )* ( )
t j

M i n i j t m i  (4.28) 

 

The actual Manpower contributing to a given course i is divided into three types (a): instructor, teach-

er LB, teacher LC. The difference between these three types are a qualification as described in the 

CAO [CAO BVE, 2007]. For each type an average salary ( )L h  is set as parameter for all courses. 

This average salary is calculated beforehand by summing all salaries of all teachers of a certain type h 

for the school, divided by the related number of FTE‟s.  

  

The need for manpower is calculated for the different calendar years t, as linearly depending on the 

number of students. To model this, a parameter '( , , )X h i j  is calculated in beforehand. '( , , )X h i j  

represents the manpower (teaching personnel) necessary for course i per student. This parameter is 

calculated by taking all manpower needed per type h, for course i in school year j, calendar year t = 0, 

divided by the number of students of course i, in school year j, calendar year t = 0. 

 

( , , , ), {1,2,3}, {1,...,6}:h i j t h t  

 

 1( , ) '( , , )* ( , , )
i j

X h t X h i j n i j t  (4.29) 

.  

From assumption 8, we know that there is no limit in hiring and expanding personnel. But there is a 

limit in shrinking personnel. If we have an overflow of personnel it can only be reduced with a certain 

speed. The mechanisms to reduce personnel are: discharge of personnel hired on a monthly basis, no 

replacement of personnel which leave on a natural way and outplacement. We introduce a factor to 

incorporate this speed: declination factor A. At the end of a year at most a percentage A of  1( , )X h t , 

can be fired. 

This limit on the reduction of manpower is given by: 

 

 

( , ), {1,2,3}, {1,...,6}:h t h t  

 

 2 1( , ) ( , 1) *[ ( , 1) ( , )]a aX h t X h t A X h t X h t  (4.30) 

 

In equation 4.30 we start with taking the manpower from one year earlier and subtract the difference to 

what is needed, with the percentage A to reach the limit  2 ( , )X h t . 

The manpower to be taken into account ( , )aX h t  is the maximum of  1( , )X h t  and 2 ( , )X h t .  

 

( , ), {1,2,3}, {1,...,6}:h t h t  

  

 1 2( , ) max[ ( , ), ( , )]aX h t X h t X h t  (4.31) 

 

To model this we will have to put ( , )aX h t between constraints and we will introduce a new binary 

variable 1( , )q h t .  Max2 is a big number, greater then the sum of  all teachers of any type h in any 

year.  



Decision Support Tool for the Optimal Product Mix           34 

 

  

( , ), {1,2,3}, {1,...,6}:h t h t  

 1( , ) {0,1}q h t  (4.32) 

 

 

( , ), {1,2,3}, {1,...,6}:h t h t  

 2 1
1

( , ) ( , )
( , ) 1

2

X h t X h t
q h t

Max
 (4.33) 

 

 

( , ), {1,2,3}, {1,...,6}:h t h t  

 2 1
1

( , ) ( , )
( , )

2

X h t X h t
q h t

Max
 (4.34) 

 

We have to add up +1 in equation 4.33 to make sure that the right hand side is greater then 1 if  

2 ( , )X h t  > 1( , )X h t , at the same time in equation 4.34 the right hand side is greater then 0. In that 

case 1( , )q h t  must be 1. 1( , )q h t  is forced to be zero otherwise. 

 

 

( , ), {1,2,3}, {1,...,6}:h t h t  

 2 1( , ) ( , ) 2*(1 ( , ))aX h t X h t Max q h t  (4.35) 

 

 

( , ), {1,2,3}, {1,...,6}:h t h t  

 2 1( , ) ( , ) 2*(1 ( , ))aX h t X h t Max q h t  (4.36) 

 

( , ), {1,2,3}, {1,...,6}:h t h t  

 1 1( , ) ( , ) 2* ( , )aX h t X h t Max q h t  (4.37) 

 

( , ), {1,2,3}, {1,...,6}:h t h t  

 1( , ) ( , )aX h t X h t  (4.38) 

 

 

With equations  4.35 to  4.38 the manpower to be taken into account is the highest of  1( , )X h t and 

2 ( , )X h t .  

 

 

Manpowercosts mC  are then given by: 

 

 

 ( ) ( , )
a

h t
mC L h X h t  (4.39) 

 

 

 

 



Decision Support Tool for the Optimal Product Mix           35 

 

Overhead costs are manpower costs related to the administrative personnel of a school. At the School 

for Technology these costs are divided over the different courses related to the number of students 

attending a course. Not all students generate the same income, depending on the type of course (educa-

tional level and BOL, dtBOL or BBL) . At ROC Eindhoven, overhead costs are divided in proportion 

to the number of students, specifically related to a weighted student. A Weighted student is a student 

with a weight of  1 in case BBL or dtBOL and a weight of  2,5  in case of a BOL student. 

To model this, a parameter ( )w i  is introduced, which is zero for BBL or dtBOL students, and is equal 

to 1 in case of BOL students. 

So the overhead costs are given by: 

 

, {1,...,6}:t t  

 

 
1
( ) ( ')* {(1 1,5* ( ))* ( , , )}

i j

O t O w i n i j t  (4.40) 

 

In this equation 'O  is the average overhead cost per weighted student. This is calculated in before-

hand by dividing all overhead costs of the School for technology by the sum of all weighted students. 

(see chapter 4.3.5) 

 

 

In the same manner as with teaching personnel, the need for manpower for administrative personnel 

can increase or decrease,  depending on the number of students due to deleting, adding a course or by 

change in forecast. We assume that decreasing of administrative personnel, can only be done at a max-

imum speed of the same percentage A. We take the same percentage because in both cases we have to 

deal with decreasing of personnel related to the number of students. This is in contrast with the de-

creasing of service costs, which also consist of buildings, equipment and other sorts of costs, which 

are not always to be changed at the same speed. 

In the same way as with teaching personnel we have: 

 

, {1,...,6}:t t  

 2 1( ) ( 1) *[ ( 1) ( )]a aO t O t A O t O t  (4.41) 

 

 

The overhead costs to be taken into account are the maximum of 1( )O t and 2 ( )O t .   

 

, {1,...,6}:t t  

 1 2( ) max[ ( ), ( )]aO t O t O t  (4.42) 

 

To model this we will have to put ( )aO t  between constraints and we will introduce a new binary 

variable 2 ( )q t .  

 

 

( ), {1,...,6}:t t  

 2( ) {0,1}q t  (4.43) 

 

 

( ), {1,...,6}:t t  
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 2 1
2

( ) ( )
( ) 1

3

O t O t
q t

Max
 (4.44) 

 

 

( ), {1,...,6}:t t  

 2 1
2

( ) ( )
( )

3

O t O t
q t

Max
 (4.45) 

 

 

In which Max3 is a non trivial number, greater then any 1( )O t or 2 ( )O t . 

If  2 ( )O t  > 1( )O t , the right hand side of equation 4.44 is > 1. At the same time the right hand side of 

equation 4.45 > 0. In that case the result of both equations is that 2 ( )q t  = 1.  

 

 

( ), {1,...,6}:t t  

 2 2( ) ( ) 3*(1 ( ))aO t O t Max q t  (4.46) 

 

 

( ), {1,...,6}:t t  

 2 2( ) ( ) 3*(1 ( ))aO t O t Max q t  (4.47) 

 

( ), {1,...,6}:t t  

 1 2( ) ( ) 3* ( )aO t O t Max q t  (4.48) 

 

( ), {1,...,6}:t t  

 1( ) ( )aO t O t  (4.49) 

 

 

 

With equations 4.46 to 4.49 the overhead costs to be taken into account is the highest of 1( )O t and 

2 ( )O t .  

 

 

 

Developing cost for new courses 

If a new course is started, it can take some investment to start. These costs can consist of hiring extra 

personnel for the start, buying special equipment or buying teaching materials. These costs have to be 

taken into account as a cost ( )nC i  per course. Note that these costs can also be negative in case there 

are subsidies from for instance Government.  

 

The cost ( )nC i  must be taken into account only for new courses, actually started   ( ( )Y i = 1).  

 

( ), { 1,..., }:i i N M  

 ( ) 4* ( )pC i Max Y i  (4.50) 

( ), { 1,..., }:i i N M  
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 ( ) ( )p nC i C i  (4.51) 

( ), { 1,..., }:i i N M  

 ( ) ( ) 4*(1 ( ))p nC i C i Max Y i  (4.52) 

( ), { 1,..., }:i i N M  

 ( ) 0pC i  (4.53) 

 

 
Total profit for the school 

All revenues generated by students minus all costs for the school is profit for the school S
P .  

 

 

 (1 0,38)* ( ) ( ) ( ) ( )
S m a P

i i t i

P I i M i C O t C i  (4.54) 

 
The constraint will be  

 

 S SP  (4.55) 

Where  S  the minimal desired profit.  

 

 

__________________________________________________________________________________ 

4.4.2 Total Profit for the Organization 
 

There is a contribution to Service costs and Higher Management costs by the schools. This contribu-

tion is 38% of the fee from Government. What remains for the schools is approximately 62% of the 

fees from Government. If a change occurs due to deleting or adding a course the Income will change 

and also this contribution.  
( ), {1,...,6}:t t  

 

 1( ) 0,38*{ ( , , ) * ( ) ( , ) * ( )}

i j i

S t n i j t V i G i t D i  (4.56) 

 

 

Most of the costs of the General Departments are labour costs, the next important are the costs for 

buildings, then the costs for tools like computers. 

The speed by which General Departments can adapt to new situations can be different from the speed 

of the school.. That is the reason we introduce a second declination factor B . The maximum speed 

with which the organization can adapt to decreasing changes will be a percentage B every year. 

 

( ), {1,...,6}:t t  

 2 1( ) ( 1) *[ ( 1) ( )]a aS t S t B S t S t  (4.57) 

 

 

 

The service costs to be taken into account are the maximum of 1( )S t  and 2 ( )S t    

 

, {1,...,6}:t t  

 1 2( ) max[ ( ), ( )]aS t S t S t  (4.58) 
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To model this we will have to put ( )aS t  between constraints and we will introduce a new binary vari-

able 3( )q t .  

 

 

( ), {1,...,6}:t t  

 3( ) {0,1}q t  (4.59) 

 

 

In order to force 3( )q t  to be either 0 or 1: 

 

( ), {1,...,6}:t t  

 2 1
3

( ) ( )
( ) 1

5

S t S t
q t

Max
 (4.60) 

 

 

( ), {1,...,6}:t t  

 

 2 1
3

( ) ( )
( )

5

S t S t
q t

Max
 (4.61) 

 

In which Max5 is a big number, greater then any 1( )S t or 2 ( )S t . 

If  2 ( )S t  > 1( )S t , the right hand side of equation 4.60 is > 1. At the same time the right hand side of 

equation 4.61 > 0. In that case the result of both equations is that 3( )q t  = 1.  

 

 

( ), {1,...,6}:t t  

 2 3( ) ( ) 5*(1 ( ))aS t S t Max q t  (4.62) 

 

 

( ), {1,...,6}:t t  

 2 3( ) ( ) 5*(1 ( ))aS t S t Max q t  (4.63) 

 

( ), {1,...,6}:t t  

 1 3( ) ( ) 5* ( )aS t S t Max q t  (4.64) 

 

( ), {1,...,6}:t t  

 1( ) ( )aS t S t  (4.65) 

 

 

   

With equations 4.62 to 4.65 the service costs to be taken into account is the highest of 1( )S t and 

2 ( )S t .  
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In equation 4.54 the profit for the school is calculated by the income, minus costs. Income was income 

from Government minus service costs for General Departments. To calculate the profit for the organi-

zation we have to add up the service costs with the profit for the school. 

 

 

The Profit for the Organization is given by: 

 

 

 

 

 ( ) ( ) ( ) ( ) ( )O m a P a

i i t i t

P I i M i C O t C i S t  (4.66) 

 

The constraint for the profit is: 

 

 O OP  (4.67) 

where  O  denotes the minimal desired profit all remaining courses will have to generate.  

 

 
We will have to make a choice between constraint 0.55 and constraint 4.67.  

If a decision maker only views the budget of the school and wants an optimalization for the school, he 

will use constraint 4.55. A decision maker of Higher Management will look for the whole organization 

and will use constraint 4.67.  

For the decision maker it can be clarifying to see both effects. To make it possible for the decision 

maker to toggle between these two constraints we make a toggle switch 2T  

 

 

 2 2, {0,1}T T  

 2 2 2 2* *(1 ) * *(1 )S O S OP T P T T T  (4.68) 

 

Where  2T  = 1 for constraint 4.55 and 2T  = 0 for constraint 4.67. 

  
We can optimize for the school and see  afterwards what the effects are for the organization as a 

whole, or we can optimize  for the organization and see afterwards  what the effects are for the school.  

 

 

 

__________________________________________________________________________________ 

4.5 Inputvariables  

 

The following input variables are needed for the model: 

 

 

, {0,...,1}A A  declination factor for manpower costs per calendar year 

, {0,...,1}B B  declination factor for service costs per calendar year 

( )nC i   set up costs for a new course i, necessary  if a new course would be started  

( )D i   diploma fee per graduate for course i. (from Appendix 2) 
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( , )d i m  binary to indicate that school year m of course i is the final school year ( ( , )d i m = 1) 

  or not ( ( , )d i m = 0). 

( )g i   probability for students in final year to graduate for course i. 

Max   non trivial number, greater than any number  of students entering 

2Max   non trivial number, greater than any setup costs for a new course. 

3Max   non trivial number, greater then any amount of overhead costs per calendar year t. 

4Max   non trivial number, greater than any setup costs for a new course. 

5Max   non trivial number, greater then any amount of service costs per calendar year. 

( )m i   average material cost per student on a school year base for course i 

( , ,0)n i j  initialization of  students in the calendar year t = 0 before the decision is ef

  fectuated, when courses are deleted or added. For course i, in school year j.  

( , )
n

n i t  new students (coming from outside the school),  interested  to enter course i, in calen

  dar year t. (As far as known by ROC: it is their first choice) 

'O   overhead costs for administration of the school per weighted student. 

  ( , )p i k  probability that  students choose course k if course i is not in operation 

  ( , )r i k  probability that graduates of course i participate in a continuation course k, 

  starting in the first school year of course k, if course k is in operation.  

( )L h   salary costs per year for one teacher of  type h. 

1( , )s i j  probability for course i, that a student will repeat school year j. 

2( , )s i j  probability for course i, that a student will drop out at  school year j. 

1T   binary as toggle switch to choose between two Objective Functions, for maximum 

  number of students ( 1T  = 1) or maximum number of graduates in calendar year t = 6 

  ( 1T  = 0). 

2T   binary as toggle switch to choose between constraints for minimum profit for the 

  school ( 2T  = 1) or for the organization ( 2T = 0). 

( )V i   residence fee per student for course i, depending on attributes of course i. 

( )w i   binary to indicate the attribute educational route BOL  of course i.( ( )w i  = 1) or not 

  ( ( )w i  = 0).  

'( , , )X h i j  manpower( in FTE’s) per student for course i, per teacher type h, in school year j. 

 

 

S   desired  minimum profit for the School 

O   desired  minimum profit for the Organization 

 

 

Special remarks: 

 

( , ,0)n i j  Four different situations can occur: 1. A course is an existing course, 2. the course is 

a new course starting at t = 1. 3. the course is a new course started some years earlier. 4. the course is 

already stopped, some years earlier. In situation 1, data of all course years j have to be filled in. In 

situation 2, all data are zero. In situation 3, the first school years have to be filled in, others are zero. 

In situation 4, the last school years are have to be filled in, the first school years are zero. 

 

( , )
n

n i t  Take care that data have to be of new students entering ROC for the first time. Some 

courses have a lot of continuator students from lower level courses entering the first year. These con-

tinuators do not count for new students. 
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'O   Is to be calculated outside the model  using next equation 

  In which O is the total amount of costs for administrative personnel of the school. O’ 

is herewith  the cost per weighted student  

'
[1 1,5* ( )]* ( , ,0)

i j

O
O

w i n i j
 

 

( , )p i k   This is the probability that students choose for course k, if  course i ( their first choice) 

is not in operation. In case of new courses, this is the probability that students will choose their first 

choice (new course i) if this new course i and existing course k, is in operation. 

 

1( , )s i j  + 2( , )s i j  <= 1.  This is not guarded in the program. The user might estimate proba-

bilities that sum up to more than 1. 

 

( )L h   Is to be calculated outside the model, by  summing all salaries  of all teachers of a 

certain type for the School, and divide this number by the number  of FTE’s of the same type.  

 

'( , , )X h i j  Is to be calculated outside the model, by summing all teaching hours (in FTE, includ-

ing all different tasks), of a certain type for course i, for school year j and dividing by all students of 

course i, school year j, calendar year 0. 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 



Decision Support Tool for the Optimal Product Mix           42 

 

Chapter   5 

 

Implementation in software 
 

 
In this chapter a description is made of the implementation in software. A manual is provided, corre-

sponding with this chapter in Appendix V.   

 

 

 

__________________________________________________________________________________ 

5.1 Modelling in AIMMS 

 
To be sure that the model finds an optimal solution, the model was made linear. This is done by clasp-

ing the variables between constraints, see chapter 4 for the explanation. The model has been imple-

mented in AIMMS (Advanced Integrated Multidimensional Modelling Software), version 3.10. It is a 

user-friendly software application for optimization modelling purposes. The mathematical model can 

be written almost directly into the model pages. AIMMS treats the model as a linear model and gives 

an optimal solution. 

A user manual for our model is given in appendix V.  

 

All required data can be filled in manually in tables, directly in AIMMS. Some of the input data like 

diploma fee and  residence fee, must be filled in according to the table in Appendix IV. The residence 

fee and the diploma fee are a result of the characteristics of the course. For convenience it is also pos-

sible to read these data as well as the course names from an Excel sheet. In the excel sheet, automati-

cally the diploma fee and residence fee are set, according to the type of course. The reason not to in-

clude this in AIMMS is to hold the model as simple as possible. 

 

In the mathematical model we used a parameter t for calendar years {1,...,6}t . In the software tool t 

= 0 is used for initialization of data. If a course is deleted students stop entering in the first school year 

in calendar year t = 1. Profits and number of students are shown from t = 0 to t = 6. The advantage is 

that student flows are made more visible to the user.  

 

 
__________________________________________________________________________________ 

5.2 Optimization Solver 

 

We used AIMMS version 3.10, with an academic license (there is no restriction in number of 

variables), via the CPLEX solver version 12.2. The problem was set as MIP. All runs have 

been performed on a laptop of Dell latitude D820, with Intel Core 2 CPU 1.83 GHz and 2 GB 

RAM. An example of a progress window can be seen in Appendix VII, figure 3. 

The computation time ranged from  almost zero to 15  seconds. 
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Chapter   6 

 

Validation and verification 

 
 

In this chapter we discuss how the mathematical model from chapter 5 has been verified and validated. 

 

 

__________________________________________________________________________________ 

 

Model testing is commonly used to get insight in the correctness of a model and the tests are presented  

to promote its acceptance and usability  (Sterman, 2002). Hamilton (1991) proposes that validation is 

used to assess the extent to which a model is rational and fulfils it purposes. Validation is comprised of 

three tasks: (1) verification (design, programming, and checking processes of the computer program), 

(2) sensitivity analysis (behaviour of each component of the model), and (3) evaluation (comparison of 

model outcomes with real life data). 

 

 
__________________________________________________________________________________ 

6.1 Verification 

 

There are two ways to verify a model. AIMMS has its own internal debugger which checks the pro-

gram each time the model is modified and saved. Secondly a small size model with two courses has 

been used to check whether the outcome is correct for the input data. The outcome is recalculated, for 

correctness.  

There was a small problem with values of  the declination factor A, a little bit smaller then  1.0 . If for 

instance A = 0,95 the solver could give a warning: “Postsolve indicates that solution to MaxMainOb-

jective is not reliable (see message window).” Checking the progress window showed that the calcula-

tion was normal completed. Using another solver (GUROBI 4.0), gives no warning at the same point 

and comes up with the same solution. (Appendix VII, figure 1 and 2, for progress windows). 

 

 

 

__________________________________________________________________________________ 

6.2 Extreme value check 

 

An extreme value check has been made on some basic situations, with a few courses. The first 

check is done on the student flow, taking care that the profit constraint is not violated. In that case the 

model will calculate the flow of students and other parameters while all courses are in operation.  

These checks were made on: (a) changing the repeater- , follow up-, substitution and drop out possibil-

ities to 0 and 1. (b) Changing the number of students from a constant number in time to a descending 

number and an ascending number. (c) Varying the material, and  manpower costs. In all these situa-

tions the model calculates the outcome in a correct manner. See Appendix 8 for some scenarios. 

In scenario 4 a new course was added. For the new course a set up cost was filled in. 
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__________________________________________________________________________________ 

6.3 Sensitivity Analysis 

 
AIMMS can provide a sensitivity analysis. However for MIP problems the analysis is meaningless and 

analysis should be done by the modeller himself.  

 

Residence fee 

We will start with a change on residence fee. Residence fee is 10% lowered or highered on all courses, 

all residence fees. (Not all residence fees have the same values for each type of course, but we change 

them all, with the same percentage.  

 

A difference profit school course # students sensitivity row num

A = 1 -10% -5610 10708 -2635 1

-5470 26 10696 2

-5374 17, 26 10683 3

-5363 11, 17, 26 10662 4

0% -2975 10708 0 5

10% -339 10708 2636 6

-209 26 10696 7

-130 17, 26 10683 8

-125 11, 17, 26 10662 9

A = 0.5 -10% -6201 10708 -2635 10

-6093 26 10696 11

-6022 17, 26 10683 12

-5572 27 10654 13

0% -3566 10708 0 14

10% -930 10708 2636 15

-832 26 10696 16

-778 17, 26 10683 17

-354 27 10654 18  
Table 6.1 Sensitivity on residence fee.  

 

In table 6.1 the sensitivity on residence fee is depicted. The first column represents the declination 

factor A, The second column the difference of – 10%, 0 or + 10% of the residence fee. The third col-

umn gives the profit of the school, and in the fourth column the courses are depicted which are deleted 

if the limit I just above the profit of the third column. In the fifth column the corresponding number of 

students are represented. The sixth column gives the sensitivity, here defined as the difference of the 

profit relative to 0. We will explain with an example. In the first row the loss for the school is -5610 k 

euro, and from row 5 we know that at 0% the loss would be -2975 k euro. The difference is -2635 k 

euro that corresponds with a change of – 10% in residence fee. The last row gives the row number. 

We see the linearity of the model: sensitivity for -10% is -2635 k euro, and for +10% is 2636 k euro. 

The ranking of courses to be deleted is not changed by a difference in residence fee. The reason that 

line 9 and line 13 are not the same in courses deleted and in number of students is explained in chapter 

7. 

 

 

Diploma fee. 

The same as with residence fee is done for the diploma fee. The result is depicted in Table 6.2 

If we compare table 6.1 and 6.2 we see that the sensitivity on diploma fee is lower then on residence 

fee. The declination factor has no influence on the sensitivity. 
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A difference profit school course # students sensitivity row num 

A = 1 -10% -3844   10708 -869 1 

    -3710 26 10696   2 

    -3622 17, 26 10683   3 

    -3612 11, 17, 26 10654   4 

  0% -2975   10708 0 5 

  10% -2106   10708 869 6 

    -1969 26 10696   7 

    -1882 17, 26 10683   8 

    -1876 11, 17, 26 10662   9 

A = 0.5  -10% -4435   10708 -869 10 

    -4333 26 10696   11 

    -4270 17, 26 10683   12 

    -3836 11, 17, 26 10662   13 

  0% -3566   10708 0 14 

  10% -2697   10708 869 15 

    -2592 26 10696   16 

    -2530 17, 26 10683   17 

    -2090 27 10654   18 

Table 6.2 Sensitivity on diploma fee.  

 

For readability we refer to Appendix X. Table X.1 to X.5. Material costs have a very low sensitivity, 

and salary costs have a very large sensitivity. A change to -10% is not very realistic, but is done to 

make the influence visible.  

 

In Table 6.3 the results are represented if the limit for the profit for the school is at least 0 k euro. The 

title above each sub table shows on which item the change is made.  

. 

 

Residence fee 

A  difference profit school course # students row num 

A =1 -10% 2 2,4,9,11,15-17,25-30,32,33 8273 1 

A = 0.5  -10%   infeasible/unbounded   2 

 

 

Diploma fee 

A  difference profit school course # students row num 

A =1 -10% 59 17, 25-30, 33 9227 1 

A = 0.5  -10%   infeasible/unbounded   2 

 

 
Salary costs 

A  difference profit school course # students row num 

A =1 10% 7 2,9,11,17,25-30,32,33 8743 1 

A = 0.5  10%   infeasible/unbounded   2 

 

 

 

 

 

 

 



Decision Support Tool for the Optimal Product Mix           46 

 

 
Overhead costs 

A  difference profit school course # students row num 

A =1 -10% 7 9,17,26,27,30,33 10351 1 

A = 0.5  -10%   infeasible/unbounded   2 

 

 
Material costs 

A  difference profit school course # students row num 

A =1 -10% 33 9,17, 25-28, 30 9921 1 

A = 0.5  -10%   infeasible/unbounded   2 

 

 

 
Service costs (A = 1) 

A B difference 
profit 
school profit organ. course 

# stu-
dents 

row 
num 

A = 1 B = 1 -10% 88 88 26,27 10641 1 

A = 1 B = 0.5 -10% 88 -237 26, 27 10641 2 

 
Table 6.3 Sensitivity on all costs. 

 

At a declinationfactor for A = 0.5 every time we get no solution (infeasible or unbounded). 

Our attention goes to the service costs. From Appendix X, table X.5 we can see that the loss 

for the school is improved from -2975 to -827 k euro if service costs can be reduced with 

10%. The sub table for service costs in table 6.3 shows the important impact of service costs.  

The profit for the school can be reached above 0 when only course 26 and 27 are deleted. If 

the declination factor B = 0.5 we can reach a small loss for the organization of -237 k euro. 

 

 
Service costs (A = 0.5, B = 0.5) 

A B difference 
profit 
school profit organ. course 

# stu-
dents 

row 
num 

A = 0.5 B = 0.5 0% -3566 -3893   10708 1 

A = 0.5 B = 0.5 -10% -1418 -1712   10708 2 

A = 0.5 B = 0.5 -10% 35 -467 17, 25,26,27,30 10256 3 

Table 6.3 Sensitivity on all costs. 

 

In table 6.3 service costs are reduced with 10%, while both declination factors A and b are 

0.5. 

Now we can reach an optimal solution which is feasible. Profit for the school is +35 k euro, 

the loss for the organization is -467 k euro. Number of students is reduced to 10256. 
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Chapter   7 
 

 

Use of the AIMMS model for the case study 
 

 
Before the user can run the program, data has to be gathered. In this chapter the data for 34 courses are 

filled in and the results are shown. Sensitivity analysis is executed within the same data. 

 

 

 
__________________________________________________________________________________ 

7.1 Data gathering 

 

Data of the courses of the School for Technology of ROC Eindhoven are filled in. See chapter 5 for a 

manual of the program to see how this is done. We will briefly describe the gathering of input data. 

 

a. Number of students for each course, course year. ROC Eindhoven has a large central database 

from which data of students can be extracted. These data have various labels of attributes. The at-

tributes we need are: course name, course level, course duration, sort of course route (BBL, BOL 

or dtBOL), preliminary course, course year, starting year. Other attributes like age, gender etc we 

are not interested in. There are special counting dates for government: students that are matriculat-

ed on 1 October count for the fees of Government. Also 1 February  is such a counting date. For 

the data in our model to be filled in for a course we use the average of  number of students of both 

data. By comparing data of one year earlier we calculate the repeater probability and drop out 

probability with the formula of the mathematical model. To be able to calculate the drop out prob-

ability of the final year of a course, we extract the  number of Graduates of each course and the 

number of students in their final year. Courses can be identified by their CREBO number. This 

number is an attribute given by the Ministry of Education to authorized courses for which ROC 

Eindhoven receives a fee. Sometimes a course is actually executed in two  differentiations. For in-

stance the course Repairman has only one CREBO number,  but is executed for Electrical Repair-

man and for Installation Technical Repairman. This was already solved by the  administration  to 

give each differentiation a unique code (K-code). The course “Midden kader Engineering” of 

course level 4 has only one CREBO code but is executed in six differentiations, each with its 

unique K-code. For the data of  the number of students there is no problem, but the number of 

graduates for this course is not recorded for each K-code separately. We only know the number of 

Graduates of the whole course. This is solved by giving each differentiation the same average drop 

out probability in the final year. (of the six differentiations). 

 

b. Teaching load is extracted from a program called “Formatplan”. In this program all teaching hours 

for each course and  course year of each teacher is recorded, together with all other project hours. 

For every teacher the workload for a course, course year is put in an Excel list. From this list, 

teachers of a certain type were labelled (instructor, teacher LB and teacher LC). This is done sepa-

rately, because extracting from Formatplan could not easily be done. If project hours belong to a 

certain course, they were added to the amount of workload. 

 

c. Material costs are calculated from the financial reviews. The financial department makes reviews 

of all costs and income for the schools. Only the material costs for a group of courses are known. 

BBL students mainly receive theoretical education. Therefore they do not consume expensive 
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practical teaching hours with additional expensive material consumption. Some practical measur-

ing instructions are part of their curriculum. The material consumption for BBL students is esti-

mated to be 100 euro for each year. Each student pays 65  euro as a contribution. The average ma-

terial cost for BBL students remains as 35 euro each year. The material costs for a group of cours-

es is mainly consumed by BOL students. We know the total amount of material in euros consumed 

by a group of courses and  can calculate the average material costs for BOL students of that group. 

We assume that the amount of material consumed every school year is constant within each 

course. 

 

d. Substitution, cannibalization and follow up probabilities, have to be estimated by the user. The 

user has to consult experienced management to give these estimations. Management knows which 

courses can be a fitting alternative for a student in a specific course and can then estimate the pos-

sibility that this student will choose the alternative course. This is done for all 34 courses by mid-

dle management of the School for technology. The possibility that a student will choose another 

course as follow up course, can be calculated from the data of the central database. The back-

ground of students shows whether they come from outside ROC Eindhoven as a new student or 

that they have done a preliminary course in the organization. The follow up possibility is then  cal-

culated from number of students ending one preliminary course, and starting with another follow 

up course, divided by the number of all students getting a diploma of the preliminary course.  

 

e. Exclusion.  Data for some special courses are excluded: all data for not authorized courses (not 

authorized by Government), as well as some special authorized courses. This second part contains 

only a few courses, executed on special places as on military bases and courses for the railroads in 

Amsterdam and Maastricht. For  each of these courses there is a special contract, which makes it 

complicated. In general these courses are only executed if the contract is profitable enough and is 

therefore judged on profit separately and excluded from our project. 

 

 

 
_________________________________________________________________________________ 

7.2 Results obtained with the mathematical model 

 
The purpose of the tool is to indicate which courses to delete or add within the restriction of profit. 

This can be done on school base or on organization base: the Profit for the School has a certain limit 

or the Profit for the Organization has a certain limit.  

 

The changes of deleting or adding a course give also changes in manpower costs, overhead costs and 

service costs. The speed to adapt to these changes  by the School or by the organization if they de-

crease can be altered by changing the declination factor A (manpower costs and overhead costs) and 

the declination factor B (service costs). See chapter 4 for a more extended explanation. 

If a course is  deleted a difference in manpower occurs for a certain teacher type. If A = 1, the differ-

ence in manpower costs is fully adapted if decreased. If A = 0, no adaptation is possible and costs will 

remain the same. If manpower increases, adaptation is assumed to be fully, no matter what the value 

of A is. See figure 7.1 for a visualization.  

The same goes for the overhead costs, if A = 1 full adaptation, if A = 0 no adaptation. Increasing of 

overhead costs is possible with full adaptation, no matter the value of A.   

Service costs for the organization exists for a large part of manpower, but also on buildings, comput-

ers etc. If the declination factor for the service costs B = 1, full adaptation is done by general depart-

ments for the service costs. With B = 0 no adaptation takes place. If service costs increase, full adap-

tation is assumed.  
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 Figure 7.1 Costs of manpower, fluctuating over years (black line). Full adaptation with A = 1. If A 

 = 0.5 costs follow the blue line. If A = 0 costs follow the red line. 

 

 

 

__________________________________________________________________________________ 

7.2.1 Maximizing the number of students. 

 
The data file “data product mix” contains all required data from 34 courses, and is automatically load-

ed at start of the program. Each course is given an id.number 1 to 34 and a name as one can see in the 

page General of the program. An example of this page can be seen in Appendix V, figure 2.  Data are 

initialized for calendar year 2010. The model will calculate student flow for calendar year t = 1 (2011) 

up to t = 6 (2017). There are no new courses started in 2011, so we did not fill in data for new courses.  

In the results of the profit and the number of students and graduates also year  t = 0 is included. The 

reason is that changes occurring  in relation to t = 0 are made visible. 

 

In page Outcome of the AIMMS program, a tabbed page is made “Show profit course”. See figure 13 

in Appendix  V, as an example, how to get at this page. See Appendix VIII for the result. This tabbed 

page gives a block diagram of the profit for each course. This page is only allowed to be used if both 

declination factors A and B are 1. The purpose for this page is for clarity. One can see which course is 

profitable and which course gives a loss. The diagram can not be used if A and B are not equal to 1. In 

that case the limitation of decreasing costs by the declination factors, makes that the remaining costs 

are not allocated back to the courses. We will make this clear with an example: suppose in year t = 1 

we need 10 FTE and next year we need 8 FTE. Declination factor A = 0.5 which means we expect to 

fire 1 FTE. The costs for 1 FTE remains but these costs can not be allocated back to the 34 courses, 

and therefore the profit for each course is not correct anymore. From appendix VIII, we see that cours-

es 25,27,29,30 have great losses, and one would expect that these courses are the first candidates to 

eliminate.  

The results are shown in table 7.1 for: Profitminimum is limited  for the School, Maximization for the 

Number of Students. Declinationfactor A = 1 
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B = 1 B = 0,5 B = 0 

# stud. # grad. course profit school profit organ. profit organ. profit organ.

1 10708 536 -2975 -2975 -3302 -4551

2 10696 537 26 -2840 -2840 -3173 -4439

3 10683 536 17,26 -2752 -2752 -3095 -4407

4 10662 535 11,17,26 -2744 -2744 -3093 -4432

5 10654 544 27 -2178 -2178 -2534 -3894

6 10641 545 26,27 -2043 -2043 -2405 -3781

7 9835 494 2,9, 25,26,27,30 25 25 -754 -3707

A = 1

 
Table 7.1 Ranking of courses to be deleted if A = 1, B =  0, 0.5, 1. for different profitlimits of the school. All 

profits in euros x 1000.   

 

 
In the first column a row number for the rows in the table is shown. In the second column we see the 

number of students which is the total of all courses over 7 calendar years (t = 0 to 6), in the third col-

umn we  see the number of graduates, total of graduates of all courses over 7 calendar years. The 

fourth column gives the id.number of the course to be deleted. The fifth column gives the profit (or 

loss) for the school (in euro x 1000) over 7 years (t = 0 to 6). The last three columns give the result of 

the profit (loss) of the organization in case the declination factor B is 1, 0.5, 0 respectively.   

Row number 1 is calculated when the limit for the loss of the school is set any value higher then – 

2975 k euro. All courses are in operation, the number of students is 10708 and the number of gradu-

ates is 536. In that case the loss that is calculated is -2975 k euro. If the declination factor B = 1, the  

profit (loss) for the organization is the same as the profit (loss) for the school. This means that all ser-

vice costs made by general departments are equal to the amount of money generated by the courses as 

tax for these service costs. If  B is lowered we see that the losses for the organization rise because the 

service costs are not completely adapted to the needs for service. For B = 0.5 loss is -3302 k euro, the 

difference with B = 1 is 327 k euro. This extra loss is due to the general departments that can not fully 

adapt to the changes in income from the students. No course is deleted but data show already some 

fluctuations. 

If the limit for the loss of the school is lowered below -2975, one course is deleted (26). The number 

of students drops, the number of graduates coincidental rises and loss ends up with -2840. For the 

profit of the organization the same holds as earlier described.  The number of students is reduced to 

10696, which is far less then all students participating in course 26. This is due to substitution. The 

remaining students have found another course, i.e. they went to course 2, course 25 and course 29. 

The next rows show for each next step which course has to be deleted and the corresponding results. 

Method to operate: after the first step the loss was calculated as -2975 k euro. If the limit is set to a 

small value below -2975 then the first course is deleted as in row 2, course 26. The calculated loss is 

then -2840 keuro. If again the limit is set a small value below -2840 k euro, the third row is calculated, 

course 17 and 26 are deleted, and so on. 

The last row holds for a limit for the profit of  the school =  0. the resulting courses to be deleted are 2, 

9, 25,26,27,30 and the profit is + 25 k euro.  

 

There are two things that can be learned from this table. Course 26 is the first course to be deleted. Not 

because it has the biggest loss, but it has the best fit comparing to loss and number of students that 

have the opportunity to go to another course, 10% to course 2, 10% to course 25 and 60% to course 

29. In other words the loss is improved and it costs only a few students. 

The declination factor B has no influence on the ranking of the courses, which is logical since we have 

the limit set on the profit for the school. What happens in other situations will be explained below. 

Secondly we see that if the school would delete courses to increase the profit of the school, the profit 

for the organization is reduced if there is no adaptation (B = 0). See the last row, the improvement for 

the profit of the school can be less then the worsening of the profit for the organization. If B = 1, profit 

is +25 k, if B = 0 the loss is -3707 k euro. 
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The declination factor A is changed to 0,5 and the same process was taken as with table 1. The result 

can be seen in Appendix IX, table 2. The same process is also done for A = 0.1 and results are shown 

in table 3. With a smaller value of A the profit for the school worsens. The ranking for the courses is 

the same. If the factor A is changed it has equal influence on all costs which are linear related. The 

combination of 11, 26, 27 as in table 7.1 does not appear in the tables 2 and 3 of Appendix IX. To 

understand this we will have to compare table 1, 2 and 3 . The distance between losses between each 

row in a table is smaller for table 3 then for table 1. If we change the limits in steps of 1 k euro, the 

scenario of combination 11, 26, 27 will not appear.  

When the limit for the loss is put below -1269 k euro there is no feasible solution.  

If A = 0,1 and a limit above -5175 no feasible solution is available. For A = 0 no feasible solution is 

available at all. 

 

To understand this, the following situation is depicted in Figure 7.2. If  we have no constraint the 

highest number of students will be reached (left corner of the figure). If the limit is put a little bit 

above option 1, the model will come up with the solution of option 1 and the corresponding profit. 

Then the limit can be set a little bit above option 2 etc. option 4 can not be reached. If the limit is set a 

little bit above option 4, then option 3 is a more optimal solution. Solutions on the left side of the red 

line are also not reachable. Profit decreases and number of students decreases.  

 

 

0

Number of students

profit

1

Infeasible

5

4
3

2

 
 Figure 7.2. Situation for changing limits for profit. On the right side of the red line we will only 

 find infeasible solutions. Option 4 can not be found, only option 3 or option 5. 

 

 

In tables 4, 5 and 6 of Appendix IX, the result of the list of courses to be deleted is depicted when 

limiting the profit of the organization. The result is almost the same as in the case of limiting the profit 

of  the school. For A = 1 and B = 1 the results are exactly the same (compare table 1 with table 4). 

This is logical since both factors are 1 and there is full adaptation to costs.  If we compare table 2 and 

table 5, for cases A = 0,5 and B = 1 it is also exactly the same. Again this logical, because B = 1 

means there is no difference between profit for the school and profit for the organization. The declina-

tion factors make that costs are calculated, there is no dependency where the limit is set: at the level of 

the school or at the level of the organization. But if the profit for the organization is set as limit, it can 

occur that no feasible solution is found. At every step first the losses are improved by deleting courses, 

but at some point the losses are not improved by deleting more courses. We can not generate a solu-

tion beyond this point, since there is no improvement. In case of figure 4, 5 and 6,  less solutions are 

visible since the possibility of no feasible solution occurs more often. We will compare figure 2 last 

column with A = 0,5 and B = 0 with table 5.  

If the limit is changed in table 2, the loss of the organization drops from -5142 to - 4591. One step 

further there is a minimum for the loss and then the loss for the organization rises with every step until 

the  last row with 8444 students and loss of the organization is -8243. If we take the limit for the profit 
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of the organization as in table 4 this rising and decreasing of the profit is not possible. If a limit is set 

above -4591 AIMMS will show that no feasible solution can be reached.  

 

With the figures on the software page “Outcome” it can be made more visible what is happening.  

We will give an example. Suppose management wants to reach a limit for the loss of the school below 

-1270 k euro. Management also expects that a declination factor of A = 0.5 is realistic.   

We will first show the effect if  the general departments can fully adapt to the changes, that is if B = 

1.0. 

 

 

 
Figure 7.3. Total profit of the School (blue) and Total profit of the Organization (yellow).  Horizontally 

time in years. Vertically profit in euros. 

 
See figure 7.3. The profit of the School (blue) equals the profit of the Organization (yellow). Total 

profit of the school adds up to -1270 k euro over all calendar years. The outcome of this sum can be 

seen on the page outcome, but is not depicted here. The number -511151 euro in the left corner of the 

diagram is the profit for the school in year 0. 

 

We now assume that General departments do not adapt to the changes in decrease, B = 0. the situation 

is depicted in figure 7.4. Note that the scale of the vertical axes have been changed.  

 

 

 

 
Figure 7.4. Total profit of  the School (blue) and Total profit of the Organization (yellow). Horizontally 

time in years. Vertically profit in euros. Vertical axes are  changed.  
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The profits are not the same. Total profit for the School still adds up to -1270 k as was demanded. The 

same courses are deleted. Because general departments did not change at all, the profit for the organi-

zation drops. The profit of the Organization adds up to – 8243 k euro. The improvement done by the 

school is completely overruled by the deterioration of  the general departments.  

 

 

 
_________________________________________________________________________________ 

7.2.2  Maximizing the number of graduates 

 
As a result of  discussion with members of ROC Eindhoven, the possibility for maximizing the num-

ber of  Graduates is made possible in the software model. The result is depicted in table 7 of Appendix 

IX. In the first row the limit for the profit of the school is made very low. For this low limit automati-

cally the model deletes the two courses shown in row 1 and the profit becomes -2043 k euro. The rea-

son for this is that when maximizing the number of Graduates the best possibility in our case is to stop 

four year courses. Students will have a substitute in two year courses and will get a diploma in a short-

er  time period. After graduating for the two year course they can have a follow up course of two 

years. The result is more diplomas in four years, but of another level. This result seems very confus-

ing, and we therefore advice not to use this feature.   

 

 

 
__________________________________________________________________________________ 

7.2.3 Changing student flow parameters 

 
What is the influence of different parameters on the ranking of  the courses? 

We have already seen that the ranking is not plainly the result of  low profits of the course. Also the 

number of students of the course plays a role. Course 17 is surely not one of the worst courses accord-

ing to the profit of the course as seen in Appendix  VIII, but is the second candidate for removing, 

according to the model. Removing will cost only a few students, together with the losses is the reason 

for eliminating the course.  

The ranking of course 26 is highly depending on substitution. Substitution for students of course 26 to 

course 30 can occur with a probability of 0,6. Changing this value to 0,7 gives the result that no matter 

what the limit for the profit of the school is, course 26 is always eliminated. This is logical: course 26 

is a four year course with losses. If the course is eliminated 70% of the students can go to course 30 

with a better performance. Also 10% can go to another course with a better performance. Changing the 

substitution to 0,5 let course 26 move to the second place. If substitution is changed to 0,5 or 0,4  it 

moves to the third and eight place respectively. 

The same thing occurs with course 17.  Course 16 is a substitute for course 17. Changing the probabil-

ity for substitution from 0,5 to 0,8 results in the elimination of course 17. If the value is 0,3 course 17 

will be on the third place.  

 

The relation behind these values is to complex to get any golden rule: changing the substitution for 

course 29 to course 30 from 0.5 to 0.6 means that total substitution is 1,0 to other courses (25 and 26). 

It does not change the place of course 29 much. The reason is that the substitutes to the other courses 

do not improve the profitability much. The other courses are less profitable courses. 

 

Course 2 and 16 are less profitable courses but have a low ranking. The reason is that they deliver 

students to another higher level course which is very profitable.  

 

 The drop out probability in the final year affects the number of graduates. If the drop out probability 

of course 27 is changed to 0 it does not change the ranking of the course. The reason is that there are 

only 7 students in their final year and therefore do not generate much money out of diploma fee. This 

course has no follow up and therefore does not influence other courses.  
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Care should be taken by changing other parameters, like drop out probability or repeater probability. 

Efficiency is not part of this project or this model. Data are filled in from courses as they perform at t 

= 0. If the drop out probability or the repeater probability are changed, then the number of students 

following the course can be changed. This change can result in an improvement of the efficiency of 

the course by management.   

 

 

 

__________________________________________________________________________________ 

7.2.4 Adding new courses 
 

No new courses are added, as foreseen for 2011, at the moment of finishing this Master thesis project. 

That is the reason we have not filled in data for a new course. We look at the special case of course 34. 

Course 34 is stopped in earlier years and is now fading out. There are only students in school year 3 

and 4. The course is profitable because these students have a relative high number of graduates, which 

generate diploma fee, compared to the total number of students. The reason of stopping this course in 

the past were the decreasing number of students entering.  

 

 

 

__________________________________________________________________________________ 

7.2.5 Conclusions for the case study 

 
The implementation of the mathematical model in software was one of the deliverables of the master 

thesis project. The purpose was to “design a software tool to determine the optimal product mix for 

ROC Eindhoven”. The designed tool should be effective, easy to use, and applicable for all schools.  

 

The software tool consists of an MILP model to find the optimal product mix, maximizing the amount 

of students in education, restricted by a minimum level of profit for the School. The user can also 

choose as restriction for a minimum profit level of the Organization.  

 

After the software implementation, verification and validation analysis, it has been concluded that the 

tool is applicable for the product mix of the school and similar educational environments. The model 

behaves as expected, when input parameters are changed and gives an optimal solution in seconds.  

 

The proposed tool was aimed to give a result of the product mix according to the limit of the profit of 

the School.  During building and discussing the tool, it was extended to incorporate the profit for the 

Organization as well. Furthermore the model was extended to show what these profits actually are at 

the optimal product mix.  

Changing the input data can be done within AIMMS. For the basic input data as residence, diploma 

fee, course duration and course names it is easier to use an Excel sheet which is read by AIMMS. If 

the model has to be extended or changed, basic AIMMS knowledge is needed.  

 

With the model a ranking list can be generated, as in Appendix IX. One of the assumptions in the 

model is the linear relationship between the different costs and the number of  students. In practice 

manpower costs does not always rise with every student that is entering. At a certain level of number t 

of students a new group is made, or at a lower number, combinations are made with other courses. As 

earlier said we do not take efficiency in to account. That is the reason that the linear relationship in our 

model has a disadvantage: a bad performing course due to inefficiency does not improve if more stu-

dents are entering. In reality it odes, but it does not in our model. This makes that our model can be 

used for the data and performance for a certain situation. The user has to put in the data of the courses  

as given from the known data and the forecast he has made. Then the model shows which courses are 

candidate to delete or add. If the user is confronted with the outcome and thinks that he can improve 

the efficiency of one or more courses he is free to do so, and if succeeded he can put in the new data. 
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Changing the drop out probability or repeater probability will mostly influence the efficiency of the 

courses, but does not give improvements in our model. (there are more students,  but a bad performing 

course remains a bad performing course).  
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Chapter   8 

 

Conclusions and Recommendations 
 

In this chapter the main conclusions and recommendations are presented and the limitations of the 

research and the resulting areas for future research are discussed. 

 

 

 
__________________________________________________________________________________ 

8.1 Conclusions  

 
At ROC Eindhoven the question was asked how to decide which courses should be part of the product 

mix. The organization wanted to know which factors are important to make this decision and how 

must these factors play a role in this decision. Based on this, the following two research questions 

were formulated: 

 

Research question 1 

Which quantitative and qualitative factors are important for the optimal product mix decision for ROC 

Eindhoven? 

 

Research question 2 

What is the influence of dependency (substitution, follow up courses) between educational programs 

on the optimal product mix for ROC Eindhoven?  

 

The deliverables of the research should be: 

 

1. A list of  qualitative factors that play a role in the product mix decision. 

2. A mathematical tool implemented in software to support on the product mix decision in which 

al quantitative factors play a role, including dependency (substitution/cannibalization, follow 

up) between courses.  

 

The outcome of  an interview and a questionnaire was a list of six Factors, ranked in a list with a rela-

tive weight. The user (decision maker) can score the courses on which he has to make the decision, in 

the list and get a ranking of the courses under subject. See chapter 3 for the list of qualitative factors..  

Before the software tool in which the quantitative factors are included, the user has to fill in all data. 

These data have to be gathered from databases or have to be estimated or forecasted, accounting on the 

influence of the qualitative factors. The outcome of this software tool is a list of courses which are 

candidate for deleting or adding.   

Our conclusion is that the outcome of the questionnaire is a workable list of  Factors. The number 

seems logical and is in line with the findings of Miller (Miller, 2009). The Factors look logical and  

important for the non profit organization of the case study. The factors are in line with the Mission and 

Strategy of the organization. (Strategisch uitvoeringsplan, 2006). We expect that the outcome is gener-

alizable for other ROC organizations in The Netherlands, because the Mission and strategy of these 

organizations have great similarity. The outcome can not be used for any other non profit educational 

organization, but the method to extract these factors is general.  

 

The second outcome of the research project is a software tool for the quantitative factors.  Profitability 

is used as a constraint, and can be put as a limit in two different ways: minimum profit of the school or 

minimum profit of the organization. The tool maximizes the number of students in education. The 

software tool is implemented in AIMMS and gives an optimal solution for the product mix, maximiz-
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ing the number of students. Dependency between courses is modelled with repeater possibility, drop 

out possibility, substitution possibility for students to choose another course, and follow up students 

that choose another course after graduating for their first course.  

If the choice is made to use the limit for the profit of the school, the model calculates the optimal 

product mix, and shows the number of students, number of graduates and the profit of  the school, 

corresponding with the product mix. It also shows the effect on the profit of  the organization, all costs 

and number of students per course. If the limit is set for the profit of the organization it gives the opti-

mal product mix under this constraint and shows the effect on the profit of the school and the other 

parameters likewise, as with the limit for the profit of the school.  

 

 

The software tool has been used at ROC Eindhoven, at the School for Technology, which at start of 

the project in January 2010 was making a loss in executing all courses in the portfolio. The main re-

sults of this case study were: 

 

1. The amount of loss making of a course does not tell much about the ranking of the course, 

whether it is a candidate for deleting to improve the profit. All other parameters that charac-

terize a course have their influence as well. This shows the usefulness of accounting for all 

quantitative factors, especially dependency, as in our model. 

2. The declination factor for the costs of the school and the declination factor for the service 

costs of the organization do not influence the mutual ranking of the courses for the product 

mix. A first candidate stays a first candidate when the declination factor is changed. The 

reason lies in the linearity of the costs. The declination factors have an impact on profit. As 

a result, if the minimum profit is set on a particular limit, indirectly the declination factor by 

changing the profit influences which courses should be in the product portfolio.  

3. To get the profit for the school to approximately 0, the declination factor A for the school  

must be at least around 0.7. This means that at least 70% of  all manpower (teachers and 

administration) that is not needed at a moment should be reduced next year.   

4. The improvement of the profit for the school can be destroyed by the worsening of the prof-

it for the organization if the declination factor B is below 0.5, meaning that at least 50% of 

manpower from general departments that is not needed at a certain moment, should be re-

duced in one year. 

5. If a course has a high substitution factor for another (better performing) course its ranking 

for candidate for deletion gets higher, i.e. it will already with lower profit limits be candi-

date.   

6. A higher drop out probability at the final year of  a four year course makes profit go down, 

because of generating less diplomas, but its influence is very low on ranking. (negligible on 

the worst performing course), due to the relatively small difference in amount of money.  

 

 

 
__________________________________________________________________________________ 

8.2 Recommendations 

 
Based on the results obtained during this research project, the following recommendations are made: 

 

Looking at the table of courses that are candidate for deleting in Appendix IX, table 2,  Course 17 

(BOL 2 verspanen) can best be deleted. Students have a good alternative via course  16 (BBL 2 

verspanen). Management has estimated the substitution possibility at 0.5, but confronted with the re-

sult of the tool said that this value was under estimated. Probably more students will choose the alter-

native if confronted with stopping course 17. Deleting such a course with a very low number of stu-

dents can give an administrative improvement. Data filled in from the school in our model is from 34 

courses, but in fact there are several variants of essentially the same course. All these variants generate 

a complex and therefore expensive administration.   
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All four year courses 25 to 30 show a negative profit. After discussion of our result with the responsi-

ble management,  the following issues were said to be already in progress:  

The efficiency of all four year courses 25 to 30 should be improved. Deleting these courses are not in 

line with the qualitative factors. Firms need these students much (factor 1), ROC Eindhoven is the 

only school that has all these variants (factor 3), students have a good perspective (factor 4), the cours-

es use the highest technology (factor 5), the team supports the courses (factor 6).  Another possibility 

is to improve the number of students entering (factor 2), or ask extra fee from firms. 

 

Course 26 has a decreasing input of new students, has a high substitution in course 29, and is the first 

candidate for deleting according to the tool. Trying to improve the efficiency by combining courses 26 

and 29 can give enough result in profit. Course 25 and 27 can be combined  for the first two  school 

years. Course 30 shows an increasing number of students for next year and efficiency can be im-

proved. Course 28 has no substitution but combinations of students in larger groups can be made for a 

part of the program with course 30.  

 

ROC Eindhoven has made a new constraint for all its courses (2011):  a course is only permitted to be 

executed if the profit of the course is above zero. In that case the whole cluster of courses would gen-

erate a considerable amount of profit. The purpose of an NPO is not to generate as much profit as pos-

sible. The qualitative factors demand the relaxation of this constraint, because of the importance of 

some courses indicated by the qualitative factors. De Vericourt (De vericourt,  2007) and also James 

(James, 1990) discuss the possibility for NPO‟s to have cross subsidization: less profitable courses are 

fund with money of high revenue generating programs. In the end there is more satisfaction of the 

utility function; in the case of  ROC Eindhoven more students are educated.   

 

An inflexible organization has to surround itself with enough employees to do the job at the highest 

peak, and will have superfluous employees in the periods of less students to educate. See figure 7.1 in 

chapter 7.2 for a visualization. As we saw from our model, costs will be higher at A = 0 and therefore 

at the same limit of profit, more courses will be closed, resulting in less students to be educated. We 

recommend building the school into a flexible organization, if not already, which can smoothly 

enough adapt to all fluctuations (Declination factors A and B above 0.5). 

 

 

__________________________________________________________________________________ 

8.3 Recommendations for future research 

 

A limitation of this research was the assumed linearity of costs (manpower, overhead and service 

costs) to the number of students. In reality at certain levels of number of students in a group, increas-

ing the number of students will not influence the costs much, while at other levels new groups are 

started and suddenly costs rise. If a course is deleted, students will choose another course, which can 

invoke a sudden large change in number of students in a group. Efficiency of this course can change 

too. Future research can improve the calculations if other cost formulations are used. 

The administrative load is depending not only on the number of students but also on the number of 

courses and variants that are in operation. Refinement on this subject by account ting for the adminis-

trative load can improve the model.  

 

During our research we found that the question of efficiency always was in the neighbourhood. Effi-

ciency can improve the financial result of the product mix keeping courses in the portfolio. Our prod-

uct mix tool can not improve efficiency directly. Ranking the candidate courses for deletion can give 

input to the question which courses need the first attention of efficiency improvement. Refinement of 

linearity of costs is such an efficiency factor to include, but there are also others like teacher load, 

combining groups of students, distance learning etc. Combining of efficiency rules and our model is 

another new field to search. 
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__________________________________________________________________________________ 

8.4 Contributions to Science 

 

As we saw in chapter 1, the literature on product mix decisions for non profit organizations, mostly 

uses some sort of efficiency comparison. (see Zanakis, 1995 for an overview). Zanakis describes sev-

eral methods for evaluation and selection. Literature found on educational organizations mostly uses 

some sort of comparison of products or projects with  DEA, (Data Envelopment Analysis), ( Hopkins, 

1977; Salerno, 2006) or use a utility function (James, 1981). James uses this function to maximize 

prestige and other sources of managerial success, which she translated into a quantitative function in 

which number of students and teaching load is incorporated. More research is then prestige increasing.  

James used the idea of cross subsidization, a possibility we also included. Her utility function was for 

the whole university and did not answer the question which program should be part of the product 

mix.  The paper of Hopkins, compares academic educational programs by rating them with an effi-

ciency factor. In their work the consequences of deleting a program for other programs is not visible.  

 

Our work has dealed with the question of tangible and intangible factors. Quantitative factors are part 

of the Mission of the organization. Qualitative factors were explored through an interview and a ques-

tionnaire. These qualitative factors determine the data to be filled in for the quantitative factors in a 

software model. We presented a simple mathematical model (MILP) that can give an optimal solution 

in seconds, for the case we studied. Secondly, in our case the possibility of follow up courses was 

included, which can be seen as a form of one stop shopping.  Thirdly, we did not find a paper that 

deals with the decision of the product mix, while accounting for all factors as we did  (we included all 

quantitave factors like number of students but also dependency between courses). Fourthly, we exe-

cuted the software model with real life data. We used a declination factor to incorporate the delaying 

effect of the problem to adjust manpower (teachers, administration, service) to the changing need in 

time.  

 

Further research is possible on relaxing the assumption of the assumed linearity of costs to the 

number of students. Our model with the qualitative and quantitative factors is used in a par-

ticular case study at ROC Eindhoven. Our suggestion is to extend this work in other educa-

tional organizations. In that case it would be interesting to see whether which qualitative and 

quantitative factors are more general in nature. 

Since efficiency is always part of the allocation of resources, another suggestion is to extend 

our work with efficiency rules. 
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Appendix I. Result interviews 
 

 

Factor / Interview nummer 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 Freq. Score

1 Behoefte bedrijven (BBL) (arbeidsmarktperspectief) x x x x x x x x x x x x x x x x x x x x x 21

2 Levensvatbaarheid/toekomstperspectief x x x x x x x x x x x x x x x x x 17

3 Behoefte vanuit studenten; (BOL) x x x x x x x x x x x x x x x 15

4 Analyse kansen/concurrentie in omgeving x x x x x x x x x x x x x x 13

5 Maatschappelijk belang x x x x x x x x x x 10

6 Strategie: klantrelatie x x x x x x x x x x 10

7 Actualiteit; stand van technologie x x x x x x x x 8

8 Goede naam/uitstraling x x x x x x x 7

9 TOP opleidingen x x x x x x 6

10 Kwaliteit x x x x 4

11 Innovatief x x x x 4

12 Hulpmiddelen als randvoorwaarden x x x x 4

13 Personeel deskundigheid x x x 3

14 Tevredenheid medewerkers x x 2

15 Administratieve last x x 2

16 Doorstroom naar vervolgopleidingen x x 2

17 Centrale ROC beleid x 1

18 Draagvlak in het team x 1

19 Kennispiramide x 1

20 Capaciteitsproblemen bij maatwerk x 1

21 Rendement x 1

22 Herkenbaarheid bedrijfsleven x 1

 
 Table I.1 Result of interviews. In columns the score on each interviewee (x). Last column the sum of  scores per Factor. In rows the factors that were mentioned in the 

interviews 

 

 



Decision Support Tool for the Optimal Product Mix           66 

Appendix II. Questionnaire 
 

Naam:     

   

Verdeel 10 (gehele) punten over de 22 Factoren die zijn voortgekomen uit interviews 

 met 21 beslissingnemers.  

Als u een Factor belangrijker vindt, dan krijgt deze meer punten.  

Controleer of de totale som van de punten gelijk is aan 10.  

   

   

  Factor  Aantal punten 

1 Actualiteit; stand van technologie   

2 Administratieve last   

3 Analyse kansen/concurrentie in omgeving   

4 Behoefte bedrijven (BBL)    

5 Behoefte vanuit studenten; (BOL)   

6 Capaciteitsproblemen bij maatwerk   

7 Centrale ROC beleid   

8 Doorstroom naar vervolgopleidingen   

9 Draagvlak in het team   

10 Goede naam/uitstraling   

11 Herkenbaarheid bedrijfsleven   

12 Hulpmiddelen als randvoorwaarden    

13 Innovatief   

14 Kennispiramide   

15 Kwaliteit   

16 Maatschappelijk belang   

17 Personeel deskundigheid   

18 Rendement   

19 Strategie: klantrelatie    

20 Tevredenheid medewerkers   

21 Toekomstperspectief   

22 TOP opleidingen   

      

      

Totaal   10 

   

   

  Opmerkingen   
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Factor  Omschrijving

1 Actualiteit; stand van technologie Het curriculum van de opleiding is van belang in de toekomst

2 Administratieve last Combineren van differentiaties geeft een grotere administratieve last

3 Analyse kansen/concurrentie in omgeving De opleiding heeft een onderscheidend vermogen ten opzichte van concurrenten

4 Behoefte bedrijven (BBL) De bedrijven hebben behoefte aan medewerkers met deze opleiding

5 Behoefte vanuit studenten; (BOL) Studenten hebben interesse in deze opleiding

6 Capaciteitsproblemen bij maatwerk Het uitvoeren van maatwerk resulteert in fluctuatie van de capaciteit van de organisatie (onder- en overcapaciteit)

7 Centrale ROC beleid Het centrale ROC beleid is een belemmering voor de uitvoering naar de wens van de klant

8 Doorstroom naar vervolgopleidingen De opleiding is belangrijk voor de doorstroommogelijkheden 

9 Draagvlak in het team Bij een speciale groep wordt gekozen voor kleine groepsgrootte, dit gaat ten koste van andere groepen

10 Goede naam/uitstraling De opleiding draagt bij aan de goede naam

11 Herkenbaarheid bedrijfsleven Het bedrijfsleven herkent duidelijk het beroepsprofiel waarvoor opgeleid wordt

12 Hulpmiddelen als randvoorwaarden Aan alle randvoorwaarden kan worden voldaan voor het uitvoeren

13 Innovatief De opleiding is sterk innovatief op onderwijskundige grond.

14 Kennispiramide Kennis vanuit TUE/TNO wordt overgedragen naar HBO en dan naar MBO

15 Kwaliteit De kwaliteit van de opleiding is beter t.o.v. concurrentie.

16 Maatschappelijk belang De opleiding heeft een maatschappelijk belang (b.v. kansarmen)

17 Personeel deskundigheid Het personeel heeft alle deskundigheid om de opleiding uit te voeren 

18 Rendement Het rendement van de opleiding is laag (aantal gediplomeerden)

19 Strategie: klantrelatie De opleing geeft in  de toekomst hogere rendementen door goede klantrelatie.

20 Tevredenheid medewerkers De opleiding draagt bij tot het tevredenheidsgevoel van de medewerkers

21 Toekomstperspectief In de toekomst is er vraag naar deze opgeleiden

22 TOP opleidingen De opleidng is onderscheidend t.o.v. de concurrende opleidingen  
 
Table II.2 Questionnaire  
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Appendix III. Result questionnaire 
 

Factor / Interview nummer 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 Totaal Proc

1 Actualiteit; stand van technologie 3 1 1 3 2 2 2 2 2 18 8%

2 Administratieve last 0 0%

3 Analyse kansen/concurrentie in omgeving 1 1 1 3 2 2 4 2 2 2 1 21 10%

4 Behoefte bedrijven (BBL) (arb.marktperspectief) 2 1 2 4 2 2 2 2 2 2 5 5 2 3 2 1 1 3 43 20%

5 Behoefte vanuit studenten; (BOL) 2 2 2 2 3 2 2 2 2 2 1 1 3 26 12%

6 Capaciteitsproblemen bij maatwerk 0 0%

7 Centrale ROC beleid 2 2 4 2%

8 Doorstroom naar vervolgopleidingen 1 1 2 2 1 2 9 4%

9 Draagvlak in het team 2 2 2 2 2 2 2 1 15 7%

10 Goede naam/uitstraling 2 1 1 1 5 2%

11 Herkenbaarheid bedrijfsleven 1 1 1 2 2 1 8 4%

12 Hulpmiddelen als randvoorwaarden 2 1 1 4 2%

13 Innovatief 1 1 1 1 2 1 1 2 10 5%

14 Kennispiramide 0 0%

15 Kwaliteit 1 1 1 1 4 2%

16 Maatschappelijk belang 2 2 2 6 3%

17 Personeel deskundigheid 1 3 2 1 7 3%

18 Rendement 1 1 0%

19 Strategie: klantrelatie 1 2 3 6 3%

20 Tevredenheid medewerkers 2 1 1 2 6 3%

21 Toekomstperspectief 1 1 1 1 1 2 2 2 1 1 1 3 2 19 9%

22 TOP opleidingen 1 1 2 2 2 8 4%

10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 220

Groep 1 + 2

 
Table III.1 Result of questionnaire. 
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Appendix IV. Residence Fee and Diploma fee 
 

 

 

 

 

Course route BOL BOL BOL BOL BBL BBL BBL BBL 

Course level 1 2 3 4 1 2 3 4 

OC&W verblijfsbekostiging 5067,25 5067,25 5067,25 5067,25 2026,9 2026,9 2026,9 2026,9 

OC&W VOA bekostiging 1988,59 795,44 0 0 1988,59 795,44 0 0 

OC&W huisvestingsvergoeding 8,5% 599,75 498,33 430,72 430,72 341,32 239,90 172,29 172,29 

Residence fee V(i) 7655,59 6361,02 5497,97 5497,97 4356,81 3062,24 2199,19 2199,19 

Service costs 38% 2909,12 2417,19 2089,23 2089,23 1655,59 1163,65 835,69 835,69 

                  

OC&W inputtarief 1054,00 2108 4216 4216 1054,00 2108 4216 4216 

OC&W huisvestingsvergoeding 8,5% 89,59 179,18 358,36 358,36 89,59 179,18 358,36 358,36 

Diploma fee D(i) 1143,59 2287,18 4574,36 4574,36 1143,59 2287,18 4574,36 4574,36 

Service costs 38% 434,56 869,13 1738,26 1738,26 434,56 869,13 1738,26 1738,26 

 
Table 1. Residence fees and Diploma fees for courses of MBO. In the columns the 8 different types of courses are depicted.  
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Appendix V. User Manual for AIMMS model 
 

 
After starting AIMMS, we load the model and the data set Scenario1. 

In general: if an input field is colored green the user is asked to fill in data if necessary. Yellow fields 

are not being changed normally. Blue fields give resulted from the model. Important result fields are 

marked red. 

We first start with explaining how to change input data. Hereafter the output pages are explained, with 

output data in tables and figures. 

 

1. Input data. 
 

1.1 Contents page 

The first page is the content page as we see in Figure V.1. 

 

 

 
 
FigureV.1. The first page: Content. From this menu all other pages can be chosen. 

 

1.2 Page General 
From this page on all other pages can be chosen. Clicking on the highest button General, it will open 

the input page for General Attributes. These General Attributes are colored yellow, and are not to be 

changed by the user (Figure V.2) 

 

These data can be read from an Excel sheet, and are specific attributes for a course as diploma fee and 

residence fee. In the excel sheet a link has been made between the course type and the residence fee 

and diploma fee. If the user wants to change them, care has to be taken to change all attributes which 

belong to a specific course type. 
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Figure V.2. Page General. These Attributes are not to be changed necessarily. 

 
The first column gives the course number (here 1….7), the second column gives the name of the 

course. The third column is input for the course type (BOL, BBL or dtBOL), the fourth and fifth col-

umn are input for the residence fee and diploma fee (see appendix 2). The cells in the last column are 

0 for BBL and dtBOL courses, and are 1 for  BOL courses. They represent the student weight w(i) to 

calculate the overhead costs. 

 

1.3 Page Input 1. 

Going back to contents and pushing the next button Input 1, we see the input page with four tabbed 

pages as in figure V.3. 

 

 

 
 
Figure V.3. Page Input 1; tabbed page Follow Up probability. 
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In this page the follow up probabilities must be filled in for all courses. Vertically courses k and hori-

zontally courses i. In each cell fill in the probability that students go from course k to course i, after 

graduating from course k. Take care that the sum of all probabilities in a row are smaller then 1. 

 

The next tabbed page is Repeater probability (figure V.4). 

 

 
 
Figure V.4. Repeater probabilities. 

 
This page contains the data for the probability that a student will repeat the school year. The first field 

is repeater probability 1 for school year 1, and so on until school year 4. (if a course has four years). In 

the rows are the courses represented by their number. 

 

The tabbed page for the drop out probabilities looks the same as for repeater probabilities, and needs 

no further explanation. Drop out probability is the probability that a student will stop and leave the 

school at the end of the school year. Take care that the repeater probability and the drop out probabil-

ity for a school year is less then 1. 

 

 

In the substitution page data has to be filled in, in the same manner as with the follow up page (figure 

V.5). 
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Figure V.5. Page Substitution.  

 

 

In this page the rows are courses k, and columns are courses i. the cells represent the probability for 

students to choose course I if course k is not in operation. The sum of probabilities in a row is smaller 

then 1. 

 

 

1.4 Page Input 2. 

 

Going back to page Contents and clicking on the button Input 2 shows the tabbed page Input 2. By 

clicking on the tabbed page Input Students figure V.6 appears.  

 

 
 
Figure V. 6. Page Input 2; input students. 
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For four school years a group of two data input fields are visible. For school year 1 in the left field the 

data for course duration are to be marked. If a course has a course duration of one school year in this 

first field the value 1 has to be entered and 0 otherwise. In figure 6 we see that course 1 and course 4 

have a course duration of one school year. In the second field under the title school year 1, data have 

to be filled in for all students that initially are in a course at calendar year t = 0. In figure 6 all courses 

have 20 students in their first school year in calendar year 0. 

 

Under the title school year 2, in figure 6, courses with a course duration become a 1 in the data field 

(here courses 2 and 5). Data for students in the second school year are to be filled in at the second field 

In figure 6 courses 2,3,5,6,7 have twenty students at start in calendar year 0. 

 

The same repeats for the other school years. Course 7 is a four year course. 

Take care that only once a course can be marked for course duration. There can only be one “1” in a 

row for all school years. 

 

 

 
 
Figure V.7. Page Input 2; input new students. 

 

 
In figure V.7 the screen is depicted when the tabbed page Input new students is clicked. In this page 

data for all new students entering a course is to be filled in, for every calendar year. Note that new 

students are entering from outside the school. Do not account for students that come from another 

course as follow up students. The model will calculate this number of students with the follow up 

probability. 

 

 



Decision Support Tool for the Optimal Product Mix           75 

 
 
Figure V.8. Page Input 2; input material costs 

 

Clicking on the tabbed page Input material costs shows the page for input of data for the average mate-

rial costs (figure V.8). For every course i, the average material costs per student per school year has to 

be filled in.  

 

 
 
Figure V.9. Page Input 2; input manpower. 

 

Figure V.9 shows the tabbed page for Input Manpower. Here the manpower data has to be filled. In 

the upper field with title First school year the data for the first school year must be filled in. Horizon-

tally for each course with their course number. Vertically for each teacher type. In this example only 

for teacher type teacher LB data is filled in. AIMMS only shows data we filled in. In the next field 

below we see data for the second school year. In this example course 1 and course 4 are one year 

courses and therefore no data is filled in.  

The other school years in the third and fourth field below are in the same manner. 
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2. Output data. 
 

2.1 Page Ouput; tab Outcome 

 

This is the main page for outcome data. See figure V.10. 

 

 

 
 
Figure V.10. Page Output; Outcome 

 

In the left upper side three green bars are put in a rectangle. The two on the left side are the limits for 

the Profit for the school and for the Profit of the organization. To choose which limit must be active, 

there is a button on the right side called toggleprofitminimum. If the value is 1, the limit is set for the 

Profit for the school, if the value is 0, the limit is set for the profit for the Organization. 

 

On the left side in a rectangle three diagrams are depicted. The upper one gives the Profit for the 

School. The one below gives the Manpowercosts, and the lower one gives the result from the Over-

headcosts. 

 

In the middle, in a rectangle two diagrams are shown, the upper for the Profit for the organization, and 

the lower for the Service costs. 

 

Just above, two red labels and a green button are put in a rectangle. The red labels are the main Objec-

tive: Number of students and number of graduates. Which one is to be active can be chosen by a but-

ton (green) ToggleObjective. If the value is 1, the number of Students will be maximized, if the value 

is 0, the number of Graduates in calendar year 6 will be maximized. 
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The yellow field, gives the result which courses are in operation and which are not. The value 1 repre-

sents “in operation” and the value 0 represents “not in operation”. 

 

On the lower left side of the page a rectangle is put with a diagram with the salarycosts for each teach-

er type. They can be changed in two ways: clicking on top of the blue bar with the mouse and holding 

it, will lower or higher the value. The second possibility: clicking once on the bar gives the value in 

the left corner of the diagram. It can be changed by hand through typing a new value. The green labels 

stand for the declination factors A and B, their values can be changed from 0 to 1. 

 

A diagram is shown on the upper left side of the page. This diagram gives the profit for the calendar 

years t. The blue bars represent the Profit for the school and the yellow bars represent the Profit for the 

organization. 

 

If the user pushes the button F6 on the keyboard or clicks on the green button “Run”, the model will 

seek for an optimal solution. If the model finds a solution, the result is seen on this page. In the yellow 

field the result of the courses still in operation is depicted by the “1”. The number of students and the 

number of graduates is to be seen in the red labels. The user can see the result of all other parameters 

on the different tabbed pages (see below). 

 

 
2.2 Page Output; tab Show Students 
 

On the second tabbed page, the result of the number of students is shown. (Figure V.11). 

In the left field the courses are depicted with the decision variable. If the value is 1 the course is in 

operation and 0 if not. 

On the right field a table is depicted. For every course with its course number there is a table with the 

number of students for the four school years and for the calendar years. In the example course 1 is a 

one year course, course 7 is a four year course. 

 

 

 
 
Figure V.11. Page Outcome; Show Students 
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2.3 Page Output; tab Manpower and materialcosts 

 

The next page shows the result of the manpower, manpowercosts and materialcosts for each calendar 

year. (Figure V.12). 

 

 

 

 
 
Figure V.12. Page Outcome; manpower and materialcosts. 

 

The left table shows the manpower for each calendar year and for each course. By clicking on the up-

per field with indice h, one can choose for another teacher type h. In the middle the same table is 

shown, but now the manpower costs in euros is calculated. The right table shows the materialcosts for 

each course, for each calendar year. 

 

 

2.3 Page Output; tab Show Profit Course 
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Figure V.13. Page Outcome; show profit course 

 

In figure V.13 the tabbed page from page Outcome, tab Show profit course is shown. Take care this 

profit is the profit for each course if  the declinationfacor A =1. The result will not be shown if A has 

another value. The reason for this page is just for illustrative purposes. The result is not part of the 

model. The user can see the profit for each course before and after optimizing as if A = 1. If the decli-

nation factor A is altered it will have influence on the result (Profit for school changes and/or courses 

are deleted). 

 

 

2.3 Page Outcome; tab Graduates 

 

The tabbed page Show Graduates of the page Outcome, shows the result in number of graduates at the 

last school year for each course. (Figure V.14). 

 

 

 
 
Figure V.14. Page Outcome; Show Graduates 

 

 

The courses are represented by their course number. For each calendar year the number of Graduates 

is shown in the columns. 
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Appendix VI. Validation 
 

 

Scenario 1 
A = 1, B =1, T1 = 1, T2 = 1, Profitminimum = 0.  Three courses: type  BBL, level 2, three years. For 

all courses '( , , )X h i j  = 0,05 for type teacher LB. All probabilities = 0. All new students ( , )nn i t  = 

20. All students to be initialized in year 0 = 20. Salary costs for teacher LB = 10.000. Average material 

cost per course is 100. 

 

 

 

 
 
Figure VI.1. Table from AIMMS Output – Show students. 

 

If we make repeaterprobability 1( ,1)s i  = 1 all students stay in the first schoolyear, FirstyearStudents 

rises each year. All students in other school years become zero. 

Changing drop out probability  to  2( ,1)s i  = 1 and 1( ,1)s i  to 0, all students in school year 2 and 3 

become zero. 

 

Scenario 2 
Same input parameters as with scenario 1. 

 

We now make follow up ( , )r k i  = 1 from course k = 1 to course i = 2. 
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Figure VI.2. . Table from AIMMS Output – Show students, scenario 2. 

 

All students from course 1 flow to course 2 (= 20 more).  

Manpower, Manpower costs and material costs are rising linearly.  

Take a look at Output – Graduates and we see that the number of Graduates rises to 40 for course 2 in 

calendar year 3, which is logic because in that year we reach to 40 students in their last school year. 

We have no drop outs  

Changing drop out probability to 1 for course 2 in school year 3, makes the number of graduates zero. 

 

 

Scenario 3. 

Change substitution probability ( , )p k i  to 1 for course 1 to 2. Automatically course 1 is stopped and 

all students go to course 2, whatever constraint for the profit we use. This is logic because in every 

condition it is better to combine these courses. See figure VI.3, note the students fade out at course 1. 

 

 

 
 
Figure VI.3. . Table from AIMMS Output – Show students, scenario 3. 
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Students that choose course 2 enter in the first year at t = 1, therefore the number of students increases 

to 40. 

 

 

 

Scenario 4. 

 

Course 3 is now a new course. Initialisation is done only for new students entering. Course 3 is in 

operation. The result is shown in figure VI.4. Students enter the first school year in calendar year 1, in 

calendar year 2 they flow to the second school year and so on (there are no drop outs). 

 

 
 
 Figure VI.4. . Table from AIMMS Output – Show students, scenario 4. 

 

With a new course a set up cost can be necessary. The set up cost for course 3 was indeed 

extracted from the profit for the school and from the profit for the organization.  
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Appendix VII.  Progress windows 
 

 

 
 
Figure VII.1. Progress window with solver CPLEX, at A = 0.99, warning by AIMMS that solution is 

not reliable. 
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Figure VII.2. Progress window with solver GUROBI 4.0, with A = 0.99, no warning by AIMMS, solu-

tion is the same as with CPLEX.  

 

 

 

 
 

 
Figure VII.3. Progress window for data from 35 courses. 
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Appendix VIII.  Profit of courses 
 

 
 
Figure VIII.1. Profit for each course (i). Course 27 gives the highest loss, course 19 gives the highest profit. 
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Appendix IX. Outcome of  different scenarios. 
 

 

B = 1 B = 0,5 B = 0 

# stud. # grad. course profit school profit organ. profit organ. profit organ.

1 10708 536 -2975 -2975 -3302 -4551

2 10696 537 26 -2840 -2840 -3173 -4439

3 10683 536 17,26 -2752 -2752 -3095 -4407

4 10662 535 11,17,26 -2744 -2744 -3093 -4432

5 10654 544 27 -2178 -2178 -2534 -3894

6 10641 545 26,27 -2043 -2043 -2405 -3781

7 9835 494 2,9,25,26,27,30 25 25 -754 -3707

A = 1

 
 
Figure IX.1. Result of page Outcome. Limit is profit of the school. Maximizing the number of students A = 1 

 

 

B = 1 B = 0,5 B = 0 

# stud. # grad. course profit school profit organ. profit organ. profit organ.

1 10708 536 -3566 -3566 -3893 -5142

2 10696 537 26 -3463 -3463 -3796 -5061

3 10683 536 17,26 -3400 -3400 -3743 -5055

4 10654 544 27 -2963 -2963 -3319 -4679

5 10641 545 26,27 -2862 -2862 -3224 -4600

6 10628 545 17,26,27 -2798 -2798 -3169 -4591

7 8444 415 2,4,9,16,17,25 t/m 30,32,33 -1269 -1269 -2709 -8243

A = 0,5

 
 
Figure IX.2. Result of page Outcome. Limit is profit of the school. Maximizing the number of students. A = 0.5 
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B = 1 B = 0,5 B = 0 

# stud. # grad. course profit school profit organ. profit organ. profit organ.

1 10708 536 -5224 -5224 -5514 -6800

2 10696 537 26 -5214 -5214 -5547 -6812

3 10654 544 27 -5185 -5185 -5541 -6900

4 10641 545 26,27 -5175 -5175 -5536 -6912

5 infeasible/unbounded

6

7

A = 0,1

 
 
Figure IX.3. Result of page Outcome. Limit is profit of the school. Maximizing the number of students. A = 0.1 

 

 

B = 1 B = 0,5 B = 0 

# stud. # grad. course profit school profit organ. profit organ. profit organ.

1 10708 536 -2975 -2975 -3302 -4551

2 10696 537 26 -2840 -2840 -3173 -4439

3 10683 536 17,26 -2752 -2752 -3095 -4407

4 10662 535 11,17,26 -2744 -2744 -3093 -4432

5 10654 544 27 -2178 -2178 -2534 -3894

6 10641 545 26,27 -2043 -2043 -2405 -3781

7 9835 494 2,9, 25,26,27,30 25 25 -754 infeasible

A = 1

 
 

 
Figure IX.4. Result of page Outcome. Limit is profit of the organization. Maximizing the number of students. A = 1 

 



Decision Support Tool for the Optimal Product Mix           88 

 

 

# stud. # grad. course profit school profit organ. profit school profit organ. profit school profit organ.

1 10708 536 -3566 -3566 -3566 -3893 -3566 -5142

2 10696 537 26 -3463 -3463 -3463 -3976 -3463 -5061

3 10683 536 17,26 -3400 -3400 -3400 -3743 -3400 -5055

4 10654 544 27 -2963 -2963 -2963 -3319 -2963 -4679

5 10641 545 26,27 -2862 -2862 -2862 -3224 -2862 -4600

6 10628 545 17,26,27 -2798 -2798 -2798 -3169 -2798 -4591

7 8444 415 2,4,9,16,17,25 t/m 30,32,33 -1269 -1269 no feas. Solution no feas. Solution

B = 0

A = 0,5

B = 1 B = 0,5

 
 
Figure IX.5. Result of page Outcome. Limit is profit of the organization. Maximizing the number of students. A = 0.5 

 

 

# stud. # grad. course profit school profit organ. profit school profit organ. profit school profit organ.

1 10708 536 -5224 -5224 -5224 -5551 -5224 -6800

2 10696 537 26 -5214 -5214 -5214 -5547 infeasible unbounded

3 10654 544 27 -5185 -5185 -5185 -5541

4 10641 545 26,27 -5175 -5175 -5175 -5537

5 infeasible/unbounded infeasible/unbounded

6

7

A = 0,1

B = 1 B = 0,5 B = 0

 
 
Figure IX.6. Result of page Outcome. Limit is profit of the organization. Maximizing the number of students. A = 0.1 
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B = 1

# grad. # stud. course profit school profit organ.

1 10641 545 26,27 -2043 -2043

2 10539 545 26,27,30 -1591 -1591

3 10426 544 25,26,27 -1332 -1332

4 10324 543 25,26,27,30 -879 -879

5 10303 542 11,25,26,27,30 -871 -871

6 10288 540 25,26,27,30,33 -801 -801

7 10256 538 17,25,26,27,30 -633 -633

A = 1

 
 
Figure IX.7. Result of page Outcome. Limit is profit of the school.. Maximizing the number of graduates. A = 1 
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Appendix X. Sensitivity Analysis 
 
Salary costs 

A difference profit school course # students sensitivity row num 

A = 1 -10% -556   10708 2419 1 

    -435 26 10696   2 

    -360 17, 26 10683   3 

    -356 11, 17, 26 10662   4 

  0% -2975   10708 0 5 

  10% -5394   10708 -2419 6 

    -5244 26 10696   7 

    -5145 17, 26 10683   8 

    -5132 11, 17, 26 10662   9 

A = 0.5  -10% -1108   10708 2458 10 

    -1018 26 10696   11 

    -965 17, 26 10683   12 

    -579 27 10654   13 

  0% -3566   10708 0 14 

  10% -6023   10708 -2457 15 

    -5908 26 10696   16 

    -5835 17, 26 10683   17 

    -5834 11, 17, 26 10662   18 

Table X.1 Sensitivity on salary costs 

 

 
Overhead costs 

A difference profit school course # students sensitivity row num 

A = 1 -10% -1754   10708 1221 1 

    -1621 26 10696   2 

    -1538 17, 26 10683   3 

    -1531 11, 17, 26 10662   4 

  0% -2975   10708 0 5 

  10% -4196   10708 -1221 6 

    -4058 26 10696   7 

    -3966 17, 26 10683   8 

    -3957 11, 17, 26 10662   9 

A = 0.5  -10% -2324   10708 1242 10 

    -2223 26 10696   11 

    -2163 17, 26 10683   12 

    -1734 27 10654   13 

  0% -3566   10708 0 14 

  10% -4808   10708 -1242 15 

    -4703 26 10696   16 

    -4637 17, 26 10683   17 

    -4193 27 10654   18 

Table X.2 Sensitivity on overhead costs 
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Material costs 

A difference profit school course # students sensitivity row num 

A = 1 -10% -2813   10708 162 1 

    -2678 26 10696   2 

    -2678 17, 26 10683   3 

    -2592 11, 17, 26 10662   4 

  0% -2975   10708 0 5 

  10% -3137   10708 -162 6 

    -3002 26 10696   7 

    -2912 17, 26 10683   8 

    -2904 11, 17, 26 10662   9 

A = 0.5  -10% -3404   10708 162 10 

    -3300 26 10696   11 

    -3240 17, 26 10683   12 

    -2799 27 10654   13 

  0% -3566   10708 0 14 

  10% -3728   10708 -162 15 

    -3625 26 10696   16 

    -3560 17, 26 10683   17 

    -3127 27 10654   18 

Table X.3 Sensitivity on material costs 

 

 

 
Service costs (A = 1, B = 1) 

B difference profit school course # students sensitivity row num 

B = 1 -10% -827   10708 2148 1 

    -694 26 10696   2 

    -612 17, 26 10683   3 

    -607 11, 17, 26 10662   4 

  0% -2975   10708 0 5 

  10% -5123   10708 -2148 6 

    -4985 26 10696   7 

    -4892 17, 26 10683   8 

    -4881 11, 17, 26 10662   9 

Table X.4 Sensitivity on service  costs for B = 1. 
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Service costs (A = 1, B = 0.5) 

B difference profit school 
profit or-
ganiz. course # students sensitivity row num 

B = 0.5 -10% -827 -1121   10708 2181 1 

    -694 -994 26 10696   2 

    -612 -921 17, 26 10683   3 

    -607 -922 11, 17, 26 10662   4 

  0% -2975 -3302   10708 0 5 

  10% -5123 -5483   10708 -2181 6 

    -4985 -5352 26 10696   7 

    -4892 -5270 17, 26 10683   8 

    -4881 -5265 11, 17, 26 10662   9 

Table X.5 Sensitivity on service costs for B = 0.5 
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Appendix XI. List of courses 
 

 

Number i Course Name Educational Route 

1 Monteur EI + EIPS BBL 2 bbl 

2 Monteur EI + EIPS BOL 2 bol 

3 Eerste monteur EI  + EIPS + serv bbl 

4 Eerste monteur EI + EIPS BOL 3 bol 

5 Leidingg mont EI BBL 4 + werkv  bbl 

6 Monteur WI BBL 2 bbl 

7 MonteurWI BOL 2 bol 

8 Eerste monteur WI BBL 3 bbl 

9 Leidingg mont WI   bbl 

10 Servicemonteur I BBL 3 bbl 

11 Servicemonteur  W BBL 3 bbl 

12 Servicetechnicus E BBL 4 bbl 

13 Werkvoorbereider  WI BBL 4 bbl 

14 Werkvoorbereider F BBL 4 bbl 

15 Technicus EIPS BBL 4 bbl 

16 Verspaner BBL 2 bbl 

17 Verspaner BOL 2 bol 

18 Allround verspaner BBL 3 bbl 

19 Allround lasser/constr BBL 3 bbl 

20 Monteur mechatronica BBL 2 bbl 

21 Monteur mechatronica BOL 2 bol 

22 Machinebouwer BBL 3 bbl 

23 Metaalbe (constr) BBL 2 bbl 

24 Metaalbew (constr) BOL 2 bol 

25 Technicus EI BOL 4 bol 

26 Technicus IA BOL 4 bol 

27 Technicus WI BOL 4 bol 

28 Technicus DT BOL 4 bol 

29 Technicus Mech BOL 4 bol 

30 Technicus W BOL 4 bol 

31 Onderhmontr Industrie Werkt bbl 

32 Metaalbewerking BBL 1 bbl 

33 Metaalbewerking BOL 1 bol 

34 werktuigbouwkunde dtBOL 
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