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Management Summary 
Since the introduction of the DBC (diagnose-behandeling-combinatie) system for Dutch 
healthcare in 2005, hospitals and health care insurers have been faced with a different 
financing approach. The government introduced this finance structure to create competition 
between hospitals, in order to reorganize health care on a free market basis, and to enhance 
quality and cost effectiveness.  

The financing system uses fixed tariffs, agreed annually between health care insurer and 
hospitals, for DBC-codes to finance the actual treatment costs of patients. This way of 
financing healthcare costs can result in a positive or negative financial result per DBC for 
hospitals. To better control and to improve a DBC-process, a hospital can use information 
about financial control of a DBC-code to analyze the process. Financial control information 
can be obtained by determining the difference between the expected operations and actual 
operations in financial terms. This results in the following main research question set: 

Which indicators can be used to monitor the financial control of DBC-based healthcare 
processes, in order to improve control of these processes? 

With a literature study factors are investigated which may have impact on the financial result 
of a DBC. Next, relevant process information and financial information can be determined. 
Linkage of process and financial information results in financial control indicators which 
measure the factors of a DBC-code for process control. In a case-study the indicators are 
implemented, using a data analysis tool, MagnaView, and evaluated with a discussion session 
with medical specialist and financial experts in a hospital on success factors set. Eventually, 
this results in the following indicators: 

- Financial standard result per DBC-code  
- Financial trends per DBC-code 
- Financial shifts per DBC-code 
- Financial outliers on the patient level 
- Causal relation of the first 3 activities on the financial standard result per DBC-code 
- The relation between 2 activities on the financial standard result per DBC-code 
- Groups of patient based on financial distribution per DBC-code (age, treatment groups, 

throughput time)  
- Key activities per DBC-code 
- Quantity variance per activity 

The purpose of the indicators is to determine weaknesses within the process in order to 
improve control of the DBC-process. In the results only some of weaknesses which are found 
are discussed.  

Results 

Trends or shifts within the DBC-process can be detected with the indicators set. Trends or 
shift suggest a variation in patients’ health condition or in the physician’s practice. Medical 
knowledge is required to draw definitive conclusions on the causes. 

Outliers can easily be detected and can be discussed on a detailed level with medical 
specialists to uncover the reasons for this treatment process. Patients outliers which are 
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defined as +2 SD (standard deviation) from the mean can be further analyzed on extra 
activities performed, outliers which are defined as -2 SD can be further analyzed on the 
activities which are not performed.       

The financial standard result of the start of a treatment of patients per DBC-code can easily 
be determined; moreover, this could support or suggest standardization within the DBC-
process. This possible standardization could be verified with a T-Test to check whether a 
significance difference in financial standard result occurs when these first 3 activities are 
performed.      

Investigation of 2 related activities provides insight in the effect of the occurrence of 
combinations of 2 related activities on the financial standard result. A negative or positive 
financial standard result can be verified with a T-Test. When a significant difference exists, a 
hospital can choose to standardize a combination of activities. Still, a medical relation is of 
course required before such kind of decision can be made.  

Key activities of the DBC-process can be determined in 3 steps, these activities contribute for 
a lot of variation in the total standard costs of patients. The variance in occurrence of these 
activities among patients needs to be reduced in order to be able to predict the standard total 
cost or the financial standard result of patients with more reliability. 

The success factors (relevance, usability, facilitates cooperation between medical specialist 
and financial experts, educational level) can be used to evaluate the indicators developed. 
These success factors reveal that the indicators facilitate cooperation between medical 
specialist and financial experts and are relevant. Moreover, these factors are essential when 
the above mentioned weaknesses within the DBC-process are turned into concrete 
improvements.        

Conclusion 

The indicators developed partly measure factors which influence the financial standard result 
of a DBC-code. The reason for this partiality is mainly due to a lack of data and absence of 
medical knowledge. However, the weaknesses in the process are the basic issues for the 
redesign or improvements within the DBC-process. Moreover, the indicators facilitate 
communication between medical specialists and financial experts. This dialogue is essential 
for the determination of specific redesign and improvements decisions within the healthcare.    

To draw definitive conclusions whether the indicators are indeed the best to indicate 
weaknesses for redesign purposes more time, data, and research is required. Therefore, 
several recommendations are presented to extend and improve the analysis of DBC-based 
healthcare processes for hospitals and MagnaView BV. 

Recommendations 

Hospitals 

In the future hospitals need to improve and extend the information about the DBC-process, to 
establish a comprehensive control of the DBC-process. To achieve this, the following general 
recommendations should be implemented:    
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1) The data attributes extracted from the database of the hospital need to be consistent 
with the financial information available.     

2) A link between financial control indicators with external measures (customer 
satisfaction, market share, etc.) should be established. This link provides a more 
complete measurement of the financial control.   

3) An accurate registration of activities in relation to medical specialists needs to be 
realized. This provides more accurate process information for hospitals. 

4) The inclusion of test results of pathological diagnostic tests within the data is 
necessary. Based on these specific test outcomes a treatment path can be determined 
by the medical specialist. These outcomes can be used to group patients, in order to 
investigate, whether the outcome corresponds with the treatment path. Moreover, this 
information provides more detailed information about the health conditions of 
patients.         

5) When standard prices are used instead of actual prices per activity, the impact of this 
choice on the accuracy of financial analysis of DBC-processes should be determined.   

6) When a comprehensive control is implemented, the hospital needs to decide whether 
other experts within the hospital are also relevant to be present at discussion sessions.  

MagnaView BV 

MagnaView is a strong visualization tool. Some extensions of the tool are recommended for 
improvement of objective analysis of the DBC-process. The following extensions should be 
implemented:  

1) The calculation of the variance-to-mean ratio can be performed within MagnaView 
only for a single activity and not for all activities at once. The reason is that when an 
activity is not performed for a patient, it is not registered by the hospital within the 
data. However, for the calculation of the Variance-to-Mean ratio or correlation 
coefficient it is necessary to have a zero value. Therefore, when MagnaView can 
realize a zero value for activities that are not performed for a patient an overview of all 
activities VMR’s or correlation coefficients can be realized instead of just only 1.  

2) At the moment, only calculation of simple regression (correlation coefficients) is 
possible. However, the DBC-process concerns not only a single predictor of the 
standard total costs of patients, but a combination of predictors. Therefore, when 
multiple regression could be realized within MagnaView the tool could analyze 
processes on several predictors combined into 1 model. Note, extension 2 is only 
useful when extension 1 is realized.  
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1 Introduction 
Since the introduction of the DBC (diagnose-behandeling-combinatie) system for Dutch 
healthcare in 2005, hospitals and health insurers have been facing a different financing 
approach. The government introduced this finance structure to create competition between 
hospitals, to reorganize health care on a free market basis, and to enhance quality and cost 
effectiveness (Oostenbrink and Rutten, 2006).  

The free market system works in the following way. A health insurer negotiates with a 
hospital about the compensation of a DBC. In the Dutch healthcare system there are two lists 
of DBC-codes, list A and list B. List A contains DBC-codes which have a fixed tariff, these 
tariffs are set by the NZa (Nederlandse Zorgautoriteit). List B contains DBC-codes which are 
freely negotiable between a hospital and a health insurer regarding compensation, quality and 
volume (KPMG, 2006). List B contains DBCs which are relative easily to execute and can be 
planned (www.dbconderhoud.nl). Therefore, DBCs which are related to treatments 
concerning the emergency ward are not part of list B. 
 
The tariffs for list A DBC-codes are based on a care profile, which represents the ‘average’ 
activities for a group of patients. NZa collects, for list A DBC-codes all the care profiles from 
different hospitals, to calculate an average care profile, which is set as the tariff for every 
hospital for a certain year (www.nza.nl). Therefore, it is possible that a DBC-process of a 
specific hospital can deviate from the average care profile determined. Furthermore, within 
the same hospital different specialists can also perform different care profiles (Kinderen & 
Langelaan, 2007). Moreover, hospital processes are very complex, because the ‘process’ is 
influenced by several factors such as; the development and application of clinical guidelines, 
the care of a patient with multiple clinical and social needs, and the coordination of 
educational and development initiatives throughout a department (Plesk et al. 2001). In the 
end, it is very important for hospitals that the compensation amount or fixed tariff for a DBC-
code is eventually not lower than the costs made to treat a patient. Otherwise, the balance for 
a DBC can result in a loss. Hospitals may also choose to offer a list B DBC-code against an 
amount which is lower than the costs due to marketing reasons. Eventually a hospital is 
interested whether a DBC-code which needs to make an extra profit or has a pre-calculated 
loss, will not exceed its expected costs. Therefore, insights in the profit or loss of DBC-codes 
and the underlying DBC-process are essential to achieve a positive balance at the end of the 
year.   
 
Recently, functionalities have been developed within MagnaView for healthcare processes in 
the Dutch healthcare. With the help of these functionalities it became possible to provide 
insights into the patterns of treatment processes for specific patients (Riemers, 2009). 
MagnaView BV is interested whether financial information coupled with process information 
will result in an improved insight of these treatment processes. This interest is supported by a 
study of Hoffmann (2000) who investigated the economic evaluations of treatments on 
decision making within the European healthcare. The research indicated that three quarter of 
the decision makers interviewed think that economic issues should influence clinical decision 
to some extent. Decision makers are, in this context, purchasers, hospital physicians, etc. 
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DBC-system from a process perspective 

Due to the DBC system it is now possible to approach the treatments from a process 
perspective and calculate the costs of a treatment (KPMG, 2008). During a treatment, a 
patient can have a consult with the specialist, or an assessment about his/her health condition, 
a surgery, a final check up, etc. These events can be seen as activities which a patient 
undergoes during a treatment (Asselman, 2008). So, a DBC-code for patients within a hospital 
is a set of sequential activities; these activities can be seen as a process and logistics concerns 
the management of process flows and activities (van Damme, 2001). Therefore a DBC-code 
within a hospital can be approached from a logistic point of view. From the research of 
Riemers (2009), it becomes clear that a patient for a particular DBC-code follows a sequential 
pattern of activities. This set of activities for every patient is a single DBC process and part of 
the total DBC process. Visser (1998) considers a patient process as a number of operations 
and waiting times which is a part of the total process-oriented perspective of health care 
delivery. From these points of view it becomes important to approach the DBC system from a 
process perspective, to investigate whether this delivers information and if a DBC-code will 
result in a profit or loss.  
 
Business Process Management 
BPM is an abbreviation of Business Process Management. BPM can be defined as follows: 
“Supporting business processes using methods, techniques, and software to design, enact, 
control, and analyze operational processes involving humans, organizations, applications, 
documents and other sources of information”(Van der Aalst et al. 2003). 
 
It can be concluded that BPM supports business processes, defined in the BPM definition by 
Van der Aalst et al. (2003). Next, a patient follows a sequential pattern of activities which are 
representing a single DBC process and is a part of the total DBC process. BPM supports 
processes and the DBC system can be approached from a process perspective, therefore, it can 
be concluded that there is a relation between the DBC-system and BPM. In order to support a 
business process with certain methods and techniques the BPM life-cycle can be used. Such a 
technique is for example process mining. The applicability of this technique within a 
healthcare setting is investigated by Riemers (2009) and he found that a process model for a 
specific healthcare process resulted into a fitness of less than 5%. Therefore, due to the 
complexity of a healthcare process an overall process model is not reasonable.  
 
 

 
Fig.  1.1: BPM life-cycle (Van der Aalst et al. 2003) 
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Figure 1.1 represents the BPM life-cycle. This life-cycle contains different phases that need to 
be executed in a sequential order to design and control a system. Due to the fact that the DBC 
system exists and a treatment process can already be designed for list A and B DBCs, the 
phases design and deployment are assumed to be filled in. The execution phase concerns 
information about arriving cases and availability of resources and services. Hospitals, 
however, have databases where information about DBCs is stored. Therefore, the phases 
control and diagnosis are of importance.  The control phase is providing information about 
individual patients (single process instance) or group of patients (number of process 
instances) and uses this as input for the diagnosis phase (Van der Aalst et al. 2007). With the 
input of individual cases regarding the running DBC-process within the diagnosis phase the 
process can temporarily be changed. By aggregation of individual cases, performance 
indicators of the DBC-process can be observed. These performance indicators are used by the 
diagnosis phase to reveal weaknesses in the process (Van der Aalst et al. 2007). This 
information will provide ideas for redesign (e.g., bottleneck identification) and input for the 
analysis of redesigns (e.g., historic data) in the design phase (Van der Aalst et al. 2007).     

1.1 Problem definition  
The financing system uses fixed tariffs, agreed annually between health care insurer 
andhospitals, for DBC-codes to finance the actual treatment costs of patients. This way of 
financing healthcare costs can result in a positive or negative financial result per DBC for 
hospitals. To better control and to improve a DBC-process, a hospital can use information 
about financial control of a DBC-code to analyze the process. Financial control information 
can be obtained by determining the difference between the expected operations and actual 
operations in financial terms. 
      
This project investigates whether the linkage of process information with financial 
information will obtain relevant financial control information to analyze a DBC-based 
treatment process of a hospital. Van der Bij and Vissers (1999) argue that performance 
indicators are often the key elements to generate this information. A performance indicator is 
a means to measure the total performance or an aspect of the performance. The treatment 
processes within a hospital are very complex and cannot be captured within a single process 
model. Therefore, the financial control information needs to focus on specific aspects of the 
DBC-process. The information can be based on individual patients or on a group of patients to 
provide information for financial experts and medical specialists to evaluate the current DBC-
process on weaknesses and generate ideas for redesign. However, some questions remain; 
how can financial control information be obtained, what is the information content and how 
can it be presented to its users? Therefore the following goals and research question are 
formulated.   

1.2 Research Goal 
Goal 1: Develop a set of indicators to monitor the financial control of a DBC, based on 
process information, i.e. a step by step aggregation of (financial information of) (activities in) 
process instances, to improve control of these processes. 

Goal 2: Implement the indicators in MagnaView, with a financial expert in a hospital as the 
intended user.  
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Goal 3: Apply the developed indicators with actual data of a concrete DBC in a hospital case 
study. 

Due to time limits only a couple of DBC-codes will be used in a business case. Hence 
possible relations between sets of DBCs will not be considered. The main definitions within 
this project are explained into detail in Appendix A. 
 
Assumptions: 
This research will not focus on how cost allocation methods can be used for calculating 
standard cost prices for DBC related activities. Therefore, we assume the standard cost prices 
determined by hospitals are allocated correctly to the related activities.   

1.3 Research question 
Which indicators can be used to monitor the financial control of DBC-based healthcare 
processes, in order to improve control of these processes? 

1.4 Methodology 
To handle the project, a conceptual setup is required. Van Aken et al. (2007) argue that 
“Business Problem Solving projects are undertaken to improve the performance of a certain 
business system or organizational unit”. The business system of this project is the hospital. 
The goal of this project is to deliver a set of indicators for the hospital, modeled within 
MagnaView, which generates financial control information and can be implemented as an 
intervention within the problem situation. Due to the limited time of this project an 
implementation of the solution will not be considered. The setup of this project is based on the 
classic problem solving cycle or “regulative cycle” by Van Strien (1997). In the picture below 
the cycle is visualized: 

 

Fig.  1.2. Regulative Cycle (van Strien, 2007) - [Van Aken et al. (2007)] 
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1.4.1 Regulative Cycle 
The regulative cycle consists of 5 phases, which need to be executed in a sequential order. 
The problem definition & process design phase concerns an investigation of the problem and 
the determination of an approach to handle the project. The analysis & diagnosis phase, deals 
with a literature and situational research to provide a clear picture of the problem and possible 
solutions to deal with the issue. The plan of action phase, determines a design to handle the 
problem, based on the solutions described. The intervention phase, deals with the 
implementation of the design into the problem situation. Evaluation phase evaluates whether 
the design handles the problem or provides insights into the situation, and gives suggestions 
for redesign. The scope of the project concerns the steps problem definition, analysis & 
diagnosis and plan of action (design).  

Problem definition & process design      
The problem definition is explained in the introduction of this master thesis. To handle this 
project and to elaborate the research question into more detail a research proposal is 
composed, see appendix B. During a preliminary meeting at the hospital the research proposal 
is discussed and validated on importance. Furthermore, this meeting provided some additional 
questions about the DBC-process, see Appendix C. These practical questions from the 
hospital are taken into account in a discussion session with the financial manager in the design 
phase.    
 
Analysis & Diagnosis 
To handle the phase ‘Analysis and Diagnosis’ of this project the methodology presented in 
figure 1.3 is followed. Next, the steps taken are elaborated into more detail.   
 

 
        Legend:  
Fig. 1.3. Methodology of phase ‘Analysis and Diagnosis’ 

To cope with the research question set, Pritchard et al. (2002) argue to determine possible 
indicators, the ‘objects’ of the DBC-process needs to be clear. The ‘objects’ are in this context 
the factors which influence the financial result of a DBC-process. The purpose of this first 
step is to provide understanding of the DBC-process based on literature and to reveal factors 
(1) which can influence the financial result. These factors need to be measured to realize 
understanding why a DBC-process results into a profit or loss.  

The second step investigates several control approaches on ways how processes can be 
monitored (2a). The purpose is to obtain ways of measurement to judge whether a process 
contains weaknesses into the process.   

The third step investigates which process information is already realized with MagnaView 
and how it can be used to facilitate the ways of measurements of the control approaches. 
Furthermore, additional process information from literature will be consulted to obtain a 

Factors 
influencing DBC-

process 

Control 
approaches

Process 
information

Financial 
information Intended user

1 2b 3 4

2a Success factors

5
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broader set of process information. The purpose of this step is to obtain several ways how and 
which process information can be used to monitor a process (2b).  

The fourth step consults literature about finance and related financial data obtained from the 
hospital to indicate which financial information (3) can be realized. The purpose of this step is 
to provide a list of financial information which can be linked to the process information 
determined, to obtain financial control indicators.   

The fifth step is to determine who will be the intended user of the financial control indicators 
within the hospital to control the DBC-process (4).   

The sixth step is to determine the success factors (5) which are important for the evaluation if 
the developed indicators in the design phase are conform the requirements (relevance, 
usability, facilitate cooperation between medical specialist and financial experts, educational 
level).   

At last, the problem definition will be compared to the analysis of the situation to provide a 
picture of the relevant information which can be used for the modeling of financial control 
indicators.  

Design 
To handle the phase ‘Design’ of this project the methodology presented in figure 1.4 is 
followed. Next, the steps taken are elaborated into more detail.   

 
Fig. 1.4. Methodology of phase ‘Design’ 

The factors (1) influencing the financial result of a DBC-process, are measured with financial 
control indicators developed through the linkage of process information (2b) and financial 
information (3) investigated. This linkage result into a conceptual set of indicators (6) with the 
purpose of measuring the influencing factors.  

Firstly, a case-study (1.1) is performed by the researcher to implement the described 
conceptual set of indicators within MagnaView. The case study is performed on the basis of 
data attributes extracted; see paragraph 1.4.3, from the database of a hospital. The 
implementation is based on data from the year 2007 and 2008 of several list B DBC-codes 
and financial data obtained from DBC-code related activities. This case study is performed by 
the researcher to investigate, for each indicator the following aspects: 

Definition:   what is the indicator measuring  
Calculation:   how is the indicator measured  
Internal validation:  valid test measures whether it is measuring the indicator correctly    
Analysis:   the indicator is analyzed based on the decision criteria set 
External validation:  refers to the theoretic generalizability 
 

Develop financial 
control indicators

Case-study (1.1)
Implementation

Case-study (1.2)
Evaluation

1

2b

3

6

4

7 8

5

Plan of action
(intervention) 9
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The purpose of this implementation and investigation on the above mentioned aspects is to 
conclude which indicators can be measured, and under which conditions. The investigation 
will result into a set of financial control indicators, which will be discussed with a financial 
manager (4) of a hospital on completeness and sequence of analysis. Based on this discussion 
session the set of indicators will be adapted for the evaluation with financial experts and 
medical specialists (7).     
 
Secondly, the case-study (1.2) is extended with a discussion session with financial experts and 
medical specialist to evaluate the indicators (7) on success factors (5) set in the business 
system. During this discussion session a particular DBC-code is analyzed and the results are 
presented. The evaluation of the discussion session with financial experts and medical 
specialist may possibly result in the adaption of the indicators.   

The set of financial control indicators (8) can be used for the intervention phase to analyze 
DBC-codes. For this phase a ‘intervention plan’ (9) is described. The ‘intervention plan’ is in 
this context a document with describes the requirements and use of the developed indicators 
for a particular DBC-code into a structured way. An implementation plan describes the 
requirements and steps how the indicators can be applied into a hospital.  

Intervention and evaluation will not be considered within this research.  

1.4.2 Selection of DBC-codes hospital 
The DBC-codes investigated need to include data about standard prices of activities 
performed for patients. Otherwise the results of the method are not representing reality. Only 
DBC-codes which have standard prices available per activity are selected and investigated. 
Furthermore, per DBC-code different numbers of patients can be treated. The number of 
patients within a DBC-code has influence on the accuracy of the analysis; therefore, only 
DBC-codes are selected that contain at least 100 patients in total.  

The DBC-codes within the business case are selected from two different care programs or 
specialism’s supplied by the hospital. This choice is made to realize a better validation of the 
set of indicators. This resulted in the following set of DBC-codes, see table 1.1: 

DBC-codes: Description # 
patients 

List 
A/B 

3.11xxxxxxx xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxx 

xxx x 

3.11 xxxxxxx xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxx  

xxx x 

3.21 xxxxxxx xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxx 

xxxx x 

20.11 xxxxxxx xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxx 

xxxx x 

Table 1.1: DBC-codes       

1.4.3 Data collection 
For the business case data is extracted from the database of the hospital. This dataset contains 
attributes which are similar to other projects handled at MagnaView in healthcare. The data 
contains the following attributes, see table 1.2 (see Appendix D for description):  
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Attributes 
 DATUM_ACTIVITEIT id 

ACT_KPL_CODE_UITV ID_ACT 
DBC_BEDRAG_SPECIAL PAT_CODE 
DBC_BEDRAG_ZIEKENH PAT_DATUM_OVERLEDEN 
DBC_CODE PAT_GEBOORTE_DATUM 
DBC_DATUM_GEOPEND SPME_AANVRAGER 
DBC_DATUM_GESLOTEN SPME_UITVOERDER 
DBC_PRESTATIE_CODE VERRICHTING_OMSCHRIJVING 
ACT_VER_CODE KOSTENPLAATS 
Table 1.2: Data attributes 
 
The standard prices per activity are delivered separately by the hospital and integrated with 
the data attributes above (see Appendix E). Moreover, the data provided is checked on 
administrative outliers. Administrative outliers are in this context patients which contain the 
same activity on the same day multiple times (up till 30 times). These patients are removed 
from the dataset.     

1.5 Report outline 
The report is structured as follows: 

Chapter 2 provides an analysis of the DBC-system, this chapter provides understanding of the 
DBC-system and factors influencing the financial result of DBCs. Next, control approaches 
are investigated and discussed on ways of measurement. Furthermore, process information is 
linked to the ways of measurement and extended with process information from literature. 
Moreover, financial information is discussed considering the current literature and financial 
information obtained from the hospital. Lastly, the intended user and success factors are 
described.     

Chapter 3 provides a conceptual design of a set of indicators based on the information 
described in chapter 2. This set of indicators is implemented within MagnaView and 
investigated on aspects like definition, calculation, internal validation, analysis and external 
validation to realize a set of indicators which can be measured under certain conditions. This 
set is evaluated with a financial manager (head of the financial experts) on completeness and 
sequence of analysis.  

Chapter 4 deals with an analysis of one particular DBC-code and an evaluation, a discussion 
session with financial experts and medical specialists, of the set of indicators based on the 
success factors set.    

Chapter 5 concerns the description of the use of indicators into a structured way for the 
intervention phase.     

Finally a conclusion is given and recommendations are provided. 
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2 Analysis  
This chapter provides a literature review about the characteristics of the DBC-system; the 
content of a DBC, difference between list A and list B DBC-codes, agreements made between 
hospitals and health insurers about DBCs and related stakeholders. This review provides an 
insight into the DBC-process and characteristics of the DBC-system which influence the 
financial result. Next, different control approaches to monitor a process are searched in 
literature and evaluated on ways to measure a DBC-system. Furthermore, existing process 
information at MagnaView BV is linked to the ways of measurement and extended with 
literature. Next, financial information on the basis of the obtained financial data is evaluated 
and the intended user is provided. At last, the success factors are set to evaluate the developed 
indicators.          

2.1 DBC-system 

2.1.1 DBC (diagnose-treatment-combination)  
A DBC (diagnoses-treatment-combination) refers to the patient first visit to a policlinic until 
the final check-up. A DBC describe this process using four codes, namely: care-demand, care-
type, diagnosis and treatment. The codes are determined in the following way 
(www.dbconderhoud.nl):  

- Care-demand: the reason for asking care, think about addiction. 
- Care-type: the kind of care that will be needed, think about regular care or emergency 

ward. 
- Diagnosis: the diagnosis which will be most applicable in the first diagnosis.  
- Treatment: the treatment is based on the diagnosis and care-type.  

Take for example DBC-code 5.11..1701.223. This can be elaborated as follows, 5 refers to the 
specialism or orthopedics. Code 11 refers to the care type or regular care. Code 1701 refers to 
the diagnosis or hip arthritis. Code 223 refers to the treatment or operation with clinical 
episodes.    

Due to the number of opportunities per code, a lot of DBC possibilities are created. When a 
patient enters a hospital and a consult has taken place, a related DBC is started. If the 
diagnosis changes during the treatment this also has an impact on the DBC choice. When a 
diagnosis differs from the initial diagnosis another DBC is started and the initial DBC is 
declined. A DBC is only closed when a patient has finished the treatment and had his/her last 
check-up. In figure 2.1, the blue strip represents the activities which follow each other during 
a certain treatment, in the white strip the main processes are globally mentioned and the red 
strip contains the abbreviations which are related to the global main processes.     
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Fig.  2.1: DBC definition (www.dbconderhoud.nl) 

2.1.2 System of list A and B DBCs 
In the Dutch healthcare system there are two lists of DBCs, list A and list B. List A DBCs 
have a fixed tariff and set by the NZa and list B DBCs are freely negotiable between hospitals 
and health insurers.  

If an agreement for list B DBCs is completed between hospitals and health insurers, the 
agreement results in the norm for the next year. This norm consists of the factors: tariff, 
quality and volume. However, due to the possible difference in care-profiles between 
specialist (Kinderen & Langelaan, 2007), differences between specialists can occur. 
Therefore, an unexpected profit or loss could occur due to a not well considered tariff or a 
deviation between expected (generic care-profile) and actual operation.  In order to determine 
a deviation between specialists a generic care-profile (norm) needs to be available. Within 
hospitals a generic care-profile could for example be deduced from the average number of 
activities performed for patients for a particular DBC-code or the medical protocol. The 
protocol in this context is the activities that need to be undertaken to diagnose and treat a 
patient.    

2.1.3 Stakeholders  
Due to the DBC-system there are a number of stakeholders. These stakeholders are dependent 
on the DBC-system with their own goals which can be congruent with or contradict to other 
stakeholder goals. According to “DBC-Onderhoud” the organization who is responsible for 
the DBC-system are the following stakeholders of importance (www.dbconderhoud.nl): 

1) Government 
The government has introduced the system to stimulate the free market system in order to 
work more efficiently and increase quality in the Dutch healthcare.  

2) Health insurer 
The health insurer wants to offer health care against favorable costs with the highest quality 
for their clients, in this case possible patients.   

3) Hospital 
The hospital wants to manage its health care processes as efficient and good as possible in 
order to treat the patient against the lowest tariffs.  

4) Patient 
The patient likes to have clear information from health-insurers on the basis of offered quality 
and related costs in relation to each hospital in order to compare different health-insurances 
possibilities.  
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In the DBC-system, besides the abovementioned stakeholders, there is also an extra 
stakeholder involved according to Scheapkens (2004). He mentioned that the specialist is also 
an actor who is a stakeholder of the DBC-system.   
 

5) Specialist  
The specialists of a hospital create a care-profile for a particular DBC to treat a patient. 
Specialists get paid based on the amount of time required for a DBC. The amount of time 
required is related to the honorarium of the specialist which results in a compensation of a 
specialist for a particular patient.  
 
If these stakeholders are related to a particular DBC the following issue can occur. A hospital 
wants to manage its healthcare process as efficiently as possible to realize interesting tariffs 
for DBCs, however it is dependent on the knowledge and skills of medical specialists. 
Therefore, how well a care-profile is determined and a patient is treated will not only have a 
consequence for medical specialists (the determined time for a patient per DBC-code is 
exceeded by the real time). It also has consequences for hospitals that pay the treatment of a 
patient, despite the pre-determined care-profile. In conclusion, the hospital and medical 
specialist have an interrelated and common interest per patient that will be treated.    
 
The quality of a treatment is dependent on the knowledge and skills of a specialist. However, 
if the quality of a treatment exceeds the agreed quality and the associated costs are higher than 
determined, a hospital will eventually pay the receipt. Thus, the quality of a DBC can result in 
a contradiction of interests between specialists and hospitals. This dichotomy is also observed 
by Ballentine et al. (1998) at case studies in the U.K. and Sweden healthcare service, between 
clinicians who treated patients and senior administrative staff who establish financial 
contracts. 
 
Within the DBC-system there are several stakeholders, this project will concern the 
stakeholders; hospital, specialist and patient. The government and health-insurer are not taken 
into account because they set only the boundaries (DBC-system & agreements), but cannot 
effect the internal control of a healthcare process. The patient, however, is only a consumer, 
and has little effect on the control of these healthcare processes. Therefore, only the hospital 
and specialist are taken into account. 

2.1.4 Example of a DBC  
In appendix F a DBC is elaborated in activities for a particular patient. The sequence of 
activities can be different per patient even if the same diagnosis and treatment is determined. 
Therefore, it is possible that patient x needs 10 activities during the treatment, while patient y 
on the other hand only needs 5 activities. When the diagnosis is set, it is not always 
predictable how many activities are necessary to cure the patient; this will deliver variation 
between patients within DBCs. This variation is supported by an investigation of Riemers 
(2009). From the research to analyze healthcare processes it became clear that a lot of 
variation exists between patients. The DBC which was related to “Mammacare” reveals a 
process variation of 60% or in other words 60% of the patients have a unique sequential 
treatment pattern. McMahon et al. (1988) argue that variations between patients occur through 
generally two issues, patient health condition and physician practice. Mant (2001) 
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investigated differences between healthcare providers outcome and support these causes of 
variation on a higher level, namely, between providers.      

2.1.5 Evaluation DBC-system 
A DBC represents a treatment for a specific medical diagnosis. This combination is stored in 
codes, namely, DBC-codes. The hospitals and health insurers negotiate per list B DBC-code 
about compensation, quality and volume. For list A DBC-codes the NZa has established a 
fixed tariff. For both lists DBC-codes the fixed tariff or compensation amount can be seen as 
the norm for the coming year. However, there exists variation between patients due to the way 
of working of medical specialist or the health conditions of patients. But, this variation is not 
made explicit yet with financial information. Furthermore, there are also a couple of 
stakeholders involved in the DBC-system but for this project only the hospital and medical 
specialist are of importance. These stakeholders can have common and contradictory interests.  

The current DBC-system can become inconvenient due to several factors which can influence 
the profit or loss of DBC-codes or care program (set of DBC-codes). Factors which can 
influence the profit or loss are the agreements made per DBC-code, the variances between 
patients’ health conditions, the variances in physician practice and contradictory interests of 
stakeholders. If the influences of these factors stay unclear for the hospital it is hard to control 
and difficult to indicate demonstrable improvements of the DBC-process. This may 
eventually become a threat for a hospital’s financial result. 

These factors should be controlled, therefore, in the next section control approaches are 
discussed how the DBC-process can be monitored.                

2.2 Control approaches  
Control approaches will be used to monitor a DBC-process. To indicate the content of 
monitoring methods, first a definition of monitoring is predefined. Van der Bij & Vissers 
(1999) consider monitoring as portraying the current status of a clearly defined object system 
by measuring certain aspects. Monitoring can mean controlling or evaluating an object 
system. Herzlinger et al. (1973), defines a control management system as the thermostat of the 
organization. It measures actual performance, compares observed to that desired, and analyzes 
the causes of the discrepancies between the observed and desired performance. However, 
often in healthcare practice the requirements to control a system are not always fulfilled. This 
can lead to misinformation regarding measurements. The requirements which need to be 
fulfilled are (Van der Bij & Vissers, 1999): 

- Standards are available and unambiguous;  
- Outputs are measurable; 
- Effect of management interventions are known; 
- Activities within the object system are repetitive. 

The abovementioned factors need to be fulfilled to realize a control system. If not, it is 
possible to evaluate the object system in terms of an assessment of the current status of the 
system. So these factors can be seen as one of the input success factors of the indicators.    

Li et al. (1995) argue that the performance of hospitals can be evaluated on internal and 
external evaluations in two dimensions: cost/financial status performance and quality 
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performance. In the table below the performance measure taxonomy is elaborated with 
examples of measures.  

 Cost/financial performance Quality performance 
Internal measures - production efficiency 

- utilization 
- process quality  
- service quality 

External measures - financial status 
- market share 

- customer perceived 
quality 

- customer satisfaction  
Table 2.1: performance measure taxonomy (Li et al.,1995)  

Between the internal and external performance measures a close relation exists (Li et al., 
1995) and provides a total measurement of the performance of a hospital. However, this 
project focuses only on the internal performance measures of a hospital. Therefore, relations 
between the profit of DBC-codes and market share will not be considered in this project.     

2.2.1 Existing control approaches literature 
In the literature some general methods are discussed how healthcare processes can be 
monitored and controlled. Methods like Six Sigma (SS), process performance measurement 
systems (PPMS) and statistical process control (SCP) are elaborated. The reason for the focus 
only on these three general approaches is mainly based on the research of Kueng & Krahn 
(1999) that discusses several performance measurement systems on; objects measured, 
frequency and type of measures. PPMS and SCP both have as object processes, which is 
conform to the process perspective of the DBC-system, and are mainly focused on financial 
and non financial measures. Furthermore, the reason for choosing Six Sigma is due to the 
broad number of readings for the healthcare (Carrigan & Kujawa (2006), Sehwail et al. 
(2003), Peltokorpi et al. (2006)).       

2.2.1.1 Six Sigma (SS)  
The basics of Six Sigma (SS)  is to  improve the quality, financial and operational 
performance of process outputs by identifying and removing the causes of defects and 
variability in business processes (Carrigan & Kujawa, 2006). The Six Sigma approach is 
widely used within healthcare and many healthcare organizations have already benefited from 
the methodologies. Project methodologies can be followed in order to improve a process; a 
project methodology is the DMAIC approach (Peltokorpi et al., 2006). 
 
The DMAIC consists of the following five phases: design, measure, analyze, improve and 
control (Carrigan & Kujawa,  2006). 
Define, determine the goals and the current process 
Measure, establish key aspect of the process and collect relevant data 
Analyze, analyze the date to determine cause and effect relationships 
Improve, improve the process based on data analysis  
Control, ensure that the improvement do not deviate from the target 
 
DMAIC is a cyclical process, the last step - control lead to greater precision in defining 
measurement and analysis. This will result in a better refinement of process improvements 
and control.  
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The DMAIC differs little in relation to the BPM-lifecycle of figure 1.1, the sequential steps of 
both approaches are comparable. However, the BPM-lifecycle can be used to design or re-
design a process. The DMAIC methodology is mainly focused on an existing process to 
improve or re-design. Thus, in this project the DMAIC methodology can be used to facilitate 
the BPM-lifecycle phases control and diagnosis, except the steps improve and control of the 
DMAIC methodology.  
 
Healthcare processes are generally very complex due to human interaction and intervention. 
Moreover, human variability is difficult to detect and to quantify. DMAIC, however, can be 
used if healthcare processes provide measurable response variables (Carrigan & Kujawa,  
2006). Such variables are the service level, service cost, customer satisfaction, and clinical 
excellence. Service levels, concern the access to care, waiting times, bedsores (preventing 
decubitus ulcer). Service cost on the other hand concerns the cost of delivering a service as 
cost per unit. Customer satisfaction includes often the satisfaction with a service, the 
willingness to return or refer others for care. Clinical excellence can be related to the 
treatment pathway, e.g. the compliance with the guidelines. All these variables can be related 
to the internal performance measure taxonomy of Li et al. (1995).  

2.2.1.2 Process performance measurement system (PPMS) 
A process performance measurement system (PPMS) measures on the basis of processes to 
provide information continuously to the middle management and process actors (Kueng and 
Krahn, 1999). This method uses financial and non-financial data as well as quantitative and 
qualitative. The main functionalities of a PPMS are the following: 
- The system collects the current values (as-is) of individual, process specific performance 
indicators; 
- The system compares current values against target values (to-be values); 
- PPMS calculate ‘cause-effect’ relationships between the applied performance indicators; 
- The results are disseminated to the process actors. The information can be used by the actors 
to identify corrective actions which should lead to a higher level of process performance.   
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Fig.  2.2: Conceptual PPM system (Kueng & Krahn, 1999) 

 
Kueng and Krahn (1999) argue that in order to compose PPMS the following approach can be 
used, which is elaborated by the following steps: 

1) identifying the business goals; 
2) defining indicators for each process goal; 
3) broadening goals and indicators; 
4) ensuring acceptance; 
5) defining data source and target values; 
6) judging technical feasibility and economic efficiency; 
7) implementing the PPMS; 
8) using PPMS; 
9) Improving business processes and modifies the indicators continuously. 

 
PPMS facilitates, just as the DMAIC methodology, the BPM-lifecycle phases control and 
diagnosis. However, the last step of PPMS is facilitating the life-cycle only on temporary 
changes of individual cases or patients.      

2.2.1.3 Statistical process control (SPC) 
Statistical Process Control (SPC) is a section of statistics that combines time series analysis 
methods with graphical presentation of data, this often results in quick understanding of data 
to support decision makers (Benneyan et al., 2003). With the use of SPC it is possible to 
detect process changes and trends earlier. Riemers (2009) observed variances between 
patients with the same healthcare product. The use of SPC can, therefore, become helpful for 
indicating trends in the process.    

 
Researchers who developed the basic theory of statistical process control observed that 
repeated measures exhibit variation (Benneyan et al., 2003). Statistical Process Control theory 
uses the phrase “common cause variation” to refer to the natural variation and the phrase 
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“special cause variation” which refers to unnatural variation (Benneyan et al., 2003; Hamza, 
2009). Due to the fact that “special cause variation” can occur within a process which can 
result into none or little control of the process it become essential to detect and eliminated this 
variance. Control charts can often help to detect a “special cause variation”, and evaluating 
the effectiveness of a process if a change in the process is established. Special cause variation 
can be detected by constructing the control limits at +/- 3 standard deviation (SD) of the 
mean, however, traditional statistical techniques in the healthcare uses +/- 2 SD argued by 
(Benneyan et al., 2003). For a normal distribution approximately 95% of the values are 
situated within +/- 2SD of the mean.  
 
This method provides two general approaches for monitoring and controlling a process: 
1) If one strives to a certain level of performance, for example realizing the norm of a DBC, 

the SPC theory can monitor the DBC-process and detect “special cause variation” at 
patients.  Based on these special causes an introduction of change can be suggested. In 
figure 2.3 an example of this approach is presented. The red circled dots are “special cause 
variation” because they are outside the control limits and these needs to be prevented in the 
future. An investigation needs to reveal some points of improvement to reach a process in 
control.      

 
Fig.  2.3: Example of a SPC chart which detects outliers 

To identify “special cause variation” within a process, Carey (2003) suggest several run charts 
tests for such variation. A run is defined as one or more data points observed in a time 
sequence.   
 
Test #1: the presence of a shift in a process 

A special cause exists if a run contains too many data points on the same side of the 
median. If a run chart consists 20 data points and a run with eight points in a row can 
be indicated as long, and reveals a possible shift in the process. 

Test #2: the presence of a trend  
A trend is defined as an unusual long series of successive increases or decreases in the 
data. It is difficult to imply a trend; however, a trend usually should have at least six or 
seven data points.    
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The presence of a shift or trend within the data on the basis of the rules of thumbs described, 
needs to be used with caution. To avoid misinterpretation the following aspects needs to be 
kept in mind: 1) look at data for a long enough period in time, so that a "usual" range of 
variation is evident. 2) Is the recent data within the usual range of variation?  
 
2) If a change is introduced into a process to achieve a certain level of performance the SPC 

theory can monitor the process whether this level will be reached. If a process is under 
control, statistical limits can be established and data can be tested whether it deviates from 
the predictions. Through the use of this method statistical evidence for a change can be 
provided. In the picture below such a situation is presented.  

 Fig.  2.4: Example of a SPC chart which provides evidence for a change              
 
In both approaches the control charts can be used as a simple monitoring support to provide 
insights if the improvement or a designed process is in control over time. Note, variability 
within limits is only predictable if the data come from a stable common cause process and a 
distribution can determined.    

2.2.2 Evaluation control approaches  
To evaluate the control approaches, the similarities and discrepancies are investigated (see 
Appendix G). The main finding is that all three control approaches concern the reduction of 
the variability within the process in order to improve the process. In order to reduce 
variability, variation within the process needs to be detected. To detect variation within a 
process the control approaches uses several ways of measurements. These several 
measurements can be used into a complementary way to realize a total measurement. 
Therefore, the following measurements will be concerned within this project, namely: 

- Trends; 
- Shifts; 
- Outliers; 
- Cause and effect relationships.  

The next step of the literature review is to investigate how these measurements can be realized 
with process information.  
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2.3 Process Information 
Information about a healthcare process is essential to indicate how a process is performing. 
This section investigates a recently developed method of Riemers (2009) within MagnaView, 
to analyze healthcare processes, how well obtained information can be related to the kind of 
measurements (outliers, trends, shifts, cause-effect relationships) of the control approaches. In 
addition, other process information within the literature is considered.      

MagnaView 
MagnaView is a tool which structures data with a treemap visualization algorithm. A treemap 
is “a visualization technique in which hierarchical information is displayed within nested 
rectangles, with each level of nesting corresponding to a level of hierarchical 
decomposition”1.   
 
With the tool MagnaView data analysis and data visualization can be performed. The users of 
such a tool could be an analyst in the form of a consultant or an end user who checks the 
status of operations. By visualizing process data it is easy to present the relevant aspects of the 
process on the aggregated or detailed level. The tool uses many shapes and colors and 
facilitates easy comparison or interactions between data attributes.      
 
Recently an investigation was held by Riemers (2009) to analyze healthcare process with the 
help of process mining (ProM) and visual analytics (MagnaView). Process mining is 
extraction of knowledge from an event log to discover the behavior of a process according to 
van der Aalst et al. (2007).  The developed method to analyze healthcare processes resulted in 
a combination of both disciplines in the form of process views within MagnaView.  The 
combination contains the basics of process mining visualized by MagnaView. The basics of 
process mining which are realized in MagnaView are: 1st activity, last activity, causal 
relations, and state transitions. Through this method a healthcare process could be visualized 
for medical specialists and managers, which was understandable, and even realized a 
rethinking of their developed healthcare process.   
 
The method to analyze a healthcare process within MagnaView consists of the following 
analysis views, only the preliminary analysis is presented: 

1. All activities  
2. First activities 
3. Final activities 
4. Patterns (sequential) 
5. Patterns (grouped) 
6. Process mining results 
7. Centered activity with patterns (sequential) 
8. Centered activity with patterns (grouped) 
9. Centered activity with causal relations (1 step) 
10.  Centered activity with causal relations (3 step) 
11. Key Performance Indicators 

 

                                                             
1 http://ei.cs.vt.edu/~cs5714/glossary.html 
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This method performed by MagnaView represents all the activities performed for a set of 
patients, but it can also represent a single patient. For a particular patient all the activities 
sequential or grouped, which are performed to cure the patient, can be visualized.      
 
Similarities between method Riemers (2009) and control approaches 

Within the method of Riemers (2009) a couple of steps are related to measurements of 
variation of the control approaches described.  
 
- The use of patterns to indicate variation between the treatments of patients in step 4 is 

investigated by Riemers (2009), see fig 2.5. The y-axis represents the patients, x-axis 
represents the activities per patient, and every dot is an activity per patient. The presented 
DBC-code contains 683 patients and 682 different patterns are observed, this means that 
almost every patient has followed a different sequential treatment process. Furthermore, 
besides the sequence, also variation in the number and kind (different colors, every color 
represents an activity) of activities exists. This variation per DBC-code on the patient 
level, sorted on time, can be used in order to measure trends, shifts and outliers within the 
DBC-process.   

 
Fig.  2.5: Variation between patients for a particular DBC-code 

 

- Causal relations or the relationship between an event (the cause) and a second event (the 
effect), are also important in the control approaches and investigated by Riemers (2009) 
for healthcare processes; at step 9 and 10. The first activity of a treatment process is 
investigated by Riemers (2009), the results indicate that there is a lot of variance between 
patients’ first activity, see fig 2.6. This figure can be interpreted as follows; the size of the 
squares or rectangles depends on the number of patients. Thus, the square ‘eerste 
polikliniekbezoek’ is for approximately 60% of the patients the first activity. This 
indicates that patients follow different treatment paths from the beginning. However, the 
start of a treatment could lead to different outcomes. Therefore, it is of importance to 
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check the causal relation of the start of a treatment, and determine the result of this 
causality on outcome measures of the DBC-process.      

  
Fig.  2.6: First activities for a particular DBC-code 

- Relations between two activities are also investigated by Riemers (2009), at step 7. With 
this analysis it is possible to centre an activity and check which activities are performed 
before or after this activity. This analysis reveals that activity X is performed for a certain 
percentage before the centered activity Y. The effect of performing activity X or not on 
activity Y is not clear. Therefore, it is of importance to check the relation between 
activities on outcome measures.  
 

- Patterns of an individual patient are facilitated by the method of Riemers (2009) and 
suggested by McMahon et al. (1988) if patients are defined as outlier or inlier. Such a 
pattern of an individual patient is elaborated in figure 2.7.  Every colored square indicates 
an activity, sorted on the date executed. The different colors represent different treatment 
groups such as nursing days, operations, treatments. Patients differ in their treatment (see 
figure 2.5), therefore the aggregation of activities per treatment group could indicate 
difference per patient on an aggregated level. Thus, it is of importance to check whether 
differences occur between patients or a set of patients on the treatment group level 
(importance of treatment groups is discussed during preliminary meeting Appendix C).      

 

Fig.  2.7: Activities for an individual patient for a certain treatment 
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- Another factor of importance which is included in the method of Riemers (2009) at step 5 
and suggested by Berler et al. (2005), is the occurrences of activities per patient for a 
particular DBC-code. This factor is also supported by Van der Bij and Vissers (1999) who 
state that resource utilization or use of resources is an important process indicator to 
measure production control.  

 
Additional process factors 
Van der Bij and Vissers (1999) built a framework of performance indicators for healthcare, on 
the basis of literature and several case studies. For the aspect control of production this 
framework suggests several important process indicators; access time, throughput time and 
resource utilization (mentioned above). 

Throughput time: a period of time a patient passes through the hospital process, in the case of 
DBCs the first visit to a policlinic till the final check-up.  

Access time: time between making the appointment and the visit in the hospital. However, 
access time can also refer to the time between a final diagnosis set and the start of a treatment.    

The research of Wensing et al. (2001) concluded that age is a predictor of poorer functional 
health status. Functional health status is in this context the perceived symptoms and diseases. 
Age could therefore influence the health conditions of patients, so this factor is of importance.   

Evaluation 
The method of Riemers (2009) provides information for the measurements to monitor a 
process. The measurement of variance on the patient level can facilitate information to 
indicate outliers, trends or shifts within the process on the individual and aggregate level. 
Furthermore, the method provides information for causal relations between activities and the 
occurrence of activities. In addition Van der Bij and Vissers (1999) suggests that process 
indicators such as access time and throughput time and resource utilization or the occurrences 
of activities are important factors to check production control. This results into the following 
list of process information which can be linked with financial information to measure the 
factors influencing the financial result of a DBC-code. 
 
Process information 
Variances of patients (outlier) 
Variances of patients (shifts) 
Variances of patients (trends) 
Causal relation between activities 
Occurrences of activities per patient 
Access and throughput time  
Age 
Treatment groups 
Table 2.2: Process information 

This section has provided information about process information which can be used for the 
measurements of the control approaches. The next step is to investigate which financial 
information is available in the literature and can be linked with the process information just 
described.  
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2.4 Financial Information 
When financial information such as cost prices per activity is used to calculate the total cost to 
treat a patient, the allocation method is of importance. However, a lot of companies, including 
hospitals, use a post calculated method to determine the costs of an activity or treatment 
(Asselman, 2008). Post calculated methods determine the costs of activities on the basis of the 
actual usage of activities in the past. Therefore, in this case for every activity a standard price 
is calculated, which is also the issue in this project. Figure 2.8 shows the difference in result 
when a standard price or actual cost price per activity will be used on the variance in total cost 
price. 

 
Fig. 2.8: Variance analysis between actual cost price or standard price (Seal et al., 2006)  

When standard prices are used it is not possible to calculate the actual total costs of a 
treatment. Therefore, when standard prices are used, only the quantity variance between the 
norm (generic care-profile) and actual quantity of activities performed can be calculated. This 
means that a variance between the norm and standard total costs of a treatment for a patient is 
only an indication about the actual variance. Hence, the calculation of a profit or loss of 
treatments refers to the quantity variance and does not represent the reality completely, but 
provides an indication.  

Hospitals, receive for every patient treated for a particular DBC-code a tariff. This tariff can 
differ from the total standard cost price of a norm (generic care-profile) determined. Thus, if 
the total standard cost of a patient treated is deducted from the tariff, the standard sales margin 
is obtained. This margin will refer to the financial standard result of a DBC-code per patient. 
Note, the financial standard result is calculated on the basis of standard prices per activity and, 
therefore, provides an indication of profit or loss of DBC-codes. 

Li et al. (1995) argue that performance measurement of hospitals can be measured on two 
dimensions: cost and quality. The costs can be represented by measuring the production 
efficiency, such as the total cost per case. The quality can be measured by the process and 
service quality. However, a link can exist between these two dimensions due to a 
contradiction of interests between stakeholders, such as the hospital and medical specialists. 
Li et al. (1995) argue that relationship between internal measures such as cost and quality will 
enhance the view of the performance of a healthcare organization. 

Total variance

Quantity variance,
€5,600

Price variance,
€1,350

Actual quantity of 
input, at actual 

price.
5,400(act.) x 

€13.75 per act.
€74,250  

Actual quantity of 
input, at standard 

price.
5,400(act.) x 

€14.00 per act.
€75,600  

Standard quantity 
allowed for output, 
at standard price.

5,000(act.) x 
€14.00 per act.

€70,000  
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Therefore a cost-effectiveness analysis (CEA) can be used to indicate this relation. CEA is an 
economic evaluation to determine the best use of money for medical care. This indicator 
compares the cost and effectiveness of a treatment to a relevant alternative treatment (Willan 
et al., 1996). The effectiveness of a treatment depends on the quality agreements made per 
DBC-code.  

The DBC-system can have financial consequences for medical specialists when a patient for a 
DBC-code is treated more time intensive than expected, see section 1.1.3. Therefore, the 
economic consequence on the physician practice is of importance. Eisenberg (1997) argues 
that three principal theories exist on how physician practice is influenced by economics.  

- Profit maximization model: this theory argues that physicians are just like other business 
people, they try to maximize their profit within the boundaries of market acceptance.    

- Target income hypothesis: physicians know what they want to earn, so if the honorarium 
drops, they respond by increasing their volume. 

- Patient agency model: doctors are insensitive to the price that is paid for their services, 
what really matters to them are that they serve as the patients' agents.  

Eisenberg (1997) argues that none of the three theories adequately explain the behavior of 
economic evaluation on physician practice, but always trade-offs needs to be made by 
physicians. Therefore all the three models have an essence of truth. Due to a certain influence 
of economic evaluation on physician practice and the existing financial consequences for 
medical specialist in the DBC-system, it becomes an important factor to measure.   

Evaluation 

From literature and obtained financial data it becomes clear that this project deals with 
standard prices and, therefore, only the quantity variance can be calculated between the norm 
and actual treatment. Furthermore, due to a difference between the tariff and standard total 
costs of the predetermined care-profile a second notion of profit or loss is introduced. The 
difference between the standard costs of a patient and the tariff reimbursed result into the 
financial standard result. Furthermore, it is interesting to investigate the cost-effectiveness 
analysis on different quality arrangements.    

Financial information 
Standard price per activity 
Profitability (quantity variance) 
Profitability (financial standard result) 
Cost-effectiveness analysis 
Financial difference medical specialist 
Table 2.3: Financial information 

Until now, the use of process information to monitor a process is described and which 
financial information is available. However, the question remains who will use the 
information within the hospital? Therefore, in the next section the intended user will be 
discussed.    
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2.5 Organizational levels within a hospital  
In order to handle an information system within a hospital Winter et al. (2001) distinguish a 
strategic, tactical and an operational information management system. Every organizational 
level needs to make its own decisions and this requires different kinds of information. 
Moreover, the different organizational levels influence each other’s operations. For example, 
a medical specialist on the operational level influences the financial results of a department 
due to a choice made concerning a particular treatment. Therefore, different kind of 
information is required per organizational level and information that supports the 
communication between the organizational levels.     
 
Hence it is important to investigate who the intended user of the set of indicators to monitor 
the financial control will be. Within the hospital the intended user is the financial expert, who 
uses the financial control information to control the process. Furthermore it can be used as a 
communication platform between the financial control department and medical specialists to 
discuss the performance of the operations (treatment process) compared with the target 
(agreements and generic care-profile).   
 

2.6 Success factors  
The success of the financial control indicators depends on some conditions. In section 2.2 
some input conditions are discussed. However, there are also some output conditions or 
success factors. In this section the success factors of the indicators are discussed which will be 
used during the discussion session at the hospital (chapter 4).    

Practical relevance of information 
In a research by Hoffmann et al. (2000) who investigated the influence of economic studies 
on healthcare decision making in several European countries, some factors to make such a 
decision become important. The study reveals that more explanation of the practical 
relevance of results will support decision makers in healthcare. Thus, when the indicators are 
supporting and improving the current analysis of DBC-codes the indicators can be stipulated 
as relevant.  
 
Conform educational level of users 
The research of Hoffmann et al. (2000) argue that training in economic evaluation and health 
economics is a factor which stimulates the influence of economic studies in making healthcare 
decisions. Therefore, the indicators must be understandable for financial experts’ as well as 
for medical specialists. When the medical specialists and financial experts understand the 
indicators, it can be concluded that the indicators are conform educational level. For the 
understanding of the indicators, the terms in Appendix A and the visualization of the 
indicators within MagnaView must be clear.      
 
User experience 
The usability of the information system such as time to reach a data entry point, speed of 
information retrieval, quality of information retrieval is of importance argued by Berler et al., 
(2005). When, the analysis of DBC-codes with the indicators can be realized within an 
amount of time comparable or faster than a similar other analysis, the indicators have a high 
user experience.    
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Facilitate cooperation between medical specialist and financial experts  
Medical specialist and financial experts are dependent on each other’s knowledge about 
finance and treatment, in order to analyze and improve the DBC-process. Without knowledge 
from both sides a well balanced action can hardly be indicated. Furthermore, a research on the 
relative impact of hospital administrators’ decisions on the hospital service costs in a hospital 
in US showed that administrators have limited power to influence clinical cost decisions. 
Therefore, physicians should be involved in the cost containment process to achieve 
efficiency and effectiveness objectives suggested by Li et al. (1995). In conclusion, the 
indicators should facilitate cooperation between medical specialist and financial experts. 
Cooperation is in this context the dialogue between medical specialist and financial experts 
about the analysis presented.    
 
Detail of cost allocation 
Pizzini (2006) examine in a study the relations among; the cost-system functionality, 
managers’ beliefs about the relevance and usefulness of cost data, and actual financial 
performance in US hospitals. The study concludes, when the managers’ belief of cost details 
are greater the relevance and usefulness of data become bigger, moreover, hospitals with 
greater cost details are significantly more profitable. Thus, the allocation of costs per activity 
or processes can determine the effectiveness of the analysis. This project does not concern the 
determination of standard prices per activity, therefore, the impact of using standard prices 
instead of actual prices is not investigated. However, due to the importance of this factor a 
certain impact by using standard prices will be made public at the beginning of the discussion 
session.     

2.7 Diagnosis 
The analysis of the DBC system reveals several factors that can influence the way of working 
of the hospital and its related financial result. When the underlying process of these factors 
such as agreements per DBC-code, variances between patients’ health conditions, variances in 
physician practice and contradictory interests of stakeholders stay unclear it can become a 
threat for the hospital’s financial result. Therefore, the underlying process or cause of these 
factors needs to be analyzed. 

MagnaView BV, on the other hand, has recently successfully implemented a method based on 
visual analytics and process mining to provide medical specialists, with the help of process 
views, insight into their underlying processes. Furthermore, an analysis reveals that the steps 
within this method facilitate ways of measuring the described control approaches. Moreover, 
an investigation among employees which realize functionalities within MagnaView it is 
possible that for every activity of a certain treatment a standard price can be linked. Hence, 
process information and financial information can be visualized combined within 
MagnaView. Therefore, with its experience within the healthcare sector and applied tool for 
this sector, MagnaView can provide insights into the process and possible threat for hospitals.     
 
In the next chapter the financial control indicators will be developed based on the process – 
and the financial information described and implemented within MagnaView.   
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3 Design   
This chapter concerns the design of the financial control indicators based on the described 
process information and financial information to measure the factors influencing the financial 
result of a DBC-code. The conceptual set of indicators are implemented in MagnaView and 
investigated on definition, calculation, internal validation, analysis and external validation. 
This investigation provides a set of indicators which can be measured under certain 
conditions. This set of indicators is discussed with a financial manager on completeness and 
sequence of analysis. The purpose of this chapter is to provide a set of indicators, which can 
analyze a DBC-code, and can be used in a discussion session with medical specialist and 
financial experts for evaluation.  

3.1 Characteristics of the DBC-system 
Section 2.1.5 described factors which can influence the financial result of DBC-codes, these 
factors can cause a threat for the hospital’s financial result. Therefore, the determined 
financial control information in the next section needs to reveal the influence of the following 
factors: 

1) Agreements made per DBC-code; 
2) Variances between patients’ health condition and physician practice; 
3) Contradictory interests of stakeholders. 

3.2 Financial Control Indicators 
Information is required about the DBC-process to specify the influence of the considered 
factors. Performance indicators are the key elements to generate this information; a 
performance indicator measures the performance or an aspect of the performance. Thus, 
indicators can be set on the DBC-code (set of patients) - , patient - or activity level. 

The combination of process information with financial information will result into financial 
control indicators to measure the influencing factors of the DBC-system. The intention of the 
financial control indicators is to support the communication between the financial expert and 
the medical specialist to control the underlying process of a DBC-code. The following process 
and financial information are discussed, see section 2.3 and 2.4.  

Process information Financial information 
Variances of patients (outlier) Standard price per activity 
Variances of patients (shifts) Profitability (quantity variance) 
Variances of patients (trends) Profitability (financial standard result) 
Causal relation between activities Cost-effectiveness analysis 
Occurrences of activities per patient Financial difference medical specialist 
Throughput and access time   
Age   
Treatment groups  
Table 3.1: Process information and financial information 

In order to combine information the following approach is used:  
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Fig.  3.1: Linkage approach of process and financial information 

Step 1: what needs to be measured per factor? 

Step 2: which process information is relevant to measure? 

Step 3: which financial information is relevant to measure? 

Step 4: which financial information can be linked to the relevant process information to 
realize an indicator to measure the factor? (Resulting in the indicators, for example ‘1A’) 

The approach of figure 3.1 is performed for every single factor described.  

Note, the quality agreements between hospitals and health insurer can indicate a DBC-code 
specific indicator. First, financial control indicators are discussed for the factors influencing 
the DBC-system on the general level and second on the DBC-code specific level. 

3.2.1 General financial control indicators  
For every factor that influences the financial result of a hospital the relevant process and 
financial information is given, based on the approach of figure 3.1. This set of information 
provides the basis for establishing the indicators.  

1) Agreements made per DBC-code 

Step 1: The agreements made per DBC-code can influence the financial result of a DBC-code. 
For this factor only the tariff is of importance, because the arranged quality is DBC-code 
specific and will be discussed in paragraph 3.2.2.  

Step 2: To measure the influence of the tariff, process information ‘occurrence of activities 
per patients’ is relevant, because the information provides the actual activities performed for a 
particular DBC-code.        

Step 3: The standard total costs can be realized through the linkage of the standard price per 
activity with the actual activities performed. The standard total costs per DBC-code is 
relevant, because this can be compared to the agreements (tariff) determined. 

Step 4: 

1A) Financial standard result per DBC-code (group of process instances): by multiplying 
all the actual activities performed for a DBC-code with the related standard prices the total 
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standard cost of a DBC-code is calculated. By multiplying all the patients (process instances) 
with the tariff reimbursed the total revenue for a DBC-code is realized. The difference 
between costs and revenues will result into a financial standard result of a DBC-code. The 
comparison of financial standard result with the agreement (tariff) for a DBC-code made 
reveals the influence of agreement (tariff) on the financial standard result.  

2) Variances between patients’ health conditions and physician practice 

Step 1: the variances between patients and physician practice can influence the financial result 
of a DBC-code. In order to indicate variance between patients or physician, variation needs to 
be detected first.  

Step 2: The detection of variability within a process can be based on outliers, trends, shifts 
and causal relation between activities (see section 2.3). However, other process information 
such as throughput time, occurrence of activities, treatment groups and age, can provide 
specific information about variations between patients or physician practice. 

Step 3: The process information can be combined with the standard price per activity, in order 
to calculate the standard total cost of patients or financial standard result or the quantity 
variance to investigate variation in financial terms.     

Step 4: 

2A) Financial trends on the patient level per DBC-code: monitoring trends on the basis of 
standard total costs per patient. Trends could occur due to variation between patients (see 
figure 2.5) and indicate that patient health conditions or physician practice is different than 
before. Therefore the measuring of trends on the patient level is an important factor to 
measure. A trend is observed if a set of patients have an unusual successive decrease or 
increase in total costs of patients for a period of time. Carey (2003), suggests a run length of 
at least six or seven cases or patients to indicate a trend.  

2B) Financial shifts on the patient level per DBC-code: a shift can be observed when a set of 
patients for a period of time are below or above a certain target. Carey (2003) defines a shift 
when 8 data points are in a row on the same side of the median. A shift could for example 
indicate that a new treatment technique is used that results in a decrease or increase of the 
total standard total costs per patient. Note, trends and shifts could also be related to each 
other, or measuring the same special cause variation. This situation can occur, when for 
example a trend is observed which start above or below the median with 8 successive increase 
or decreases in a row. When this situation takes place both a trend and a shift is observed.  

2C) Financial outliers on the patient level per DBC-code: by calculating an upper (+ 2 SD) 
and lower(- 2 SD) limit to the mean of a DBC-code, according traditional statistical 
techniques (Benneyan et al. 2003), common variance and special cause variance can be 
indicated. Special cause variance can be determined when the patients are above or below the 
limits. The financial experts and medical specialists can use this information to indicate if the 
variance has occurred due to physician practice or patient health condition. This discussion 
needs to be done on the individual level as suggested by McMahon et al. (1988).       
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2D) Causal relation of the first 3 activities on the financial standard result per DBC-code: 
the causality between activities performed on the financial standard result. At the first activity 
performed for a treatment a lot of variances exist (Riemers, 2009). Therefore, it is important 
to investigate the financial standard result of the first 3 causal activities to determine whether 
certain sequences of activities result into a higher or lower financial standard result. The 
reason for choosing only the first 3 activities is due to the fact that otherwise too many 
different combinations are created and it becomes too difficult to group patients. In order to 
conclude whether a combination indeed results into an average higher or low financial 
standard result, an independent T-test can be conducted. An independent T-test is used in 
situations where two experimental conditions are present with different participant to check 
whether the mean (financial standard result) of the two groups significantly differ from one 
another when a normal distribution can be assumed (Field, 2005). When the normal 
distribution may not be assumed a non parametric test can be used, a U-test, to check if indeed 
a significant difference between groups exists (Field, 2005).  

2E) Relation between 2 activities on the financial standard result per DBC-code: from the 
research of Riemers (2009) it becomes clear that a lot of variance exists between causal 
activities before a centered activity. Before a certain activity Y, an activity X is either 
executed or not. However, the effect of this combination of activities may or may not 
influence the financial standard result. Therefore, this relation is important to investigate. To 
conclude, whether a combination of activities results into a higher or lower financial standard 
result an independent T-test or U-test can be conducted. 

2F) Groups of patients based on financial outliers per DBC-code: figure 2.5 indicates that 
variation exists in the number and kind of activities per patient within the same DBC-code. 
However, what are the differences between patients with just some activities and patients with 
a lot of activities. Therefore, it is of importance to check the difference between groups of 
patients on certain process aspects. Groups of patients are determined by defining an upper (+ 
1 SD) and lower limit (-1 SD) to the mean of a DBC-code. Thus, patients are grouped based 
on standard total cost (above upper, between upper and mean, between mean and lower, 
below lower limit), and investigated per group discrepancies between throughput time, 
treatment groups (diagnosis, operation, treatment), age, etc. The reason for choosing 1 SD 
instead of 2 SD is because of the number of patients per group. When patients are grouped on 
the basis of 2 SD, two groups, which are below and above the limits, contain only 2,5% of the 
patients assuming a normal distribution. The use of 1 SD provides groups that are below and 
above the limits of approximately 16%, the size of the groups are more equal and better 
comparable. 

2G) Specific key activities: DBC-codes can have specific activities due to the unique 
Diagnosis-Treatment combination. Activities can be investigated on the occurrences of 
activities within a DBC-code and the standard price per activity to calculate the relative 
impact of an activity on the average total cost of a treatment. This information provides 
financial experts and medical specialist insight into activities that for a large extent determine 
the cost of a treatment per patient. Moreover, due to the variance in patient health condition 
and physician practice the occurrence of particular activities among patients may differs 
considerably. Therefore, financial variance between patients can occur due to a single activity. 
Thus, specific key activities can be determined on the combination of these 2 measures; the 
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relative impact of an activity on the total costs of a treatment and the distribution of an 
activity among patients.  

First, the measurement ‘Relative impact of an activity on the total cost of a treatment’, 
determines per activity for a certain DBC-code the average standard costs per patient (see 
figure 3.2). When an activity has a high contribution to the average costs, this activity can be 
selected as a potential key activity. Allocation of activities to a high or low contribution is 
based on the Pareto-principle or 20-80 rule-of-thumbs (Carey et al. 1995). This principle 
indicates that 80% of the average total costs are caused by 20% of the activities. Therefore, 
the activities, which contain up till 80% of the total costs, are indicated as high.       

 

 

Fig.  3.2: Relative impact of an activity on the total cost of a treatment 

The list of potential key activities is checked on the distribution of an activity among patients. 
This second measurement is presented in figure 3.3. This figure indicates that some patients 
do not have this particular activity, in contrast to patients who have had this activity between 
2 and 71 times. This distribution is checked on spread, according to Pedigo et al.  (1994) the 
variance-to-mean ratio can be used. Pedigo et al. (1994) argue that fitting a distribution is in 
many instances not necessary to calculate a dispersion index. Note, when the variance equals 
the mean the patients are randomly distributed. 

> 1 Aggregated 

VMR =  
µ

   = 1 Random        (1) 

  < 1 Regular  
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The meaning of ‘aggregated’ according to Pedigo et al. (1994) is that some degree of 
clumbing occurs. Clumbing means that groups of patients exist, with a high occurrence or a 
low occurrence of this particular activity. When the VMR results into a value higher than 1, 
the variance between patients can be stipulated as high. Values lower than 1 indicates that 
patients do not vary much from one another and can be stipulated as low. In figure 3.3 the 
VMR of this activity for example resulted in a value of approximately 4, this can be indicated 
as high.      

 

Fig.  3.3: Distribution of an activity among patients 

For every potential key activity a financial impact and variance is determined. When the 
financial impact and variance is high, the activity can cause a lot of variance in the total costs 
between patients. However, an activity can also have a high financial impact but a low 
variance in occurrence or a low financial impact but a high variation. Therefore a decision 
quadrant is developed to support the decision of key activities for a DBC-code. 

    

Fig.  3.4: decision quadrant key activities 
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When an activity is assigned within the green block it can be seen as a key activity that can 
cause a lot of variation between patient costs. When an activity is assigned to one of the two 
yellow blocks it could be a possible key activity. Therefore, extra information is required to 
judge whether it can be set as a key activity. To complement the analysis, additional 
information from medical specialists can be included.  

The relation between the key activities selected and the total costs of patients needs to be 
checked. The total costs of patients are used because this represents the total treatment, and 
therefore, a possible effect of a single activity on the total treatment process is considered. To 
determine a possible relation, scatter plots are effective. Scatter plots visualize the relation 
between two random variables. In order to measure the association between these variables, 
the Pearson correlation coefficient can be used (Zou et al., 2003). It measures the linear 
relation between two random variables on the basis of the sample means of the data. The 
Pearson correlation coefficient can be calculated as follows for two random variables 
(Montgomery et al., 2006), for this indicator Xi = number occurrence of an activity per 
patient, EX = average number of occurrence of an activity per DBC-code, Yi = total standard 
cost per patient and EY = average total standard cost per DBC-code: 

 

COV(x,y) = E[(Xi – EX)(Yi – EY)]       (2) 

ρ(x,y) =  ( , )
√[ ( )∗ ( )]

          (3) 

s(x) = E[(Xi –  EX) ]           (4) 

 

The outcomes of the correlation coefficient can be interpreted in the following way (Zou et 
al., 2003), see table 3.2.  

Correlation 
Coefficient Value 

Direction and Strength of 
Correlation 

-1 Perfectly negative 
-0,8 Strongly negative 
-0,5 Moderately negative 
-0,2 Weakly negative 

0 No association 
0,2 Weakly positive 
0,5 Moderately positive 
0,8 Strongly positive 

1 Perfectly positive 
Table 3.2: interpretation of correlation coefficient (Zou et al., 2003) 

Note, conclusions based on the correlation coefficient need/must be used with caution. For 
example, widely used in the 20th century, the relation between the number of antennas on the 
roof of houses and the number of people with cancer. There is a correlation between these 
variables, but no theory has ever proven this relation.     
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2H) Quantity variance per activity: a care-profile contains a set of activities with a 
determined expected number of occurrences per patient. The care-profile could be deducted 
from either the protocol or the average number of activities performed for patients for a 
particular DBC-code in the previous year. The choice is made to deduct the care-profile from 
the average number of activities performed, because the protocol reveals too much variation 
and it is not specified for specific DBC-codes. Due to changes in health conditions of patients 
or in physician practice, differences can occur between the expected number and actual 
number of occurrence of a particular activity. By multiplying this difference with the standard 
price and number of patients, a quantity variance on the activity level can be calculated. A 
positive quantity variance indicates that the activity is executed more often than planned. 
Therefore, activities that strongly deviate from the care-profile (a high positive as well as a 
negative quantity variance) can be identified as important activities that can cause a possible 
change.  

3) Contradictory interests of stakeholders 

Step 1: the contradiction between stakeholders (hospital and medical specialist) occurs when 
medical specialist deviates from the agreements (generic care-profile and honorarium) made.    

Step 2: in order to determine a deviation from the agreements made, the number of activities 
per patient performed by medical specialists must be known.   

Step 3: the financial information ‘financial difference between specialists’ is important.  

Step 4: 

3A) Financial difference between medical specialists per DBC-code: by comparing the 
expected time per DBC-code/patient with the realized time (time per activity) in relation to 
the honorarium, an economic difference can be determined. This evaluation provides an 
insight into the handling of medical specialist and has an impact on the practice argued by 
Eisenberg (1997). However, it is not clear what impact it will have, however, it creates 
awareness of handling. 

3B) Difference in occurrences of activities between medical specialists per DBC-code: due 
to possible variances between medical specialists and its possible impact on the financial 
variances of patients, the occurrence of activities in relation to the care-profile per medical 
specialists is important to investigate.  

Note, these financial control indicators can be used for every DBC-code. However, there also 
exist DBC-code specific indicators; key indicators that are only important for a certain DBC-
code. The determination of such key indicators is discussed in the next section.  

3.2.2 Specific key indicators 
Specific key indicators can be derived from the quality arrangements made between hospitals 
and health insurers (see appendix H). Based on these quality arrangements it is of importance 
to investigate the relation with the standard total cost of patients, or a cost-effective analysis. 
For example, see Appendix H, 90% of the patients need to receive a diagnosis result within 5 
days. Thus, what is the effect of receiving a diagnosis result within a certain amount of time 
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on the total standard costs of patients? Moreover, the kind of quality factor depends on the 
specialism of the DBC-code.   

The indicators give only a direction for possible improvements, however, do not provide the 
solution for the influencing factors. Therefore, medical specialists and financial experts can 
only use these indicators to monitor and analyze the DBC-process and come up with possible 
improvements or find support for an improvement decision.  

3.3 Implementation financial control indicators 

3.3.1 Implementation 
The suggested financial control indicators are implemented in MagnaView with a case-study, 
data from the year 2007 and 2008 is used. Each indicator will be investigated on definition, 
calculation, internal validation, analysis and external validation on the basis of 4 different 
DBC-codes from 2 different care programs. The case-study is applied in Appendix I. 

Definition:   what is the indicator measuring (see section 3.2.1 and 3.2.2)    
Calculation:   how is the indicator measured  
Internal validation:  valid test measures whether it is measuring the indicator correctly   

(Graziano et al., 2007) 
Analysis:   the indicator is analyzed based on the decision criteria set 
External validation:  refers to the theoretic generalizability, where the applicability of the 

theory itself is tested in a particular situation (Meredith, 1998). So, the 
concept and not the results of the indicators will be evaluated on 
generalizability.  

In the main report only the definition, analyses and external validity are discussed. The 
calculation and internal validation are illustrated in Appendix I.  

Investigation per financial control indicator:  
 
Definition Analysis / External validity 
1A) Financial 
standard  result per 
DBC-code 
(aggregation of 
process instances)   

Analysis: The use of this indicator provides the analists insight into the 
relation between the tariff reimbursed and the financial standard result. 
Furthermore, an idea of the underlying distribution of the financial 
variance of patients is provided.  
External validity: The concept can be generalized to other DBC-codes  

2A) Financial 
trends per DBC-
code 
 

Analysis: 2 out of 4 DBC-codes reveal a weak financial trend. These 
trends could indicate a change in patients’ health condition or a change 
in physician practice. Therefore, in conclusion this measurement can 
be used to detect trends.  
External validity: The concept can be generalized to other DBC-codes 

2B) Financial 
shifts per DBC-
code 

Analysis: In none of the DBC-codes a financial shift exists. However, 
the use of this measurement could easily detect an available financial 
shift. 
External validity: The concept can be generalized to other DBC-codes 

2C) Financial 
outliers on the 
patient level  
 

Analysis: Financial outliers of patients can easily be detected with this 
measurement. However, the reason why these patients are financial 
outliers must be evaluated on the individual level.  
External validity: The concept can be generalized to other DBC-codes 
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2D) Causal 
relation of the first 
3 activities on the 
financial standard 
result per DBC-
code 
 

Analysis:  In 1 DBC-code it was not reasonable to investigate the 
causal relation because this DBC-code considers just a few activities 
per patient. The remaining DBC-codes suggest both a large group of 
patients with the same 3 activities. In both the groups the financial 
variances between patients was large and the remaining treatment 
process varies considerably. However, for 1 DBC-code a combination 
of activities resulted into a significant higher financial standard result 
but a medical relation is required. Therefore, for 2 DBC-codes a 
suggestion for standardization is not advised and for 1 DBC-code a 
possible standardization is suggested.  
External validity: The concept can be applied to DBC-codes if patients 
have had at least 3 activities and a medical relation can be established.   

2E) The relation 
between 2 
activities on the 
financial standard 
result per DBC-
code 
 

Analysis:  The financial effect of a single activity can be used as a 
decision criterion, to check the financial variances of two selected 
activities. From a DBC-code 3 possible combination of activities are 
checked. Two combinations with activities that have a positive 
financial effect result into a negative financial variance with a lot of 
variation between patients. Therefore, no conclusion can be made on 
the basis of these combinations. The combination of activities with a 
negative financial effect resulted into a large number of patients with a 
positive financial standard result. The T-test reveals a significance-
value above >.05, therefore, the combination will not result into a 
higher financial standard result. However, the performed activities 
between patients differ not very much. Hence, this measurement can be 
used to support or suggest a standardization of activities.    
External validity: The concept can be applied to DBC-codes if patients 
have had at least 2 activities and a medical relation can be established.   

2F) Groups of 
patient based on 
financial 
distribution per 
DBC-code  
 

Analysis: Patients can be allocated to groups on the basis of the 
financial distribution (above upper (+ 1 SD, between upper and mean, 
between mean and lower, below lower limit (- 1SD)). The patient 
groups per DBC-code can be checked on different aspects such as 
throughput time, treatment groups, age. Note, groups of patients can 
become too small, whereby comparison becomes unreliable. 
External validity: The concept can be applied to DBC-codes whether 
the number of groups of patients is sufficient.           

2G) Determine key 
activities per DBC-
code 
 

Analysis:  Key activities of DBC-codes can be indicated with the use 
of the decision quadrant. The selection of key activities is supported by 
the correlation coefficient of these activities in relation to total costs of 
patients.   
External validity: The concept can be generalized to other DBC-codes, 
however a medical relation for possible key activities is required.          

2H) Quantity 
variance per 
activity 

Analysis:  The quantity variance can easily indicate activities that 
deviate from the predetermined care-profile. The activities that results 
into a high positive or negative quantity variance can be placed on a 
timescale. This way of sorting activities over time provides a possible 
change of physician practice or patient health condition. However, 
medical judgment is required to conclude such a change. 
External validity: The concept can be generalized to other DBC-codes, 
however, a medical judgment is required to conclude a change. 

3A) Financial 
variance difference 
between medical 
specialist 

Analysis:  This indicator is not possible to model. The expected time 
per DBC-code is determined by the scientific associations of the 
specialism (NVVC, NVVH, etc.). These scientific associations are out 
of the scope of this project. Moreover, time per activity is not 
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registered within the data.  
3B) Occurrence of 
activities  in 
relation to medical 
specialist 

Analysis: The occurrence of activities in relation to medical specialists 
will not be used as an indicator, because it is not clear how activities 
are allocated to medical specialists.  

Specific key 
indicator 

Analysis: The relevant quality factors agreed between health-insurers 
and hospitals are not documented within the data. Furthermore, it is not 
possible to discover the quality factors from the data. Therefore, this 
indicator cannot be measured.  

 

From the investigation above it become clear that the financial control indicators 1A till 2H 
can be used to analyze DBC-codes. Indicator 3A, 3B and specific key indicators cannot be 
used to analyze DBC-codes with the obtained data. The relevance of these indicators is 
discussed with the financial manager. Moreover, the indicators are evaluated on the external 
validity and the concepts of every indicator can be generalized, whether some assumptions are 
fulfilled.  

The indicators need to measure the DBC-system on 3 factors, which is partly accomplished. 
The factor ‘contradictory interest of stakeholders’ is not measurable because at the hospital a 
lack and accuracy of available data exist. The factor ‘agreements made per DBC-code’ is 
measurable with the indicator set. The factor ‘variance between patients’ health condition and 
physician practice’ can only measure possible changes between patients and physicians. 
However, a medical relation is absent; therefore a discussion session is required with medical 
specialists to conclude whether a change has occurred. 

3.3.2 Discussion session financial manager 
The financial control indicators are presented to a financial manager of a hospital and 
discussed on relevance and completeness. Furthermore, the sequence of financial control 
indicators is presented from the aggregated to the detail level, or from the DBC-, patient- to 
the activity-level. 

The presentation of financial control indicators from a DBC-, patient- to an activity level was 
according the financial manager a logical sequence. The reason for this logic was, that arising 
questions due to an indicator where answered with a subsequent indicator. Furthermore, the 
financial control indicators are evaluated by the financial manager as relevant. However, the 
financial manager had also some general remarks: 

- a trend is difficult to detect, during the evaluation a suggested moving average could help 
the financial manager to detect trends.  

- the increase or decrease of an activity on the profit or loss of patients in a particular DBC-
code is an importance additional view   

The above mentioned suggestions are implemented within MagnaView and can be used as an 
extension of the already implemented indicators (see Appendix J).  

The indicator which were not able to implement within MagnaView, are proposed as a 
concept to the financial manager. Only indicator 3B is evaluated as very relevant for the 
hospital, the other 2 indicators are less or not relevant.  
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Preliminary meeting hospital 

During a preliminary meeting, to determine the purpose of the indicators at the hospital, some 
suggestion for financial control information have been mentioned. The hospital noticed that 
technologies over time and decision within a year are very important to control. Moreover, the 
hospital was interested whether DBC-codes change over the years for treatment groups 
(diagnosis, operation, nursing days, etc.). The suggestions are implemented within 
MagnaView and can be used as an extension of the already implemented indicators (see 
Appendix K).  

Set of financial control indicators 

The case study provides an initial set of financial control indicators to monitor and analyze a 
DBC-code: 

- Financial standard result per DBC-code  
- Financial trends per DBC-code 
- Financial shifts per DBC-code 
- Financial outliers on the patient level 
- Causal relation of the first 3 activities on the financial standard result per DBC-code 
- The relation between 2 activities on the financial standard result per DBC-code 
- Groups of patient are based on financial distribution per DBC-code  

o Throughput time 
o Treatment groups 
o Age 

- Key activities per DBC-code 
- Quantity variance per activity 

To evaluate the financial control indicators, DBC-codes are analyzed on the basis of the 
financial control indicators set. In the next chapter the analysis is elaborated for a single DBC-
code and evaluated on the success factors set through a discussion session with financial 
experts and medical specialist of a hospital.  
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4 Evaluation of a DBC-code with financial control indicators 
Within this chapter the analysis of a single DBC-code is described into detail, to explain how 
the analysis works and which results can be obtained. Next, the analysis is discussed with 
financial experts and medical specialist through a discussion session to evaluate the success of 
the indicators (based on success factors set, section 2.6). Based on this evaluation the financial 
control indicators are adapted. DBC-code 3.11.xxx.xxx will be used for the analysis and 
evaluation of the financial control indicators. First, the input factors need to be judged, to 
realize a relevant and correct control system (see section 2.2).    

- Standards are available: the agreements and generic care-profile (average expected number 
of activities per patient) are clear; 
- Outputs are measurable: per patient, all the executed activities and standard price per 
activity is known; 
- Effect of management interventions is known: these are not known, however, the findings 
can be compared within a discussion session in relation to possible effects of management 
interventions; 
- Activities within the object system are repetitive: the object system considers the same 
activities related to a DBC-code for every patient. 
 
Based on the input factors it can be concluded that the control system (financial control 
indicators) is relevant, despite the fact that effects of management intervention are unknown.    

4.1 Analysis of a particular DBC-code 

4.1.1 Financial standard result per DBC-code (group of process instances):         

 

Fig.  4.1: Financial standard result per DBC-code per year 

In figure 4.1 every bar represents the financial standard result per patient. The red bars 
represent an amount of loss and the green bars represent an amount of profit. This view 
provides an idea about the financial variances within the process. From this view the financial 
results over several years can be compared. The year 2008 is the most recent data from the 
hospital, therefore, this year will be analyzed into more detail. This year contains 189 patients. 
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To provide an idea of the distribution of financial variance among patients for this year, the 
indicator is elaborated on the basis of the 20-80 rule also known as the Pareto-principle. Carey 
et al. (1995) argue that with the Pareto-principle areas of opportunities can be selected. The 
principle argues that 20% of the patients take care for 80% of the profit, 60% delivers also a 
profit and the remaining 20% patients results into a loss.   

 

Fig.  4.2: Financial variance presented in a cumulative distribution 

Every bar represents the cumulative value of patient based on the financial standard result per 
patient. The cumulative distribution indicates that 38% of the patients realize 80% of the 
realized profit. 48% of the remaining patients are profitable and 14% of the patients result into 
a loss. However, it is not clear if these patients (14%) are the most important patients to 
investigate. This statement is supported by Carry et al. (1995) ‘a pareto diagram will direct 
your attention to the most frequent defect or nonconformaties, but not necessarily the most 
important ones’.  Therefore, this view has provided an idea about the variance within the 
DBC-code, but a further analysis is required why this DBC-code has a distribution like this 
and why variances occur between patients. Therefore, the next view will combine process 
information and financial information to indicate financial trends or shifts.    
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4.1.2 Financial trends/shifts per DBC-code: 

 

Fig.  4.3: Financial variances of patients (sorted on total standard costs) 

In figure 4.3 every bar represents a patient. A coloured block represents the performed 
activities per patient, moreover, the size of a block represents its standard cost price and a 
total set of blocks the total standard costs.

 

Fig.  4.4: Financial variances of patients (sorted on time entered the hospital)  

The patients are sorted on time when the DBC-code is opened. The blue line is the agreement 
made for the year 2008. Figure 4.4 indicates that the financial variances between patients 
occurs due to a difference in the number and kind of activities performed per patient. 
However, this view does not indicate on which factors the patients differ from each other. 
Therefore, trends and shifts are firstly considered. 
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Fig.  4.5: Financial trends of patients 

The sorting of patients, can indicate financial trends of patients. A trend can be indicated if 6 
or 7 successive increases or decreases occur in a period of time (Carey, 2003). Within this 
DBC-code a trend can be noticed with 6 successive increases. This set of patients needs to be 
analyzed into more detail why an increase in total costs has occurred. Essential information 
for this analysis are; the activities performed, the medical specialists involved, information 
about patients. However, an investigation of the process over a longer period of time, to 
overcome misinterpretation, it can be argued that the variation within the possible trend is 
evidential to this DBC-process. Therefore, in this particular case a trend is not plausible. 
Furthermore, the DBC-code will be checked on possible financial shifts within the DBC-
process.     

Fig.  4.6: Financial shifts of patients 

Figure 4.6 contain the same sorting principle as the previous figure. Financial shifts can be 
indicated if 8 patients are in a row on the same side of the median (Carey, 2003). Within this 
DBC-code no financial shifts can be noticed. Next, financial outliers are detected.    
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4.1.3 Financial outlier per DBC-code 

Fig.  4.7: Financial outliers of patients 

Figure 4.7 represents a mean and an upper (+2 SD) and lower (-2 SD) limit. The patients 
which are located outside limits can be seen as financial outliers. 4 outliers can be detected 
which are far beyond the upper limit. These extraordinary patients need to be elaborated on a 
detailed level to investigated why the treatment costs where outside the limits. The patient 
which is beneath the lower limit needs to be investigated on activities which are  not 
performed. Figure 4.8 provides an view, how the investigation can be provided on a more 
detailed level with medical specialists. This view presents the sequential activity performed 
for a single patients (every colour represents a treatment group), this view provides medical 
specialists for example the information about the activities which are performed or not before 
a certain operation or diagnosis. This information can be used during the discussion session 
with medical specialists, in order to investigate a reason for the extraordinarity.         

 

Fig. 4.8: Individual patient for DBC-code (example patient) 

In conclusion, no financial shifts can be detected within DBC-code 3.11.xxx.xxx. Only little 
support is suggested for a possible financial trend, however, the variation within this DBC-
process is evidential to the trend. Therefore, no argument for trend. The extraordinary patients 
need to be discussed with medical specialist to indicate the reason for their particular 
treatment process. However, more information is required for the analysis of this DBC-code. 
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The next steps in the analysis investigates the DBC-code on causal activities (4.1.4)  and 
deviation between financial groups of patients (4.1.5) to provide an indication why financial 
variance occur between patients. 

4.1.4 Causal relation between activities on the financial standard result 
4.1.4.1 First 3 causal activities 
In figure 4.9 below the first activity is visualized for patients. The second and third activities 
are visualized in Appendix L. In this figure every square or rectangle represents a patient. The 
yellow block ‘eerste polikliniekbezoek’ for example is for approximately 80% of the patients 
the first activity.    

 
Fig.  4.9: First activity 

From figure 4.9, and Appendix L it becomes clear that patients have different activities in the 
beginning of their treatment for a certain DBC-code. Therefore, in the next figure the causal 
relation of these first 3 activities on the financial variance warrants investigation.  

 
Fig.  4.10: Average financial variance based on the first 3 causal activities 
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In figure 4.10 every bar represents a combination of 3 causal activities. The height of the bar 
is the average financial standard result of a unique combination of 3 causal activities. The 
number on the top of every bar represents the number of patients which have followed that 
unique combination. The numbers indicate that a lot of patients differ in the beginning of a 
treatment. However, 1 combination is executed for 54 patients (see red circle), namely, 
‘Activity K – Activity L – Activity L ’. This combination is of importance to investigate 
further due to its high occurrences among patients and positive average financial standard 
result. The next figure presents only the patients with this sequence.   

 

Fig.  4.11: First 3 activities on the financial variance per patient  

In figure 4.11 every bar represents a patient. The first three activities of these patients are the 
same and only these patients are visualized. The figure indicates that the effect of the first 3 
activities on the financial standard result per patient has a diverse impact. Moreover, the T-
test (Appendix M) reveals a sig.-value of 0,462, thus H0 could not be rejected. This means 
that this combination of first 3 activities does not result into a significant higher financial 
standard result. Therefore, from this figure it can be concluded that the first 3 activities have 
no influence on the subsequent treatment process nor on the financial standard result.   

The relation of two different activities could also have an impact on the financial standard 
result of patients. This causal relation is investigated in the next paragraph.  
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4.1.4.2 Two related activities  
The investigation of two related activities can be based on the figure below, the figure 
represents the financial effect of an activity. The financial effect is calculated by the average 
total costs of patients (whereby the activity is executed) minus the total average costs of the 
total set of patients of this DBC-code. A positive value means that patients are more 
expensive if the activity is performed in relation to the total set of patients. 

Fig.  4.12: Financial effect of activities 

There are 3 activities that have a negative financial effect, which suggest that when they are 
performed patients have lower standard total costs. However, there are also some activities 
that have a positive financial effect or are more expensive in relation to the total set of 
patients. The analysis of activities can either start from the top or bottom, to investigate the 
financial variance of 2 related activities.  With this figure a lot of combinations are possible, 
however, for the validity of a combination medical knowledge is required. In the next figures 
two possible combinations receive more thorough analysis. A combination is selected of two 
activities with a positive financial effect and two activities with negative financial effect.  

The first analysis represents the relation between two activities that have a positive financial 
effect, namely ‘Activity B’ and ‘Activity A’.   
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Fig.  4.13: Two related activities ‘Activity A’ and ‘Activity B’  

The green line represents the average costs for this DBC-code and the red lines represent 1 
SD from the mean. The figure indicates that only 11 patients have both the selected activities, 
which is not much. Moreover, there are 2 patients that are very expensive and outside +1 SD 
from the mean and increase the average financial variance enormous. Therefore, it is difficult 
to indicate whether these two activities cause a lot of financial variance between patients.  

The second analysis focuses on the activities with the most negative financial effect, namely; 
‘Activity X’ and ‘Activity Y’.  

Fig.  4.14: Two related activities ‘Activity X’ and ‘Activity Y’ 

The selected activities consider 48 patients, which is more than 25% of the population. The 
average financial standard result of these patients is much higher compared to the rest of the 
population. Moreover, from a visual perspective, the patients differ little from one another 
compared to the differences seen in the previous figure. In order to conclude a significant 



 
47 

difference between financial standard results a T-test is conducted, see Appendix M. The sig.-
value is .104 and > .05, therefore, it can be concluded that the financial standard result does 
not differ significantly from one another. Thus, this analysis indicates that the combination of 
these 2 activities has a positive financial effect, but not significantly higher in comparison 
whether this combination of 2 activities are not performed.  

The first analysis of two activities resulted into substantial financial variance; however, it is 
not clear whether these two activities result into a negative average financial standard result. 
The second analysis suggests standardization from a visual perspective, but the T-test does 
not reveal a significant difference. Therefore, no argument for standardization can be found.  

Next sections are concerned with the influence of several process factors (throughput time, 
treatment group, age) on groups of patients and the determination of key activities and 
quantity variances.  

4.1.5 Groups of patient are based on financial distribution per DBC-code 

 
Fig.  4.15: Financial variance per patient based on the mean and standard deviation 

This figure indicates the standard total costs of patients below and above the mean. However, 
what is the reason why patients are above or below the mean. To investigate this in more 
details, the patients are grouped into four groups. One group is above upper (mean + 1SD), 
another group is between upper line and the mean, another group is between the mean and the 
lower line, the last group is below lower limit (mean - 1SD) see figure below.  
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Fig.  4.16: Groups of patient based on the mean and standard deviation 

The four groups can be analyzed on throughput times, treatment groups (diagnosis, treatment, 
operation, nursing days, etc) and age. 

 
Fig.  4.17: Throughput time of different groups of patients 

The figure indicates a difference in throughput-time between patients groups, more expensive 
patients have a longer throughput times. However, the most expensive group, group D, has a 
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lower throughput time than group B and C. 

 
Fig.  4.18: Costs of different treatment groups in relation to groups of patients 

In figure 4.18 the groups B , C and D are elaborated, to check the difference in costs on the 
basis of treatment groups. The difference between group B and C is due to costs of more 
nursing days but also on costs for diagnosis. The difference between group C and D is mainly 
due to costs on nursing days.  

 
Fig.  4.19: Average age of different patient groups 
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The figure above present the average age of the different patient groups for different years. It 
is obvious that relative young patients are less expensive in comparison to old patients. The 
age of groups B or C are almost equal.  

In conclusion, the throughput-time has a positive relation with the expensiveness of patients, 
except for group D.  Therefore, this relation needs to be investigated with medical specialists. 
The difference between groups of patients is mainly because of more nursing days, however, 
the diagnostic costs also differ considerably between group B and C.  Moreover, the age of 
patients has an influence on the costs, however, age is not a factor between group B and C.  

4.1.6 Determine key activities per DBC-code 
The determination of key activity is described in section 3.2.2.   

 
Fig.  4.20: Average costs per activity per patient 
 

This figure represents an overview of the activities that have an average financial impact on 
the total cost per patient. Only the average costs are presented, however, the number of 
activities per patients provides a picture about the spread of activities. From this view the 10 
activities that contribute for the highest costs are selected and checked on spread in 
occurrence. For the calculation of the spread of activities among patients the variance-to-mean 
ratio is used (see Appendix L) per activity. On the basis of the VMR value, activities are 
indicated as high or low. The spread of activities and the relative impact of activities are 
presented in the table below, based on the decision quadrant (section 2.2.2) key activities are 
selected or not. 
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Activity Relative costs Variance Key Activity 
Activity A High High Yes 
Activity B High High Yes 
Activity C High Low Possible 
Activity D High High Yes 
Activity E Low High Possible 
Activity F High Low Possible 
Activity G High Low Possible 
Activity H Low Low No 
Activity I High Low Possible 
Activity J Low Low No 

Table 4.1: Judgment key-activities 

Some possible activities could be indicated as a key activity. However, for this judgment 
medical specialist can be advised. The relation between the key activities and the total costs of 
patients can be checked with a correlation coefficient. The outcomes of the correlation 
coefficient can be interpreted according table 4.1. The correlation coefficient is only checked 
for the key activities selected. On the behalf of medical specialist it is possible to check other 
activities as well.  

 

Fig.  4.21: Total costs of patient vs occurrence of activity ‘A’    

The scatter plot can be interpreted as follows: every rectangle represents a number of patients, 
the size of every the rectangle depends on the number of patients. The correlation coefficient 
represents the relation between the total costs of patients and the occurrences of the activity.  
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Fig.  4.22: Total costs of patient vs occurrence of activity ‘B’ 

 

Fig.  4.23: Total costs of patient vs occurrence of activity ‘D’  

Activity A has a strong positive relation with the total costs of patients. Therefore, to answer 
the question what causes variation between patients within this DBC-code, to some extent 
depends on activity A. Furthermore, activity B has a moderate to weak positive relation with 
the standard total cost of patients; therefore, this activity also needs to be considered. Activity 
D has a weak positive relation, indicating that this activity will not provide much variation 
between the standard total costs of patients. In conclusion, the discussion session needs to 
focus on the reduction of variation in the activities A and B. When the variation of these 
activities is reduced the standard total costs of patients will become more similar and the 
profit or loss can be predicted with more reliability.    
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4.1.7 Quantity variance per activity 

 
Fig.  4.24: Quantity variance per activity  

In figure 4.24 the predetermined care-profile is compared to the actual treatment process. The 
quantity variance per activity indicates two activities that are performed more and less often 
than planned, because a high positive and low negative quantity variance is calculated. The 
reason why these activities are performed differently than planned can be caused by a change 
in patient health condition or physician practice. To investigate such a change, the patients 
that have undergone these activities are investigated over time. Within figure 4.25 and 4.26 
the patients are sorted on the time entered the hospital and only visualized if the selected 
activity is executed. The height and color of the bar represent the associated total costs and the 
difference with the predetermined care-profile. A green color represents a patient with an 
associated standard costs lower than the standard costs of the care-profile.     

  
Fig.  4.25: Occurrence activity ‘30’ over time 



 
54 

From figure 4.25 it can be concluded that the activity is performed at the end of the year much 
more often at patients than before, this explains the low negative quantity variance calculated. 
Moreover, the associated costs are not demonstrable lower than before. The reason why the 
occurrence of this activity has increased over time remains unclear, therefore, this analysis 
needs to be discussed with medical specialist.  

Fig.  4.26: Occurrence activity ‘1’  over time 

Figure 4.26 indicates that the activity is not at all performed at the end of the year. This 
explains that the quantity variance has a high positive value. The reason, just as the previous 
activity, warrants discussion with medical specialists.   

4.1.8 Conclusion analysis DBC-code 
The analysis provides financial experts and medical specialist, the main weaknesses from 
various perspectives and demands more detailed discussion to improve the current process. 
The following weaknesses are observed:  

A single weak trend is observed and no shifts could be observed on the patient’s level. The 
patients within the trend need to be analyzed into more detail why an increase in total costs 
has occurred. Relevant information for this analysis are; the activities performed, the medical 
specialists involved, medical file of the patients (age, care-demand, diagnosis, etc.).   

Furthermore, the patient’s outliers need to be discussed on a detailed level with medical 
specialists to uncover the reasons for this treatment process. Patients outliers which are 
defined as +2 SD from the mean needs to be discussed on extra activities performed, outliers 
which are defined as -2 SD needs to be discussed on the activities which are not performed in 
relation to the expected treatment.       

The investigation on causality indicates that the first activities of this DBC-code do not 
influence the financial standard result of this DBC-code. The relation between two activities 
indicates no standardization suggestion for two activities.  
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The throughput time has no influence on the total cost of patients, however, the age has 
indeed an influence. Especially, for the patients in group A and D. Between group B and C, an 
increase in diagnostic activities occurred.  

The key activities suggest that the occurrence of activity ‘A’ has a strong positive relation 
with the total costs of patients. Furthermore, the activity ‘B’ has a moderate to weak positive 
relation with the total costs of patients. These two activities need to be discussed with medical 
specialists in order to reduce the variation of occurrence.  

The investigation of the quantity variance indicates two activities that are performed more or 
less than planned. The reason for this difference is the occurrences of these activities in time. 
Why this happens also requires consultation from a medical specialist.     

Note, the indicators 4.1.5 and 4.1.6 investigate a combination of factors (age, throughput time 
and treatment group) and single activities which can influence the total standard costs of 
patients (correlation coefficient). However, what is the impact of either indicators, or several 
activities in combination with the factors investigated on the total standard costs of patients. 
When an outcome value (standard total costs of patients) is investigated on several predictor 
values (age, throughput time, treatment groups and occurrence per activity), multiple 
regression analyses is very useful and plausible for investigating this relation (Field, 2005).   

4.2 Evaluation Hospital 
This section concerns the evaluation of the financial control indicators on the success factors 
set with medical specialists and financial experts. These success factors are discussed in 
section 2.6. During the discussion session the analysis of section 4.1 is presented. A report of 
the evaluation meeting is included in Appendix N, an overview is presented below: 

Success 
factor 

Measurement Result 

Relevance the indicators 
supporting and 
improving the current 
analysis 

Yes, both medical specialist as well as financial 
experts realized a different and extended insight into 
the DBC-process. For example, indicator 2G 
‘Determination of key activities’. The hospital 
expected that the number of the activity ‘D’ for 
DBC-code analyzed in chapter 4 will result into 
more expensive patients. The analysis of this 
activity, on the other hand, reveals a weak positive 
relation. Therefore, the indicator provided the 
hospital an extended analysis on the current analysis 
performed at the hospital.  

Conform 
educational 
level of 
users 

the indicators are 
understandable for 
medical specialists and 
financial experts 

Yes/no, the terms used for the indicators were 
explained during the presentation of the indicators. 
No questions or remarks are made on the terms, so it 
is assumed that the terms were understandable. Some 
indicators were slightly difficult to interpret, for 
example indicator 2H. The patients on the time scale 
provided a discussion, however, in first instance with 
a wrong interpretation of the information from the 
view.    

User 
experience 

analysis is realized 
within an amount of 

Unknown, the analysis are not performed by 
financial experts. However, such analyses performed 
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time comparable or 
faster than a similar 
other analysis 

at hospitals are time intensive according analysts 
within healthcare. The analyses of indicators within 
MagnaView on the other hand are realized within a 
short amount of time.     

Cooperation facilitate cooperation 
between medical 
specialist and financial 
experts 

Yes, both, medical specialists and financial experts 
searched for an explanation for the results and 
confirm the importance of the results. Example of a 
discussion; the indicator 2H, emphasized two 
activities, one which was executed more often than 
expected and one which was executed lesser than 
expected. By analyzing the execution of activities 
over time, the reason for these differences between 
expected and actual was discussed. The results of the 
analysis started immediately a discussion to indicate 
what causes this change over time, with both medical 
specialist and financial experts. Instead of conflicting 
each other, an altogether explanation was searched.     
 

Cost 
allocation 

impact of implications 
by the use of standard 
prices 

Unknown, the impact was not investigated within 
this project but a certain impact is explained. Despite 
the remark of the use of standard prices and its 
related implications the indicators were not 
interpreted as dubious, 

Table 4.2: Evaluation of the indicators on the success factors set at the hospital 

From the analysis of the indicators, see paragraph 4.1.7, it became clear that only possible 
mean weaknesses could be indicated. However, the results of the indicators provided a 
contribution of the current analyses performed at the hospital. For instance, process 
suggestions could be made explicit with financial information; take the statement that the 
number of activity ‘D’ will result into more expensive patients, this statement is not validated 
with indicator 2G. Furthermore, local aspects of the process such as a combination of 
activities, the influence of the start of a treatment process and quantity variances per activity 
could be investigated, to establish process control and redesign areas. At last, a major issue 
when a hospital wants to realize improvements on the basis of financial information is 
communication between medical specialists and financial experts. This communication is 
facilitated by the indicators developed. This success factor provides the basis for further 
discussion on the weaknesses detected and future improvements. 

This chapter concludes that financial control indicators can be used to detect weaknesses 
within the DBC-process and that the indicators are relevant and facilitate communication. 
Therefore, the next step is the use of the indicators within the business system. Due to time 
limits an intervention could not be realized, so, in the next chapter a plan of action for the 
applicability of the indicators within the business system is described.   
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5 ‘Intervention plan’ indicators for DBC-codes 
The purpose of this chapter is to describe the steps and requirements for a particular hospital 
to introduce and use the financial control indicator established within a DBC-based business 
system. The ultimate goal is to implement and evaluate the indicators within several hospitals 
or business systems to conclude whether the indicators result into sensible weaknesses.  

From the case-studies performed, 9 indicators (see section 3.3) can be generalized and are 
relevant. Furthermore, this set of indicators can be extended with indicators (appendix J and 
K) arisen during the meetings and discussion session. The indicators should be used in a 
structured way which contains the phases of the regulative cycle, per DBC-code. For this 
stepwise analysis of DBC-codes the control approaches, as discussed in section 1.2 are 
analyzed and combined into an ‘intervention plan’ to analyze DBC-codes.  

The ‘intervention plan’ considers the following main sequential steps (the determinations of 
the steps are elaborated into more detail in appendix O): 

5.1 Requirements for ‘intervention plan’ 
Before the ‘intervention plan’ can be executed within a hospital for DBC-codes, the hospital 
needs to meet some conditions:  

- Storage of data within databases of hospitals is DBC-based 
- Hospital is process and financial oriented (e.g. is familiar with the terms in Appendix A) 
- The selection of DBC-codes needs to be based on the following criteria: 

o At least 100 patients are treated, related to a particular DBC-code 
o Patients have had at least 4 activities 
o DBC-agreements are clear 
o Predetermined care profile (set and expected number of activities)  is available 

 
The indicators developed within this project are important indicators based on a single 
evaluation of a hospital within DBC-based healthcare. However, circumstances between 
hospitals can differ and process demand can change, so, new indicators could be necessary to 
meet these specific demands. Therefore, a sub-goal of this ‘intervention plan’ is to extend the 
current set of indicators with demands from different hospitals.    
 
5.2 Steps within ‘intervention plan’  
Introduction session 
Step 1) Indicate the norm of a DBC (tariff, quality, volume) and predetermined care profile 
(set and expected number of activities). 
 
Step 2) Introduce financial control indicators to medical specialists and financial experts to 
conclude which indicators will be used to measure the financial control. 

Financial control indicators (section 3.3)  

- Financial standard result per DBC-code  
- Financial trends per DBC-code 
- Financial shifts per DBC-code 
- Financial outliers on the patient level 
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- Causal relation of the first 3 activities on the financial standard result per DBC-code 
- The relation between 2 activities on the financial standard result per DBC-code 
- Groups of patient are based on financial distribution per DBC-code  

o Throughput time 
o Treatment groups 
o Age 

- Key activities per DBC-code 
- Quantity variance per activity 

Financial control indicators (Appendix J and K) 

- Development of the standard costs for treatment groups over several years 
- Control decisions made within a DBC-code for a specific year 
- Financial trends per DBC-code on the basis of a moving average 
- Increase of the activity occurrence among patients on the financial standard result 

Data collection 
Step 3) Collect data for data attributes and standard prices per activity per DBC-code.  

For the collection of data attributes and standard prices per activity Appendix D and E can be 
used. Preferable, data is collected from several years. However, when no data is available, the 
hospital needs to collect at least 100 patients before the 1st analysis can be performed.   

1st analysis  
Step 4) Analyze data with the financial control indicators set and indentify weaknesses. 

Based on the decision criteria set in Appendix I the indicators could be analyzed.  

Discussion session 
Step 5) Disseminate information to the operational level and indentify with a discussion 
session corrective actions. 

Intervention 
Step 6) Implement corrective actions and disperse information throughout the business 
system. 

2nd analysis (Evaluation) 
Step 7) Control corrective actions and evaluate realization.  

When the intervention is implemented the collection of data can start. When after the 
intervention at least 20 patients are collected a comparison could be made with the 1st analysis 
performed.  
 
A hospital can use this ‘intervention plan’ in combination with MagnaView to analyze a 
DBC-process and to indicate possible weaknesses within the process. This plan needs to be 
executed for multiple DBC-codes, within several hospitals, to eventually conclude whether 
the indicator detect sensible weaknesses within the DBC-process for redesign purposes.    
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6 Conclusion & Discussion 

6.1 Conclusion 
This chapter is concerned with answering the main research question. The research question is 
based on the problem definition described, therefore, to provide the context of this project the 
problem definition is given first: 
 
The financing system uses fixed tariffs, agreed annually between health care insurer and 
hospitals, for DBC-codes to finance the actual treatment costs of patients. This way of 
financing healthcare costs can result in a positive or negative financial result per DBC for 
hospitals. To better control and to improve a DBC-process, a hospital can use information 
about financial control of a DBC-code to analyze the process. Financial control information 
can be obtained by determining the difference between the expected operations and actual 
operations in financial terms. 
 
This problem definition resulted into the following main research question:  

Which indicators can be used to monitor the financial control of DBC-based health care 
processes, in order to improve control of these processes?  
 
The first step of this research project was to determine what factors influence the financial 
result of a hospital. The factors that influence the financial result per DBC-code are partly 
measureable with the financial control indicators developed. The reasons why these factors 
are partly measurable are due to a lack of data, wrong registration of activities, and an absence 
of medical knowledge. Despite these limitations, weaknesses within the DBC-process can be 
found. From the case study it follows that with the indicators 1A till 2H weaknesses can be 
determined, the main are presented as follows: 
 
Trends or shifts within the DBC-process can be detected with the indicators set. Trends or 
shift suggest a variation in patients’ health condition or in the physician’s practice. Medical 
knowledge is required to draw definitive conclusions on the causes. 

Outliers can easily be detected and can be discussed on a detailed level with medical 
specialists to uncover the reasons for this treatment process. Patients outliers which are 
defined as +2 SD (standard deviation) from the mean can be further analyzed on extra 
activities performed, outliers which are defined as -2 SD can be further analyzed on the 
activities which are not performed.       

The financial standard result of the start of a treatment of patients per DBC-code can easily 
be determined; moreover, this could support or suggest standardization within the DBC-
process. This possible standardization could be verified with a T-Test to check whether a 
significance difference in standard financial result occurs when these first 3 activities are 
performed.      

Investigation of 2 related activities provides insight in the effect of the occurrence of 
combinations of 2 related activities on the financial standard result. A negative or positive 
financial standard result can be verified with a T-Test. When a significant difference exists, a 
hospital can choose to standardize a combination of activities. Still, a medical relation is of 
course required before such kind of decision can be made.  
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Key activities of the DBC-process can be determined in 3 steps, these activities contribute for 
a lot of variation in the total standard costs of patients. The variance in occurrence of these 
activities among patients needs to be reduced in order to be able to predict the standard total 
cost or the financial standard result of patients with more reliability. 

The success factors (relevance, usability, facilitates cooperation between medical specialist 
and financial experts, educational level) can be used to evaluate the indicators developed. 
These success factors reveal that the indicators facilitate cooperation between medical 
specialist and financial experts and are relevant. Moreover, these factors are essential when 
the above mentioned weaknesses within the DBC-process are turned into concrete 
improvements.        

To answer the research question set, it can be concluded that the financial control indicators 
1A till 2H can determine weaknesses in a DBC-process. The weaknesses determined are the 
building blocks for process control and redesigning the DBC-process. However, to conclude 
whether the indicators are indeed the best to indicate weaknesses for redesign purposes more 
time, data, and research is required.    

6.2 Discussion 
To extent and improve this project, more research is required in the area of discussion 
sessions between medical specialists and financial experts. How can with discussion sessions 
the possible weaknesses be turned into a redesign of the DBC-process? Moreover, within the 
project some limitations are discussed that must be overcome to realize a more comprehensive 
analysis of the DBC-process. Therefore, questions which are of importance to investigate 
further: what combination of people/functions is required during the discussion session to 
investigate weaknesses and come up with improvements? What additional information can be 
used to complement the current analysis on weaknesses? What is the influence of reforms 
within the DBC-system on the indicators developed?  

The indicators are measuring the financial control of DBC-codes on internal measures to 
indicate weaknesses within the process. However, Li et al. (1995) argue that a total 
measurement of the performance of a hospital is indicated by the combination of internal and 
external measures. The external measures can also contain weaknesses that can have influence 
on the DBC-process in the business system. External weaknesses are for example a low 
customer satisfaction or a small market share. These weaknesses can have more extensive 
financial consequences, like ‘low customer satisfaction’, which might be remedied by an 
improvement within the DBC-process. Therefore, to come to a more comprehensive 
measurement of the financial control, weaknesses should also be considered from external 
measures.     

In this research the costs for medicine are not taken into account, this is due to two reasons. 
First, it was not part of the data set. Second, the allocation of medicine to activities is not 
always registered by the hospital. Nonetheless, the registration of allocation of medicine to 
patients would provide more accurate financial control information.  

Multiple regression is not performed within this project. This regression investigates the 
impact and significance of several predictors within a single model on the outcome variable or 
standard total costs of patients. Multiple regression takes into account a model with several 
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predictors, instead of the predictors investigated within this project separately. Therefore, 
when multiple regression is included within this project a better overall process view could be 
realized.   

The DBC-system has been introduced in 2005 and still under development. The government 
already has plans for further reform of the system in 2012. This because of an under 
resignation government a final decision for the reforms has not been made yet. However, 
reforms are partly elaborated and contain adjustments of the already existing and described 
DBC-system in this research project. The existing 30.000 DBC-codes will be reduced to 
3.000 DBC-care products. These 3.000 care products are medically unambiguous, costs and 
labour intensive homogenous, and offered against a fixed tariff (www.dbconderhoud.nl). This 
withholds, whether reforms are carried through, that the DBC-codes are replaced. However, 
this research project is still relevant, because the indicators can be used with some 
adjustments. Instead of using DBC-codes to evaluate the current DBC-process, a combination 
of care product and diagnosis can be used for the internal control of the treatment-processes at 
hospitals.           

6.3 Recommendations 
In the discussion section several suggestions for future research and limitations of this project 
are discussed. Therefore, the recommendations are mainly deducted from the discussion. The 
recommendations are divided into two sections, one for hospitals and one for MagnaView 
BV.   

Hospitals 
In the near future hospitals need to improve and extend the information about the DBC-
process, to realize a more comprehensive measurement of the process and to overcome the 
lack of data. The recommendations for the hospital are the following:    
  
Lack of data: 
 
1) The data attributes extracted from the database of the hospital and the obtained financial 

information about standard cost prices uses different attributes names for the same 
purpose. Some examples are elaborated in Appendix P. The use of different attributes 
name for the same purpose results in unnecessary confusion about the information. 
Therefore, hospitals need to overcome these discrepancies to realize a uniform database.     

2) An accurate registration of activities in relation to medical specialists provides more 
accurate process information for hospitals. With more accurate registration more thorough 
comparison can be made between care-profile and activities performed by medical 
specialists. This indicator is stipulated as very relevant for the hospitals to realize vital 
insight into the DBC-process.  

Comprehensive measurement: 
 
3) The linkage of financial control indicators with external measures (customer satisfaction, 

market share, etc.) should be established. This linkage provides a more complete 
measurement of the financial control.   
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4) The inclusion of test results of pathological diagnosis tests within the data. Based on these 
specific test outcomes a treatment path is determined by the medical specialist. These 
outcomes can be used to group patients, in order to investigate, whether the outcome 
corresponds with the treatment path. Moreover, this information provides more detailed 
information about the patient health conditions.        

5) When standard prices are used instead of actual prices per activity, the impact of this 
choice on the accuracy of financial analysis of DBC-processes should be determined.   

 Discussion sessions: 
 
6) When a comprehensive control is implemented, the hospital needs to decide whether other 

experts within the hospital are also relevant to be present at discussion sessions.  

 
MagnaView BV 
 
MagnaView is a strong visualization tool. Some extensions of the tool are recommended for 
improvement of objective analysis of the DBC-process. The following extensions should be 
implemented:  

1) The calculation of the variance-to-mean ratio can be performed within MagnaView only 
for a single activity and not all the activities at once. Because when an activity is not 
performed for a patient it is not registered by the hospital within the data. However, for 
the calculation of the VMR or correlation coefficient it is necessary to have a zero value. 
Therefore, MagnaView should incorporate a zero value for activities that are not 
performed for a patient to allow for an overview of all activities VMR’s or correlation 
coefficients instead of only 1.  

2) At the moment only the calculation of simple regression (correlation coefficients) is 
possible. However, the DBC-process concerns not only a single predictor of the standard 
total costs of patients, but a combination of predictors. Therefore, when multiple 
regression could be realized within MagnaView the tool could analyze processes on 
several predictors combined into 1 model. Note, extension 2 is only workable when 
extension 1 is realized.  

Reflection project 
 
Within the Dutch healthcare the financing system will remain important in the near future. 
Thus, hospitals need to tune their processes to achieve good quality of care and enough 
financial assets. When the quality or the finance becomes insufficient the hospital can lose its 
competitiveness. Therefore, the combination between process information and financial 
information stays essential to remain a well functioning hospital.  
 
The contribution of this project has provided a part of the fundamentals to become a well 
functioning hospital in the future. However, a more comprehensive analysis, with the above 
mentioned recommendations for the hospital, is required to acquire the total set of information 
to realize well considered redesigns of healthcare processes.  
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Moreover, once MagnaView BV can realize the above mentioned recommendations it can 
become a more extensive tool for the analysis of healthcare processes. The strength of the tool 
is the combination between the visualization of aspects of the process (a single patient or 
subset of patients of a certain DBC-code) with an objective measurement of the process. With 
statistical analysis the objective is to generalize, however, health care is dealing with patients 
that often exhibit a unique behavior. This behavior could easily be detected and analyzed with 
MagnaView.  
 
In conclusion, the combination, of the extension within MagnaView with a broader set of 
information from the hospital could be a very valuable asset for hospitals, to deal with the 
financing system in the future. It may even be a necessity for hospitals in the future to cope 
with the financing system and to increase competitiveness.          
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Appendix A 
Definitions: 

DBC  (Diagnosis-Treatment-Combination) a DBC represents a 

treatment for a specific medical diagnosis. 

 

 DBC’s have a unique code, the DBC-code, identifies the DBC. 

 

Care profile  A set of activities that is carried out as a treatment for a specific 

diagnosis, that is, for one specific DBC. 

 

DBC Process instance    A set of activities carried out for one specific patient with one 

specific diagnosis-treatment combination. 

 

DBC-process DBC-process represents the sum of the activities which are 

actually executed for a particular DBC-code for a group of 

patients (a number of process instances) or for one particular 

patient (a single process instance). 

 

Compensation Amount  A compensation amount arranged between hospital and health-

insurer for a patient for a specific DBC. 

  

Fixed tariff A fixed tariff set by the NZa which can be invoiced for a patient 

for a specific DBC by a hospital.  

 

Standard total costs Multiplying the actual number of activities with the standard 

cost price for the treatment of a patient. 

 

Financial information Information from the DBC-process which represents the 

standard costs per activity, honorarium medical specialist per 

DBC-code, fixed tariffs and compensation amounts. 

 

Process information Information from the DBC-process which represents the number 

of activities per patient, type of activity, activities related to 

medical specialist.  
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Financial standard result The deduction of the standard total costs of a DBC-process for a 

patient from the compensation amount or fixed tariff obtained 

for a DBC-code.  

 

Quantity Variance Differences between the quantity of the care-profile and actual 

quantity executed multiplied by the standard cost price and 

number of patients per activity. 

 

Financial control inform.    Measurement of the quantity variance and financial standard 

result, to calculate the difference between hospital’s policy and 

actual operations in financial terms.   

 

Financial control indicators Indicators to monitor a DBC-process to deliver financial control 

information about a specific DBC-code on the patient and 

aggregation level. 

 

MagnaView Tool to model the indicators to realize financial control 

information of a DBC-process.  

 

Process control Activities involved in ensuring a process is operating at the 

target level of efficiency and effectiveness. 

Financial variance  Difference in standard total costs of patients.  

Financial effect activity The financial effect is calculated by the average total costs of 

patients (whereby the activity is executed) minus the total 

average costs of the total set of patients of a DBC-code. The 

financial effect can have a positive or a negative effect. A 

negative effect concludes that an activity is executed at patients 

who were on average less expensive. A positive effect concludes 

the opposite.  

Norm Represents the fixed tariff set by the NZa or compensation 

amount agreed between hospitals and health insurers.  
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