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Executive summary 
Environmental changes and an increasing stream of patients put health care facilities under pressure to increase 

efficiency without compromising quality. Business Process Management (BPM) and process analysis in general 

are becoming important assets within the healthcare domain. BPM can be divided into several stages (Dumas 

et al. 2013), of which one is concerned with process monitoring and evaluation. Evaluation of processes can 

focus on general performance, such as length of stay, bed occupation or pressure on resources, but it can also 

focus on compliance, which is the study of how well certain guidelines are actually honoured. The latter one, 

the evaluation of process compliance, can be seen as the overall theme of this thesis.  

Research objective 
With regard to applying process evaluation to clinical processes, three main issues exist. First, clinical processes 

are very complex, because it can be seen as a service environment with a very high customization rate. There 

is a large variety of factors influencing patient flow, which increases uncertainty. Second, the data in clinical 

information systems is often stored after-execution and in a patient-focused way. Furthermore, one patient trace 

can consist of multiple process flows, resulting in a dataset in which it is hard to link data to cases. Third, 

interpretation of results is dependent on personal and background characteristics. Results are often presented 

in ways that do not utilize the human capabilities to the fullest.  

It is believed that the method of linguistic summarization can (partly) resolve the complexity issue and the issue 

regarding the presentation of results and utilizing human potential. This thesis is aimed at evaluating the 

weaning protocol of the ICU department of MUMC+ by applying linguistic summarizations as a form of process 

evaluation and testing the usability of the method as a compliance checking method. The overall research 

question is the following: 

“How can linguistic summaries help evaluate general performance and compliance of clinical processes?” 

Relevance 
This thesis contributes to literature by defining specific adaptations to the general model that should be made 

when applying linguistic summaries to a clinical situation. Furthermore, it is shown that the general method can 

be adapted to form a method for compliance analysis. The case study can be seen as a ‘proof of concept’, 

demonstrating that linguistic summaries can be used to acquire insight in both general process behaviour and 

process compliance. Feedback from medical staff shows that the results of the method are valid and that 

findings are interesting for process improvement.  

To ensure both scientific contribution and impact on practice, each process phase is aimed at first analysing 

and extending current literature, after which case specific adaptations to the general method are addressed. 

The case study is therefore addressed in almost each chapter and can be seen as a parallel project.  

Linguistic summarization 
Linguistic summaries are sentences in semi-natural language that represent a dataset. Their structure is as 

follows: “Of all elements with [R], [Q] are/have [C]”, where [R] could also be scrapped to construct sentences 

that represent not a subset of the dataset, but the dataset as a whole. This thesis shows that, for application on 

clinical data, the building blocks [R] and [C] can be filled with variables belonging to one of the four following 

data types: ‘medical measurements’, ‘process steps’, ‘patient characteristics’ or ‘complications’. When the 

building blocks are filled, summaries like “of all patients with a high BMI, most patients have high values for 

PEEP when extubated” can be constructed. The truth value is a value on the scale [0,1] in which a value of 1 

means that the summary is valid and therefore could be used to describe the dataset. The degree of focus is 

one of many existing quality measures and provides insight into the size of the group of elements that is 

represented by the summary. For example, if 20% of all patients have high BMI, the degree of focus is around 

0.20. Both the truth value and the degree of focus are calculated by means of membership values, which indicate 

whether data elements fulfil certain criteria (low/normal/high value for BMI or PEEP). 

Defining membership 
Membership values are calculated by using membership functions which are the mathematical backbone of the 

method of linguistic summarization. This thesis applies trapezoidal membership functions, since they are 

precise enough and are easy to discuss with end users. During interviews with medical personnel, the 

membership functions for all variables regarding the weaning protocol are constructed. There are, on average, 
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three membership functions per variable, representing the linguistic labels. These linguistic labels are mostly of 

the nature ‘lower than normal’, ‘normal’ and ‘higher than normal’.  

Automatic summary generating tool 
A program is developed to enable the user to either construct one single summary or to generate the whole set 

of valid summaries. By adopting the assumption that when a certain summary is not valid, a specification of that 

summary is also not valid, a tree-like structure can be used to generate valid summaries in a smart way. This 

summary generating program is applied to the clinical data in two analyses: a general analysis and a compliance 

analysis. After applying several sorting and filtering strategies, the results could be analysed. 

Case description 
Both the general analysis and the compliance analysis are conducted at the department of intensive care of 

Maastricht University Medical Centre. The protocol of interest is the weaning protocol, which describes the 

process of decreasing ventilation support until extubation. Patient and process data from the period august 2012 

to November 2015 was extracted from both the SAP and the ICIP system, including only patients from 

department F3 of the ICU. After cleaning, the dataset represented 2686 individual cases.  

General analysis 
The general analysis implied running the program with all linguistic labels set to the boundaries (‘lower than 

normal’, ‘normal’ and ‘higher than normal’) that were set by medical personnel. Results showed that most 

summaries state ‘normal’ values for most of the variables. These findings imply a stable process execution, with 

stable process times. The process execution seems to indicate a well-defined protocol. There are no clear 

differences between patient groups. 

Compliance analysis 
The compliance analysis implied running the program with all linguistic labels set to the thresholds of the 

protocol, representing ‘conform the protocol’ and ‘not conform the protocol’. Results confirmed the general 

analysis, but were more specific. Many sentences stated compliance. For some variables, non-compliance was 

detected, but no clear differences between the patient groups were indicated. This led to a detailed analysis of 

the data, which showed that overall compliance was indeed very high. Only three variables had a compliance 

rate of below 90%. Those variables are analysed further and recommendations were made to improve process 

compliance. 

Recommendations 
Deviations were discussed with medical personnel. In the same interviews, the strictness of the protocol 

thresholds were discussed. This was done because sometimes many patients were highlighted as ‘not conform’, 

while their extubation values could be seen as ‘safe’. Adaptations to the protocol thresholds were suggested to 

reduce the amount of patients that are extubated with deviating values and therefore need consultation from 

physicians according to the protocol. By adapting the thresholds for PaO2/FiO2-ratio, pH and pCO2 to 

respectively 22, 7.26 and 6.8, the compliance for both PaO2/FiO2-ratio and pCO2 can be increased 10% and the 

compliance for pH increased with 5%. Note that only thresholds that were labelled as ‘safe for the patient’ were 

tested initially, which implies that above proposed thresholds have only limited increased risk for the patient.  

Conclusions 
Linguistic summarization was found to be a method that is very intuitive to work with and could be highly valuable 

for the evaluation of clinical processes. It is a way to obtain a general overview of the total patient population. 

The results are easy to understand and incorporate expert knowledge by means of the linguistic label ranges.  
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1. Introduction 
Due to societal and associated health care changes, health care facilities are put under pressure to increase 

efficiency. To increase efficiency, clinical processes needed to be evaluated. This transition into a process focus 

can in no way undermine the focus on the quality of care. To overcome this challenge, Business Process 

Management (BPM) is becoming an important asset within the health care domain (Kaymak et al. 2012). BPM 

involves all stages of a business process, from the initial exploration of a process, to implementing a process 

model, and from evaluating process performance to improving the existing process (Dumas et al. 2013). In the 

health care environment, this can be translated to indicate whether there is a common or ‘main behaviour’ and 

to discover what activities and resources are involved in the treatment procedure (initial exploration). After this, 

an official model could be established, to enable monitoring, standardization or empowerment by evidence-

based choice options and thresholds (defining and implementing a process model). When monitoring the 

treatment activities is possible, evaluation can be executed. Evaluation can focus on patient outcomes, such as 

relapses or mortality rates, on process performance, such as length of stay, bed occupation or pressure on 

resources, or on process compliance. The latter one, the quantitative evaluation of clinical processes with the 

specification towards process compliance, can be seen as the overall theme of this thesis.  

Evaluating protocol compliance implies investigating whether the process execution (real life activities) is 

corresponding to the initial defined model of the process. The aim is to identify ‘anomalous traces’, which are 

the activity traces that differ from the modelled pathway. When those anomalous traces are found, they can be 

used as a basis for process improvement, or clues for unsatisfying process performance or patient outcomes.  

Since healthcare processes are very complex, there are many reasons why deviations from the modelled 

pathway may exist. Unfortunately, it is known that process compliance for clinical processes, on average, is 

low. Low compliance means that there is no way of guaranteeing the intended quality of the process and that 

process evaluation is most probably troublesome.  

Since compliance is often low and evaluation is troublesome, further research on process compliance is needed. 

Unfortunately, it is hard to investigate this, because there are many challenges with regard to analysing clinical 

processes, and therefore process evaluation. These issues will be highlighted in the next section.  

1.1. Challenges in applying BPM in Healthcare 
In essence, a health care facility can be seen as a service provider with a very high customization rate and 

customer focus. When the level of customization is high, it is not hard to imagine that processes can be very 

complex, since a lot of aspects are client-specific. This is true for the health care domain, in which patient-

specific factors can influence an entire treatment plan. Literature often states that processes in health care are 

overly complex, and are repeatedly referred to as ‘spaghetti models’ (Kaymak et al. 2012), (Van der Aalst et al. 

2011), (Peleg 2013), (Huang et al. 2013). Besides the fact that the process for a single case can be challenging, 

health care processes introduce another difficulty. A single patient trace is not per definition a single case. A 

person can suffer multiple diseases at once, which causes multiple treatment plans to be started in the same 

period of time. Since information is stored with a reference to a patient, information related to multiple treatment 

plans can show. The information is hard to relate to individual cases without consulting medical specialists. 

These process characteristics introduce a high level of uncertainty for process analysis. 

A second problem is related to the way data is stored. Since the primary aim of the information systems used 

in health care facilities was not to monitor processes and remove inefficiencies, it is challenging to extract the 

right data for process evaluation. Data that is stored in health care systems is mainly patient related and does 

not have a process focus. Furthermore, data entry often occurs after executing the process, which introduces 

another level of uncertainty into the database. In addition, the entered data is often incomplete, polluted and in 

free text, which makes analysis of the data even more problematic due to noise and uncertainty. 

The last problem that is mentioned here, is related to the way in which the results of process evaluation are 

presented, and therefore, understood by the end users. Perception is a delicate process which is based on the 

end user’s experiences, education and environmental factors (Mather & others 2009). Studies show that 

process improvements are only beneficial when end users understand the underlying reasoning for the 

improvements.  

 

This thesis describes a process evaluation project in which there is a constant focus on the perception of the 
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presented results by the end user, trying to link the benefits of modern computational power to the capabilities 

of the human brain. 

1.2. Human capability to understand vagueness 
As mentioned before, the users’ understanding of concepts, relies on perception, which is strongly related to 

human cognition. Perception reflects the remarkable capability of human beings to observe and combine clues, 

without any clear measurements or computations, to support their decision making process (Menendez & 

Trivino 2012), (Li & Lawry 2012). Human thinking is flexible and the clues that are used as input do not have to 

be very precise. To illustrate this, a few text fragments are provided below as an example.  

“The world is facing a situation without precedent: we soon will have more older people than children and more 

people at extreme old age than ever before. As both the proportion of older people and the length of life increase 

throughout the world, key questions arise. Will population aging be accompanied by a longer period of good health, 

a sustained sense of well-being, and extended periods of social engagement and productivity, or will it be 

associated with more illness, disability and dependency?”  

(National institute on Aging, World Health Organization, NIH Publication no. 11-7737, October 2011, through: 

http://www.nia.nih.gov/sites/default/files/global_health_and_aging.pdf) 

While reading the above text segment, one notices that the essence and meaning of the text is quite clear. We 

have a notion of the seriousness of the problem and of the movements of trends, without any clear information 

about total population size or proportions. The human brain is perfectly capable of interpreting this information. 

To take this even further, information that is equally ‘vague’ as the above text fragment is often taken as a base 

in the human decision making process, without any form of difficulties. To support this statement, a small case 

question is given below.  

Rachel works as a nurse and has 8 hour shifts. When her shift ends, she sometimes has to do some 

administrational work, or has to consult a colleague about a treatment plan, but most of the time she leaves the 

clinic around 4 pm. Her bus ride home usually takes around 45 minutes. What is the expected time that Rachel 

arrives at her home? 

Although this quiz question contains a lot of uncertainty, such as ‘sometimes’, ‘most of the time’, or ‘usually’, we 

(as humans) are capable of comprehending the overall situation and deciding that, ‘on average’, Rachel should 

be home ‘around’ 5 pm. As mentioned at the start of this chapter, this process is typical for human beings and 

shows the remarkable capabilities of the human brain to interpret seemingly vague descriptions.  

In the perfect world, these remarkable capabilities should be combined with the growing computational power 

of computer models for the evaluation of processes. Unfortunately, most of the evaluation models produce 

results that are mainly numerical, and therefore do not utilize the human strengths to the fullest. As mentioned 

before, this thesis focuses on employing an evaluation method that has a constant focus towards the perception 

of the results; linguistic summarization, which is based on the theory of fuzzy sets, which will be explained below 

and in more detail in the background chapter (chapter 2). 

1.3. Fuzzy sets and Linguistic summarization  
Fuzzy set theory is based on the belief that uncertainty cannot be avoided and should therefore be tolerated. A 

certain set of data that is a ‘fuzzy set’ does not have boundary conditions that are very strict or black-and-white 

(so called ‘crisp’), but has boundaries that reflect a gradual transition from being included in the set to being 

excluded in the set. This gradual transition is described using a membership function, making it possible to 

calculate a membership value. This value indicates whether the observed data element is, is not, or is to some 

degree part of the set.  

Linguistic summarization is a method that is built on the theory of fuzzy sets. It uses the membership functions 

and several operations between sets to compute a summary of a dataset. This summary is presented as a 

structured sentence in semi-natural language, allowing human perception to shape the interpretation and 

therefore, utilizing the capabilities of the human brain, but also expert experiences, to the fullest.  

This concludes the general introduction into the topic of this thesis. The section below will provide a recap into 

the mentioned challenges and how this thesis intents on contributing to resolve those issues. 

http://www.nia.nih.gov/sites/default/files/global_health_and_aging.pdf
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1.4. Research Objective 
In the first part of the introduction, some issues regarding process evaluation were mentioned. A quick recap of 

these issues, shows that the problem is threefold; 

1. Complexity; Clinical processes concern a service environment with a high degree of customization, which 

implies very complex processes with many factors influencing patient flow. 

2. Data issues; Data in clinical information systems is often stored after-execution and in a patient-focused 

way, where one patient trace can consist of multiple process flows, resulting in a dataset in which it is hard 

to link data to cases. 
3. Presentation issues; personal and background characteristics influence the interpretation of results, which 

are often presented in ways that do not utilize the human capabilities to the fullest.  

It is believed that linguistic summaries can help resolving both the first and the last mentioned issue, by 

‘embracing’ the present uncertainty and presenting the results in sentences in natural language.  

This thesis is aimed at evaluating a clinical process by applying the method of linguistic summarization as a 

form of process evaluation and testing the usability of the method as a compliance checking method. This report 

will address the general method in detail, as well as the specifications that were made to the general form, in 

order to conduct a case study. At the end of the project, it is known ‘if’ and to what extend linguistic 

summarization Is suitable to help evaluate clinical processes.  

The overall research question was defined as follows: “How can linguistic summaries help evaluate general 

performance and compliance of clinical processes?” 

This research question will be answered by both analysing current knowledge on the topic and by applying the 

method of linguistic summarization to a case study. Throughout the project, while striding towards answering 

the research question, contributions to current literature are made. Each chapter clearly states which information 

is taken from literature and which information is seen as a contribution. Notable contributions are the following: 

 The thesis provides an extended view on the standardization of the summary structure by specifically 

defining the different data types that could be used for the evaluation of (clinical) processes (chapter 4.3). 

 The thesis highlights some issues regarding the logic that is related to language and how this influences 

the standard method of linguistic summarization and the interpretation quantities (chapter 5.3) 

 The thesis prescribes a general tool that can be used to automatically generate one summary or the whole 

set of valuable summaries (chapter 7). 

 The thesis proposes to adapt the standard method to fit certain research aims, such as compliance checking 

(5.3.2 and 9). This proposition is tested in practice by conducting a case study. 

The context of the case study is explained below. After that section, it will be addressed why this thesis is not 

only interesting for practice, but also contributes to current literature in the section on scientific relevance. 

1.4.1. Case study 
Usability of the method can only be tested in the field, with supervision and feedback from medical staff. It was 

therefore decided to conduct a case study. In consultation with intensive care physicians and nurses, Maastricht 

University Medical Centre+ (MUMC+) in the Netherlands became partner in this project.  

The organization employs a staff of approximately 7,000 people and educates around 4,500 students. To give 

an indication of its size and contribution; MUMC+ has 26 operation rooms, over 700 beds (30 in intensive care 

units) and contributed in over 2,000 articles in 2013.  

The department of choice is the department of intensive care, which consists of three intensive care units (ICUs) 

and one high dependency care unit. The patients that are treated in this department have either undergone 

major surgery (10%), most commonly cardiothoracic surgery, or were admitted directly into this department due 

to the need of intensive care. The main aim of the department is to stabilize patients, so that they are ready to 

receive the specific care they need (which is mostly given in other departments of the hospital). 

Because of the high risk patient group and the complexity of the care provided, many aspects of care are 
described in detail in protocols focussing on diverse aspects of ICU care for the critically ill patient. Among them 
is the weaning protocol, which regulates reducing and terminating the mechanical ventilation. This protocol has 
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a detailed description of possible routing options and process steps, as well as clear thresholds that guide the 
continuation of the activities. These factors make this protocol very suitable for the case study.  

1.5. Scientific relevance 
The field of research about Linguistic Summarization is still in a somewhat incipient stage. To give an example, 
if the search term ‘linguistic summaries’ (and its synonyms) are used to search for scientific information in the 

databank of ‘ScienceDirect’, only 79 articles are found. If the results are analysed in more detail, it can be noted 
that the average of new publications per year (in the last ten years) is around six new articles per year. For the 
years further back, the average is about two per year, starting around 1985. Furthermore, only five articles 
combine linguistic summaries with situations in health care. It is therefore very unlikely that knowledge about 
this interesting field is fully built.  
 
Although the usage of linguistic summarization in healthcare situations is not often mentioned in literature, it is 
believed that the link between the two fields can be very valuable. As stated in earlier parts of the introduction, 
both the complexity and result presentation issues can potentially be resolved (at least partially) by applying the 
method of linguistic summarization.  
 
This thesis thus adds theoretical knowledge, in the form of specific adaptations to the general model that should 
be made when applying the method to a clinical situation and by specifying the method as a compliance checker. 
But it also can be seen as a ‘proof of concept’, taking the method of linguistic summarization and proving its 
added value for the field of healthcare in a case study.  

1.6. Thesis outline 
The thesis aims at applying both a general approach and a more specific method. Throughout the report, in 

each chapter, first a detailed methodology will be described, followed by the explanation of current knowledge 

on the topic. This background section is followed by a section that specifically highlights what this thesis adds 

to current literature; the contribution. Each chapter is concluded by an explanation of how this theory is adjusted 

to fit the case study. Figure 1 shows this outline graphically; in blue, the project phases for building the general 

approach are shown. In green, the case study is indicated, as well as the points in time where the general 

method should be adapted to fit this particular case study (the green arrows).   

Chapter 1, the current 

chapter, addresses the 

motivation and relevance 

of the overall project. In 

Chapter 2, the background 

is presented. This chapter 

gives more information 

about clinical pathways 

and protocols, process 

evaluation, linguistic 

summarization and of 

course a full description of the protocol chosen for the case study. Chapter 3 enlightens the build-up of the 

project; the methodology. After the methodology, the description of the several project stages starts. Chapter 4 

explains the structure of linguistic summaries, first as a general approach and subsequently a specification of 

case study implications. Chapter 5 explains how a linguistic summary can be constructed, including all 

mathematical structures that support the evaluation of the summary. This mathematical structure is mostly an 

elaboration of current knowledge. The case specific part of this chapter will address the definition of linguistic 

labels. Chapter 6 describes the process of acquiring data and how data quality is assessed. This process, of 

course, is strongly case-related, but it will also address some general requirements for data acquisition. Chapter 

7 explains the construction of a program that enables automatic summary generation. This program was built 

to fit the case study, but is also generally applicable. Chapter 8 addresses the first part of the case study, the 

general process evaluation. The chapter explains how the automatic tool was initialized and applied and how 

resulting summaries were analysed. It also addresses the findings of this general analysis. Similarly, chapter 9 

addresses the second part of the case study, the compliance analysis. The build-up of this chapter is equal to 

the build-up of chapter 8. Chapter 10 builds on the case study by providing specific refinements that could 

enhance the execution of the weaning protocol. The thesis ends with answering the research question, and the 

general conclusions, limitations and suggestions for further research in chapter 11. 

Figure 1: Graphical representation of thesis outline 
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2. Background 
This chapter will prepare the reader for the contents of the overall thesis. It can be seen as a description of the 

context of the project, by enlightening clinical pathways and protocols and fuzzy sets in general. Furthermore, 

it serves as a guided specification of the research area since it addresses process compliance specifically and 

narrows down from fuzzy sets to linguistic summarization. At the end of this chapter, the case study and its 

chosen protocol are addressed in detail. 

2.1. Clinical pathways and protocols 
As mentioned in the introduction, standardization methods for the provision of care were introduced as a 

reaction to changes in the professional environment. Three main types of standardizations can be distinguished; 

‘guidelines’, ‘protocols’ and ‘clinical pathways’. While a guideline mostly states requirements and limitations 

(supporting decision making), a protocol builds on this by showing how these statements should be implemented 

into practice (Ebben et al. 2012). Protocols are built to support the clinical processes. This aim of process 

support is taken to a next level when one implements Clinical Pathways (CPs), which are “standardized, typically 

evidence based, health care processes, whether for diagnoses or for treatment” (van de Klundert et al. 2010). 

CPs often include staff resources, equipment requirements and a time component (Lenz et al. 2007). 

Especially CPs, but clinical protocols as well, are documents that standardize a clinical process and can 

therefore be seen as a form of BPM. These documents can be used as input when one aspires to evaluate a 

clinical process.  

2.2. Process evaluation 
Process analysis and evaluation contain methods of 

gathering information about a certain process, which 

serve in improving quality, service and cost 

controlling. The issues regarding process analysis in 

healthcare, mentioned in the introduction, can occur 

during the whole timespan of a BPM project and are 

a hot topic in current research.  

Figure 2 shows the BPM lifecycle (Dumas et al. 2013). 

As can be seen in this figure, the BPM activities form 

a recurrent sequence of activities. This thesis can be 

placed among ‘Process monitoring and controlling’ 

activities, examining performance and compliance.  

2.2.1. Process compliance 
In general, compliance to clinical protocols or CPs is 

low (Huis et al. 2013), (Tromp et al. 2010), (Schears 

2012). Since the field of health care is so complex, 

there is a lot of attention for finding factors that 

influence compliance. In a literature study, preceding this thesis, articles about compliance were analysed. After 

this analysis, a framework was deduced, grouping the factors that influence compliance. The framework is not 

included in this thesis, but the categories for non-compliance are interesting to acknowledge. The categories 

are: ‘social factors’, ‘skills & roles’, ‘training & usage’, ‘workload’, ‘protocol characteristics’, ‘technical factors’ 

and ‘field specific factors’. 

2.3. Fuzzy sets and linguistic summarization 
To describe the benefits of the theory of fuzzy sets and its application in linguistic summaries (LS), it is important 

to first sketch a quick overview of other methods used in modelling and evaluation.  

Imagine a problem in which it is known which variables play important roles and all variable values can be 

calculated. This type of problem can be categorized to the region of ‘organized simplicity’, and can be solved 

with analytic methods. Imagine the opposite situation, in which there is a very large set of variables and a high 

degree of randomness, this is the region of ‘disorganized complexity’, and calls for statistical methods of the 

probability theory. Unfortunately, probability theory always just constructs an aspect of reality. In other words, 

assumptions and simplifications have to be made, to deal with complexity, credibility and uncertainty to be able 

Figure 2: the BPM lifecycle 
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to maximize the usefulness of the constructed model (Klir & Yuan 1995). This implies that the established model 

is at most an approximation of reality. In essence, this is due to the fact that probability theory, and therefore 

statistical models, are assuming the traditional, so called ‘crisp’ set. Crisp sets distinguish clearly between 

members and non-members of a specific set, and are therefore dichotomous. To put it differently, crisp sets 

imply very clear boundary conditions between groups. 

2.3.1. Fuzzy sets 
While probability theory tries to ‘deal with’ uncertainty, fuzzy set theory introduces a way to ‘embrace’ 

uncertainty. It provides a way to tolerate uncertainty and states that uncertainty can never be avoided. Fuzzy 

sets are sets with boundaries that are not as strict as the boundaries of Crisp sets. In a fuzzy set, an object can 

also be a member to a certain degree, instead of being only a ‘member’ or a ‘non-member’. A description of a 

specific situation is therefore more vague, but might also be more useful. This latter statement is underpinned 

by the information given in section 1.2, which explains the remarkable capability of the human brain to cope 

with uncertainty. The method of linguistic summarization is built on the principles of fuzzy set theory.  

2.3.2. Linguistic summarization 
Linguistic summaries are summaries in one or more sentences in semi-natural language, based on a set of 

calculations on a dataset. The mathematical structure behind the sentences assumes the principle of fuzzy sets 

and therefore the principle of gradual boundary transition. 

According to Yager (Yager 1982), a linguistic summary shall consist of at least three items; a summarizer, a 

quantity in agreement and a measure of validity of truth.  

 The summarizer (which, is indicated with ‘C’ in this thesis), indicates the object of interest. For example, if 

one is interested in patient characteristics, the appropriate linguistic variable for the summarizer could be 

the ‘age’ of the patient. This summarizer can be specified by assigning ‘linguistic labels’ to the linguistic 

variable. Examples of linguistic labels for the linguistic variable ‘age’ are: ‘young’ and ‘old’.  

 The quantity in agreement, also called quantifier (which is indicated with ‘Q’ in this thesis), is straight forward 

and indicates how many elements satisfy the condition given by the summarizer. A very often used quantifier 

label is ‘most’, but can be any linguistic quantity proposition that has meaning (Kacprzyk & Yager 2001).  

 The validity of truth is often called degree of truth or truth value, and will be referred to as the latter in this 

thesis. It gives an indication of the validity of the summary, with regard to the dataset. In other words: it 

provides information whether the summary is applicable to the dataset.  

If a dataset of patient records is assumed, one can now compose the following summary; 

 “Most patients are old.”, in which the quantifier is ‘most’ and the summarizer is ‘old’ which is the chosen 

label of the linguistic variable ‘age’.  

This is an example of a summary, which is called a protoform. This general structure is referred to as the simple 

protoform in literature and can be expanded to zoom in into a part of the dataset. The extended protoform 

includes, besides the summarizer and the quantifier, also a qualifier (which is indicated with ‘R’ in this thesis), 

(Wilbik & Keller 2012).  

 The qualifier represents an attribute of the subject of summarization. It basically embodies the criteria for 

selection. It is used when one aspires to acquire more information about a specific group in the dataset.  

As an example, one could set the linguistic variable for the qualifier to be ‘weight’ and the linguistic label to be 

‘heavy’, which would produce the following sentence: “Of all patients that are heavy, most are old”.  

This structure is of the form “Of all elements with R, Q are/have C”. As mentioned, the summarizer and the 

qualifier represent something that can be seen as a selection criterion. Earlier, these terms only contained one 

predicate (the mentioned ‘old’ and ‘heavy’). When more specific summaries are preferred, more predicates can 

be added. To visualise this, the general structure will then be specified to be the following:  

 “Of all elements with [R1, R2, … Rn], Q are/have [C1, C2, … Cn]” 

More information, such as the structure of the variables and the underlying calculations are described in detail 

in chapter 4.  
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These structures of semi-natural language are subject to human perception, since they include vague 

information. The next section will briefly address human perception of statements.  

2.4. Perception of language and statements 
The founder of Speech Act Theory is  J.L. Austin (Austin 1975). He reckons that philosophers have been 

concerned with the relation between the meaning of words, the expression of a proposition and the act of 

assertion. Austin therefore states that there is a separation between two main ideas;  

 The meaning expressed by an utterance should be separated from the way in which the utterance is used 

(force). 

 Utterances of any kind can be considered as acts.  

The early theory states that the collection of ‘utterances’ or ‘statements’ can be divided into two categories; 

‘performatives’ (or ‘illocutionary statements’), which are used to carry out an action, and ‘constatives’ (or 

‘locutionary statements’), which describe a state. The first category is divided into five basic kinds of illocutionary 

acts; ‘representatives’, ‘directives’, ‘commissives’, ‘expressives’ and ‘declarations’. The category of constatives 

is given much less attention, since it does not carry out action, according to Austin. 

Searle (Searle 1976) breaks the border between constatives and performatives by proposing that constatives 

are also a certain kind of action, namely ‘stating’ and ‘describing’. Later, this was also confirmed by d’Aspremont, 

who stated that constatives perform the action of ‘naming’, which he explained as follows: “Once the addressees 

of a statement understand it, they understand the intention of the author to communicate with them and to 

name”.  

Although the above might seem unrelated to the subject of linguistic summaries, it is not. The relation is present 

in the fact that the results of the calculations are presented in statements. While these statements are written, 

they can still be seen as information provided by another social instance and they can therefore be seen as 

constatives. Since constatives perform the action of ‘naming’, it should be taken into consideration how people 

can interpret the presented sentences. Since the sentences are based on data and are structured in a 

descriptive manner, they will probably be interpreted as factual. It is therefore important that the sentences are 

not multi-interpretable. When the sentences can be interpreted in multiple ways, it can cause that people 

become to trust erroneous information, which is highly undesirable.  

This information about perception already links theory to practice. The following section will address the specific 

field of practice that is relevant in this thesis: the weaning protocol.  

2.5. ICU weaning protocol 
As mentioned in the introduction, the project that is subject to this thesis was conducted in cooperation with the 

Maastricht University Medical Centre+. Due to its level of regulation and the amount of stored data, the Weaning 

protocol on the ICU was chosen to be subject of the project.  

The weaning protocol describes the process of decreasing the level of ventilator support (weaning), including 

extubation. The aim of the protocol is to, safely, reduce the level of ventilator assistance as fast as possible. 

The underlying motivation is that patient’s risks increase when the patient is kept on the mechanical ventilator.  

Since not all patients are on the ICU for the same reason, this protocol is split-up into two specific parts; the 

process for patients that received a rather short period of mechanical ventilation and the process for patients 

with a more prolonged (>72 hours) period of mechanical ventilation. This thesis focuses on the patients that 

were ventilated during a period that was shorter than 72 hours, which are the patients that had cardiothoracic 

surgery.  

2.5.1. Mechanical ventilation 
Ventilation of a patient during and after a cardiothoracic surgery, is taken over by a mechanical ventilator. When 

the patient is transferred from the operation room to the ICU and is connected to the mechanical ventilator, the 

weaning process starts. When a patient does not have enough spontaneous breathing activity, the patient 

dependent on the ventilator which provides the necessary support. The name of this form of ventilator support 

is ‘Bi-level Positive Airway Pressure’ (referred to as ‘BIPAP’).  
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The process of reducing the level of support is a stepwise procedure, which is described clearly in the protocol, 

along with thresholds that regulate the transition from one stage to the following. Figure 3 shows the process 

flow of the activities in the weaning protocol, including the continuation thresholds. The protocol can also be 

found in Appendix I. 

Due to the pre-set thresholds and criteria, the protocol is nurse-driven, which means that the ICU-nurse can 

execute the weaning process without intervention of a physician. Of course, when deviations occur, physicians 

are consulted to determine how to proceed.  

If the patient fulfils the criteria in note A (upper right corner of Figure 3), the patient can move on to the next 

stage; the phase in which he receives ‘Assisted Spontaneous Breathing’ (ASB). This stage requires the patient 

to be able to attempt to breath spontaneously. When the patient gives this stimulus, the ventilation machine 

responds with delivering pressure support. This means that each time the patient makes an effort to breath, the 

machine makes sure that the patient actually receives the ventilator support he or she needs.  

As said, the level of support is gradually reduced, conform to the criteria mentioned in the protocol (shown by 

the vertical sequence of blue squares in Figure 3). When the level is sufficiently decreased, the patient fulfils 

the criteria in note C, and the patient is stable for a period of at least 30 minutes, the patient is ready to be 

extubated. This means that the tube is removed and that the patient is therefore disconnected from the 

mechanical ventilator. This is when the weaning protocol is at end. 

During the execution of this process, it is possible that the level of support needs to be temporarily increased. 

This means that, although all criteria were fulfilled, the patient appeared to be a bit too unstable to proceed. This 

event of a ‘step back’ is not rare and prevents the patient from being exposed to risks. Since ICUs are small 

halls with a limited amount of patients, there is a high nurse-to-patient ratio, and patients are continuously 

monitored by machinery, these ‘steps back’ are always performed on time. Note that these ‘steps back’ can 

occur in any stage of the protocol, but are not visually represented in Figure 3. 

The total time of execution and how many times it is necessary to take a step back, is different per patient. 

Besides patient-specific characteristics, it is also possible that medication influences the state of the patient, 

which influences the continuation of the weaning activities.  

2.5.2. Explanation of terminology 
All concepts mentioned in the weaning protocol (Figure 3) are explained below in Table 1. This table is also 

included in the appendix for fast retrieval.  

Table 1: list of concepts, named in the weaning protocol 

List of concepts 

GCS Glasgow Coma Score 

FiO2 Fraction of inspired oxygen 

PaO2/FiO2 The ratio of partial pressure arterial oxygen and fraction of inspired oxygen, is a 
comparison between the oxygen level in the blood and the oxygen concentration that is 
breathed 

PEEP Positive end-expiratory pressure 

pO2 The pressure of the oxygen in blood 

pCO2 Partial pressure of CO2 in blood 

pH Logarithmic scale for the degree of acidity 

Norepinefrine Hormone related to adrenaline 

Dobutamine Heart stimulant medication 

ASB Assisted Spontaneous Breathing (pressure support) 

ATC Automatic tube compensation 

ABG Arterial blood gas 

SBT Spontaneous Breathing Trial 
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Figure 3: process flow, including continuation criteria, of the weaning protocol. 
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3. Methodology 
This chapter gives insight into the methods used to perform this project. First, it will describe the different stages 

of the project, represented in research questions that form the foundation of this research. After introducing the 

research questions, this chapter continues by explaining how the pursuit for answering these questions was 

planned and why this planning was chosen.  

3.1. Research questions 
The goal of this research was mentioned in the introduction (Chapter 1.4) and was set to be:  

“Evaluating a clinical process by applying the method of linguistic summarization as a form of process 

evaluation and testing the usability of the method as a compliance checking method.”  

This aim was summarized in the following main research question “How can linguistic summaries help evaluate 

general performance and compliance of clinical processes?” 

To guide this search, several steps are needed. These steps are explained below, along with the sub research 

questions that accompany the particular project phase. 

The aim is to investigate the opportunities of linguistic summaries regarding process evaluation. Since linguistic 

summaries are statements in semi-natural language (protoforms), the first step of the project is to examine the 

sentence structure and to find the full set of possible statements/protoforms. These potential protoforms should 

describe the process, and should therefore include both process and patient data information. To define the set 

of possible protoforms, the protocol is taken as a reference for possible activities and thresholds and existing 

relations among them. 

When this set of possible protoforms is identified, it needs to be verified in a study of usefulness. Some 

statements will, medically seen, make more sense than others. Furthermore, it needs to be verified whether the 

statements have meaning and if the intended meaning of this protoform corresponds to the perceived meaning 

of the protoform by medical staff. During this study, the full set of protoforms needs to be reduced to a set of 

useful protoforms.  

The next logical step is to define the mathematical structure that forms the basis for the summaries. This 
structure should include methods for calculating the degree of truth, but also methods of evaluating the 
summaries for other types of quality.  
 
When the structure is defined, the protoforms are almost ready to be tested on real-life data. Before this can be 

done, medical experts need to provide input for the definition of the linguistic variables and the linguistic labels. 

For example: it cannot be tested whether a patient with a ‘high’ dosis for certain medication, will take ‘longer’ to 

complete a certain process step, if it is not known what ‘high’ and ‘longer’ means. Furthermore, it should be 

defined what the most suitable number of linguistic labels per variable is. Intuitively, this can be for example 

‘low’, ‘medium’ and ‘high’, but this should be determined officially. Medical knowledge is crucial for this phase 

and therefore field specialists need to be consulted to complete this step. 

At this point, the list of protoforms is reduced to a list of useful protoforms. For this list, the mathematical structure 

is built, including quality measures and linguistic label ranges. This means that the protoforms can now be 

applied on real life data, in the form of a case study. 

To summarize the above roadmap, a set of sub research questions is defined, which form the methodical 

framework for the project; 

1. “What is the set of possible linguistic protoforms that could help evaluate (compliance to) the chosen 

protocol?” 

2.  “What is the mathematical structure behind the defined linguistic protoforms?” 

3. “What are the meaningful linguistic labels for the linguistic variables and what are the corresponding 

membership functions?” 

4. “How can the derived linguistic protoforms be applied on clinical data?” 
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3.2. Research design 
The main research question (“How can linguistic summaries help evaluate general performance and compliance 

of clinical processes?”) and its sub questions form the backbone of this thesis. This section will address what 

methods will be used to answer the sub questions and how this adds up to finding an answer to the main 

research question.  

In the pursuit of structure and academic validity, two project management methods were combined to ensure a 

well-supported working procedure. These two methods will be discussed first, after which the several sub 

research questions and their corresponding activities will be explained.  

A structure that is generally accepted and applied is the structure of ‘Analysis’, ‘Design’ and ‘Evaluation’. 

Although other terms can be used, the description of many research methodologies come down to this 

fundamental framework (Dumas et al. 2013). Although this structure can be found in the research design, it is 

still very general. To make it more specific, the CRISP-DM model is applied. The CRISP-DM model origins in 

the data mining domain and describes the different phases of a data mining project. A graphical representation 

of this model can be seen in Figure 4.  

The first phase (business understanding) is meant to get a 

detailed understanding of the project objectives and 

requirements from all the stakeholders. The data 

understanding starts when the first data is collected and 

activities that make use of this data start. This phase is 

aimed at getting familiar with the data and gather first 

insights. The next phase is ‘data preparation’, in which 

activities to construct the final dataset are conducted. 

Activities vary from transforming and cleaning to data 

selection. In the ‘modelling’ phase, various modelling 

techniques can be applied to the data. Depending on the 

technique, one should go back to the data preparation 

phase to adapt the dataset. In the evaluation phase, the 

model is built and it should be checked whether all original 

goals are sufficiently addressed in the model. If the model 

needs to be adapted, one returns to the business 

understanding phase, to re-evaluate business objectives. 

The last phase is ‘deployment’, in which the model is applied. 

To combine the general view of research 

process methodology and the CRISP-DM 

model, one could see the business and data 

understanding phases, together with the data 

preparation phase as being part of the 

‘analysis’ stage of the general model. The 

modelling phase of the CRISP-DM model 

corresponds directly with the ‘design’ stage of 

the general model and the evaluation and 

deployment phases correspond to the 

‘evaluation’ stage of the general model. This 

can be seen in Figure 5. 

Since the research stages were defined and it 

has been made clear how to conduct a proper 

research, the two can be combined to obtain 

the research design. Figure 6 shows the 

research design for this thesis. 

Figure 4: CRISP-DM reference model 

Figure 5: Combination of the general research methodology and the 

CRISP-DM model. 
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The next sections will address all phases separately, to explain the used information acquisition and analysis 

techniques. Furthermore, it will be explained why they fit into the assigned stage of the CRISP-DM model. 

3.2.1. Protoform structure 
This phase corresponds to the research question “What is the set of possible linguistic protoforms that could 

help evaluate (compliance to) the chosen protocol?”. This phase aims at providing a clear overview of the 

general structure of a protoform and how this can be translated into a framework that can be used as a guideline 

to define summaries that fit the situation of interest. This phase will end with providing a set of data types that 

structure the search for protoforms. Furthermore, it provides clear examples on how summaries should look 

and in what way they are valuable for analysis.  

In order to accomplish this, a full understanding of the method, the required data and the context of the case 

study is necessary. This implies that this research phase has a pure exploratory nature. Furthermore, the 

establishment of the data type framework can be seen as the input for the remainder of the thesis, making it 

‘input data’. Therefore, this research step is placed in the following phases of the CRISP-DM model: 

‘understanding of the situation’ and ‘data understanding and preparation’. 

Data acquisition will be done using structured and semi-structured interviews, document analyses and 

observations.  

3.2.2. Construction of a summary 
This chapter has a clear generally focused start that aims at answering the research question “What is the 

mathematical structure behind the defined linguistic protoforms?”. The aim of this phase is to define the set of 

calculations that form the basis for the linguistic summaries, so that they can be computed automatically. Since 

the output of this phase is a reusable model to generate relevant linguistic summaries, this phase is placed in 

the ‘modelling’ phase of the CRISP-DM model.  

This chapter concludes with a case-specific section, that addresses the definition of linguistic labels. This section 

answers the question “What are the meaningful linguistic labels for the linguistic variables and what are the 

corresponding membership functions?”. This phase is still part of the ‘modelling’ phase, since it addresses a 

part of the model in more detail. 

Literature of fuzzy set theory and linguistic summarization will be the most important source of information for 

this phase. Meetings with a professional within the relevant field of research will serve to deepen the 

understanding of the literature. Interviews with medical personnel serve to be able to define the linguistic labels 

for the case-specific part of this chapter. 

3.2.3. Automatic summary generation 
This chapter explains the development of a program that enables the user to either generate one single 

summary of interest, or to generate the full set of valuable summaries. The program is a way of implementing 

all the earlier explained information in practice. In the case study, this program is used to generate the full set 

of summaries. However, this program is not only specific to this case study, but could also be applied to other 

Figure 6: Research design, linked to the research CRISP-DM model 
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datasets with minor adaptations. In this phase, no new information is needed. All earlier obtained information is 

combined in this phase.  

3.2.4. Data  
This chapter will address the collection and assessment of patient data that is needed for the automatic 

generation of linguistic summaries during the case study. The constructed model is applied and adapted if 

needed, which explains why this phase is coupled to the ‘modelling’ phase of the CRISP-DM model. Note that 

the process of collecting data is parallel with executing all other phases of the project.  

To anticipate for unexpected struggles regarding the data extraction, two safety nets were defined; collect data 

manually, or use a dataset of a previous researcher. Both options result in a smaller dataset than is aimed for 

in the data extraction that is mentioned above.  

3.2.5. Case study 
In this phase, summaries are automatically generated representing the acquired clinical dataset. The description 

of this phase comprises two applications of the automatic tool; the general process analysis and the compliance 

analysis. The aim of this phase is to show the applicability of the model on clinical data, but more importantly, 

to conduct an analysis of the weaning protocol and use the results to define refinements for the currently 

available short term weaning protocol of MUMC+.  

The input is the constructed model and the patient data. The output can be divided into two categories; general 

a performance analysis and a compliance analysis. The constructed model will first be applied with all variable 

labels set to the discussed ranges (defined in the modelling phase). This will produce results that indicate 

general behaviour of certain patient groups and overall performance. Subsequently, the label ranges will be 

changed to represent the protocol thresholds. This is done to test the model for compliance checking 

capabilities.  

3.2.6. Recommendations 
After concluding the case study, recommendations can be formulated. This chapter will also comprise of a case-

specific and a more general section. The case-specific section will recommend adaptations and refinements to 

strengthen the currently available short term weaning protocol. The general recommendations will focus towards 

future projects and how findings in this thesis helps to conduct even better research.  

3.2.7. Conclusions 
This last part of the thesis will combine all information gathered throughout the thesis and will use this to answer 

the main research question. Furthermore, it will highlight the limitations of this thesis and will provide some 

suggestions for further research.  
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4. Protoform structure 
The first phase of the project is to adopt a strategy regarding the output of the method: the summaries. The 

summaries form the main visual output of the method, and also express the mathematical structure to calculate 

the results. It is therefore important to have a clear view of the structure of the sentence. 

This chapter provides an overview of known sentence structures, formally called protoforms. Human 

interpretation of these structures and language-associated logic will also be addressed. Both these subjects are 

part of the background section of this chapter. This theory is used to deduce a framework, that forms the basis 

for the continuation of the project. This framework explains options to fill the separate building blocks of the 

formal sentences structure. The chapter will end with a section that specifies this approach to fit the case study. 

In this specification, example summaries will be provided within the proposed framework, to show what kind of 

summaries can be of value.  

To illustrate how all results were obtained, this chapter will start with a detailed methodology. As explained in 

the section about the research design (section 3.2), information was gathered during a literature review, 

interviews, a document analysis and by shadowing an ICU nurse during a shift.  

4.1. Methodology 
To obtain an understanding of the structure of the summaries, an extensive literature review was conducted 

prior to the start of this project. A brief overview of the findings from this literature review were already addressed 

in the background chapter, at the start of this thesis. During this project phase, this literature review was used 

as a reference guide.  

To be able to link the summary structure to practice (the case study), a full understanding of the protocol is 

needed. This is done by conducting a semi-structured interview with medical staff. The interview was conducted 

as a group-session and consisted of four blocks of questions, transiting from general considerations to specific 

questions about the thresholds mentioned in the protocol. The first two blocks contained specific questions 

about routing options, resources and regulations, while the third block included a question that was very open 

for discussion. Its intention was to highlight special or rare events. The last block of questions aimed at obtaining 

an insight in the participants’ perception of the intended summaries. A full overview of the interview question list 

and a report of the findings can be found in Appendix III.  

To complement the information acquired during the interview, a document analysis containing all text documents 

regarding the protocol and a thesis of a previous researcher was conducted. This analysis was aimed at defining 

specific restrictions and guidelines, discussed during the interview. Subsequently, to be able to see the 

execution of the protocol in practice, an ICU nurse was shadowed during one full shift on department F3 of 

MUMC+. This showed clearly the level of strictness of the protocol and considerations regarding the thresholds 

and patient comfort.  

4.2. Background 
This chapter provides an overview of known sentence structures, formally called protoforms. After this, human 

interpretation of these structures and language-associated logic will be addressed. 

4.2.1. Sentence structure 
The background chapter, at the start of this thesis (chapter 2) already discussed linguistic summaries. It 

explained that a summary has a clear structure that is formally called a protoform. The simple protoform is of 

the following structure: 

 “Of all elements, Q are/have C” 

In which Q (the quantifier) and C (the summarizer) can be seen as building blocks that need to be filled with 

certain variables. This form can be extended by adding a qualifier, which defines a certain group of elements 

that is of interest. The extended protoform is of the following structure: 

 “Of all elements satisfying R, Q are/have C” 

In essence, a protoform indicates the existence of an element with specific characteristics in the dataset. 

Technically, this can be represented as “Z is X” for the simple protoform and “(Z is X) is Y” for the extended 
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protoform. Since further extensions can most often be reduced to this general structure, this thesis does not 

propose any technically new structures or protoforms. However, it is interesting to investigate whether 

differences can exist in the way the building blocks are filled. This will be addressed in section 4.3. 

4.2.2. Perception of sentence structure 
Most literature on linguistic summarization explains the usage of the above summary structures. Since the case 

study is conducted in a Dutch hospital, it was considered to change the formal protoform to a more informal 

version, since the Dutch language is very open to variations in structure.  

As mentioned in the methodology section of this chapter, the last block of interview questions was aimed at 

understanding the interpretation of the summaries by the participants. Figure 7 shows the formal and informal 

structure for both the English and the Dutch language. During the interview, these two sentence structures (in 

Dutch language) were tested on the participants. 

Against expectations, the participants preferred the more formal version. They explained that the informal 

version was more susceptible for ambiguity, which made them unfit for the project. Furthermore, the informal 

structure places the Quantifier (‘Q’) at the beginning of the sentence, which makes it easy to miss this important 

information when reading the summaries. Clarity is preferred over a structure that is ‘easy to read’. 

Since both literature and interview findings confirm that the formal structure should be used, this structure is 

chosen to be leading in the continuation of the project.  

The mentioned interview was also used to acquire information that was specific for the case study. This 

information was used to reduce the list of protoforms to a list of useful and meaningful protoforms. This list is 

addressed in the following section below. 

4.3. Contribution 
As mentioned above, the summary structure is robust and this thesis does not propose a new structure for 

protoforms. Nevertheless, it elaborates on how to fill the building blocks and shows that usage of different data 

types is a possible way to enable creative use of the existing protoforms. 

During the interview and the document analysis, it was found that in order to evaluate a clinical protocol, multiple 

types of data were of interest. Firstly, there is of course the clinical information, mostly apparent in medical 

measurements such as results from blood tests. Furthermore, there is the information that is patient specific, 

and remains constant during the execution of the process. Besides these data elements, there is also a variety 

of process information elements. These can both indicate routing options, back loops, but also deviations from 

the protocol, caused by conscious choices or by medical complications.  

The notion that combining different data types could result in protoforms of different natures, led to the deduction 

of a general framework that formed the basis for the continuation of the project. Table 2 shows the distilled data 

types that can be combined to form a list of potentially interesting protoform skeletons.  

Table 2: Data types 

Data types explanation of the type 

Medical 

measurements 

This type indicates that a certain value is measured. For example blood test results. 

Process step This type indicates a certain step in the process. This type can also indicate a group of steps, seen 

as a phase of the process 

Figure 7: Formal and informal sentence structure 
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Complication This type indicates that a whole different treatment process has to be started. Since this treatment 

lies outside of the protocol under investigation, this type is separated from the ‘Process step’ type.  

Patient 

characteristic 

This type indicates characteristics of the patient. This can be age, gender, obesity or other factors. 

As mentioned in the background section, a protoform highlights the existence of a certain element, which, 

technically seen, can be represented as “(Z is X) is y”. The characteristics X and Y of this generic sentence 

structure “(Z is X) is Y”  are filled with combinations of the datatypes in Table 2, resulting in the following 

protoform skeletons; 

 Medical measurement with Process step 

 Medical measurement with Complication 

 Process step with Complication  

 Process step with Process step 

 Complication with Process step 

 Process step with Medical measurement 

 Medical measurement with Medical measurement 

 Patient characteristic with Medical measurement 

 Patient characteristic with Complication 

 Patient characteristic with Process step 

Note that the order in which the data types are placed, does matter. This is because the ‘selection’ of data 

elements starts with the first variable, and then proceeds with selecting the next. The structures ‘Process step 

with Complication’ and ‘Complication with Process step’, are therefore not the same.  

To illustrate this, Figure 8 shows an example dataset, containing data elements that can have attribute X and 

Y. Note that there are six elements that have attribute Y and that there are only four elements that have attribute 

X. Therefore, one can imagine that the proportions, and therefore the fundamentals of the method, are different 

for the sentence “(Z is X) is Y”  (3 out of 4) and the sentence “(Z is Y) is X” (3 out of 6).  

4.4. Case specific 
With the sentence structure and the possible data type combinations known, the general basis is in place. This 

last section of this chapter builds on this construction and specifies this to fit the case study. It uses findings 

from the interview to provide specific examples of protoforms that are of interest and how they correspond to 

the above construction of indicating a data element that satisfies certain requirements. The specific sentence 

structures with data type combinations that are found to be valuable for clinical processes are the following: 

For these structures, specific examples are provided in the next section. Note that all protoforms are presented 

in the formal structure of extended protoforms (“Of all patients with R, Q are/have C”), in which [R] and [C] are 

filled with one of the datatypes as mentioned above. Furthermore, the tables with all the options are also 

provided in Appendix IV.  

4.4.1. Patient characteristics 
During the interview, it was stated that it was new to look at ‘patient characteristics’ with regard to the execution 

of the protocol. Since ‘medical values’ are controlled for in the protocol, it is more interesting to determine the 

importance of deviations in the execution of the protocol that can be related to patient characteristics than those 

that can be related to medical values. The skeleton for this protoform looks as follows: 

“Of all patients with characteristic X, Q will have a high/low value for Y at the start/end of the process” 

This particular skeleton can be used to check whether patient characteristics could be used to highlight 

deviations regarding the contra indications or extubation criteria. To recap: contra indications are the restrictions 

Figure 8: example of dataset and 
selection implications 

“Of all patients with characteristic X, Q will have a high/low value for Y at the start/end of the process” 
“Of all patients with characteristic X, Q will have a high value for Y at the start/end of the process” 
“Of all patients with characteristic X, Q will go fast in process phase X” 
“Of patients with high value for X, Q will have routing option Y” 
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for starting the weaning process, while extubation criteria are the restrictions for ending the process and 

therefore to start the extubation. 

Figure 9 shows how the above skeleton could be further specified, by substituting the qualifier with a patient 

characteristic and the summarizer with one of the extubation criteria. The same could be done for testing the 

contra indications. Note that the words that are underlined in the protoform, can also be subject for substitution. 

One specific protoform example that was prompted by the physician is the following protoform: “Most patients 

with obesity, will have a high value for PEEP”.  

Besides relating patient characteristics to medical values, it could also be tried to relate them with possible 

complications. Unfortunately, it is difficult to identify complications in a dataset, especially on an ICU department. 

Although this possible correlation was mentioned before, it was chosen not to include this option in the project, 

since it was expected not to deliver the benefits compensating for the work related to finding the complications.  

4.4.2. Medication 
During the interview, it was mentioned that when patients are extremely restless, or they have a high blood 

pressure, certain medication is assigned. The medication sedates the patient and therefore has a positive effect 

on the level of restlessness. However, it is not fully clear what effect this has on process execution. It could 

affect the routing, such that the patient has to be put back on ventilation (and even that extubation immediately 

follows waking the patient, because it is known that the level of restlessness is most likely to be high).  

The skeletons for protoforms related to this consideration are the following: 

Figure 10 shows specific examples that could be used to test the above consideration. Specifically, it names 

the drug ‘propofol’, but also ‘midazolam’ could be put into this building block.  

Figure 9: Substituting 'R' with patient characteristics and 'C' with extubation criteria 

Figure 10: Set of protoforms that is relevant for patients that were having certain medication 

“Of all patients with characteristic X, Q will have a high value for Y at the start/end of the process” 
“Of all patients with characteristic X, Q will go fast in process phase X” 
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4.4.3. Medical values 
Medical values are very well accounted for in the protocol. During the ‘body’ of the process, it is regulated what 

should happen when values change. Since the protocol allows for loops, there is no such thing as deviations in 

this part of the protocol. Furthermore, the level of control by the nurses and machinery is so high that changes 

are noted immediately and necessary adjustments follow. In discussion with medical staff, it was therefore 

decided not to take the intermediate medical values into account, but to focus on the contra indications and the 

extubation criteria. 

Besides testing protoforms that relate patient characteristics to deviations regarding these values (section 

4.4.1), it is also interesting to test whether a deviation in, for example, the contra indications, is related to certain 

routing options, such as a consult with a physician before extubation. The skeleton that applies here is the 

following: 

“Of patients with high value for X, Q will have routing option Y” 

Figure 11 shows more specifically which options are available within this skeleton. Note that the block with 

contra indications could also be replaced with extubation criteria, only the sentence should then not be in future 

tense.  

4.5. Conclusion 
This chapter elaborates on the formal structure of summaries: the protoforms. It was explained that in essence, 

a protoform indicates the existence of a data element with certain characteristics in the dataset. This thesis 

contributed to current literature by highlighting the possibility of combining different types of information into one 

protoform, showing structures that are especially suitable for projects focused on process compliance. 

Furthermore, it showed that linguistic summarization is not only suitable for processing object information, but 

also for treating process information. This philosophy was then utilized in the section that specified the method 

to fit the case study.  

Figure 11: Substituting 'R' with contra indications and 'C' with routing options 
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5. Building a linguistic summary 
The previous chapter explained the sentence structure and how summaries can help giving insight into the 

process. This chapter builds on this information by showing how a summary can be constructed and evaluated. 

To be more specific, this chapter shows how the sentence in semi-natural language is translated to 

mathematical concepts that computers can use to calculate the summary. Most of this explanation is in the 

background section (5.2). This section first provides a short recap tot the summary structure and couples this 

to official terminology. This terminology is then used to explain the concept of membership, which is used to 

define whether elements in the dataset fulfil the criteria of the building blocks. This explanation is illustrated with 

an example to make the concept more clear. The last step in constructing a summary is to define the validity 

and quality of summary. This is explained in the last part of the background section. When the structure, the 

membership and the evaluation methods are explained, it is known how to construct a sentence. This chapter 

then continues with highlighting specific parts of this construction process and explains how these parts can be 

adapted to fulfil special needs in general or specific for this case study. 

The first subject that is highlighted is the concept of label definition for the quantifier. As explained before, 

summaries contain building blocks that need to be filled with a linguistic label, corresponding to the linguistic 

variable of choice. For the quantifier, which indicates the amount in agreement, the labels are pre-set and mostly 

taken from literature. However, these labels are dependent on perception, which is clearly indicated in the mini-

experiment of this thesis (section 5.3.1). It shows that language logic is strongly related to perception, which 

should be reflected in the choice for quantifier labels. 

The second subject that is highlighted is also related to label definition, but specifically for the summarizer and 

qualifier ([C] and [R]). As mentioned before, the method of linguistic summarization is dependent on the label 

definition, which creates the opportunity to use this as an advantage and specify the labels in a way that suits 

the aim of the project. The second contribution part of this chapter (5.3.2) highlights how labels should be 

adapted in order to construct a summary that is able to highlight compliance and non-compliance.  

The last section of this chapter explains the label definition that is specific for the case study in this thesis. It 

mentions how medical knowledge was essential for this phase and how discussions with medical experts lead 

to the definition of linguistic label ranges.  

The chapter will start with the methodology, which explains how different parts of this chapter were produced. 

5.1. Methodology 
Since the method of linguistic summarization was new to the researcher, it was critical to first get an 

understanding of theory. This was obtained partly by the literature review prior to this project and strengthened 

by conversations with a field expert.  

This literature review was used to write the theory section, which contains information about calculating 

membership, truth value and several quality measures. Besides this mathematical structure, theory also 

elaborates on the definition of linguistic labels, which will also be addressed in the theory section.  

To test the applicability of theory on linguistic labels in practice, a mini experiment was conducted. The reason 

that there was doubt regarding the literature, was that theory was mostly on English projects, while this project 

is partly conducted in Dutch. The motivation for this experiment will be explained in more detail in section 0. 

Important to mention in this methodology section, is that the experiment is consciously named the ‘mini 

experiment’, because the amount of participants was too small to make hard statements based on the results. 

The mini experiment was only an attempt to highlight the importance of language logic and the relation to 

perception.  

The mini experiment used a test set of linguistic labels on one piece of paper (A4). The test set contained six 

words that could be used as quantifier labels. These words were direct Dutch translations of the English words 

that were often used in literature as quantifier labels. Next to each word, an empty rectangle was visible. The 

participants (both students, adults and medical personnel) were asked to colour the bar up to the point that 

corresponded to their interpretation of the statement. For example, if the statement ‘absolutely all’ was a test 

statement, participants probably coloured the whole bar. Similarly, if the statement ‘none at all’ was a test 

statement, the participants should leave the bar empty.  
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Participants were not allowed to see following statements and it was also forbidden to make changes once a 

bar was coloured. Note that the order in which the words were offered to participants, was always the same. 

When this was a serious large-scale experiment, this should be avoided.  

The way the results of this mini experiment were processed and the conclusions drawn from those result, will 

be explained in section 5.3.1. 

The last method that was used was again a series of interviews. This was done to be able to specify the general 

method to fit the case study. As explained in the theory section, linguistic variables have linguistic labels. Those 

labels have certain boundary conditions, which could only be defined by medical personnel. The interviews 

were of a structured nature. Since variables and labels were already defined, they only needed the essential 

boundary conditions. A table, containing all variables and labels, functioned as a guideline for the interviews.  

5.2. Background 
This section will address the theory of linguistic summarization in more detail than the background section at 

the start of this thesis. It is chosen to elaborate on this matter here, because it has a direct relation to the 

contribution section and the section on case study specifications. 

This section will start with a short recap on summary structure and relating formal terminology to the previously 

explained concepts. After this, the calculations that support the summaries will be explained. This includes both 

standard calculations and the calculation of quality measures to evaluate the summaries on multiple dimensions.  

5.2.1. General summary structure 
The general structure of the protoforms can either be simple (“Of all patients, Q have/are C.”) or extended (“Of 

all patients with R, Q have/are C.”). It can be noted that the simple protoform can be addressed as a special 

version of the extended protoform, with ‘R’ being something in the direction of “being present in the dataset”. 

When this is accepted, a general structure can be provided that can calculate both the simple and the extended 

protoforms. 

The general structure consists of three general building blocks, to specify: the qualifier ‘R’, the quantifier ‘Q’ and 

the summarizer  ‘C’. The quantifier (Q) is to be filled with a predefined set of options that indicate an amount. 

Often used options are for example ‘a few’, ‘many’ and ‘most’. Both the qualifier (R) and the summarizer (C) are 

to be filled with options representing the defined variables (grouped by category; the data types). For each 

variable, a certain level of interest is chosen, the linguistic label. For example, if one wants to know more about 

the variable ‘age’, then one could choose from, for example, the labels ‘young’, ‘medium age’ and ‘old’ to fill 

either the qualifier or the summarizer building block. Figure 12 shows this structure graphically. 

Figure 12: General structure of a summary sentence 
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In BLACK, the general protoform structure is shown. This is just the protoform structure with the building blocks 

as described before. To fill both R and C, one should choose from one of the categories (shown in BLUE), for 

example: ‘patient characteristics’. The categories were defined in earlier chapters and represent possible useful 

factors within the weaning protocol and correspond to the data type construction. Each category represents a 

group of several linguistic variables (shown in GREEN), one example of a variable is ‘Age’. This variable 

represents which aspect is to be investigated. The only thing that is left then, is to specify this aspect even 

further. This can be done by defining the linguistic label (shown in YELLOW). The range for the variable ‘Age’ 

can be either ‘young’, ‘old’, or any other range one wants to define. 

One can imagine that a wide range of summaries can be produced, using this one standard. 

5.2.2. Defining membership 
This section will explain the standard calculations that support the summaries. To guide this explanation, one 

simple example will be applied during the whole of this section. It is the simple protoform: 

“Of all patients (R = empty), most (Q) are of medium age (C)” 

To evaluate whether this sentence is a suitable representation of the dataset, the first step is to define when 

patients satisfy the criteria (R and C). Since the example is a simple protoform, the fulfilment of R lapses and 

only C has to be satisfied. Questions like “When is a patient ‘medium age’?” arise, indicating vagueness and 

thereby touching the essence of the method of linguistic summarization, which is based on fuzzy set theory.  

While humans can understand these statements, computers cannot. They have to be instructed in how to handle 

these concepts. The way this is done, is by using functions to define the ‘membership value’ of a data point with 

regard to the linguistic label for the given variable. The term ‘membership value’ refers to the degree to which a 

patient can be seen as ‘part of the concept’. For example, for some people, an age of 55 could be seen as old, 

while others have the opinion that this is not the case per se. Fuzzy set theory accepts that a person can be 

either ‘not’, ‘partly’ or ‘fully’ a member of the concept ‘medium age’. The membership value is therefore 

expressed as a value on the continuous scale from 0 to 1. This membership value is the result of the 

‘membership function’ that is defined for each particular label of each variable.  

Based on literature and conversations with an expert, it is chosen to use ‘trapezoidal’ membership functions for 

the definition of linguistic labels. This structure is sufficiently precise and easy to understand, which is trivial 

when the method is to be implemented in daily practice. In addition, specific points of the ranges of the labels 

should be defined by discussions with medical experts. The trapezoidal function provides clear guidelines for 

the conversation on where to draw the boundaries. 

Figure 13 shows this concept of trapezoidal 

membership functions graphically. The area 

beneath the straight blue line is the area that 

depicts a membership of the linguistic label. 

The X-axis represents the range of possible 

values for this variable and a representation 

in natural language about when a value is 

definitely a member or not. The Y-axis 

represents the membership value on the 

range [0,1]. The letters (a, b, c, d) are 

present in the picture because they 

represent the turning points. The area between b and c, represents all values that are definitely a member, so 

for all values in this area, the membership value is 1. The area between a and b shows a straight diagonal. In 

this area, the membership value is different for each value. The closer the data point is to b, the higher the 

membership value (for example 0,85), the closer the value is to a, the lower the membership value is (for 

example 0,2). This concept will be clarified by an example shortly. 

The values for (a, b, c, d) are used to define the membership function, defining the membership value: 

𝑓(𝑥; 𝑎, 𝑏, 𝑐, 𝑑) = 𝑚𝑎𝑥 (𝑚𝑖𝑛 (
𝑥−𝑎

𝑏−𝑎
, 1,

𝑑−𝑥

𝑑−𝑐
) , 0), (1) 

In which ‘𝑥’ represents the value of the data point for which the membership value is calculated.  

Figure 13: Trapezoidal membership function 
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This function implies two things: 

 The steepness of the line between a and b does not have to be the same as the slope between c and d. 

This means that one side of the variable range can be more fuzzy or vague than the other side.  

 Values can be equal to each other or take on a sort of maximum, resulting in membership areas that do not 

look like a trapezium. To name two examples:  

o When b and c are equal, the range looks like a triangle. This means that there is only one value for 

which the ‘definitely yes’ property holds. The GREEN line in Figure 14 shows this situation. 

o When d is set to the maximum value, it means that every value (equal to or) greater than c is a full 

member of the range. Note that the similar statements apply for the case in which a is set to the 

minimum value. The two BLUE lines in Figure 14 show these two situations. 

The definition of the values for (a, 

b, c, d), representing the label 

ranges, should be done in 

consultation with field experts. In 

the case of this thesis, this means 

input from medical personnel. The 

definition of the label ranges is 

discussed in the section in this 

chapter that handles the case 

specific adjustments to the general 

method, section 5.4.  

Now the essence of membership functions and the method of calculating membership value is explained, this 

can be illustrated by an example. Figure 15 shows an example dataset for the example summary and the 

definition of the linguistic label ranges, belonging to the variable ‘age’. Assume, the example summary “Of all 

patients, most are medium age” is to be tested on this dataset in this context. 

Dataset 𝐴 contains six patients of which the age is recorded. The points (a, b, c, d) for the linguistic label ‘medium 

age’ are already defined and therefore the formula for the membership value can be constructed. To define the 

membership values for the linguistic label ‘medium age’, each patients’ age is substituted for x in formula (1).  

Figure 16 shows all calculated membership values, as well as their placement in the graph, to illustrate the 

membership values intuitively. As can be seen, only two patients have an age that (partially) corresponds to the 

label ‘medium age’. Intuitively, it can be expected that the sentence “Of all patients, most are medium age” is 

not a suitable reflection of the dataset. 

To confirm this intuition, a basic quality measure can be calculated: the truth value or degree of truth. This basic 

quality measure is very intuitive and can be seen as an essential complement to the constructed summary. The 

truth value indicates the validity of the sentence with regard to the used dataset (Yager 1982). 

The calculation of the truth value could be seen as a way to aggregate all individual membership values, to 

represent the state of the total dataset. How this is done, is the subject in the following section. 

Figure 14: different forms of the trapezoidal membership function 

Figure 15: Example dataset A and range for variable label 'medium age' 
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5.2.3. Defining the truth value 
As mentioned, the truth value represents the validity of the summary, and is therefore a measure that informs 

whether the quantifier suits the combination of qualifier and summarizer to characterise the dataset. To 

aggregate all the individual membership values, a relative quantity can be calculated. The relative quantity of 

all patients that have a membership value greater than zero can be calculated with the formula: 

𝑟 =
∑ 𝜇𝐶(𝑦𝑖)𝑛

𝑖=1

𝑛
,                  (2) 

with 𝑛 being the number of patients and 𝜇𝐶(𝑦𝑖) being the membership value for patient 𝑖 of variable label 𝐶. This 

relative quantity could be interpreted as the proportion of the group that is fulfilling the criteria of being ‘medium 

age’ (Yager 1982). 

If formula (2) is applied to the membership values of the example, a relative quantity of 0.25 is obtained. Again, 

intuitively this does not correspond to the concept of ‘most’ in the sentence “Of all patients, most are medium 

age.”. 

Note that formula (2) only applies for simple protoforms. For Extended protoforms the relative quantity should 

be calculated in a slightly different way. For each patient, the membership value for both the C-variable label 

and the R-variable label should be calculated. Then, the minimum of those two values is taken to be part of the 

sum in the numerator of formula (2). To clarify this, the formula for calculating the relative quantity of all patients 

in a dataset for an extended protoform is provided in formula (3). 

𝑟 =
∑ 𝜇𝐶(𝑦𝑖)  ∧  𝜇𝑅(𝑦𝑖)𝑛

𝑖=1

∑ 𝜇𝑅
𝑛
𝑖=1

,           (3) 

To confirm the expectation that the relative quantity of 0.25 is not enough to support the example summary “Of 

all patients, most are medium age”, the truth value must be computed. This can be done in different ways. In 

this project, it is chosen to use the basic formula, based on Zadehs calculus of quantified propositions (Zadeh 

1997), which is as follows;  

𝑇(𝑠𝑢𝑚𝑚𝑎𝑟𝑦) = 𝜇𝑄(𝑟),           (4) 

In which 𝑟 is calculated by using formula (3) or (2), depending on the sentence structure. Basically, the truth 

value is the membership value of 𝑟 for the chosen label of Q, in case of the example: the membership value of 

𝑟 for ‘most’. As well as the qualifier and summarizer labels, the quantifier labels also are described by trapezoidal 

membership functions. By placing the value for 𝑟 on the scale [0,1] and defining the membership value, the 

degree of truth can be obtained. The higher the degree of truth, the better the summary describes the dataset. 

The exact value of truth depends on the ranges that were predefined per label for Q. How these ranges are set, 

will be discussed in the next chapter. For now, it suffices to inform that the relative quantity of 0.25 corresponds 

to a truth value of zero for this particular summary. 

Besides determining the validity of the summary, by calculating the truth value, other evaluation methods are 

available. These are referred to as quality measures and are explained in the following section. 

5.2.4. Quality measures 
As mentioned, the truth value is a very intuitive way to provide information about ‘how true’ the statement in the 

summary is. Nevertheless, there is the need to evaluate the summaries in more detail. To evaluate quality in a 

quantitative way, literature provides a variety of quality measures. When the right quality measures are chosen, 

Figure 16: Dataset A extended with membership values and a graphical representation of the ages of the patients 
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they can be used to both assess the quality of one single summary, or to guide the automatic generation of the 

set of all valuable summaries. It is therefore important to choose wisely. Unfortunately, this process is 

challenging because of several reasons (Castillo-Ortega et al. 2012).  

 ‘Quality’ is not a one-dimensional concept but covers many aspects to assess. Each project or situation 

might ask for a different quality assessment.  

 The set of possible summaries is often enormous, which makes the search for the ‘best’ (set of) summaries 

troublesome.  

 Between all quality measures, there is a strong interrelation between the aspects, which can be opposite or 

have a negative correlation. This causes that the ‘optimal summary’ is hard to find or cannot be found at all.  

 ‘Quality’ is strongly dependent on the situation and the set of users and therefore partially subjective. This 

makes a quantitative evaluation challenging.  

Fortunately, previous studies provided guidelines for assessing quality, such as the multi-dimensional model of 

Castillo-Ortega. This multi-dimensional model defines four dimensions of quality, as well as a way to define 

order relationships between summaries. The four dimensions are ‘coverage’, ‘brevity’, ‘specificity’ and 

‘accuracy’. All dimensions and corresponding quality measures are described in Appendix V. In this thesis, only 

the degree of focus (representing the dimension ‘coverage’) is used. An explanation of this measure is provided 

below. 

5.2.4.1. Degree of focus 

The degree of focus gives the proportion of all elements that satisfy property R (Wilbik 2010). This measure is 

designed to guide the automatic generation of valuable summaries by help controlling discarding non-promising 

summaries. This measure can be seen as additional information to the degree of covering, which provides 

information about elements satisfying both property R and C. This immediately implies that the degree of focus 

does not add any value to the evaluation of simple protoforms, since they do not include the property R.  

The degree of focus can be calculated as follows; 

𝑑𝑓𝑜𝑐(𝑠𝑒𝑛𝑖) =
1

𝑛
∑ 𝜇𝑅(𝑦𝑖)

𝑛
𝑖=1 ,           (5) 

If the degree of focus is high, the summary of concern is more general, but it can still be untrue.  

5.2.5. Quantifier labels 
As was made clear before, all building blocks are to be filled with a linguistic label. For the qualifier (R) and the 

summarizer (C), this label belongs to a linguistic variable that describes a certain aspect of the matter of interest. 

In this thesis, this can be a variable belonging to one of the data types. For the quantifier (Q) however, the label 

is one chosen from a predefined set of labels, representing an amount. Literature suggest some options on 

defining this set of linguistic labels for the quantifier.  

Wilbik et al. (Wilbik 2010) conducted a 

study in which they used the quantifiers that 

focused on representing larger proportions 

of the dataset (‘almost all’, ‘most’ and ‘at 

least about a half’). They proposed the label 

ranges shown in Figure 17 below. 

A later study, conducted by 

Bouchon-Meunier and Moyse 

(Bouchon-Meunier & Moyse 

2012), also focused on only 

three labels for the quantifier, 

but they considered the full 

scale. They used the labels 

‘less than half’, ‘around half’ 

and ‘more than half’, which can 

be seen in Figure 18. 

Figure 17: Quantifier labels, proposed by Wilbik 

Figure 18: Quantifier labels, proposed by Bouchon-Meunier 
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In another study, Almeida et al. (Almeida et al. 2013) chose to use five labels for the quantifier, which were ‘very 

few’, ‘few’, ‘half’, ‘most’ and ‘almost all’. These ranges can be seen in Figure 19. 

The labels in the studies of Almeida and Bouchon-Meunier are spread out evenly across the scale, resulting in 

a full coverage. In the study of Wilbik et al, this is not the case, but this choice is motivated in the paper. While 

the values for a, b, c and d in the trapezoidal membership functions of these three studies do not always match, 

the naming and the ordering of the labels is similar.   

As is mentioned before and will be explained later on, this thesis employs the method of linguistic summarization 

in two applications; a general analysis and a compliance analysis. For the general analysis, it is assumed that 

quantifier labels should be of equal size and should be spread equally over the scale.  

However, it is chosen to remove the 

linguistic label ‘Few’ for the general 

performance analysis, since it is 

proposed in literature that this label is 

susceptible for misinterpretation. For 

example, when a lot of data elements 

have just a very small membership, 

the truth value for the label ‘few’ can 

still be high, which is misleading. For 

the compliance analysis however, the 

label ‘few’ is indeed used, because it 

can indicate that there are data 

elements for which the threshold is not 

fulfilled. In addition, the label options 

of Wilbik et al. will be used for this 

analysis, testing the labels ‘few’, ‘at 

least half’, ‘most’ and ‘almost all’.  

While the above descriptions seem solid, the suggestions in literature are based on the logic related to the 

English language. Since this project is closely related to the Dutch language, there should at least be an 

orientation on the logic of the Dutch language. After orientation efforts, it can still be left to further research to 

look into further detail or to obtain better support for the findings.  

Since this was noted, a mini experiment was conducted. The mini experiment will be explained in the following 

section, presenting the contribution of this chapter. Besides this mini experiment, the next section will also 

address the notion of using linguistic summarization for compliance checking. 

5.3. Contribution 

5.3.1. Mini experiment 
As mentioned in the methodology section of this chapter, the mini 

experiment had the aim to get an idea of the interpretation of the 

quantifier labels by people which have Dutch as their mother language. 

Please note again that it is not the intention to make any hard 

statements about the results of the experiment, since the number of 

participants is too small to support such statements. 

The methodology section also explained the experiment setup with the 

A4 paper that contained six words that could be used as labels. The 

words were a direct translation of the English words often used for 

quantifier labels. Figure 20 shows an overview of all the test statements, 

as well as their English counterpart.  

Next to the test statements, the participants could present their interpretation of the amount indicated by the 

test statement, by colouring a rectangle bar.  

Figure 19: Quantifier labels, proposed by Almeida 

Figure 20: Overview of test statements 
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Since all bars were of equal length (10 cm.), the results were comparable and measurable. When all results 

were combined, label ranges could be perceived. Figure 21 shows the idea behind the experiment graphically 

for just one of the test statements. 

Figure 22 shows the results of the mini experiment for all the test statements. Since the lines were drawn by 

humans by hand and not digitally, the measurements have only an accuracy of one decimal place. Note that 

double entries are not visible since they are overlapping in this representation. 

Important deductions are that the statement ‘Veel / Many’ is overlapping with the statements ‘De meeste/ Most’ 

and ‘Bijna alle / Most’. And that the clear order that was assumed for the English labels, is less explicit in these 

results. This can be illustrated by looking at the label ‘De meeste/ most’, which (except for one data point) can 

almost be described as a label that should precede the label ‘Veel / many’, which does not make sense in 

English logic, but seems more justifiable in Dutch.  

To conclude this text on the mini experiment; this 

mini experiment shows that a deeper 

understanding of the interpretation of language 

should be obtained. In addition, it should be 

realised that differences (can) exist between 

languages, and that sometimes there is no such 

thing as a ‘direct translation’.  

However, this is outside the scope of this particular 

project, and can therefore only serve as a 

suggestion for further research. In this project, the 

ranges proposed by Almeida, with the noted 

adaptions in the previous section, will be used for 

the labels of the quantifier in the general analysis, 

while the labels of Wilbik et al. are used in the 

compliance analysis.  

 

The next section will address the choice to divide the results of this thesis into these two almost separate 

projects. It explains the notion and the motivation to test the usability of linguistic summarization as a way of 

compliance checking.  

Figure 21: graphical representation of the idea of the experiment 

Figure 22: results of the experiment 
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5.3.2. Using linguistic summarization for compliance checking 
The overall aim of the project is to explore the opportunities for the usage of linguistic summaries into the 

evaluation of clinical processes. To do this properly, it should be assessed ‘if’ and ‘in what way’ the method 

could be of value for daily practice. 

The method of linguistic summarization relies on the pre-set ranges for the linguistic labels of variables and is 

very flexible in changing the choices regarding both the variables and the labels. This creates the opportunity 

to explore options to use these label ranges to specify the program in a way that best suits the aim of the project. 

Since the protocol of interest contains clear thresholds for the medical values, which humans interpret as being 

‘safe to continue’ or ‘not safe to continue’, this already hints in the direction of compliance checking. Besides 

this, the protocol is so straight forward, that a general analysis quickly turns to compliance checking, since the 

thresholds really are the interesting components of the process.  

With this in mind, it was decided to check the usability of linguistic summarization as a way of compliance 

checking. The only changes that had to be made to the method were changes in linguistic labels. For each 

variable in the option set for the qualifier and summarizer, the labels were set to ‘conform to protocol’ and ‘not 

conform to protocol’. The points (a, b, c, d) were set to fit the thresholds of the protocol. This implies that 

boundaries now are strict for these variables. However, the boundaries for the quantifier labels are still fuzzy 

and the output of the method is still represented as summaries in semi-natural language. It does therefore not 

undermine the power of the method, but highlights a possibility in utilizing the method in a different way.  

As mentioned before, the label ranges for the quantifier (Q), proposed by Wilbik et al., are implemented for this 

compliance checker, complemented with the label ‘a few’. Although the label was found to be susceptible to 

misinterpretation in the general analysis, this is not the case for the compliance analysis. This is because the 

boundaries of the qualifier and summarizer labels are crisp. This implies that a non-zero membership value 

means that there is a data point fulfilling the criteria for membership. A summary with a high truth value, 

containing the quantifier label ‘a few’ therefore indicates that there actually are data points satisfying all 

statements in the summary. In compliance checking, this can indicate deviations. Furthermore, the indication 

that “a few patients deviate from ..” can be of more value in practice than “most patients do not deviate”.  

The reason why the label proposition of Wilbik et al. is chosen, is that one can select the best suitable quantifier 

label, which is informative in that it indicates the amount of patients fulfilling the criteria of the sentence.  

This notion of possible creativity regarding the method of linguistic summarization concludes the contribution 

section of this chapter. The last section of this chapter addresses case specific adjustments for application in 

the case study. To be more specific: it explains the definition of label ranges for the variables for the qualifier 

and summarizer (R and C), which had to be done in consultation with medical personnel. 

5.4. Case specific adjustments 
To define the membership functions for the labels of the variables for the qualifier (R) and the summarizer (C), 

medical knowledge was essential. Therefore, interviews with medical experts were conducted with the aim to 

define the critical points (a, b, c, d) of the trapezoidal membership function. As mentioned in the methodology 

section, these interviews were of a structured nature, guided by a big excel table incorporating all variables and 

corresponding linguistic labels.  

Table 3 shows an example of a variable (pH) and its labels and critical points to illustrate the interview setup 

and its results.  

Table 3: Definition of linguistic labels and critical points in the membership function 

Variable Labels    a b c d 

PH Low       . . 7,25 7,29 

   Medium/Normal     7,25 7,3 7,5 7,6 

     High   7,59 7,6 . . 
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As can be seen in Table 3, the linguistic variable for one of the extubation criteria ‘pH’ has three linguistic labels. 

For each of those labels, the critical points of the trapezoidal membership function are defined. The dots indicate 

that this label has a one-sided nature, which means that it returns a full membership until the beginning or end 

of the scale. 

Figure 23 shows a graphical 

representation of the information 

in Table 3. The one-sided 

membership functions are 

depicted in RED and GREEN.  

Note that a full overview of all 

variables with corresponding 

labels and values for (a, b, c, d) 

is provided in Appendix IX.  

  

Figure 23: graphical representation of label definition 
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6. Data 
Previously, it was explained what the general structure of a summary was and how this could be translated to 

sentences that are relevant for the case study. After this, the mathematic structure was addressed, along with 

the definition of the linguistic variables and the variable labels. All this information is to be combined and applied 

in the case study, where summaries are generated automatically. 

Before the automatic generation of summaries can be explained (chapter 7) a full chapter is dedicated to explain 

on what data the case study is based. This chapter will start with addressing how the data was obtained, after 

which it explains how the data was cleaned and filtered. The chapter finishes with an explanation of the 

preparation of the data for the case study.  

6.1. Data collection 
Chapter 4 on summary structure already highlighted what kind of data would be required for the case study. 

The information, previously indicated within the data type structure, can be described as a mix of information 

related to the weaning protocol, and information about the subjects undergoing the process: the patients. The 

required information is therefore a combination of both patient data and process information. 

When the list of required information was defined, conversations with medical staff and an ICT application expert 

of MUMC+ served to link this request to data availability. It was determined that extractions should be made 

from two different systems. The SAP system, which stores patient data, and the patient data management 

system IntelliVue Clinical Information Portfolio (ICIP), that stores the process data of the treatments on the ICU. 

To be able to link the two datasets, a unique key should be present, that corresponded to only one case: one 

single treatment of one patient. Fortunately, this could be done by storing patient number, administration number 

and register times. The administration number divided all the different cases in the process information dataset, 

which could be linked to a patient number. The patient number was leading in the patient information dataset, 

but for some patients, multiple entries were present. For information such as ‘gender’ this was not an issue, but 

for example ‘weight’ could differ substantially between administrations. To be able to link the right patient 

information to the right process information, temporal information was used.  

Process and patient information was extracted for all patients on the F3 department of the ICU, for the period 

‘1st of August 2012 to 1st of April 2015’. Since a large patient population was preferred, it was the aim to obtain 

data from a large time period. MUMC+ switched systems before August 2012, and it was advised not to extract 

data from the earlier system. Therefore, this time period was chosen for the extraction.    

6.2. Data assessment 
As mentioned in the previous section, two separate datasets were to be obtained. Due to the size of the 

extraction, this was done in multiple steps. Two datasets were obtained for patient information, while process 

information took exactly one dataset per data category (27 datasets). These dataset were merged into the two 

datasets automatically by a handwritten code (Excel 2013, VBA). This section will address the characteristics 

of the two datasets and the records that are in them. 

In total, 2706 cases were extracted from the system, representing 2473 patients. 

6.2.1. Patient information dataset 
The dataset that included only patient information was small compared to the process information dataset. For 

each administration, only one line of records was present, representing the information for one patient, per 

administration. All information in this dataset was originally stored manually and without predefined choices in 

the SAP system, with the exception for the recording times. This makes the reliability of this dataset less strong 

than a dataset in which the records are always stored automatically.  

Outliers, such as patients with a weight or length of zero, were deleted from the dataset, because there is no 

information on which automatic replacement could be based. In addition, the dataset was sufficiently large to 

compensate for these deleted cases. After all erroneous cases were deleted, a total set of 2686 cases remained. 

Below, the results of an orientation analysis are shown for the patient information dataset. 
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Gender 
 
Table 4 shows the frequency table of patient characteristic ‘gender’. As can be 
seen is the larger part of the patients on ICU department F3 male (70%). For 
this category, there were no missing values and since this record is categorical 
with only two levels, no outliers were identified.  

 

Table 4: Frequency table for 'gender' 

Category Frequency 

Female 819 

Male 1867 

Total 2686 

Numerical information 

Table 5 shows an overview of all other 
patient records, which were of a numerical 
nature. Again, there was only one 
recording per case. In the original dataset, 
there were three cases that had missing 
values for these categories. 

Table 5: Table with overview of numerical patient information 

 

Characteristic Average Median Min Max 

Length 172.48 173.00 102.00 207.00 

Weight 81.83 80.00 33,00 187.00 

Age 66.94 68.51 14.75 113.30 

As can be seen, is the average age of the patients on this department quite high. The Median is most 
informative for this record, since a few exceptional patients in teenage years reduce the average. The outlier 
of 113 is considered to be an unrealistic record and is therefore removed from the dataset. 
 

6.2.2. Process information dataset 
The dataset that includes information about the process is quite large and the diversity between records is more 

apparent. Also the number of records per case and reliability per record is different. Table 6 provides an 

overview of the different data elements that are present in the process information dataset. For each category, 

the inter-record characteristics, the amount of elements, the average amount of elements per case and the 

reliability are described.  

For the categories pH, pCO2 and pO2 applies that the laboratory automatically stores the values in the system, 

which are visible on the ICU. This explains why the inter-record characteristic is semi-regularly, because the 

ICU is dependent on the resource availability of the laboratory. For the lab, the ICU requests have preference 

over other requests, but it can still take some time to process all requests.  

In general, the amount of records per case differs substantially. Furthermore, it varies to how many cases the 

data category applies. For example, medication is only administered to a small portion of the patients, while the 

blood values are measured for all patients. 

As well as for the patient information dataset, an orientation analysis was conducted for the process information 

dataset. Table 7 shows the results of the orientation analysis. Since most information in the patient information 

dataset is clinical data, the search for outliers could not be performed autonomously. The overview in Table 7 

was therefore used as a guideline for a discussion with medical staff.  

One example of an outlier is the 60mg record for the variable ‘midazolam’. Even without medical knowledge, 

one could see that this value is high, compared to the median of 5mg. After the discussions, the outliers 

appeared to be correctly registered, but they belonged to patients that had special conditions such as severe 

head trauma, very uncommonly admitted to the selected department. Therefore, these cases were excluded 

from the study. Now both datasets are explained, it can be clarified how the data was prepared for the analysis. 

6.3. Data preparation 
As mentioned earlier, the process information dataset was formed by merging together several separate 

datasets. The total dataset forms an overview of a variety of process data and is a very large data file. The 

patient data is a simple, straight forward dataset.  

To be able to use both the datasets for the analysis, the data in the process information dataset was rearranged 

to form an organized whole, representing separate cases. Handwritten sorting methods were used to sort the 

data both on registration time and later on administrational number (case ID). Subsequently, lines could be 

merged together if they had equal registration times and were non-overlapping. 
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Table 6: characteristics of data elements in the process information dataset 

Variable Inter record time Nr. of records Records/ 
case 

Reliability Notes 

pCO2 Semi regularly, around 2 hours 41428 15,29 High By lab, automatic 

pH Semi regularly, around 2 hours 41420 15,28 High By lab, automatic 

pO2 Semi regularly, around 2 hours 41434 15,29 High By lab, automatic 

FiO2 Regularly, every 2 hours 74025 30,75 High Automatic  

GCS incidental 8032 6,27 Medium Automatic, but not 
consequent 

PaO2/FiO2 ratio Semi regularly, every 2 hours 41428 15,29 High Automatic   

PEEP Semi regularly, every 2 hours 71563 30,08 High Automatic   

Heart-
frequency 

Regularly, 5 min and 4 hours 156616 57,22 High Automatic   

Temperature Semi regularly, every half hour and 
5 hours 

101653 54,24 High Automatic   

O2 saturation Regularly, 5 min and 4 hours 151518 55,42 High Automatic   

Norepinephrine Semi regularly, every hour 30670 41,39 Medium Automatic and manual 
storage.  

Dobutamine Regularly, every hour 13426 32,35 Medium Automatic and manual 
storage.  

Midazolam Regularly, every 2 hours 13504 35,63 Medium Automatic and manual 
storage.  

Clonidine Incidental 1090 3,22 Medium Automatic and manual 
storage.  

Propofol Incidental 505 1,86 Medium Automatic and manual 
storage.  

Table 7: Overview of results of orientation analysis 

Category Average median min max 

pCO2 5,30 5,20 1,20 16,40 

pH 7,38 7,39 6,80 7,71 

pO2 13,69 12,90 1,60 84,00 

FiO2 38,92 35 21 100 

GCS 10,44 11 3 15 

PaO2/FiO2 ratio 38,51 37 5 203 

PEEP 8,72 8 2 20 

Heart frequency 85,60 82 2 300 

Temperature 37,09 37,2 4 41,1 

O2 sat 96,29 97 3 100 

Norepinefrine 0,10 0,05 0,001 1,94 

Dobutamine 3,60 3 0,1 19,2 

Midazolam 6,19 5 0,1 60 

Clonidine 43,21 40 0,075 100 

Propofol 37,31 30 2 200 

 

Some of these data cluster lines were named as an event, to make the future automatic search for them easier. 

For example, after clustering all blood results for one lab request, the event was labelled ‘Blood’. Due to this 

labelling, an automatic tool can easily detect the lab requests without coping for ‘missing pCO2, pH or pO2 

values’. This whole organising, merging and labelling procedure reduced the size of the dataset and made it 

easier to comprehend. Table 8 shows an example of the dataset that shows this structure. Due to privacy 

regulations, these values are fictive, but could be real. The columns ‘Mode’ and ‘Action’ show the labelling, while 

the clustering of values is more visible in the columns more on the right of the table. 
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Table 8: example partial dataset 

Registration time Mode Action ASB p-ASB pCO2 pH pO2 FiO2 O2 sat 

18-07-12 22:00        40 92 

18-07-12 23:32 Blood    6,7 7,39 8,7   

19-07-12 0:00        40 94 

19-07-12 2:00        40 93 

19-07-12 4:00        40 91 

19-07-12 6:00  ASB 18     40 92 

19-07-12 6:06 Blood    5,9 7,44 7,7   

 

The resulting dataset is a set with registered states of the patient. These states should be translated so that the 

different stages of the protocol become visible. For example, it must be known at what point the patient entered 

or left the stages that are included in the protocol, to be able to test for extubation criteria for example.  

Since it was discussed during interviews that the process as a whole could be divided into three phases, these 

phases were used as the standard for the data preparation. The phases are: the start of the process; the body 

of the process and the extubation.  

The start of the process is indicated by the first registration of a heart rate frequency, since this is measured by 

the ventilation machine.  

The end of the process could in a perfect situation be indicated by the first registration of air flowing through the 

O2 cannula, which is attached to the patient after extubation. Since this data was not acquired, an alternative 

method was applied. the extubation could also be indicated by the last registered value for ASB ventilation 

settings. Since this value is stored automatically, this is also a reliable measure but it has the downside that 

registration is bi-hourly, so there is a larger timespan and therefore more uncertainty. Since medical personal 

ensured that conclusions based on medical values were of more interest than the process times, this alternative 

method was accepted and applied.  

The above defined start and end indications are used by the automatic tool, that will be discussed in the next 

chapter, to give a value to the variables in the cluster ‘contra indications’ and ‘extubation criteria’. The variables 

that belong to the cluster of contra indications are the last values that are stored before the first heart rate was 

registered. The variables that belong to the cluster of extubation criteria are the last values that are stored before 

the last registered ASB setting. 
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7. Automatic summary generating program 
The overall aim of the project is to explore the opportunities for using linguistic summarization on clinical process 

data. The first few phases had the aim to fully understand all mechanisms and the clinical situation and to alter 

the method accordingly. The last phase of the project consists of testing the usability of the method in practice. 

To do this properly, it should be assessed ‘if’ and ‘in what way’ the method could be of value for daily practice. 

It is therefore chosen to focus on an application in both the ‘run time’ and ‘evaluation’ of the process. 

In runtime, linguistic summaries could be valuable for decision support, especially when the summaries are 

designed to include routing information. For example, if the bottleneck of a certain process is a resource that 

must be booked or scheduled, like a consult with a specialist, one could be assisted by a summary, hinting that 

similar cases needed this specific resource. The employee can then evaluate whether or not to book the 

resource in advance, to speed up the process.  

In design time, or during evaluation phases, linguistic summaries could help get an overview of the whole 

process. In this case, it is not just one sentence that supports decision making, but it rather is a large set of 

summaries.  

This chapter will address those two options for the implementation of linguistic summaries. The first section will 

describe the overall methodology of constructing the program and the architectural decision making. The section 

that follows will address how theory is incorporated into the program. The last section, which is a rather long 

section, addresses the program and its code in more detail. By the end of this chapter, it should be fully clear 

how the results for the case study are to be generated and presented to the researcher. 

7.1.    Methodology 
As mentioned in the introduction, this chapter describes a program that can both generate one single sentence 

or a full set of summaries. Since the option to generate only one single sentence is only useful if the user is 

enabled to construct the sentence himself, there needs to be a user interface. This interface should allow the 

picking of variables and labels for all the separate building blocks of the protoform. After construction of the 

summary, the program should calculate all quality values and provide the user feedback on the validity of the 

summary.  

Since generating one single summary is per definition the start of generating a whole set of summaries, it is 

chosen to build this part of the program first. This decision is also convenient because the generation of one 

single summary is very low on computational power and should have very intuitive results. This enables the 

programmer to debug without complications. In the remainder of this chapter, this part of the program is referred 

to as the tool, because it is the users’ instrument to generate a summary.  

During the construction of the tool, it should be kept in mind that the program is agile. This means that it should 

be easy to add, remove or alter variables or labels and the corresponding calculations. This does not only 

provide the opportunity to enhance the tool itself, but also to use the tool for the other purpose: to generate a 

full set of summaries, exhausting all possible combinations of variable labels present.  

When the tool is fully functional, a structure is built around the tool, replacing the user options by a construction 

of pre-set variable options. This structure ‘around’ the tool can be seen as a ‘shell’, since it encloses the tool 

and conceals it from the user. This part of the program is therefore referred to as the shell. This concludes the 

explanation of the architecture and the order in which the program is built. The next section will address how 

theory is incorporated into this design. 

7.2.    Theory 
In previous chapters, theory on linguistic summarization was addressed. The tool and shell incorporate all theory 

that was addressed earlier in this thesis. This implies that whenever in this chapter it states for example that 

“membership is calculated”, it means that the calculations take place as explained in the section about the 

mathematical structure. No additional theory was gathered for this phase, except for coding support. 

7.3. Contribution 
This whole chapter could be seen as a contribution to research. Note that for this chapter, contribution is not 

separated from the ‘adaptations made to fit the case study’, since the sole purpose of building the program is 

to conduct the case study. Nevertheless, the program could be implemented in other environments as well.  
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It will first address the user interface, which is the link between the user and the functionality of the tool. 

Subsequently it will turn to the explanation of the program itself, the storage, calculations and presentation of 

the results. This still concerns only the tool. When the full functionality of the tool is explained, it will be addressed 

how the shell is constructed and what parts of the tool are disabled by enabling the tool.  

7.3.1. User interface 
For the user, only an interface is visible, showing choice options that are needed to construct a linguistic 

summary. The interface contains two tabs, of which the ‘Protoforms’ tab will first be explained.  

The first choice that is prompted to the user is the choice between a simple or an extended  protoform. The user 

is provided additional information such as the building blocks that will be available after the choice for one of 

these options is made. The user selects one of the two options and then clicks ‘continue’. Note that a warning 

message will pop up when the user fails to choose one of the options.  

The continuation of the procedure is similar when either simple or extended  protoform is chosen. The only 

difference is that the option for a qualifier variable (R) is not provided when the user chooses to construct a 

simple protoform. For now, assume that the user chose to construct an extended protoform. After clicking 

‘continue’, the user is asked to choose the content for the building block for R, the qualifier. First, a variable 

needs to be chosen. This variable can be any of the options that were mentioned in the chapter on sentence 

structure, which defined all relevant/meaningful protoform options. When the user chooses one of the variables, 

the corresponding labels are shown in the box below the variable box. If the user chooses one of the labels, he 

is ready to click ‘continue’ again. Note that when either no variable or no label is chosen, the user is prompted 

with a warning message and asked to choose a variable and a label. Once all input is correct, the interface 

continues.  

The next step is to choose a quantifier; the content of building block for Q. The user can choose between any 

of the predefined labels for Q. When one of the options is chosen, a graphical representation of the 

corresponding membership function for Q is shown. When the user made his choice, he can again click 

‘continue’. For this stage, the warning procedure  applies as well.  

The last step is to choose the summarizer (C). This step is similar to the choice for the qualifier (R). When the 

user clicks ‘continue’ after choosing the summarizer (C), a ‘start’ button appears. When this button is clicked, 

the program starts the calculations and the results are printed on the ‘Homepage’ sheet.  

Figure 24: Screenshot of user interface of the tool 
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Note that after each step in the constructing of the summary (the clicking of the ‘continue’ buttons), the example 

summary is updated. The example summary is a reflection of all chosen options in the form of a sentence. It is 

shown in green text at the bottom of the interface. At any time in the process of constructing a summary 

sentence, the user can decide to erase all choices and start over. This can be done by clicking the button ‘Start 

over (clear selection)’. As the button implies, all choices are erased and the user has to start from scratch.  

Another option that is available throughout the construction process is to open the tab ‘Ranges’. In this tab, the 

user can adjust the ranges of the quantifier label that was chosen in the tab ‘Protoforms’. When the label is 

selected, the corresponding label ranges are shown both graphically and textually/numerically. Through 

spinboxes and textfields, the user is able to adjust those ranges to fit personal requirements. When the user 

clicks ‘set these values as range’, the entered values are stored as label ranges, only for this execution of the 

program. When the interface is closed, the label ranges are to have their original values again. 

Figure 24 shows a screenshot of the user interface of the tool. In the screenshot, all choice options for an 

extended protoform are already selected. The only action that needs to be taken before the tool will calculate 

all quality measures is to click ‘continue’ and ‘start’ in the button that will show after the user clicked the ‘continue’ 

button. 

This concludes the explanation of the part of the tool that is visible for the user. The next section will address 

the software code with regard to the storage of user preferences, storage of patient information, the calculations 

and the presentation of results. 

7.3.2. Software code 
The program is written in Microsoft Excel Visual Basic for Applications (VBA). Most information is read from a 

spreadsheet and then stored in some memory location within the program. This makes later adjustments 

possible and the program is intuitive for users that are unfamiliar with programming. Furthermore, VBA was 

chosen due to developer preferences.  

The way in which information is stored, how calculations are executed and how results are presented is 

described in a special section in VI. This chapter will continue with the description of the automatic generation 

of sentences. 

7.3.3. Automatic generation of summaries 
To generate a full set of summaries on a clinical dataset, the functionality of the tool can be used as a base, 

around which a shell is constructed that, in essence, replaces the user. It disables the user interface and 

substitutes it by a guided loop that exhausts all possible combinations of linguistic labels in the protoforms. This 

section will explain in what ways the tool was adapted to fit this purpose and what new blocks of code were 

added to form the shell.  

First, it will be discussed how the user interface is replaced by the guided loop and what philosophy there is 

behind the guiding functionality of the loop. After this, it is addressed how the shell copes for the computational 

implications of calculating thousands of summaries instead of just one. The last part of this section explains 

how results are presented. 

7.3.3.1. Setting variables 

In the tool, the user could construct a summary of interest. In the shell, this functionality is replaced by a guided 

loop that exhaust all possible combinations of linguistic labels. For this final program, it is chosen to implement 

the earlier mentioned option to incorporate multiple predicates in the summarizer. The general structure of the 

extended protoform is thus: “Of all patients with [R], [Q] are/have [C1] (and [C2] (and [C3]))”. 

Since the tool already comprised 27 variables, which on average had three labels, which could be placed into 

two building blocks, of which the summarizer is now again divided up to enable multiple predicates, one can 

imagine that this total sum of possibilities is huge (136,468,800 options).  

Therefore, the loop that sequentially sets the new variables is constructed to be able to exhaust these options 

in a smart way. It operates according to the philosophy of a decision tree. For each constructed summary, a 

decision is made whether to add another block to the structure, or to stop (cut the branch) and continue to a 

new option that starts the decision tree again. The branches of the decision tree are cut off when either the 

degree of focus or the truth value is too small. The underlying assumption is that when a certain protoform has 



36 
 

a truth value that is smaller than a 

predefined threshold, it is useless to 

further specify this summary, because 

the subset of possible protoforms will 

also have a truth value that is smaller 

than the threshold. The chosen 

threshold for the degree of focus is 0.20. 

This makes sure that the total set only 

incorporates large patient groups. Later, 

when the results are presented, it will be 

visible which branches are cut off and 

the researcher can still command the 

program to generate the summaries for 

this small patient group. The chosen 

threshold for the truth value is 0.70. This 

makes sure that the summary is valid. 

Summaries with truth values lower than 

0.70 are not of interest.  

Figure 25 shows this idea in a graphical 

way. First a linguistic label is chosen to 

be R (the first available label in the 

option matrix). If the patient group is too 

small, the program continues to the next option for R in the option matrix. If the patient group is large enough, 

the program continues and chooses Q and the first option for C1. If the truth value for this constructed sentence 

is below 0.70, the branch is cut and the next option for C1 is chosen. If the truth value is high enough, another 

predicate is added: C2. And so on until the program arrives at C3. In this way, the program loops through all 

linguistic label combinations. 

7.3.3.2. Coping for computational limitations 

In the tool, the membership values for all patients were calculated once it was known what selection was made 

by the user. If this was done for the shell as well, the program should calculate membership values over and 

over again, while the memberships are static and do not change. Therefore, it is chosen to construct 

membership arrays for all variable labels (a total of 27 times 3 arrays). While this seems to be a lot of 

membership arrays, it is only a minor calculation when it is considered that there are over 136,000,000 possible 

options, for which multiple membership arrays would need to be computed.  

For this reason, the program starts by storing the patient information, as mentioned in the explanation of the 

tool. Subsequently, the program calculates all membership values for all patients for all linguistic labels, which 

results in 81 membership arrays of length 2700 (roughly). It then starts the decision tree to test all summary 

options. For each option, it just selects the right membership array and uses this array in the calculations for the 

truth value and degree of focus.  

7.3.3.3. Presenting results 

It is now known how the shell makes use of the tool and how this results in a full program that is able to generate 

the total set of valid summaries. The only thing that is left, is to explain how this set is presented to the 

researcher, to enable further analysis. That is what this last section of this chapter is about. 

In essence, a sentence is only displayed when the truth value is higher than 0.70 and the degree of focus is 

higher than 0.20. This corresponds to a continuation in the decision tree. It is therefore exactly there, after the 

calculation of the truth value, that the sentence is stored in a separate excel sheet, the ‘results’ sheet. Along 

with the summary, both the truth value and the degree of focus are printed in the sheet. 

In the presentation of the results, it is incorporated that the results should be suitable for further analysis. For 

this reasons, commas are placed between the building blocks of the sentence, in order to split the sentences 

up in building blocks and sort or filter them in the analysis stage. This procedure is explained in more detail in 

the chapter that addresses the case study (chapter 0). For now, it is important that the way in which the results 

are presented, already enables the researcher for further analysis.  

Figure 25: decision tree of constructing summary options 
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8. Case study on general process evaluation 
The tool that was described in the previous chapter is implemented in two almost separate projects at the 

department of intensive care of MUMC+. The first implementation, the general process evaluation, is described 

in this chapter. The compliance analysis will be described in chapter 9. 

The implementation of the program implied the automatic generation of the full set of summaries, valuable for 

a general performance analysis, representing the clinical dataset, described in chapter 6. As mentioned earlier, 

the dataset contains patient and process information corresponding to the weaning protocol (which can be found 

in Appendix I).  

This chapter will start with an explanation of how the program is initiated and why these specific initiation is 

chosen (section 8.1). Note that the initiation of the program can also be found in Appendix VII. After initiation, 

the program can run and produces the full set of valuable summaries. Due to the high amount of summaries, 

filtering and sorting strategies are needed to structure the analysis of the full set of summaries. These filtering 

and sorting strategies are explained in section 8.2. When the output of the program is sorted, the results can be 

analysed and findings can be formulated. The findings from this case study on general process evaluation are 

described in section 8.3. The last section of this chapter highlights important conclusions. 

8.1. Tool initialization 
To conduct the general performance analysis, the automatic sentence generator is used in its standard form. 

This means that the linguistic labels for the Qualifier and Summarizer are set to the values that were discussed 

with medical personnel. Furthermore, the labels for the Quantifier are set to be ‘Some’, ‘Half’, ‘Many’ and ‘Most’. 

As explained in chapter 5.2.5, the label ‘Few’ is excluded, because it can trigger erroneous interpretations.  

The patient data and process information dataset were prepared as was explained in the previous chapter and 

the tool functions as was explained in the chapter about the program for automatic summary generation. To 

recap: all possible combinations of variables to fill the structure “Of all patients with R, Q are/have C”, in which 

‘C’ could be further specified by adding predicates (C1, C2, and C3). This is done by applying a tree-like 

structure, in which sentences are only constructed if the degree of focus for ‘R’ was higher than 20% and in 

which predicates were only added if the previous form had a truth value higher than 0,70. Since the model 

comprised four labels for the qualifier and 28 times 3 labels for Qualifier and Summarizer combined (which could 

fill the building blocks for R, C1, C2 and C3), the tool tested a total of 159.213.600 summary options.  

8.2. Filtering and ordering strategies 
Only the summaries with a truth value above 0.70 were shown in the results interface, along with the 

corresponding degree of focus to provide additional information. This threshold of 0.70 is chosen based on 

literature (Wilbik 2010). The total sum of resulting summaries was 22860.  

To be able to process this amount of sentences, a systematic procedure was defined to be able to ensure 

reproducibility and to reduce the chance for erroneous conclusions.  

By placing comma’s between the building blocks of the summaries in the output, the embedded structure 

function in Microsoft Excel to translate a line of text to columns could be used to obtain an organised set of 

summaries. When all building blocks have separate columns, filter and sorting functions can be applied to 

analyse the full set of summaries systematically. Below, all such strategies are explained, followed by findings 

that were highlighted during the sorting and filter strategy.  

8.1.1.1. Sorting by truth value 

The most obvious sorting strategy is to sort by means of the truth value. The sentences with a very high truth 

value are more applicable to the dataset than the sentences with a lower truth value. Although all shown 

sentences are considered ‘true enough’ due to the 0.70 threshold for the truth value, it is still informative to 

differentiate between the sentences that have a truth value of ‘1’ and the sentences for which the truth value is 

lower, especially when one needs to manually analyse over 22000 summaries. 

After filtering the results for truth values higher than 1, a total of 15201 summaries remained. This is a rough 

180 per variable label, which is an amount that is more realistic to handle. The next step is to analyse the 

sentences in groups, ordered by qualifier variable. This is the start of identifying groups in the dataset.  
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8.1.1.2. Filter for labels in the Qualifier 

Per variable, the relevant summaries are analysed. This is done by applying three more filtering strategies. The 

first one is to filter the selected set even further by filtering for linguistic labels as well .  

All included linguistic variables had linguistic labels which varied in nature but most often were of the kind ‘lower 

than normal’, ‘normal’ and ‘higher than normal’. Per definition, it is interesting to analyse whether there are 

differences between the patient groups represented by the different summaries.  

Per linguistic variable, the selection set of summaries for ‘lower than normal’, ‘normal’ and ‘higher than normal’ 

are compared. To make this process easier and reproducible, each group of summaries (which contains the 

three separated label groups), is analysed by means of another filtering method: filter for the amount of 

predicates in the summarizer (C).   

8.1.1.3. Select sentences with multiple predicates in the summarizer 

Sentences with multiple predicates in the summarizer provide a lot of information about the patient group 

corresponding to the qualifier of the sentence. Since only sentences with truth values higher than 1 were shown 

in the pre-filtered results, these sentences highlight characteristics that might be correlated or in any case are 

all present in the patient selection.  

This selection strategy can be used to cluster the summaries, showing patient groups that have characteristics 

in common or that clearly show differences. Especially, certain combinations of variable labels can differ 

between patient groups, which enables the researcher to indicate differences between the separate qualifier-

label groups per variable on a detailed level. 

8.1.1.4. Select sentences with only one predicate in the summarizer 

While the previous selection strategy focused on clustering and drawing more complex conclusions from the 

sentences, this last filtering strategy has an opposite aim. By selecting sentences that have only one predicate 

in the summarizer, one is able to draw simple, straight forward conclusions. By definition, the sentences with 

only one predicate in the summarizer are easier to comprehend than the sentences with multiple predicates in 

the summarizer. Most often, simple statements are still highly informative and therefore useful conclusions in 

this case study.  

Note that ‘only one predicate in the summarizer’ does not mean that no more predicates could be added to the 

same summary. The explained tree-like structure of the tool first records the summary that is found to be valid, 

before adding more predicates. Therefore, both the sentence ‘Of all patients with high BMI, most have high 

PEEP’ and the sentence ‘Of all patients with high BMI, most have high PEEP and a normal value for GCS’ are 

in the resulting summary set.   

When all the above actions were performed, differences between patient groups became visible as well as 

some characteristics for the groups separately. The next section will address those findings. 

8.3. Findings 
This section will address findings for the general analysis. Explanation of the findings is split up into  findings 

that are of a more general nature and findings that apply to individual variables only. Note that all below findings 

were obtained by first ordering and filtering the results as described above. For most findings, an example is 

provided. A selection of the total set of generated summaries is included in Appendix X.   

8.1.1.5. General findings 

When analysing the set of summaries with the human mind, it shows that the processing of the summaries is 

fast. Pre-defined meanings of the quantifiers and labels that are already present in the human brain appear to 

be very useful for analysis. Especially in the case of the simple protoforms. It enables us to skip the analysis of 

a table and unconsciously translate it into something like “Most patients are male”. These sentences were easy 

to discuss and analyse with stakeholders and colleagues. The first finding is therefore not one that is related to 

this specific dataset, but a finding that supports the expectations on usability of the method. However, each time 

a predicate is added in the summarizer, it becomes more difficult to comprehend the meaning of the summary. 

In those cases, it was first attempted to identify interesting combinations of variable labels in the summarizer, 

after which human analysis followed. In this case, one might question whether this goes past the intention of 

the applied method: the presentation of results in a way that is easy to understand.  
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The second finding is more focused towards this specific dataset, but still very general. The results seem to 

indicate that the actual activities performed correspond to the statements in the protocol. The labels that in 

essence match the ‘higher than normal’ and ‘lower than normal’ ranges, are very rarely presented in the 

summaries, while almost all summaries present the labels that correspond to the ‘normal’ ranges. While this 

can be expected from a process that is this strictly regulated and executed on a department where control is of 

the essence, it is still an important finding.  

A critical note that is in place here, is that this finding might also raise the question whether the ranges for the 

‘normal’ labels are too spacious. Since the ranges for this theses were defined after conducting multiple 

interviews with more than one medical expert, it is believed that the ranges are set correctly. Therefore, this 

finding supports the expectation that the protocol is executed correctly in most of the cases. This will be 

examined in more detail in the compliance analysis, later in this chapter.  

The third finding is more focused on detailed summaries, but still of a general nature. On average, there are 

more sentences that include extubation criteria in the summarizer than there are sentences with contra 

indications in the summarizer. One explanation for this observation is that contra indications could have less 

correlations with other variables than that the extubation criteria. This would imply that the progress during the 

weaning process is of importance on the level of the extubation criteria. The contra indications at the start may 

not have such an impact on the progress or end of the weaning process.  

It is very important to note here that, in general, the summaries present the label ‘normal’ of the contra indication 

variables. This implies that the above statement, regarding the absence of correlation between the contra 

indications and the progress of the activities, does not apply for other labels. To be more specific: it is not the 

intention to state that the contra indications are less important. This finding only means that when a patient has 

characteristic X, this is often not correlated with the fact that he or she had a normal value for the contra 

indications. Furthermore, the absence of the ‘low’ and ‘high’ labels does only imply that there was no correlation 

found. This could also be caused by the fact that the focus groups of those labels were too small, resulting in a 

total of, for example, only ten patients, who are all different.  

The fourth and last finding that has a general character, is related to a suspicion mentioned in one of the 

interviews. It was discussed that there might be a relation between medication and process time. Although 

controlling process time is not one of the protocols’ aims, curiosity regarding this possible relation exists. The 

summaries seem to indicate this relation. The summaries that have a label representing ‘no medication’ in the 

qualifier, often have the label corresponding to short or normal process time in the summarizer. Note that the 

reversed is not stated. It is not said that when a patient does get medication, that the process time is to be 

longer. Linguistic summaries such as used in this thesis only indicate correlations, not causality.  

8.1.1.6. Findings for individual variables 

In this section, findings for individual variables are enlightened. This means that differences between groups 

are discussed, but also some findings that relate to the specific variable, regardless of the label.  

To find differences between groups and characteristics for a specific group, the variable needs to be part of the 

qualifier. Each category and variable that is named below, addresses the group of sentences that had that 

specific variable in the qualifier (R). (“Of all patients with R, Q are/have C”). 

8.1.1.6.1. Patient characteristics 

Sentences with the variable ‘BMI’ in the qualifier, show a difference in labels with regard to the degree of focus, 

which indicates group size. The degree of focus for the group that has a ‘high’ BMI is bigger (0.347) than the 

degree of focus for the group that has a ‘healthy’ BMI (0.211). Besides the differences between group sizes, 

there is also a difference in correlations indicated. The PEEP value at the moment of extubation, is higher for 

the ‘BMI: high’ group than for the ‘BMI: normal’ group (see summaries below) 

“Of all patients with BMI: high, most have extubation criteria value PEEP: high” – truth value = 1 

“Of all patients with BMI: normal, most have extubation criteria value PEEP: normal” – truth value = 1 

Although this makes sense, it could be an indication to reconsider PEEP thresholds in the protocol. When the 

total patient population is moving towards ‘high BMI’, which is logically related to ‘high PEEP’, it could be the 

case that on average, patients have higher PEEP than the protocol requires. This will be investigated in more 

detail in the compliance analysis, later in this chapter.  
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The next variable under investigation is ‘Age’. If one looks at the sentences with a label of variable ‘age’ in the 

qualifier, there are no differences visible between labels. The only notable remark is that most patients are a 

member of the label ‘medium age’. The degree of focus for the label ‘old’ is 0.107 and for the label ‘young’ the 

degree of focus is 0.01. Note that the label of ‘old’ has an overlap with the label ‘medium age’.  

The last patient characteristic variable is ‘Gender’. The majority of the patients is male (degree of focus for male: 

0.713, for female: 0.287). For both groups, the summaries are roughly similar, but there are three sentences 

that are present for females, which are not present for males: 

Since the boundaries of ‘high PEEP’ indicate that PEEP values of 8 and higher are (partial) members, and the 

amount of patients with values for PEEP of around 8 is high, the first sentence is logical. The sentences on 

Norepinefrine however, cannot be explained and are therefore surprising. There is the possibility that these 

sentences result from the fact that only 27% of all patients received Norepinefrine and that this small amount 

was not visible per se for the small patient group of women. Nevertheless, it still indicates a difference between 

men and women, since the sentences did not show up for male patients.  

8.1.1.6.2. Contra indications 

The first variable under consideration is ‘FiO2’. If all the sentences with ‘FiO2’ in the qualifier are analysed, it 

shows that almost all patients have normal values for this contra indication. This can be seen from the values 

for the degree of focus per variable label in the qualifier (degree of focus for ‘normal’: 0.271, for ‘low’: 0.080, for 

‘high’: 0.005). It is striking that all summaries with multiple predicates in the summarizer indicate that FiO2 is 

correlated with the absence of Norepinefrine. This could be explained by the fact that only 27% of all patients 

receives Norepinefrine. Besides this observation, there are no further observations regarding differences 

between groups or apparent correlations with other variables.  

The next variable is ‘GCS’. In discussion with medical experts, it is decided to cut this variable out of the analysis, 

since regulations around registration of this variable were changed. This variable should only be recorded for 

patients with special neurologic treatment plans. Therefore, the results for this variable do not represent reality. 

The last variable for contra indications is ‘PEEP’. 

Before the summaries with ‘PEEP’ in the qualifier 

are analysed, first the simple protoforms are 

explained. Both the summaries “Of all patients, 

most have contra indication value PEEP: high” and 

“Of all patients, most have contra indication value 

PEEP: normal” are true with a truth value of 1. This 

can be explained by looking at the label ranges in 

Figure 26. There is overlap between the ranges. 

This explains why both summaries can be true at the same time. They indicate that the majority of the PEEP 

values must lie somewhere around the value 8, which is roughly in line with the protocol. This will also be 

addressed in the compliance analysis.  

8.1.1.6.3. Extubation criteria 

What is remarkable, is that the degree of focus (showing group size) for pO2 for the label ‘normal’ is quite small, 

compared to the other two variables, especially since this ‘normal’ label is a one-sided label with an infinite end. 

Missing values could be the cause of this smaller number. Besides this remark, there are no differences between 

groups or remarkable relations with other variables. 

The first three variables in the category extubation criteria are pCO2, 
pH and pO2 and will be handled together here. For all summaries with 
these variables in the qualifier holds that the most patients are a 
member of the ‘normal’ label. All values for the degree of focus for 
these variables are shown in Table 9. 
 

Table 9: overview of degree of focus values 

 Low Normal High  

pCO2  0.000 0.939 0.058 
pH 0.038 0.951 0.001 

pO2 0.060 0.672 n.a.  
 

Figure 26: label ranges for PEEP 

“Of all patients with Gender: female, most have extubation criteria value PEEP: high” 
“Of all patients with Gender: female, most have extubation criteria value Norepinefrine: no” 
“Of all patients with Gender: female, most have contra indication value Norepinefrine: no” 
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The next variable is ‘FiO2’. Again, when all summaries with ‘FiO2’ in the qualifier are analysed, it shows that most 

patients are a member of the ‘normal’ label (Degree of focus 0.905). There are no differences between groups 

or remarkable relations with other variables. 

The last extubation criteria is ‘PEEP’. As well as for the contra indication values for PEEP, the extubation values 

are mostly ‘normal’ or ‘high’ (Degree of focus for ‘normal’: 0.886, for ‘high’: 0.890). This is due to the overlap, 

already discussed before, see Figure 26. There are no differences between groups or remarkable relations with 

other variables. 

8.1.1.6.4. Medication 

The next category of variables is medication, of which the first variable is ‘midazolam’. When all summaries with 

‘midazolam’ in the qualifier are analysed, it shows that most patients are a member of the label ‘no midazolam’ 

(degree of focus: 0.823). When patients did not receive midazolam during the execution of the process, they 

most often also did not receive propofol or Norepinefrine (see sentences below). For midazolam, there is no 

relation with process time. 

“Of all patients with midazolam: no, most have propofol: no” – truth value = 1. 
“Of all patients with midazolam: no, most have Norepinefrine: no” – truth value = 1. 

The next variable is propofol. The degree of focus for summaries with the label ‘propofol: no’ in the qualifier, is 

0.868, which implies that most patients have received no propofol. According to the summaries, the absence of 

propofol  is related with a normal process time. Furthermore, when no propofol was received, most often, also 

no Norepinefrine was received. Remarkable is, that there is no relation indicated with midazolam. This highlights 

the theory that “(Z is X) is Y” is not the same as “(Z is Y) is X”.  

After discussion with medical experts, this last conclusion can be explained by the nature of both midazolam 

and propofol. Midazolam is prescribed when the period of effect should be long. Propofol is prescribed when 

short-term effects are desired. It is therefore logical that the two are not correlated per se, because they have 

clearly different purposes. 

8.1.1.6.5. Time aspects 

The last category discusses the variables ‘process time’ and ‘total time’. For ‘process time’ holds that most 

patients have a short (degree of focus: 0.574) or normal (degree of focus: 0.496) process time. The only 

difference between those groups is that for short process times, it is explicitly indicated that:  

“Of all patients with process time: short, most have midazolam: no” 
“Of all patients with process time: short, most have propofol: no” 

This confirms the suspicion that no medication was related to a short process time. However, it is important to 

note here that the sentences do not indicate causality. Nevertheless, since discussions with medical experts 

showed that midazolam affects the patient long-term, it is a logical result that patients who have a short process 

time, did not get midazolam.  

The same observation holds for the variable ‘total time’, which is logical since total time and process time are 

interrelated variables.  

8.4. Conclusions 
The method itself seems to be showing its advantages regarding the ease in understanding. The produced 

sentences were discussed with medical personnel and the meaning of the results was clear most of the time. 

Only when sentences were contradicting (for example the issue regarding the sentences about PEEP values) 

or the meaning could not be explained medically, there was discussion. Nevertheless, the discussion was more 

focused on explaining the outcome than that the summaries could not be interpreted. Besides this idea of 

general understanding, medical experts liked the notion of fuzzy concepts, because it reflected the fact that 

expert opinion also always incorporates multiple aspects of a patient. A conclusion about process progress 

always depends on multiple factors and is not black-and-white per se.  

With regard to the actual outcomes, it appears that process execution is stable, with most values having 

membership values for the labels ‘normal’ of all variables.  
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In general, extubation criteria appear more often in the summarizer than contra indications. This indicates that 

contra indications are less often related to other variables. Furthermore, there seems to be a relation between 

medication and length of the process execution, but no causality is drawn from this.  

The above conclusions show that no specific problems were indicated but that the method could successfully 

produce valid sentences from the complex dataset. However, there still is the need to obtain more specific 

information. To fulfil this need, the automatic sentence generator is implemented once more, representing a 

compliance checking method. This is described in the next chapter.  
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9. Case study on process compliance evaluation 
In the previous chapter, the application of the automatic summary generator as a form of general evaluation 

analysis was described. The chapter concluded with the notion that, although it was indicated that the process 

execution was stable, there still was the need for a more detailed analysis. This chapter is dedicated to fulfil this 

need, in applying the automatic summary generator as a form of compliance checking.  

Showing the usability of linguistic summarization in compliance checking might be the most important 

contribution of this thesis. This creative use of the method shows that the general method can be adjusted to fit 

specific goals, in this project, compliance checking.  

The build-up of this chapter is similar as the build-up of the previous chapter. It starts with an explanation of the 

initialization of the program (section 9.1). Note that the initialization can also be found in Appendix VIII. As 

mentioned before, the initialization of the program is the key to the specification towards compliance checking. 

When the initialization is finished, the program can run and will produce the list of valid summaries. Since the 

amount of summaries for the compliance analysis is even larger than the amount of summaries of the general 

analysis, some additional sorting and filtering strategies were needed. These are explained in section 9.2. After 

these strategies, the findings can be formulated, which will be addressed in section 9.3. The chapter will finish 

with a section on conclusions from this case study. It will be addressed that the compliance checker indeed 

provides information in more detail about the process execution and that it succeeds in clearly indicating 

variables that show non-compliance.  

9.1. Tool initialization 
To conduct the protocol compliance analysis, the settings of the tool are adapted so that the tool functions as a 

threshold checker and therefore is able to highlight deviations and non-compliance or confirm valid protocol 

execution. This means that the linguistic labels for the qualifier and the summarizer are set to the values 

provided in the protocol (defining safe boundary conditions). By doing this, the method will not check for ‘low’, 

‘normal’ or ‘high’ values for a certain variable, but will define membership values for the labels 'conform to 

protocol’ and ‘not conform to protocol’. Note that the boundary conditions (the membership functions) are now 

of a crisp nature rather than the fuzzy nature that was adopted in the general performance analysis. 

Nevertheless, this method still differentiates from other methods due to the fact that results are presented in 

natural language instead of graphs or numerical statements. 

The labels for the quantifier are also adapted to suit the purpose. While the ‘Few’ label was excluded from the 

general performance analysis due to risks regarding misinterpretation, the ‘Few’ label is important for the 

protocol compliance analysis. Whether there is a very small group of patients that have substantial membership 

values, or there is a very large group having very small membership values (both resulting in a high truth value 

for the ‘Few’ label), it is important to show this in the results. These sentences can be used to highlight 

noncompliance and are therefore especially suitable for the purpose of this particular analysis. Besides the 

‘Few’ quantifier, also the ‘at least half’, ‘Most’ and ‘Almost all’ quantifiers are used. However, they do not have 

the same membership functions as were applied in the general performance analysis. For compliance checking, 

the mapping of Wilbik et al. (Wilbik 2010) is applied. This mapping is explained in chapter 5.2.5 in Figure 17. 

And shows three overlapping quantifiers (‘About a half’, ‘most’ and ‘almost all’), specifying increasing proportions 

of the total population.  

Note that the degree of focus is important for compliance checking as well, since one wants to know to what 

proportion of the patient population the summary applies. It provides information about the amount of cases 

deviating from the protocol.  

Patient data and process information were the same as for the general performance analysis and the tool 

functionality also did not change. The initialization of the system is the only adaptation to the method. The 

filtering, sorting and analysis of the output is discussed in the sections below.   

9.2. Filtering and ordering strategies 
The filtering and sorting strategies that were applied in the general analysis were also applied in the compliance 

analysis. However, the amount of resulting summaries in the filtered set was so high (188,147, which 

corresponds to over 2,322 summaries per label), that additional tactics had to be applied. Since the amount of 

simple protoforms only depends on the amount of variables and labels, the set of simple protoforms was 
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relatively small. It was decided to first check the simple protoforms and use the findings of that analysis to guide 

the analysis of the extended protoforms.  

9.2.1.1. Using simple protoforms as guideline 

The set of simple protoforms was small enough (58) to analyse as a whole. The applied tactic was to analyse 

the summaries per linguistic variable, checking whether this indicated compliance or non-compliance. To 

illustrate this strategy, an example is provided below, showing the analysis of the summaries for the variable 

‘contra indication PaO2/FiO2 ratio ’ (Table 10). 

Table 10: simple protoform summaries for the variable 'contra indication: 

PaO2/FiO2 ratio' 

Of all patients, ,FEW, have Contra: Ratio Conform 1 

Of all patients, ,ALMOST ALL, have Contra: Ratio Not conform 1 

Of all patients, ,MOST, have Contra: Ratio Not conform 1 

Of all patients, ,AT LEAST HALF, have Contra: Ratio Not conform 1 
 

As can be seen in this table, this 
group of summaries indicates non-
compliance for the variable ‘contra 
indication PaO2/FiO2 ratio’. Note 
that the last three summaries are all 
true, since the labels are 
overlapping. 

This overlapping is a conscious move, since it can then be determined what is the best fit. Since the summary 

with the quantifier label ‘almost all’ is true, the last two summaries are redundant.  

From this analysis, it was concluded that few patients have a value for PaO2/FiO2 ratio that is conform the 

protocol and that almost all patients show non-compliance for this variable. This variable was highlighted as 

‘interesting/not ok’ and will be part of the full analysis later.  

Variables which showed high compliance in this simple protoform summary analysis were highlighted as ‘ok’ 

and were excluded from the full analysis. Figure 27 shows all findings from this simple protoform summary 

analysis. Since GCS was excluded 

from the analysis, only two 

variables showed non-compliance 

and seven variables showed 

reason for further analysis. Those 

nine variables are discussed in the 

remainder of this chapter. The 

variables that were marked as ‘ok’ 

showed high compliance, and are 

therefore not analysed further, but 

simply support the finding from the 

general analysis, that the process 

execution is conform the protocol. 

9.2.1.2. Analysing extended summaries 

The previous section showed two variables that need to be analysed further. For those two variables, the 

summaries will be analysed according to the filtering and sorting methods described in the general analysis. It 

separates the summaries with only one predicate or multiple predicates in the summarizer, after which they will 

be filtered for summaries with high truth values and appealing quantifier labels (the label ‘almost all’ is preferred 

over ‘most’, which is preferred over ‘at least half’).  

As mentioned, after performing these filtering and sorting strategies, there is still a high amount of summaries 

per label. For this reason, one last sorting method is added to structure the analysis. The strategy is to identify 

whether the sentences seem to indicate relations to compliance or to non-compliance.  

The compliance analysis was all about trying to identify relations that could be useful for explaining the 

deviations. The results of these analyses are explained in the next section. In contrast to the result section of 

the general analysis, the following results section will start with findings from the individual variables and close 

with general findings. This is done because the findings from the individual variables together lead to the general 

findings, which makes the whole more cohesive in this presentation. 

Figure 27: Overview of categorization of variables 
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9.3. Results 
Variables that were individually analysed in detail, were all the variables that were marked as ‘not ok’ or 

‘interesting’ in Figure 27. The variables that were marked as ‘not ok’ seemed to indicate non-compliance, 

while the variables marked as ‘interesting’ just hinted that a closer look would be preferred. For those 

‘interesting’ variables, a closer look implied looking at the actual data, in order to understand the output from 

the method. For the ‘not ok’ variables, the produced summaries are used for further analysis. Therefore, this 

results section will first start with the findings from the variables that were marked as ‘not ok’, since these are 

the most interesting and still makes use of the generated summaries.  

A selection of the total set of generated summaries is included in Appendix XI. 

9.3.1.1. Summary analysis 

For the variable ‘contra indication: PaO2/FiO2 ratio’ the summaries with ‘PaO2/FiO2 ratio’ in the qualifier were 

analysed. It was investigated whether sentences pointed towards correlations with values corresponding the 

protocol or towards other non-compliance instances. It was found that for patients that had a deviating value 

for PaO2/FiO2 ratio, other variables had values that were conform the protocol (both contra indications and 

extubation criteria). 

The above finding could indicate that the threshold for the PaO2/FiO2 ratio could maybe be too strict. 

Apparently, patients do not encounter any problems in the process when they were allowed to start the 

weaning process with a deviating value for the PaO2/FiO2 ratio. This finding was discussed with medical 

experts and it was agreed that this was a suitable topic for further investigation. Later in this chapter, in the 

data analysis part, this will be addressed again.   

For the variable ‘contra indication: Norepinefrine’, there were no summaries to be analysed. Since data was 

only recorded when the patient actually needed Norepinefrine and the program only recorded a value when 

the process data showed a value, this variable was not present in a lot of cases. Therefore, in the summary 

generation, the degree of focus was smaller than 0.2, which meant that no extended protoforms were 

generated for this variable. To be able to analyse this variable, a new summary generation was executed, 

generating only summaries for this variable, but adjusting the degree of focus to 0.05 instead of 0.20. After 

analysis of this set of summaries, unfortunately, it was still not clear whether there was compliance or non-

compliance for this variable. This variable was added to the list of variables that were marked as ‘interesting’, 

for which the actual data was to be analysed.  

9.3.1.2. Data analysis 

Earlier, in Figure 27 seven variables were marked as ‘interesting’. Later, the variable ‘contra indication: 

Norepinefrine’ was added to this list, because the generated summaries were inconclusive. The variables ‘BMI’ 

and ‘age’ do not have labels that are ‘conform’ or ‘not conform’ the process. This leaves six variables that were 

to be inspected by means of the actual data. Note that this is not a flaw of the method of linguistic summarization 

per se. The method still managed to hint that there was something going on for those variables. It was only 

inconclusive about the situation. 

For the ‘interesting’ variables, the values per patient were extracted from the program and analysed by hand. 

This showed that for these variables, a lot of zeros were recorded, which is probably caused by the program, 

since it is in Excel VBA. When a variable of type integer or double is filled with the content of an empty cell, the 

value is recorded as ‘zero’. This implies that the program is very susceptible for missing values, since it analyses 

it as zero-recordings.  

In this manual analysis, there could be dealt with the missing values, testing the compliance only for values 

which actually had a value. For some variables, it resulted in the finding that the compliance was indeed low, 

but for others, compliance turned out to be very high. Table 11 shows an overview of all the variables that were 

marked as ‘interesting’ and the individual compliance rates. As can be seen, compliance is often very high. The 

only variables that show non-compliance are two contra indications (PaO2/FiO2 -ratio and Norepinefrine) and 

the extubation criterion Norepinefrine.  

While doing this analysis manually, it was noted that for ‘contra indication: PaO2/FiO2 Ratio’ the amount of 

missing values was very high. Furthermore, the compliance of ‘contra indication: PaO2/FiO2 ratio’ is indicated 

as susceptible for non-compliance in both the summary analysis as the manual analysis. It therefore seems 
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that, in general, there is more attention for the extubation criteria than for the contra indications (in both 

recordings as well as compliance). This notion led to a manual analysis of all contra indications and extubation 

criteria, with regard to the amount of recordings and the compliance rates. 

Table 11: Overview of variables that were wrongly or rightly marked as 'interesting' 

Wrongly marked Rightly marked 

Variable Compliance Variable Compliance 

Contra indication: PEEP 94% Contra indication: PaO2/FiO2 Ratio 79% 

Contra indication: Dobutamine 93% Contra indication: Norepinefrine 79% 

Extubation: Dobutamine 100% Extubation: Norepinefrine 66% 

Extubation: pO2 90%   

Table 12 shows the results of this manual analysis as a comparison between contra indications and extubation 

criteria. Note that Norepinephrine and dobutamine are not incorporated in this comparison, since no recordings 

mean that the medication was not assigned. It does not mean that the recording of the value was forgotten.  

As can be seen in this table, the notion that there is more attention for extubation criteria is correct. While this 

can be understood by evaluating the differences in involved risks between contra indications and extubation 

criteria, it is still an important general finding. 

During a discussion with medical experts, it 
was mentioned that the recordings of the 
contra indications are mostly done by 
machinery, which indicates that the missing 
values could not result from negligence. This 
led to a more detailed analysis of how these 
values were recorded in the program. This 
analysis showed that the difference in 
registration intervals was the cause for these 
missing values. The start of the process is 
triggered by the first registered heart rate, 
which is recorded every 5 minutes. The values 
for FiO2, PEEP and PaO2/FiO2 ratio are stored 
every 2 hours (see Table 6). This causes that 
the program stores the ‘start’ of the process, 
without any values for FiO2, PEEP and 
PaO2/FiO2 ratio being stored. 
 
Since the missing values are probably mainly 
caused by the way of recording and storing the 
variables in the program, the earlier 
conclusion should be altered slightly. 

Table 12: Comparison of contra indications and extubation 

criteria 

Contra indications Extubation criteria 

FiO2   FiO2   

Amount recorded 1741 Amount recorded 2364 

Compliance 83% Compliance 95% 

PEEP   PEEP   

Amount recorded 1685 Amount recorded 2342 

Compliance 94% Compliance 94% 

PaO2/FiO2 -ratio   pO2   

Amount recorded 89 Amount recorded 2660 

Compliance 79% Compliance 90% 

    pCO2   

    Amount recorded 2659 

    Compliance 88% 

    pH   

    Amount recorded 2660 

    Compliance 90% 
 

Unfortunately there is no evidence that the conclusions drawn from these recordings are representative for the 

total patient population. The compliance rates also do not represent a lower-boundary, since it is not known 

whether not recorded values were fulfilling or not fulfilling the thresholds (which could both increase or decrease 

the presented compliance rate. Nevertheless, for the values that were recorded, there is evidence of non-

compliance. 

9.4. Conclusions 
The method showed useful for testing compliance. Especially because the method is very intuitive in indicating 

whether something is ‘conform’ or ‘not conform’. It discards the conscious questions that occurred during the 

evaluation of the results of the general analysis “What ranges did we set for ‘high’ again?”. It presents the results 

in a way that is unambiguous and straightforward. However, the method as implemented in this project, is very 

sensitive to missing values. This is related to the implementation, namely the handling in Microsoft Excel VBA, 

and not to the method of linguistic summarization itself.  
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When the set of generated extended protoforms is large, the generated simple protoforms can be used as a 

guideline for the analysis of the large set of extended protoforms. 

The overall compliance for this process is high, especially for the extubation criteria. For the contra indications 

FiO2 and PaO2/FiO2-ratio and the extubation criterion pCO2, the compliance is considerably lower, but it has to 

be noted that these compliance rates only represent a partition of the total patient population. Since linguistic 

summaries do not indicate causality, there is only suspicion for reasons for non-compliance. 

  



48 
 

10. Recommendations 
This chapter builds on the findings from the case study, mentioned in the previous chapter. It focuses on 

providing case specific recommendations that could improve process execution. More general notions are 

mentioned in the next chapter, that addresses conclusions and implications for research.  

10.1. Recommendations for the weaning protocol 
As mentioned in the conclusions from both the general analysis and the compliance analysis, compliance on 

average is high. This is an indication that the protocol is a well-established one and that it should be kept on. 

Nevertheless, there is always room for improvement, even if the enhancements imply only slight improvements. 

If the aim for a minimum of 90% compliance is adopted, increases in compliance rates are achievable for the 

contra indications FiO2, PaO2-FiO2-ratio and for the extubation criterion ‘pH’ and therefore ‘pCO2’ (see Table 12).  

Conversations with medical experts resulted in the advice not to alter the FiO2 thresholds, but to investigate 

changes in the thresholds for the variables ‘PaO2-FiO2-ratio’, ‘pH’ and ‘pCO2’.  

For each of these variables, the detailed analysis of the data (not the summaries) was used to find implications 

of increasing or decreasing threshold values. The size of altering steps and the number of alternatives were 

based on the conversation with medical experts. They determined what values were realistic and still safe for 

the patient.  

Table 13, Table 14 and 
Table 15 show the 
results of the threshold 
analysis. Given the 
registered values for 
the variables per 
patient, they show the 
amount of patients that 
are ‘conform the 
protocol’ and what 
percentage of the total 
patient population they 
represent. 

Table 13: tested threshold alterations for pH 

 

Threshold Amount 

conform 

Percentage 

Value >7,30 2396,00 90% 

Value >7,29 2441,00 92% 

Value >7,28 2480,00 93% 

Value >7,27 2502,00 94% 

Value >7,26 2520,00 95% 

Value >7,25 2528,00 95% 

Table 14: tested threshold alterations for PaO2-
FiO2-ratio 

Threshold Amount conform Percentage 

Value >27 70,00 79% 

Value >26 72,00 81% 

Value >25 75,00 84% 

Value >24 76,00 85% 

Value >23 78,00 88% 

Value >22 79,00 89% 

Value >21 79,00 89% 
 

Since all the tested values are found to be ‘safe for the patient’ by 
medical experts, it is advised to increase or decrease the 
thresholds to the values highlighted in green. These proposed 
thresholds represent the point at which no further increase of 
compliance rate is realised.  
 
Note that this analysis is purely based on the current dataset and 
is conducted with simple indication methods and not with 
advanced statistical methods that also introduce insight regarding 
future cases. Nevertheless, since this dataset is substantially large 
(2700 patients) and all tested thresholds are seen as ‘safe for the 
patient’ it is believed that this simple methods are still useful and 
that the proposed thresholds could enhance the process 
execution.  
 
The second recommendation is to investigate why the deviations 
for these three variables occur. Since linguistic summaries do not 
indicate causal relations and no striking correlations were found, it 
cannot be stated what causes the deviations without further 
investigation. Unfortunately, this lies outside of the scope of this 
project, since this project focuses mainly on the implementation of 
linguistic summarization and the usefulness of the method as a 
compliance checker. 
 

Table 15: tested threshold alterations for pCO2 

Threshold Amount conform Percentage 

Value <6,0 2362,00 89% 

Value <6,1 2427,00 91% 

Value <6,2 2470,00 93% 

Value <6,3 2518,00 95% 

Value <6,4 2547,00 96% 

Value <6,5 2573,00 97% 

Value <6,6 2597,00 98% 

Value <6,7 2610,00 98% 

Value <6,8 2624,00 99% 

Value <6,9 2636,00 99% 

Value <7,0 2640,00 99% 
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11. Conclusions, limitations and implications 
This chapter will place this project into the scientific context by not only highlighting the conclusions and 

answering the initial research question, but also pointing out some limitations that were present and in what 

ways this project gave rise to new research opportunities.  

11.1. Conclusions 
The main conclusions can be divided into two categories: conclusions regarding the method in general and 

case-specific conclusions. Based on these conclusions, some implications for practice are presented, stating 

important aspects that need to be considered in the future, while conducting further research (which will be 

discussed in section 11.3). After these sections, the general and the case-specific conclusions will be combined 

to form an answer to the initial research question “How can linguistic summaries help evaluate general 

performance and compliance of clinical processes?”.  

11.1.1. General conclusions 
The introduction named three issues regarding protocol evaluation in clinical processes; complexity, data 

storage and the presentation of results. Since linguistic summaries are based on fuzzy set theory, which has 

the strength that it can handle complex datasets, and the results are presented as sentences in semi-natural 

language, it was believed that the method could (partially) resolve the complexity and presentation issue.  

The dataset that was used during this thesis was indeed complex, containing a large set of patients of which an 

extensive amount of data was recorded. Nevertheless, linguistic summaries could be constructed, representing 

the information in the dataset. Naturally, (partial) outcomes of the program (both summaries and measurements) 

were sample-wise tested manually, which confirmed the produced summaries and therefore showed that they 

were valid. The notion that linguistic summaries could provide insight into a process that could be really complex 

is therefore correct.   

The method of linguistic summarization proved to produce summaries that were easy to understand individually 

and to analyse as a whole. Although the results of the extended protoforms with multiple predicates for the 

summarizer were harder to comprehend and close attention and sorting strategies were needed to analyse the 

results, the presentation of the results was very useful. Discussions with medical personnel about the results 

were mostly on the explanation of observations and not on ambiguity or unclearness of the summaries. The fact 

that discussion was on reasoning and not on the presentation of the results proofed the observation of the 

researcher: the presentation of the results is intuitive. 

The adaptation of the method to form a compliance analysis highlighted the strength of the method: the intuitive 

results. It took over the unconscious translation of the results by providing summaries that stated clearly whether 

values were ‘conform’ or ‘not conform’ the protocol. Questions like “What ranges did we set for PEEP again?”, 

that were asked during the general analysis, were not necessary anymore, confirming the notion that the 

specification of the method was useful. In addition, the simple protoforms proved to be a suitable guideline for 

analysis of the extended protoforms, which highlights another aspect of the method that may be undervalued 

before. 

11.1.2. Case-specific conclusions 
As stated in the introduction, this thesis aimed at evaluating the weaning protocol of the ICU department of 

MUMC+. Two analyses were conducted; a general analysis and a compliance analysis. The general analysis 

aimed at obtaining a general overview of the process and potentially identifying patient groups that shared 

specific characteristics. The compliance analysis was aimed at indicating non-compliance and potentially 

highlighting specific characteristics or patient groups that were often related with non-compliance.  

The results of the general analysis showed that most values for most patients were at ‘normal’ level. This implies 

a stable process with stable process times. There were no specific patient groups defined that shared specific 

characteristics. These outcomes of the general analysis gave rise to the expectation that the protocol was 

executed correctly. This would be further investigated during the compliance analysis. 

The most important conclusion of the compliance analysis is that compliance is high, the process is most often 

executed conform the protocol. On average, compliance is higher for extubation criteria than for contra 

indications. Unfortunately, no specific characteristics or patient groups could be identified. Nevertheless, the 
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method succeeded in identifying the variables that showed non-compliance, which resulted in a follow-up 

detailed data analysis. Variables that showed a compliance rate below 90% in this detailed data analysis, were 

subject for recommendations.  

Since a lower compliance rate implies that there is more need for consults with physicians, which makes the 

execution of the process less nurse-driven, it was interesting to look at the settings of the protocol thresholds in 

more detail. With medical experts was discussed what ranges for the thresholds of the variables ‘PaO2-FiO2-

ratio’, ‘pH’ and ‘pCO2’ were safe for the patient, after which those ranges were investigated. This investigation 

showed that thresholds were set very strictly and that adaptations could reduce the amount of deviations and 

therefore the amount of consultations with physicians. It was proposed to adjust the threshold for ‘PaO2-FiO2-

ratio’ to 22 kPa, the threshold for the lower-boundary of ‘pH’ to 7.26 and the threshold for ‘pCO2’ to 6.8 kPa.  

During the conduction of both analyses, some conclusions were drawn that were found to be useful for future 

work regarding linguistic summarization. While section 11.3 will discuss some specific suggestions for further 

research, the next section will discuss some more general notions that apply to all further projects and are of a 

more methodical nature. 

11.1.3. Implications for research 
Since both a general and a compliance analysis were conducted during this project, the strengths and downfalls 

of the different applications could be observed.  

The first general observation is that the compliance analysis produced summaries that were more informative 

than the summaries of the general analysis. Since ‘normal’ values could still be ‘not conform protocol’, there still 

was the need for further insight after the general analysis. The compliance analysis clearly indicated non-

compliance for certain variables, which is a valuable observation. Therefore, the first suggestion for future work 

is to be creative with the method of linguistic summarization. By its design, it is very dependent on the way in 

which the linguistic variables are represented by linguistic labels. Researchers should use this characteristic to 

their advantage by specifying the method to fit the aim of the project. In case of this thesis, the aim was to 

evaluate compliance to the thresholds of the protocol.  

One way to investigate whether there are more options for this kind of creativity is to ask oneself what the 

unconscious translations of the presented results are. The strength of linguistic summarization is to present the 

results in ways that humans wish to receive them. In case of this thesis, it was the aim to know whether values 

satisfied the thresholds, whether they were conform or not conform the protocol.  

The second suggestion is related to the analysis of the produced results. It is therefore only applicable to projects 

that incorporate the automatic generation of a set of summaries. In this project, it was perceived that the filtering 

and ordering strategies of section 8.2 and 9.2 were indispensable. One should be prepared for the amount of 

summaries that the program is generating. This means that ordering or filtering strategies should be defined in 

the early stages of the modelling phase. This both enhances the perception of what is really interesting to know 

about the data and also the notion what additions to the method are needed in order to present the summaries 

in a way that they can actually be ordered and filtered.  

The last suggestion is to be aware of the fact that the method only indicates relations and not causality. Since 

this project implemented the linguistic summarization as a way of checking compliance, there was the implicit 

need to identify ‘why’ the deviations occurred. Linguistic summarization can indeed be used to highlight non-

compliance and subsequently to highlight related variables to the variable of interest. However, there is still the 

need for additional analysis methods to analyse the data in more detail. Note that this statement is not a 

condescending view of the method of linguistic summarization, but rather a notion that this highly useful method 

could be complemented by other analysis methods in a full project.  

This concludes the section that mentioned observations that are valuable for future projects regarding any 

aspect of linguistic summarization. The next section will answer the main research question, mentioned at the 

start of this thesis. 

11.1.4. Answering the research question 
The research question that was the guideline of this thesis is the following: 

“How can linguistic summaries help evaluate general performance and compliance of clinical processes?”. 
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After highlighting both the general conclusions and the case-specific conclusions, the answer to this question 

can be formulated.  

Linguistic summaries provide a way to analyse large sets of clinical data and present the results in a very 

intuitive way. Especially when the method was adapted to form a method for compliance analysis, the 

presentation of the results was very appealing and straight forward. It unburdens the user by taking over the 

unconscious translations of the results into objects of perception. 

Simple protoforms can be used for a quick and clear overview of the compliance results of the process. When 

a closer look is preferred, the simple protoforms can guide this search for more detailed information, by directing 

the manager towards parts of the total set of summaries. When the summaries provided the manager with the 

overview, additional methods can be chosen to analyse the clinical data set to the smallest detail. Note that this 

is not a shortcoming of the method, since its pure aim is not to show the smallest details to the user but rather 

provide the user with means to get an abstract of the data. 

After conducting this research, it is believed that linguistic summaries have great potential to improve clinical 

processes, purely by the way in which it connects the potential of the human brain to modern computational 

possibilities.  

11.2.  Limitations 
Although it is believed that this research is conducted in a systematic and reproducible way, there is always 

room for improvement. This section highlights the potential flaws in this research and explains how future work 

may avoid these flaws. 

The most apparent limitation is that this project focused on only one protocol and therefore only proves that the 

method could be implemented successfully in this specific environment. Although it is believed that the method 

could be valuable for other departments within the hospital as well, this cannot be stated based on the outcomes 

of this particular thesis. Future work could focus on implementing one single method in multiple environments, 

highlighting which specific factors of the method change when implemented in different situations.  

Another limitation of this thesis is related to the dataset that was used. Although there was a very large patient 

population and a big set of records on several aspects of the patient treatment, the dataset is subject  to 

uncertainty. This was already explained in the chapter that explains the collection, assessment and preparation 

of data, chapter 6.  

The dataset still includes patients that officially followed an extended protocol with regard to the weaning 

process. These patients were typically not post-operative patients from cardiology, but were on the ICU for other 

reasons. Therefore, the dataset is slightly polluted. Other projects should incorporate treatment codes, to 

separate the two patient groups.  

Furthermore, there is uncertainty regarding the moment of extubation. The dataset now allows for determination 

of the end of the process in a timespan of two hours. Since medical personnel ensured the researcher that 

‘process time’ was not of interest, this flaw was not a problem for this particular thesis. However, future work 

should try to specify this moment of extubation by incorporating the information from the O2 sonde, as explained 

in chapter 6.  

The implication of the above mentioned flaws for the results of this thesis is that compliance probably is even 

higher than computed now. The pollution of the dataset is caused by patients that were probably more unstable 

than patients that were post-operative, because the cardiothoracic surgeries require patients that are of a certain 

health state.   

Further research should try to avoid the mentioned limitations of this research. Furthermore, this research had 

some implications for the field of research as well. During the execution of the project, some suggestions for 

further research were highlighted. These suggestions are described in the next section. 

11.3. Suggestions for further research 
This project interpreted the construction of ‘new types of protoforms’ in a way that more specifically defined the 

possibility to incorporate multiple data types into the protoforms. Further research should try to detach itself 
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from the standard structure “X is Y” and be creative with the sentence structure. It is unknown what benefits 

might arise when one invents new types of structures.  

Besides being creative, it is also encouraged to be critical. During this project, it was noted that logic related to 

language is of great importance for the method of linguistic summarization. The mini experiment of this thesis 

(chapter 5.3.1) showed that the direct Dutch translations of often-used quantifier labels are interpreted differently 

than their English counterparts. The results of the perception test showed that the participants created a different 

ordering with the Dutch labels than was initially intended with the English labels. The main purpose of linguistic 

summarization is to present results from complex datasets into easy-to-understand summaries. It is a shame 

when language logic makes this effort redundant. Further research should extend the mini experiment of this 

thesis. It should both enlarge the group of participants, but also construct valid methods for translating the 

results of the experiment into linguistic label ranges.  
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Appendices 

I. Appendix 
The weaning protocol 

 

  

Figure 28: the weaning protocol 
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II. Appendix 
List of concepts in the weaning protocol  

 

Table 16: List of concepts, mentioned in the weaning protocol. 

List of concepts 

GCS Glasgow Coma Score 

FiO2 Fraction of inspired oxygen 

PaO2/FiO2 The ratio of partial pressure arterial oxygen and fraction of inspired oxygen, is a 
comparison between the oxygen level in the blood and the oxygen concentration that is 
breathed 

Peep Positive end-expiratory pressure 

PO2 The pressure of the oxygen in blood 

PCO2 Partial pressure of CO2 in blood 

PH Logarithmic scale for the degree of acidity 

Norepinefrine Hormone related to adrenaline 

Dobutamine Heart stimulant medication 

ASB Assisted Spontaneous Breathing (pressure support) 

ATC Automatic tube compensation 

ABG Arterial blood gas 

SBT Spontaneous Breathing Trial 
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III. Appendix 
Interview setup for defining (useful) protoforms and sentence structure 

A. Interview report 

Maastricht UMC+, December 10th, 2014 
This interview report contains of three sections. The first section contains the setup of the interview. The second 

section includes all the information extracted from the interview and the third section shows the full list of 

interview questions.  

a. Interview setup 

Moderator:  R. Lips 

Participants: Dr W.N.K.A. van Mook  (internist/intensivist at the ICU) 

S.J.H. Heines    (Ventilation practitioner at the ICU) 

The interview is conducted in a group-session and had a structured  setup. The interview consisted of four 

blocks of questions, transiting from general to specific. Furthermore, the first three blocks contained questions 

regarding sRQ1, while the last block of questions contained questions regarding sRQ2. 

The first block of questions concerned the overall process of 

executing the protocol, along with bottlenecks, resources and 

possible deviations.  

The second block of questions focused on medical values and 

thresholds, along with the degree of strictness and possibilities to 

deviate from the protocol. 

The third block included only one, very ‘open ended’ question, 

which is based on the ‘critical incident technique’. This technique is 

developed to collect direct observations of incidents having special 

significance. The participant is asked to explain a specific event, 

including special characteristics and consequences.   

Figure 29 shows a graphical representation of the interview setup. 

b. Obtained information 

Questions were aimed at obtaining information about the weaning protocol, a protocol that describes the 

process of reducing regulation and support for the breathing of a patient. The protocol can be seen in Appendix 

I.  

b.1. Block 1: Overall process 

Important steps 

Most important – start and end steps. When can a patient be taken off of the automatic ventilation and when 

can he be taken off of the ASB and can the tube be removed (general extubation).  

 Automated breathing: The machine does all the work. The patient can breathe on top or between the 

automatic pulses, but if the patient does nothing, the machine makes sure there is induced breathing. 

(pressure regulated) 

 ASB: the machine supports the breathing. This implies that the patient must give a breathing stimulus. 

When this stimulus is provided, the machine supports the attempt to breath. (you can compare this to 

drinking through a straw, you can only get the lemonade if you make an effort yourself).  

Risks 

There are no risks in transiting from automatic breathing to ASB (supported breathing). The patient can be put 

back on automatic breathing when the transition to ASB was not successful. There are more risks in extubation, 

the removal of the tube. But these risks are still not that high. When patients have to be reintubated, this is 

mostly related to other complications (new heart attack, pneumothorax), not due to factors that are not directly 

related to the extubation. Conclusion: this protocol does not imply great risks.  

Figure 29: Interview setup 
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Risks are mostly related to ‘not following’ the protocol. But these risks are covered by monitoring by the 

machines and systems. 

Proceedings 

The first part of the protocol is laborious, in the sense that it implies a lot of actions from the nurses. They have 

to attach the patient to the right equipment and monitor the patient carefully.  

Complications 

Possible moments when deviations may occur: 

- It is possible that a patient has to start over (go back to the start of the protocol) when he has arrhythmia.  

- When a patient has small volume of draft (Dutch: “teugvolume”), he has to be put back on other settings 

of the ASB machine. This implies that many loops are implicitly included in the protocol. 

Leading resources 

A patient is assigned to one of the nurses in the shift of arrival. This implies that (in principle) this nurse needs 

to be in the department. Nevertheless, the team always monitors all patients. When shifts change, the 

information of the patient is passed over to the next nurse.  

When a consult of a physician is needed, the involved physician is called with the question to come to the 

department or is given sufficient information on the phone. Availability of physicians is therefore important but 

only for speeding up the process. When no physician is available, the patient stays on ABS until his blood values 

are sufficient to take him of the assisted breathing.  

There are no restrictions in material and other resources. OR is not relevant since the patient enters the 

department after leaving the OR. Lab tests are scheduled with urgency and delivered by moving tubes through 

an air shaft. The lab enters the results directly into the system. (This text was added after another visit to the 

ICU department).  

Costs 

Costs are not a restriction. Each day a patient stays on the ICU is invoiced as a ‘day on the ICU’ and includes 

the machines and equipment that is used during the weaning protocol. This implies that it does not make any 

difference in costs when the patient stays on ABS an hour longer than another patient. 

However, it may be the case that when a patient is extubated at 01:00 AM, another day of ICU is invoiced, while 

he may be transported to a department with less intensive care during the morning.  

Expectations 

The nurse and the physician state that there are no clear indications to predict the progress of a certain patient 

in the weaning process.  

Some older patients react strongly to sedation, while others are very resistant to sedation. It has a lot of 

variability. Nevertheless, it is true that older patients, in general, are more sensitive to sedatives.  

Comfort of the patient 

The comfort of the patient is not an issue until the sleeping medication is stopped. When the patient wakes up, 

it may get more uncomfortable. The moment of removing the tube may be the moment of least comfort, but it 

may also go very smoothly.  

In general, younger patients are more resistant to the tube than older patients and will therefore be restless 

more often.  

People that are really restless will be put back on respiration.  

Medication 

Clonidine is a drug that can regulate blood pressure increases, but as a side effect can also make a patient 

more calm. When a patient receives this drug, you can assume that this person was very restless. It is not 

known whether this drug affects the progress within the weaning protocol. This could be interesting to 

investigate. 
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Restlessness can be seen at the start of waking the patient. He or she might be physically active, but also 

encounters high heart rate, blood pressure and perspiration.  

b.2. Block 2: Medical values 

Values and terminology 

 ASB: Assisted spontaneous breathing 

 PEEP: positive end expiratory pressure. This is the pressure that remains in the lung after exhaling. 

 FiO2: administered amount of oxygen.  

 Tachypnea: fast breathing 

 Tachycardia: increased heart beat  

 RR: Riva Roche, the inventor of blood pressure measuring. RR is used as an expression for blood 

pressure 

 SpO2: oxygen saturation 

 Vegetative reactions: perspiration, dilated pupils 

pO2, pCO2 and pH are measured with blood samples 

SpO2, Tachypnea and tachycardia is measured continuously by the machines. 

Thresholds 

In general, the boundaries/thresholds of the protocol are very strict. This is done so that the protocol is strongly 

nurse-driven. It also implies that when the thresholds are satisfied, there is none till little risk for the patient 

(regarding the weaning protocol).  

Possible deviations: 

- Deviations from the thresholds, occurring during the ‘body’ of the protocol are resolved by the nurses 

(this implies little loops in the protocol that are not officially depicted).  

- Deviating from the thresholds for extubation occurs, but only when a consult with the physician has 

taken place.  

Values that are more susceptible for deviation: 

- pCO2 higher than threshold. (the higher the CO2, the lower the pH). This means that the patient has a 

breathing rhythm that is too slow. When all other values are sufficient, the physician may agree to 

extubate the patient. (there is only a little chance for complications when only this value is not meeting 

the threshold). 

- FiO2 higher than threshold. But this does not occur very often.  

- PEEP higher than threshold. Especially for obese patients. But for them, the high value is ‘normal’, 

because there is difference in the pressure of the chest between them and a patient of lower weight. 

(This implies that the protocol is for a ‘regular’ or ‘general’ patient and that the nurse can compensate 

for personal characteristics such as obesity). 

The values in the threshold boxes are the values that a ‘healthy’ patient should have. (Excluding FiO2, because 

this is can vary, while ‘normal air’ only has 21% of oxygen). These boundaries can be seen as very safe/ risk 

averse thresholds.  

b.3. Block 3: Critical incidents 

Both participants were asked to describe a ‘stinging case’ regarding the weaning process.  

- Waking the patient and the direct removal of the tube due to a very high level of restlessness of the 

patient. The restlessness resulted from anxiety or discomfort caused by the tube.  

- Putting the patient back on automated breathing after a high level of restlessness. Since the ‘start over’ 

occurred late in the evening, it was decided to let the patient sleep until the next morning, to avoid any 

risk during the night. The next morning, the patient was woken up and the tube was removed, because 

the restlessness was expected to be caused by the tube.   
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b.4. Block 4: Statement ranking 

In this part of the interview, the participants were asked to choose either one of the sentences and provide 

motivation for their choice.  

For all sentences, it must be noted that conclusions are drawn about the DUTCH sentence structures. Note that 

the logic of Dutch and English is not per definition the same. This implies that these results might not hold for 

the English sentences. Therefore, the Dutch sentences are also provided in the text below.  

Question 1 

“Which of the following sentences is the clearest? 

1. Of all old patients, most recover slowly (Dutch: van alle oude patienten, genezen de meeste langzaam). 

2. Most of the patients that are old, recover slowly (Dutch: de meeste oude patienten genezen langzaam).” 

Participants state that the second sentence is multi-interpretable and does not clearly state the difference 

between a focus on the whole patient population or the specified patient population (group of older patients). 

They therefore prefer sentence 1.  

Question 2 

“Which of the following sentences is the clearest? 

1. Most patients with high blood pressure, take a longer time to complete the whole weaning process. 

(Dutch: De meeste patienten met een hoge bloeddruk, doen lang over het totale weaning proces).  

2. In the group of patients with high blood pressure, most take a longer time to complete the whole weaning 

process. (Dutch: In de groep patiënten met een hoge bloeddruk, doen de meeste lang over het totale 

weaning proces).” 

Again, one of the sentences is found to be multi-interpretable. Furthermore, it is stated that it is easy to overlook 

‘most’ in sentence 1, which excludes a important information from the interpretation process, especially when 

‘most’ is substituted for ‘few’ for example. The participants find sentence 2 more clear, because the structure 

clearly separates all important information. 

Question 3 

“Do you prefer information about the relation between: 

1. Medical values (start of the process)  & length of total process execution 

2. Medival values (start of the process)  & deviations from the protocol” 

Participants state that the length of the total process execution is not one of the key factors that are interesting. 

They therefore choose option 2. 

Question 4 

“Do you prefer information about the relation between: 

1. Deviations from the protocol  &  medical values (end of the process) 

2. Deviations from the protocol & length of total process execution” 

Again, length is indicated as less interesting, especially in combination with deviations, since they cause an 

increase in process length per definition. The choice is therefore 1. 

Question 5 

“Do you prefer information about the relation between: 

1. Medical values     & chance of deviation from the protocol 

2. Patient specific characteristics & chance of deviation from the protocol” 

Medical values are included in the protocol and only cause small deviations from the main process flow (small 

back loops, or the already defined path that puts the patient back on automated breathing). It is interesting to 

get new insights regarding deviations. Therefore sentence 2 is chosen.  

Question 6 

“Do you prefer information about the relation between: 
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1. The length of separate activity execution & duration of other activities 

2. The length of separate activity execution & deviations from the protocol” 

Participants choose sentence 2. This is again motivated by the fact that ‘deviations’ are more interesting than 

‘process length’.  

Question 7 

“Do you prefer information about the relation between: 

1. Medical values & the need for a consult with a physician 

2. Process length & the need for a consult with a physician” 

Participants choose sentence 1 (again because ‘process length’ is not seen as interesting). Furthermore, it is 

stated that it might be interesting to include other factors such as ‘restlessness’ as a patient specific 

characteristic. 
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IV. Appendix 
Option tables for all data types 

Table 17: options for contra indications 

Contra indications   

GCS < 8 

PaO2/FiO2 ratio <27kPa 

PEEP >8 mbar 

FiO2 >0,5 

Norepinefrine >0,1 mcgr/kg/min 

Dobutamine > 5 mcgr/kg/min 
 

Table 18: options for extubation criteria 

Extubation criteria   

PO2 >=9 kPa 

PCO2 <=6.0 kPa 

PH 7,30 < x < 7,50 

FiO2 <=0,4 

PEEP <=8 cmH2O 

Dopamine/dobutamine <5 mcgr/kg/min 

Norepinefrine  <0,1 mcgr/kg/min 

GCS > 8 
 

Table 19: options for patient characteristics 

Patient characteristics 

Age 

Gender 

BMI 
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V. Appendix 
Four dimensions of quality of the multidimensional model of Ortega et al.  

To evaluate quality in a quantitative way, literature provides a variety of quality measures. When the right quality 

measures are chosen, they can be used to both assess the quality of one single summary, or to guide the 

automatic generation of the set of all valuable summaries. It is therefore important to choose wisely. 

Unfortunately, this process is challenging because of several reasons (Castillo-Ortega et al. 2012).  

 ‘Quality’ is not a one-dimensional concept but covers many aspects to assess. Each project or situation 

might ask for a different quality assessment.  

 The set of possible summaries is often enormous, which makes the search for the ‘best’ (set of) summaries 

troublesome.  

 Between all quality measures, there is a strong interrelation between the aspects, which can be opposite or 

have a negative correlation. This causes that the ‘optimal summary’ is hard to find or cannot be found at all.  

 ‘Quality’ is strongly dependent on the situation and the set of users and therefore partially subjective. This 

makes a quantitative evaluation challenging.  

Fortunately, previous studies provided guidelines for assessing quality, such as the multi-dimensional model of 

Castillo-Ortega. This multi-dimensional model defines four dimensions of quality, as well as a way to define 

order relationships between summaries. The four dimensions are ‘coverage’, ‘brevity’, ‘specificity’ and 

‘accuracy’.  

1. Coverage 

Assume a dataset 𝑑 and a summary 𝑠. The coverage (𝑐𝑑(𝑠)) of 𝑑 by summary 𝑠 is the extent to which all data 

elements 𝑒𝑖 ∈ 𝑑 are considered in 𝑠. The 𝑐𝑑(𝑠) is a value on the scale [0,1], for which 𝑐𝑑(𝑠) = 1 means that all 

data elements in 𝑑 are considered in 𝑠.  

The coverage can be computed as the percentage of points that are covered by the summary.  

Quality measures that have been proposed in other literature, but that correspond to this dimension are: 

Degree of covering; also known as ‘support’ (Wilbik 2010).  

This measure shows how many objects in the dataset correspond to the query covered by the summary. For 

extended summaries, this corresponds to the proportion of all elements that exhibit both the criteria for R and 

C. If the degree of covering is low, this means that the summary can still be valid, but only for a small amount 

of elements within the dataset. In this project, this means that the summary describes behaviour of a small 

proportion of the total patient population.  

The degree of covering can be calculated using formula (5); 

𝑑𝑐(𝑠𝑒𝑛𝑖) =  
1

𝑛
∑ 𝜇𝐶(𝑦𝑖) ∧ 𝜇𝑅(𝑦𝑖)

𝑛
𝑖=1 ,           (6) 

Degree of focus (Wilbik 2010).  

The degree of focus gives the proportion of all elements that satisfy property R. This measure is designed to 

guide the automatic production of valuable summaries by help controlling discarding non-promising summaries. 

This measure can be seen as additional information to the degree of covering, which provides information about 

elements satisfying both property R and C. This immediately implies that the degree of focus does not add any 

value to the evaluation of SIMPLE protoforms, since they do not include the property R.  

The degree of focus can be calculated as follows; 

𝑑𝑓𝑜𝑐(𝑠𝑒𝑛𝑖) =
1

𝑛
∑ 𝜇𝑅(𝑦𝑖)

𝑛
𝑖=1 ,             (7) 

If the degree of focus is high, the summary of concern is more general, but it can still be untrue.  

2. Brevity 

Assume a dataset 𝑑 and a summary 𝑠. The brevity (𝑏(𝑠)) is the extent to which the summary is short. The 𝑑(𝑠) 

is a value on the scale [0,1], in which a value of 1 means that this summary is the shortest summary possible. 
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Since short summaries are preferred, both by the definition of ‘summary’ and the comprehensibility for human 

beings, the higher the 𝑑(𝑠), the better the summary under this criterion.  

The brevity can be computed with; 

𝑏(𝑠) =  
1

𝑙𝑒𝑛(𝑠)
,              (8) 

Where 𝑙𝑒𝑛(𝑠) defines the particles that make up the summary. In this project, only one-sentence summaries 

are considered, which implies that 𝑙𝑒𝑛(𝑠) defines the amount of categorical building blocks in the summary (the 

content of R and C). In other studies, one summary may contain multiple sentences, which makes the brevity a 

more interesting factor to investigate.  

Quality measures that have been proposed in other literature, but that correspond to this dimension are: 

Length of the summary (Wilbik 2010).  

The length of the summary is important to measure because human users need to be able to comprehend the 

provided summary. The longer the summary, the harder it becomes to comprehend the content of the sentence.  

Unfortunately, this concept is harder to translate to a quantitative measure than the coverage for example. This 

is caused by the fact that both the qualifier and the summarizer can include multiple properties (“Of all patients 

that are old and heavy, most have high PEEP”). Furthermore, natural language has logic, which causes that the 

label ‘very short’ might be interpreted both as ‘equal length’ and as ‘longer’ than the label ‘short’. One can argue 

whether to take the number and logic of the labels into account in defining the length of the summary. Important 

is to be consequent within one project and make sure the interpretation of the measure is correct. 

Although this measure is somewhat more vague, Kacprzyk and Wilbik proposed a simple formula to evaluate 

the length of a summary; 

𝑑𝑙(𝑠𝑒𝑛𝑖) = 𝑐𝑎𝑟𝑑(𝑅) + 𝑐𝑎𝑟𝑑(𝐶),            (9) 

Which refers to the number of elements in each of the properties R and C.  

3. Specificity 

Assume a dataset 𝑑 and a summary 𝑠. The specificity (𝑝(𝑠)) is the extent to which concepts in the summary 

clearly define or identify the data. Again, the 𝑝(𝑠) is a value on the scale [0,1], in which a value of 1 means that 

the concepts in the summary clearly identify the involved data. To say this differently, it depicts how precise the 

concepts in the summary are. For example, if a summary defines whether patients are ‘older than 60’ is less 

precise than a summary that defines how many patients are ‘between 60 and 70’.  

The specificity can be computed with; 

𝑝(𝑠) = 1 − 
∑ 𝑖𝑚𝑝(𝑠𝑒𝑛𝑖)

𝑙𝑒𝑛(𝑠)
𝑖=1

𝑙𝑒𝑛(𝑠)
,         (10) 

In which 𝑠𝑒𝑛𝑖 is representing a sentence. As mentioned earlier, in this project, all summaries only contain one 

sentence. Other projects however, may aim at making summaries that contain multiple sentences. It is therefore 

that this distinction is made.  

Furthermore, the formula in (10) makes use of 𝑖𝑚𝑝(𝑠), which is the degree of imprecision. The calculation of 

𝑖𝑚𝑝(𝑠) is the following; 

𝑖𝑚𝑝(𝑠𝑒𝑛𝑖) =  
𝑎𝑟𝑒𝑎(𝑄)+𝑎𝑟𝑒𝑎(𝐴)

2
,         (11) 

In which 𝑎𝑟𝑒𝑎(𝑄) and 𝑎𝑟𝑒𝑎(𝐴) are the relative area under the membership functions of these fuzzy sets. The 

meaning of ‘relative area’ is that the width of the total range is accounted for, so that one can differentiate 

between specific and non-specific ranges without being biased by the meaning of the values.  

Quality measures that have been proposed in other literature, but that correspond to this dimension are: 

The degree of imprecision (Wilbik 2010).  
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This degree describes how imprecise the fuzzy predicates in the summary are. This implies that this quality 

measure only provides information about the structure of the summary and does not depend on the dataset.   

The degree of imprecision (𝑖𝑚(𝐴𝑖)) of a single fuzzy set (𝐴𝑖) is calculated as; 

𝑖𝑚(𝐴𝑖) =
𝑑−𝑎

𝑟𝑎𝑛𝑔𝑒(𝑋𝑖)
,          (12) 

In which 𝑟𝑎𝑛𝑔𝑒(𝑋𝑖) is the range of values for this feature in the dataset. Note that this measure only considers 

the points d and a, which implies that it does not differentiate for differences in crispness of the label.  

As mentioned, formula (11) only calculates the imprecision for one single fuzzy set. To aggregate this over the 

whole sentence, a weighted average can be used.  

𝑖𝑚(𝑠𝑒𝑛𝑖) =  𝑤𝑅𝑖𝑚𝑅 + 𝑤𝑄𝑖𝑚𝑄 + 𝑤𝐶𝑖𝑚𝐶,    (13) 

In which 𝑤𝑅 + 𝑤𝑄 + 𝑤𝐶 = 1 and none of the weights should be equal to zero. 

Degree of specificity (Wilbik 2010). 

This measure defines the amount of information contained in the fuzzy subset. If the degree of specificity is 1, 

the fuzzy subset points to one and only one element as its member.  

For trapezoidal membership functions, such as in this project, the specificity (𝑆𝑝(𝐴)) can be calculated with; 

𝑆𝑝(𝐴) = 1 −
𝑐+𝑑−(𝑎+𝑏)

2
, (14a.) 

Note that this formula only holds for a normalized range, so a relative area. To do this, the values are restricted 

between 0 and 1. For all values applies: 

𝑋′ =
𝑋−𝑋𝑚𝑖𝑛

𝑋𝑚𝑎𝑥−𝑋𝑚𝑖𝑛
, (14b.) 

Formula (14a.) only defines the degree of specificity for one fuzzy subset. To aggregate this to the whole 

sentence, again a weighted average is used; 

𝑑𝑠(𝑠𝑒𝑛𝑖) = 𝑤𝑅𝑆𝑝(𝑅) + 𝑤𝑄𝑆𝑝(𝑄) + 𝑤𝐶𝑆𝑝(𝐶), (14c.) 

4. Accuracy 

Assume a dataset 𝑑 and a summary 𝑠. The accuracy (𝑎𝑑(𝑠)) is the extent to which what the summary says is 

true for all covered data elements 𝑑𝑠. The accuracy is a value on the scale of [0,1] and a value of 1 means that 

the text of the summary is true for each data element that is covered.  

More on how to compute this measure can be found in (Castillo-Ortega et al. 2012) and (Delgado et al. 2000).  

This concludes the explanation of relevant existing theory regarding all calculations behind the summaries. The 

last part of the theory section is focused on the definition of linguistic labels for the quantifier (Q). It explains 

what is mentioned in literature and it provides an introduction for the ‘contribution’ section that follows this theory 

section: the mini experiment.  
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VI. Appendix 
Software description of the summary generating program 

The program is written in Microsoft Excel Visual Basic for Applications (VBA). Most information is read from a 

spreadsheet and then stored in some memory location within the program. This makes later adjustments 

possible and the program is intuitive for users that are unfamiliar with programming. Furthermore, VBA was 

chosen due to developer preferences.  

This section will explain the way the information is recorded and stored, how calculations are executed and how 

results are presented to the user.  

Storage of user preferences 

While the user enters all preferences in the user interface, the program stores all choices. Each ‘continue’ button 

triggers a block of code that stores information into memory locations. The ‘Clear’ button triggers a block of 

code to reset the program, to enable the user to start over. 

The storing of this choice information is done in a couple of ways. The table in Figure 30 shows the several 

storing regulations. 

Throughout the whole code-execution, the system checks the ‘state’ of the system regularly. In if-statements, it 

is regulated whether to start with processing calculations regarding the qualifier R, or to continue to other 

calculations (when the user chose to construct a simple protoform, and therefore, discard R). It is therefore 

chosen to store the information about protoform choice into a Boolean variable (see number 1 in Figure 30). 

Nevertheless, this could also have been done by using an integer and adjusting the if-statements accordingly. 

However, this would have resulted in loss of intuitive appearance of the code, making it more difficult to make 

future adaptations. 

For the numbers 3, 4, 5 and 6 in Figure 30 it is chosen to store the information as integers, because in this way, 

they can be used throughout the code to refer to information in matrices. In this way, all variable and 

corresponding label options can be stored (read only) in a matrix, and they can be accessed by using the choice 

information variables. The reason for wanting the variable and label information to be formatted in a matrix, is 

that the matrix can be filled with information from a spreadsheet. This spreadsheet is initially ‘read-only’ for the 

user, mostly to prevent unintended errors. However, when it is necessary to add more variables or labels, the 

developer can just add a line in the spreadsheet and add one more block of code in the execution module. This 

easy-to-adapt method is important, since experts might advise to add or remove variables in any stage of this 

project. The option to add or remove variables in an easy way makes the program agile and is therefore 

preferred. 

Storage of patient information 

Patient information is initially stored and visible in a spreadsheet, as was explained in the chapter about the 

case data (chapter 6). The columns represent the various aspects that are recorded, such as blood sample 

Figure 30: GUI information storage 
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results or machine recordings. The lines represent both patients and the time aspect. Primarily, the lines are 

ordered by patient number. Since information about one patient is represented in multiple lines, the lines per 

patient are ordered chronologically. As mentioned in chapter 6, some lines of code are labelled in order to 

enable this program to find information more easily.  

To use this information within the code, the patient information is stored as a collection of class object instances. 

This is chosen for the following reasons: 

 Patient information is a very large set of data, which had to be easy to access later on in the code by 

making use of guided loops. This makes individual storage not a suitable way to store patient 

information. 

 Patient information contains data of all kinds of data types (Integers, Doubles and Strings). This 

excludes storage in a matrix, since a matrix in VBA can only store one type of data. Of course, it could 

be decided to store each patient characteristic in a different array, or to store all data in a matrix as 

Strings and convert it later in the code, but this would imply ‘working around’ the problem, which is not 

preferred. Furthermore, it would make the code unnecessarily complex.  

Creating a Class called ‘Patient’ solved the ‘data type’ problem and fulfilled all practical requirements such as 

easy accessibility. The Patient Class has properties for all the information that needs to be stored such as 

personal information, process information and medical information. Each property is set to the most logical data 

type (for example, patient number is Integer, while body weight is double).  

The Class contains Functions to enable interaction with the Class instances. For each property there are two 

Functions; one to access the information stored and one to modify the information stored in that property.  

Besides Functions, the Class also includes Methods, which execute blocks of code with specific tasks. For 

example, there are Methods that execute calculations to complement the total patient information, such as the 

calculation of the BMI or partial and total process time. Other Methods serve to support the overall code, such 

as a Method to print all patient information.  

To store all the Patient objects wisely, a Collection is initiated. This enables guided loops (‘For each Patient in 

PatientCollection’) to access, modify and use patient information or methods throughout the overall code. 

Patient selections 

The above explains how user preferences and patient information is stored. The next step is to define the 

membership values per building block (C and potentially also R). This process can be interpreted as looping 

through all patients and ‘selecting’ patients that have a membership value for the selected label greater than 

zero and storing their patient number and their membership value in an array. The calculation of membership 

values is done as is explained in the chapter about mathematical structure, chapter Fout! Verwijzingsbron 

niet gevonden.. 

As mentioned before, the system is set to a certain ‘state’ by giving a value to the Boolean variable that stores 

the users’ preference for either the simple or the extended protoform. This is done to be able to skip some 

blocks of code or to redirect the execution towards slightly different blocks of code when the user chose simple 

instead of extended. It should be clear that the storage of the membership values for the qualifier variable label 

and the summarizer variable label therefore should be separated. However, the methods to obtain these 

membership values are quite similar. It is hence preferred to define standard methods that are used differently 

when the system is calculating membership values for R instead of C.  

Since membership of patients for the R variable label is independent of the membership of patients for the C 

variable label, the selections can be done in sequel. For that reason, it is chosen to initiate a so called ‘selection 

counter’ that keeps track of the amount of times that the selection method should still be executed. When the 

system is in the extended state, the selection counter is set to two (selecting for R and for C), while in case of 

the simple state, the selection counter is set to 1 (selecting only for C). 

In addition, by using this selection counter, the developer can easily implement methods for even more patient 

selections. To be more clear, one could decide to include summaries like “Of all patients that are heavy (R), 

most (Q) have a high level for PEEP (C1) and are of gender: male (C2).” in the interface options. To be able to 
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calculate quality measures for this summary, a total of three ‘selections’ need to be executed. This can be 

implemented by enabling the ‘selection counter = 3’ option and slightly alter the selection methods. This again 

contributes to the agility of the total program.  

Executing calculations 

To quickly recap the code that has already been explained above; it is known how to store user preferences 

and patient information. Furthermore, it is explained that membership values are calculated as addressed in 

chapter Fout! Verwijzingsbron niet gevonden.. These membership values are used to define membership 

arrays that define the patient ‘selections’ that correspond to the building blocks in the summary that were chosen 

by the user. The next step is to explain how the summaries are evaluated.  

The evaluation of the constructed summaries is done by calculating the standard truth value, but also by 

calculating all other quality measures. The code that handles these calculations is simply a representation of all 

the formulas that were already mentioned in chapter Fout! Verwijzingsbron niet gevonden.. When all 

calculations are executed, the only thing that is left is the presentation of the results. With ‘results’, both the 

summary, the truth value and all quality measures are meant. This is addressed below.  

Presenting results 

When all calculations are executed, the results should be presented to the user. Naturally, the constructed 

summary appears in the ‘homepage’ screen. Furthermore, the user is provided with a brief evaluation of the 

quality of the summary.  

Since this tool is designed to support decision making in daily practice, the presentation of results should back 

this aim. This means that it is unwise to provide the user with all possible quality measures. The quality 

measures that are meant to be presented to the user are; 

 The truth value; this value is very intuitive and therefore easy to understand. It depicts the validity of the 

summary statement.  

 The degree of focus; this value indicates whether the constructed summary describes a large or small 

set of the total patient population. In healthcare, it is not the case that summaries for small groups of 

patients are useless, but they might provide new insight and are therefore really valuable. Nevertheless, 

it should be made clear to the user whether the summary is general or specific.  

Ideally, the program is extended with a block of code that compares quality measures to pre-set standards and 

provides the user with an additional message regarding the quality of the summary. Since the automatic 

generation of a set of summaries was the final goal of this program (the shell), no further efforts were made to 

complete this advising block of code. Writing this advising block of code should imply writing the code, but also 

investigating how to set the pre-set standards and how to translate this into a coherent message to the user.  

This concludes the explanation of the tool. It should now be clear how one single sentence is constructed and 

how quality measures are calculated for this one single sentence. To transform this tool into the automated 

sentence generating program, the shell is added. This shell is addressed in the following section. 
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VII. Appendix 
Tool initialization for the case study: General performance analysis.  

Table 20: initialization vallues for the general performance analysis 

CATEGORY RANGE1 RANGE2 RANGE3 RANGE4 

Process: Total Time Short Normal Long  

Process: Process Time Short Normal Long  

Contra: Gcs Low Normal High  

Contra: Ratio Low Normal   

Contra: Peep Low Normal High  

Contra: Fio2 Low Normal High  

Contra: Norepinefrine No Normal High  

Contra: Dobutamine Low Normal High  

Extubation: Blood Ph Low Normal High  

Extubation: Blood Pco2 Low Normal High  

Extubation: Blood Po2 Low Normal   

Extubation: Fio2 Low Normal High  

Extubation: Gcs Low Normal High  

Extubation: Peep Low Normal High  

Extubation: Norepinefrine No Normal High  

Extubation: Dobutamine Low Normal High  

Midazolam Yes No   

Propofol Yes No   

Gender Male Female   

Age Young Medium Old  

Bmi Low Healthy High Very High 
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VIII. Appendix 
Tool initialization for the case study: Compliance analysis.  

Table 21: initialization of variables and labels for the compliance analysis 

CATEGORY RANGE1 RANGE2 RANGE3 RANGE4 

Process: Total Time Short Normal Long  

Process: Process Time Short Normal Long  

Contra: Gcs Conform Not conform  

Contra: Ratio Conform Not conform  

Contra: Peep Conform Not conform  

Contra: Fio2 Conform Not conform  

Contra: Norepinefrine Conform Not conform  

Contra: Dobutamine Conform Not conform  

Extubation: Blood Ph Not conform: Low Conform Protocol Not conform: High 

Extubation: Blood Pco2 Conform Not conform  

Extubation: Blood Po2 Conform Not conform  

Extubation: Fio2 Conform Not conform  

Extubation: Gcs Conform Not conform  

Extubation: Peep Conform Not conform  

Extubation: Norepinefrine Conform Not conform  

Extubation: Dobutamine Conform Not conform  

Midazolam Yes No   

Propofol Yes No   

Gender Male Female   

Age Young Medium Old  

Bmi Low Healthy High Very High 
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IX. Appendix 
Linguistic labels and critical points in membership function. 

Table 22:linguistic label definition 

Variable category Variable ranges Range values 
  Variable name 1 2 3 4 a b c d 

Persoonseigenschappen                 

  Geslacht Man       0 1 1 0 
  Geslacht   Vrouw     1 0 0 1 
  Leeftijd Jong       0 0 35 45 
  Leeftijd   Gemiddeld     40 50 75 85 
  Leeftijd     Oud   70 90 . . 
  BMI Laag       . . 18,5 . 
  BMI   Gezond     . 18,5 24,9 . 
  BMI     Hoog   . 25 29,9 . 
  BMI       Obesitas . 30 . . 

Contra indicaties                 

  GCS Laag       . . 7 8 
  GCS   Gemiddeld     8 8 12 13 
  GCS     Hoog   13 15 . . 
  PaO2/FiO2 ratio Laag       . . 20 25 
  PaO2/FiO2 ratio   Gemiddeld     20 27 . . 
  PEEP Laag       . . 5 8 
  PEEP   Gemiddeld     4 5 8 9 
  PEEP     Hoog   6 8 . . 
  FiO2 Laag       . . 21% 40% 
  FiO2   Gemiddeld     21% 21% 50% 60% 
  FiO2     Hoog   50% 60% . . 
  Norepinefrine Laag       . . 0 0 
  Norepinefrine   Gemiddeld     0 0 0,1 0,3 
  Norepinefrine     Hoog   0,1 0,3 . . 
  Dobutamine Laag       . . 0 2,5 
  Dobutamine   Gemiddeld     2 2,5 5 7 
  Dobutamine     Hoog   5 10 . . 

Extubatie criteria                 

  PH Laag       . . 7,25 7,29 
  PH   Gemiddeld     7,25 7,3 7,5 7,6 
  PH     Hoog   7,59 7,6 . . 
  PCO2 Laag       . . 2 3 
  PCO2   Gemiddeld     2 3 6 7 
  PCO2     Hoog   6 7 . . 
  PO2 Laag       . . 8 9 
  PO2   Gemiddeld     8 9 . . 
  FiO2 Laag       . . 21% 40% 
  FiO2   Gemiddeld     21% 21% 40% 50% 
  FiO2     Hoog   40% 50% . . 
  PEEP Laag       . . 5 8 
  PEEP   Gemiddeld     4 5 8 9 
  PEEP     Hoog   6 8 . . 
  GCS Laag       . . 7 8 
  GCS   Gemiddeld     8 8 12 13 
  GCS     Hoog   13 15 . . 

Medicatie                 

  Propofol Laag       . . 2 2,2 
  Propofol   Gemiddeld     1,8 2 3 3,2 
  Propofol     Hoog   2,8 3 . . 
  Midazolam Laag       . . 1,5 2 
  Midazolam   Gemiddeld     1 2 5 7 
  Midazolam     Hoog   5 10 . . 
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X. Appendix 
List of protoforms gererated during the general process evaluation 

Table 23: list of simple protoforms from general analysis 

21 simple protoforms were constructed that had a truthvalue of > 0.70 

Of all patients MOST  have Process: Total time Normal 1 

Of all patients HALF  have Process: Process time Normal 1 

Of all patients MOST  have Contra: GCS Normal 1 

Of all patients SOME  have Contra: PEEP Normal 1 

Of all patients SOME  have Contra: PEEP High 1 

Of all patients SOME  have Contra: FiO2 Normal 1 

Of all patients MOST  have Extubation: Blood PH Normal 1 

Of all patients MOST  have Extubation: Blood PCO2 Normal 1 

Of all patients MANY  have Extubation: Blood PO2 Normal 1 

Of all patients MOST  have Extubation: FiO2 Normal 1 

Of all patients HALF  have Extubation: GCS Normal 1 

Of all patients MOST  have Extubation: PEEP High 1 

Of all patients MANY  have Gender Male 1 

Of all patients SOME  have Gender Female 1 

Of all patients SOME  have BMI Healthy 1 

Of all patients MANY  have Age Medium 0,977499196 

Of all patients MOST  have Extubation: PEEP Normal 0,957280617 

Of all patients SOME  have BMI High 0,915683213 

Of all patients HALF  have Process: Process time Short 0,849903866 

Of all patients HALF  have Extubation: GCS High 0,800626808 

Of all patients MOST  have Propofol No 0,783702989 

 

Table 24: list of groups of extended summaries (one predicate in C) from the general analysis 

75 summaries for Age medium         

Of all patients  with Age Medium  MOST  have Process: Total time Normal 1 0,647974928 

Of all patients  with Age Medium  MOST  have Contra: GCS Normal 1 0,647974928 

Of all patients  with Age Medium  MOST  have Extubation: Blood PH Normal 1 0,647974928 

Of all patients  with Age Medium  MOST  have Extubation: Blood PCO2 Normal 1 0,647974928 

Of all patients  with Age Medium  MOST  have Extubation: FiO2 Normal 1 0,647974928 

Of all patients  with Age Medium  MOST  have Extubation: PEEP Normal 1 0,647974928 

Of all patients  with Age Medium  MOST  have Extubation: PEEP High 1 0,647974928 

Of all patients  with Age Medium  MOST  have Propofol No 1 0,647974928 
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61 summaries for BMI healthy, 126 summaries for BMI high (187 total)     

Of all patients  with BMI Healthy  MOST  have Contra: GCS Normal 1 0,210505113 

Of all patients  with BMI Healthy  MOST  have Extubation: Blood PCO2 Normal 1 0,210505113 

Of all patients  with BMI Healthy  MOST  have Extubation: Blood PH Normal 1 0,210505113 

Of all patients  with BMI Healthy  MOST  have Extubation: FiO2 Normal 1 0,210505113 

Of all patients  with BMI Healthy  MOST  have Extubation: PEEP Normal 1 0,210505113 

Of all patients  with BMI Healthy  MOST  have Process: Total time Normal 1 0,210505113 

Of all patients  with BMI Healthy  MOST  have Propofol No 1 0,210505113 

Of all patients  with BMI High  MOST  have Process: Total time Normal 1 0,346745343 

Of all patients  with BMI High  MOST  have Contra: GCS Normal 1 0,346745343 

Of all patients  with BMI High  MOST  have Extubation: Blood PH Normal 1 0,346745343 

Of all patients  with BMI High  MOST  have Extubation: Blood PCO2 Normal 1 0,346745343 

Of all patients  with BMI High  MOST  have Extubation: FiO2 Normal 1 0,346745343 

Of all patients  with BMI High  MOST  have Extubation: PEEP Normal 1 0,346745343 

Of all patients  with BMI High  MOST  have Extubation: PEEP High 1 0,346745343 

Of all patients  with BMI High  MOST  have Propofol No 1 0,346745343 

      

42 summaries for Contra FiO2 normal         

Of all patients  with Contra: FiO2 Normal  MOST  have Contra: PEEP High 1 0,271215043 

Of all patients  with Contra: FiO2 Normal  MOST  have Contra: PEEP Normal 1 0,271215043 

Of all patients  with Contra: FiO2 Normal  MOST  have Extubation: Blood PCO2 Normal 1 0,271215043 

Of all patients  with Contra: FiO2 Normal  MOST  have Extubation: Blood PH Normal 1 0,271215043 

Of all patients  with Contra: FiO2 Normal  MOST  have Extubation: FiO2 Normal 1 0,271215043 

Of all patients  with Contra: FiO2 Normal  MOST  have Extubation: PEEP High 1 0,271215043 

Of all patients  with Contra: FiO2 Normal  MOST  have Extubation: PEEP Normal 1 0,271215043 

Of all patients  with Contra: FiO2 Normal  MOST  have Process: Total time Normal 1 0,271215043 

      

54 summaries for GCS normal         

Of all patients  with Contra: GCS Normal  MOST  have Contra: Noradrenaline No 1 0,896335583 

Of all patients  with Contra: GCS Normal  MOST  have Extubation: Blood PCO2 Normal 1 0,896335583 

Of all patients  with Contra: GCS Normal  MOST  have Extubation: Blood PH Normal 1 0,896335583 

Of all patients  with Contra: GCS Normal  MOST  have Extubation: FiO2 Normal 1 0,896335583 

Of all patients  with Contra: GCS Normal  MOST  have Extubation: Noradrenaline No 1 0,896335583 

Of all patients  with Contra: GCS Normal  MOST  have Extubation: PEEP High 1 0,896335583 

Of all patients  with Contra: GCS Normal  MOST  have Extubation: PEEP Normal 1 0,896335583 

Of all patients  with Contra: GCS Normal  MOST  have Process: Total time Normal 1 0,896335583 
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71 summaries for Contra PEEP normal and 48 summaries for contra PEEP High (119 total)     

Of all patients  with Contra: PEEP High  MOST  have Contra: FiO2 Normal 1 0,263500482 

Of all patients  with Contra: PEEP High  MOST  have Extubation: Blood PCO2 Normal 1 0,263500482 

Of all patients  with Contra: PEEP High  MOST  have Extubation: Blood PH Normal 1 0,263500482 

Of all patients  with Contra: PEEP High  MOST  have Extubation: FiO2 Normal 1 0,263500482 

Of all patients  with Contra: PEEP High  MOST  have Extubation: PEEP High 1 0,263500482 

Of all patients  with Contra: PEEP High  MOST  have Process: Total time Normal 1 0,263500482 

Of all patients  with Contra: PEEP Normal  MOST  have Contra: FiO2 Normal 1 0,255062681 

Of all patients  with Contra: PEEP Normal  MOST  have Extubation: Blood PCO2 Normal 1 0,255062681 

Of all patients  with Contra: PEEP Normal  MOST  have Extubation: Blood PH Normal 1 0,255062681 

Of all patients  with Contra: PEEP Normal  MOST  have Extubation: FiO2 Normal 1 0,255062681 

Of all patients  with Contra: PEEP Normal  MOST  have Extubation: PEEP High 1 0,255062681 

Of all patients  with Contra: PEEP Normal  MOST  have Extubation: PEEP Normal 1 0,255062681 

Of all patients  with Contra: PEEP Normal  MOST  have Process: Total time Normal 1 0,255062681 

      

20 summaries for Blood PCO2 normal         

Of all patients  with Extubation: Blood PCO2 Normal  MOST  have Contra: GCS Normal 1 0,938958534 

Of all patients  with Extubation: Blood PCO2 Normal  MOST  have Extubation: Blood PH Normal 1 0,938958534 

Of all patients  with Extubation: Blood PCO2 Normal  MOST  have Extubation: FiO2 Normal 1 0,938958534 

Of all patients  with Extubation: Blood PCO2 Normal  MOST  have Extubation: PEEP High 1 0,938958534 

Of all patients  with Extubation: Blood PCO2 Normal  MOST  have Extubation: PEEP Normal 1 0,938958534 

Of all patients  with Extubation: Blood PCO2 Normal  MOST  have Process: Total time Normal 1 0,938958534 

      

18 summaries for PH normal         

Of all patients  with Extubation: Blood PH Normal  MOST  have Contra: GCS Normal 1 0,950578592 

Of all patients  with Extubation: Blood PH Normal  MOST  have Extubation: Blood PCO2 Normal 1 0,950578592 

Of all patients  with Extubation: Blood PH Normal  MOST  have Extubation: FiO2 Normal 1 0,950578592 

Of all patients  with Extubation: Blood PH Normal  MOST  have Extubation: PEEP High 1 0,950578592 

Of all patients  with Extubation: Blood PH Normal  MOST  have Extubation: PEEP Normal 1 0,950578592 

Of all patients  with Extubation: Blood PH Normal  MOST  have Process: Total time Normal 1 0,950578592 

      

20 summaries for PO2         

Of all patients  with Extubation: Blood PO2 Normal  MOST  have Contra: GCS Normal 1 0,672420444 

Of all patients  with Extubation: Blood PO2 Normal  MOST  have Extubation: Blood PCO2 Normal 1 0,672420444 

Of all patients  with Extubation: Blood PO2 Normal  MOST  have Extubation: Blood PH Normal 1 0,672420444 

Of all patients  with Extubation: Blood PO2 Normal  MOST  have Extubation: FiO2 Normal 1 0,672420444 

Of all patients  with Extubation: Blood PO2 Normal  MOST  have Extubation: PEEP High 1 0,672420444 

Of all patients  with Extubation: Blood PO2 Normal  MOST  have Process: Total time Normal 1 0,672420444 
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58 summaries for FiO2 low, 40 summaries for FiO2 normal. 98 total     

Of all patients  with Extubation: FiO2 Low  MOST  have Contra: GCS Normal 1 0,367177587 

Of all patients  with Extubation: FiO2 Low  MOST  have Extubation: Blood PCO2 Normal 1 0,367177587 

Of all patients  with Extubation: FiO2 Low  MOST  have Extubation: Blood PH Normal 1 0,367177587 

Of all patients  with Extubation: FiO2 Low  MOST  have Extubation: PEEP High 1 0,367177587 

Of all patients  with Extubation: FiO2 Low  MOST  have Extubation: PEEP Normal 1 0,367177587 

Of all patients  with Extubation: FiO2 Low  MOST  have Process: Total time Normal 1 0,367177587 

Of all patients  with Extubation: FiO2 Normal  MOST  have Contra: GCS Normal 1 0,905014465 

Of all patients  with Extubation: FiO2 Normal  MOST  have Extubation: Blood PCO2 Normal 1 0,905014465 

Of all patients  with Extubation: FiO2 Normal  MOST  have Extubation: Blood PH Normal 1 0,905014465 

Of all patients  with Extubation: FiO2 Normal  MOST  have Extubation: PEEP High 1 0,905014465 

Of all patients  with Extubation: FiO2 Normal  MOST  have Extubation: PEEP Normal 1 0,905014465 

Of all patients  with Extubation: FiO2 Normal  MOST  have Process: Total time Normal 1 0,905014465 

      

10 summaries for GCS high, 121 for GCS normal (total 131)       

Of all patients  with Extubation: GCS High  MOST  have Extubation: Blood PCO2 Normal 1 0,404050145 

Of all patients  with Extubation: GCS High  MOST  have Extubation: Blood PH Normal 1 0,404050145 

Of all patients  with Extubation: GCS High  MOST  have Extubation: FiO2 Normal 1 0,404050145 

Of all patients  with Extubation: GCS High  MOST  have Process: Total time Normal 1 0,404050145 

Of all patients  with Extubation: GCS Normal  MOST  have Contra: GCS Normal 1 0,554966249 

Of all patients  with Extubation: GCS Normal  MOST  have Contra: Noradrenaline No 1 0,554966249 

Of all patients  with Extubation: GCS Normal  MOST  have Extubation: Blood PCO2 Normal 1 0,554966249 

Of all patients  with Extubation: GCS Normal  MOST  have Extubation: Blood PH Normal 1 0,554966249 

Of all patients  with Extubation: GCS Normal  MOST  have Extubation: FiO2 Normal 1 0,554966249 

Of all patients  with Extubation: GCS Normal  MOST  have Extubation: Noradrenaline No 1 0,554966249 

Of all patients  with Extubation: GCS Normal  MOST  have Extubation: PEEP High 1 0,554966249 

Of all patients  with Extubation: GCS Normal  MOST  have Extubation: PEEP Normal 1 0,554966249 

Of all patients  with Extubation: GCS Normal  MOST  have Process: Total time Normal 1 0,554966249 

      

31 summaries for PEEP high, 37 summaries for PEEP normal. total 68 summaries     

Of all patients  with Extubation: PEEP High  MOST  have Contra: GCS Normal 1 0,890308582 

Of all patients  with Extubation: PEEP High  MOST  have Extubation: Blood PCO2 Normal 1 0,890308582 

Of all patients  with Extubation: PEEP High  MOST  have Extubation: Blood PH Normal 1 0,890308582 

Of all patients  with Extubation: PEEP High  MOST  have Extubation: FiO2 Normal 1 0,890308582 

Of all patients  with Extubation: PEEP High  MOST  have Process: Total time Normal 1 0,890308582 

Of all patients  with Extubation: PEEP Normal  MOST  have Contra: GCS Normal 1 0,885728062 

Of all patients  with Extubation: PEEP Normal  MOST  have Extubation: Blood PCO2 Normal 1 0,885728062 

Of all patients  with Extubation: PEEP Normal  MOST  have Extubation: Blood PH Normal 1 0,885728062 

Of all patients  with Extubation: PEEP Normal  MOST  have Extubation: FiO2 Normal 1 0,885728062 

Of all patients  with Extubation: PEEP Normal  MOST  have Process: Total time Normal 1 0,885728062 
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45 summaries for Female, 23 for male. total: 68 summaries     

Of all patients  with Gender Female  MOST  have Contra: GCS Normal 1 0,286885246 

Of all patients  with Gender Female  MOST  have Contra: Noradrenaline No 1 0,286885246 

Of all patients  with Gender Female  MOST  have Extubation: Blood PCO2 Normal 1 0,286885246 

Of all patients  with Gender Female  MOST  have Extubation: Blood PH Normal 1 0,286885246 

Of all patients  with Gender Female  MOST  have Extubation: FiO2 Normal 1 0,286885246 

Of all patients  with Gender Female  MOST  have Extubation: Noradrenaline No 1 0,286885246 

Of all patients  with Gender Female  MOST  have Extubation: PEEP High 1 0,286885246 

Of all patients  with Gender Female  MOST  have Process: Total time Normal 1 0,286885246 

Of all patients  with Gender Male  MOST  have Contra: GCS Normal 1 0,713114754 

Of all patients  with Gender Male  MOST  have Extubation: Blood PCO2 Normal 1 0,713114754 

Of all patients  with Gender Male  MOST  have Extubation: Blood PH Normal 1 0,713114754 

Of all patients  with Gender Male  MOST  have Extubation: FiO2 Normal 1 0,713114754 

Of all patients  with Gender Male  MOST  have Process: Total time Normal 1 0,713114754 

      

130 summaries for Midazolam No         

Of all patients  with Midazolam No  MOST  have Contra: GCS Normal 1 0,823047252 

Of all patients  with Midazolam No  MOST  have Contra: Noradrenaline No 1 0,823047252 

Of all patients  with Midazolam No  MOST  have Extubation: Blood PCO2 Normal 1 0,823047252 

Of all patients  with Midazolam No  MOST  have Extubation: Blood PH Normal 1 0,823047252 

Of all patients  with Midazolam No  MOST  have Extubation: FiO2 Normal 1 0,823047252 

Of all patients  with Midazolam No  MOST  have Extubation: Noradrenaline No 1 0,823047252 

Of all patients  with Midazolam No  MOST  have Extubation: PEEP High 1 0,823047252 

Of all patients  with Midazolam No  MOST  have Extubation: PEEP Normal 1 0,823047252 

Of all patients  with Midazolam No  MOST  have Process: Total time Normal 1 0,823047252 

Of all patients  with Midazolam No  MOST  have Propofol No 1 0,823047252 

      

38 summaries for process time normal, 157 for process time short. Total =157     

Of all patients  with Process: Process time Normal  MOST  have Extubation: Blood PCO2 Normal 1 0,495533769 

Of all patients  with Process: Process time Normal  MOST  have Extubation: Blood PH Normal 1 0,495533769 

Of all patients  with Process: Process time Normal  MOST  have Extubation: FiO2 Normal 1 0,495533769 

Of all patients  with Process: Process time Normal  MOST  have Process: Total time Normal 1 0,495533769 

Of all patients  with Process: Process time Normal  MOST  have Propofol No 1 0,495533769 

Of all patients  with Process: Process time Short  MOST  have Contra: GCS Normal 1 0,573508652 

Of all patients  with Process: Process time Short  MOST  have Extubation: Blood PCO2 Normal 1 0,573508652 

Of all patients  with Process: Process time Short  MOST  have Extubation: Blood PH Normal 1 0,573508652 

Of all patients  with Process: Process time Short  MOST  have Extubation: FiO2 Normal 1 0,573508652 

Of all patients  with Process: Process time Short  MOST  have Extubation: PEEP High 1 0,573508652 

Of all patients  with Process: Process time Short  MOST  have Extubation: PEEP Normal 1 0,573508652 

Of all patients  with Process: Process time Short  MOST  have Midazolam No 1 0,573508652 

Of all patients  with Process: Process time Short  MOST  have Process: Total time Normal 1 0,573508652 

Of all patients  with Process: Process time Short  MOST  have Propofol No 1 0,573508652 

   

 
 
 

   

64 summaries for Propofol no         
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Of all patients  with Propofol No  MOST  have Contra: GCS Normal 1 0,868370299 

Of all patients  with Propofol No  MOST  have Contra: Noradrenaline No 1 0,868370299 

Of all patients  with Propofol No  MOST  have Extubation: Blood PCO2 Normal 1 0,868370299 

Of all patients  with Propofol No  MOST  have Extubation: Blood PH Normal 1 0,868370299 

Of all patients  with Propofol No  MOST  have Extubation: FiO2 Normal 1 0,868370299 

Of all patients  with Propofol No  MOST  have Extubation: Noradrenaline No 1 0,868370299 

Of all patients  with Propofol No  MOST  have Extubation: PEEP Normal 1 0,868370299 

Of all patients  with Propofol No  MOST  have Process: Total time Normal 1 0,868370299 
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Table 25: List of groups of summaries for extended protoforms (multiple predicates in C), for the general analysis 

Of all patients  with Age Medium  MOST  have Contra: GCS Normal 
 and Contra: Noradrenaline 
No 

 and Process: Total time 
Normal 1 0,647974928 

Of all patients  with Age Medium  MOST  have Contra: GCS Normal 
 and Contra: Noradrenaline 
No 

 and Extubation: 
Noradrenaline No 1 0,647974928 

Of all patients  with Age Medium  MOST  have Contra: GCS Normal 
 and Extubation: 
Noradrenaline No 

 and Process: Total time 
Normal 1 0,647974928 

Of all patients  with Age Medium  MOST  have Contra: GCS Normal 
 and Process: Total time 
Normal 

 and Extubation: Blood PH 
Normal 1 0,647974928 

Of all patients  with Age Medium  MOST 
 have Extubation: Blood PCO2 
Normal  and Contra: GCS Normal 

 and Extubation: Blood PH 
Normal 1 0,647974928 

Of all patients  with Age Medium  MOST 
 have Extubation: Blood PH 
Normal  and Contra: GCS Normal 

 and Process: Total time 
Normal 1 0,647974928 

Of all patients  with Age Medium  MOST 
 have Extubation: Blood PH 
Normal  and Contra: GCS Normal  and Extubation: FiO2 Normal 1 0,647974928 

         

Of all patients  with BMI High  MOST  have Contra: GCS Normal 
 and Extubation: Blood PCO2 
Normal 

 and Contra: Noradrenaline 
No 1 0,346745343 

Of all patients  with BMI High  MOST  have Contra: GCS Normal 
 and Extubation: Blood PH 
Normal 

 and Contra: Noradrenaline 
No 1 0,346745343 

Of all patients  with BMI High  MOST  have Contra: GCS Normal  and Extubation: FiO2 Normal 
 and Contra: Noradrenaline 
No 1 0,346745343 

Of all patients  with BMI High  MOST 
 have Extubation: Blood PH 
Normal  and Contra: GCS Normal 

 and Extubation: Blood PCO2 
Normal 1 0,346745343 

Of all patients  with BMI High  MOST  have Extubation: FiO2 Normal  and Contra: GCS Normal 

 and Extubation: Blood PCO2 

Normal 1 0,346745343 

Of all patients  with BMI High  MOST  have Extubation: FiO2 Normal  and Contra: GCS Normal 

 and Extubation: Blood PH 

Normal 1 0,346745343 

Of all patients  with BMI High  MOST  have Contra: GCS Normal 

 and Extubation: Blood PCO2 

Normal 

 and Extubation: Blood PH 

Normal 1 0,346745343 

Of all patients  with BMI High  MOST  have Contra: GCS Normal 

 and Extubation: Blood PCO2 

Normal  and Extubation: FiO2 Normal 1 0,346745343 

Of all patients  with BMI High  MOST  have Contra: GCS Normal 

 and Contra: Noradrenaline 

No 

 and Extubation: 

Noradrenaline No 1 0,346745343 

Of all patients  with BMI High  MOST  have Propofol No 

 and Contra: Noradrenaline 

No 

 and Extubation: 

Noradrenaline No 1 0,346745343 

Of all patients  with BMI High  MOST 

 have Process: Total time 

Normal 

 and Extubation: Blood PCO2 

Normal 

 and Extubation: 

Noradrenaline No 1 0,346745343 

Of all patients  with BMI High  MOST  have Contra: GCS Normal 

 and Extubation: Blood PCO2 

Normal 

 and Extubation: 

Noradrenaline No 1 0,346745343 

Of all patients  with BMI High  MOST 

 have Process: Total time 

Normal 

 and Extubation: Blood PH 

Normal 

 and Extubation: 

Noradrenaline No 1 0,346745343 
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Of all patients  with BMI High  MOST  have Contra: GCS Normal 
 and Extubation: Blood PH 
Normal 

 and Extubation: 
Noradrenaline No 1 0,346745343 

Of all patients  with BMI High  MOST  have Contra: GCS Normal  and Extubation: FiO2 Normal 
 and Extubation: 
Noradrenaline No 1 0,346745343 

Of all patients  with BMI High  MOST  have Contra: GCS Normal  and Propofol No 
 and Extubation: 
Noradrenaline No 1 0,346745343 

Of all patients  with BMI High  MOST  have Contra: GCS Normal 
 and Extubation: Blood PCO2 
Normal 

 and Extubation: PEEP 
Normal 1 0,346745343 

Of all patients  with BMI High  MOST  have Contra: GCS Normal  and Extubation: FiO2 Normal 
 and Extubation: PEEP 
Normal 1 0,346745343 

Of all patients  with BMI High  MOST  have Contra: GCS Normal 
 and Contra: Noradrenaline 
No 

 and Process: Total time 
Normal 1 0,346745343 

Of all patients  with BMI High  MOST  have Contra: GCS Normal 
 and Extubation: Blood PCO2 
Normal 

 and Process: Total time 
Normal 1 0,346745343 

Of all patients  with BMI High  MOST  have Contra: GCS Normal 
 and Contra: Noradrenaline 
No  and Propofol No 1 0,346745343 

        

Of all patients 
 with Contra: FiO2 
Normal  MOST 

 have Process: Total time 
Normal  and Contra: PEEP High 

 and Contra: Noradrenaline 
No 1 0,271215043 

Of all patients 
 with Contra: FiO2 
Normal  MOST 

 have Process: Total time 
Normal  and Contra: PEEP Normal 

 and Contra: Noradrenaline 
No 1 0,271215043 

Of all patients 
 with Contra: FiO2 
Normal  MOST 

 have Process: Total time 
Normal 

 and Extubation: Blood PCO2 
Normal 

 and Contra: Noradrenaline 
No 1 0,271215043 

Of all patients 
 with Contra: FiO2 
Normal  MOST 

 have Process: Total time 
Normal 

 and Extubation: Blood PH 
Normal 

 and Contra: Noradrenaline 
No 1 0,271215043 

Of all patients 

 with Contra: FiO2 

Normal  MOST 

 have Process: Total time 

Normal  and Extubation: FiO2 Normal 

 and Contra: Noradrenaline 

No 1 0,271215043 

Of all patients 

 with Contra: FiO2 

Normal  MOST 

 have Process: Total time 

Normal  and Extubation: PEEP High 

 and Contra: Noradrenaline 

No 1 0,271215043 

Of all patients 

 with Contra: FiO2 

Normal  MOST 

 have Process: Total time 

Normal 

 and Extubation: PEEP 

Normal 

 and Contra: Noradrenaline 

No 1 0,271215043 

Of all patients 

 with Contra: FiO2 

Normal  MOST 

 have Process: Total time 

Normal 

 and Contra: Noradrenaline 

No 

 and Extubation: 

Noradrenaline No 1 0,271215043 

Of all patients 

 with Contra: FiO2 

Normal  MOST 

 have Process: Total time 

Normal  and Contra: PEEP High 

 and Extubation: 

Noradrenaline No 1 0,271215043 

Of all patients 

 with Contra: FiO2 

Normal  MOST 

 have Process: Total time 

Normal  and Contra: PEEP Normal 

 and Extubation: 

Noradrenaline No 1 0,271215043 

Of all patients 

 with Contra: FiO2 

Normal  MOST 

 have Process: Total time 

Normal 

 and Extubation: Blood PCO2 

Normal 

 and Extubation: 

Noradrenaline No 1 0,271215043 

Of all patients 

 with Contra: FiO2 

Normal  MOST 

 have Process: Total time 

Normal 

 and Extubation: Blood PH 

Normal 

 and Extubation: 

Noradrenaline No 1 0,271215043 

Of all patients 

 with Contra: FiO2 

Normal  MOST 

 have Process: Total time 

Normal  and Extubation: FiO2 Normal 

 and Extubation: 

Noradrenaline No 1 0,271215043 

Of all patients 

 with Contra: FiO2 

Normal  MOST 

 have Process: Total time 

Normal  and Extubation: PEEP High 

 and Extubation: 

Noradrenaline No 1 0,271215043 
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Of all patients 
 with Contra: FiO2 
Normal  MOST 

 have Process: Total time 
Normal 

 and Extubation: PEEP 
Normal 

 and Extubation: 
Noradrenaline No 1 0,271215043 

        

Of all patients 
 with Contra: GCS 
Normal  MOST 

 have Contra: Noradrenaline 
No 

 and Extubation: Blood PCO2 
Normal 

 and Extubation: Blood PH 
Normal 1 0,896335583 

Of all patients 
 with Contra: GCS 
Normal  MOST 

 have Contra: Noradrenaline 
No 

 and Extubation: Blood PCO2 
Normal 

 and Extubation: 
Noradrenaline No 1 0,896335583 

Of all patients 
 with Contra: GCS 
Normal  MOST 

 have Contra: Noradrenaline 
No 

 and Extubation: Blood PH 
Normal 

 and Extubation: 
Noradrenaline No 1 0,896335583 

Of all patients 
 with Contra: GCS 
Normal  MOST 

 have Contra: Noradrenaline 
No 

 and Extubation: Blood PH 
Normal 

 and Process: Total time 
Normal 1 0,896335583 

Of all patients 
 with Contra: GCS 
Normal  MOST 

 have Contra: Noradrenaline 
No  and Extubation: FiO2 Normal 

 and Extubation: 
Noradrenaline No 1 0,896335583 

Of all patients 
 with Contra: GCS 
Normal  MOST 

 have Contra: Noradrenaline 
No 

 and Extubation: 
Noradrenaline No 

 and Process: Total time 
Normal 1 0,896335583 

Of all patients 
 with Contra: GCS 
Normal  MOST 

 have Contra: Noradrenaline 
No  and Extubation: PEEP High 

 and Extubation: 
Noradrenaline No 1 0,896335583 

Of all patients 
 with Contra: GCS 
Normal  MOST 

 have Contra: Noradrenaline 
No 

 and Extubation: PEEP 
Normal 

 and Extubation: 
Noradrenaline No 1 0,896335583 

Of all patients 
 with Contra: GCS 
Normal  MOST 

 have Extubation: 
Noradrenaline No 

 and Extubation: Blood PCO2 
Normal 

 and Extubation: Blood PH 
Normal 1 0,896335583 

Of all patients 
 with Contra: GCS 
Normal  MOST 

 have Extubation: 
Noradrenaline No 

 and Extubation: Blood PH 
Normal 

 and Process: Total time 
Normal 1 0,896335583 

Of all patients 
 with Contra: GCS 
Normal  MOST 

 have Process: Total time 
Normal 

 and Extubation: Blood PH 
Normal 

 and Extubation: 
Noradrenaline No 1 0,896335583 

        

Of all patients 

 with Contra: 

PEEP High  MOST  have Contra: FiO2 Normal 

 and Process: Total time 

Normal  and Extubation: FiO2 Normal 1 0,263500482 

Of all patients 

 with Contra: 

PEEP High  MOST  have Contra: FiO2 Normal  and Extubation: FiO2 Normal 

 and Process: Total time 

Normal 1 0,263500482 

Of all patients 

 with Contra: 

PEEP High  MOST  have Contra: FiO2 Normal  and Extubation: PEEP High 

 and Process: Total time 

Normal 1 0,263500482 

Of all patients 

 with Contra: 

PEEP High  MOST 

 have Process: Total time 

Normal  and Contra: FiO2 Normal 

 and Contra: Noradrenaline 

No 1 0,263500482 

Of all patients 

 with Contra: 

PEEP High  MOST 

 have Process: Total time 

Normal 

 and Extubation: Blood PCO2 

Normal 

 and Contra: Noradrenaline 

No 1 0,263500482 

Of all patients 

 with Contra: 

PEEP High  MOST 

 have Process: Total time 

Normal 

 and Extubation: Blood PH 

Normal 

 and Contra: Noradrenaline 

No 1 0,263500482 

Of all patients 

 with Contra: 

PEEP High  MOST 

 have Process: Total time 

Normal  and Extubation: FiO2 Normal 

 and Contra: Noradrenaline 

No 1 0,263500482 

Of all patients 

 with Contra: 

PEEP High  MOST 

 have Process: Total time 

Normal 

 and Extubation: 

Noradrenaline No 

 and Contra: Noradrenaline 

No 1 0,263500482 

Of all patients 

 with Contra: 

PEEP High  MOST 

 have Process: Total time 

Normal  and Extubation: PEEP High 

 and Contra: Noradrenaline 

No 1 0,263500482 
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Of all patients 
 with Contra: 
PEEP High  MOST 

 have Process: Total time 
Normal 

 and Extubation: Blood PCO2 
Normal 

 and Extubation: 
Noradrenaline No 1 0,263500482 

Of all patients 
 with Contra: 
PEEP High  MOST 

 have Process: Total time 
Normal 

 and Extubation: Blood PH 
Normal 

 and Extubation: 
Noradrenaline No 1 0,263500482 

Of all patients 
 with Contra: 
PEEP High  MOST 

 have Process: Total time 
Normal  and Extubation: FiO2 Normal 

 and Extubation: 
Noradrenaline No 1 0,263500482 

Of all patients 
 with Contra: 
PEEP High  MOST 

 have Process: Total time 
Normal  and Extubation: PEEP High 

 and Extubation: 
Noradrenaline No 1 0,263500482 

Of all patients 
 with Contra: 
PEEP Normal  MOST  have Contra: FiO2 Normal 

 and Process: Total time 
Normal  and Extubation: FiO2 Normal 1 0,255062681 

Of all patients 
 with Contra: 
PEEP Normal  MOST  have Contra: FiO2 Normal 

 and Extubation: Blood PCO2 
Normal 

 and Process: Total time 
Normal 1 0,255062681 

Of all patients 
 with Contra: 
PEEP Normal  MOST  have Contra: FiO2 Normal 

 and Extubation: Blood PH 
Normal 

 and Process: Total time 
Normal 1 0,255062681 

Of all patients 
 with Contra: 
PEEP Normal  MOST  have Contra: FiO2 Normal  and Extubation: FiO2 Normal 

 and Process: Total time 
Normal 1 0,255062681 

Of all patients 
 with Contra: 
PEEP Normal  MOST  have Contra: FiO2 Normal 

 and Extubation: PEEP 
Normal 

 and Process: Total time 
Normal 1 0,255062681 

Of all patients 
 with Contra: 
PEEP Normal  MOST 

 have Process: Total time 
Normal  and Contra: FiO2 Normal 

 and Contra: Noradrenaline 
No 1 0,255062681 

Of all patients 
 with Contra: 
PEEP Normal  MOST 

 have Process: Total time 
Normal 

 and Extubation: Blood PCO2 
Normal 

 and Contra: Noradrenaline 
No 1 0,255062681 

Of all patients 
 with Contra: 
PEEP Normal  MOST 

 have Process: Total time 
Normal 

 and Extubation: Blood PH 
Normal 

 and Contra: Noradrenaline 
No 1 0,255062681 

Of all patients 
 with Contra: 
PEEP Normal  MOST 

 have Process: Total time 
Normal  and Extubation: FiO2 Normal 

 and Contra: Noradrenaline 
No 1 0,255062681 

Of all patients 
 with Contra: 
PEEP Normal  MOST 

 have Process: Total time 
Normal 

 and Extubation: 
Noradrenaline No 

 and Contra: Noradrenaline 
No 1 0,255062681 

Of all patients 
 with Contra: 
PEEP Normal  MOST 

 have Process: Total time 
Normal  and Extubation: PEEP High 

 and Contra: Noradrenaline 
No 1 0,255062681 

Of all patients 
 with Contra: 
PEEP Normal  MOST 

 have Process: Total time 
Normal 

 and Extubation: PEEP 
Normal 

 and Contra: Noradrenaline 
No 1 0,255062681 

Of all patients 
 with Contra: 
PEEP Normal  MOST 

 have Process: Total time 
Normal 

 and Extubation: Blood PCO2 
Normal 

 and Extubation: 
Noradrenaline No 1 0,255062681 

Of all patients 
 with Contra: 
PEEP Normal  MOST 

 have Process: Total time 
Normal 

 and Extubation: Blood PH 
Normal 

 and Extubation: 
Noradrenaline No 1 0,255062681 

Of all patients 

 with Contra: 

PEEP Normal  MOST 

 have Process: Total time 

Normal  and Extubation: FiO2 Normal 

 and Extubation: 

Noradrenaline No 1 0,255062681 

Of all patients 

 with Contra: 

PEEP Normal  MOST 

 have Process: Total time 

Normal  and Extubation: PEEP High 

 and Extubation: 

Noradrenaline No 1 0,255062681 

Of all patients 

 with Contra: 

PEEP Normal  MOST 

 have Process: Total time 

Normal 

 and Extubation: PEEP 

Normal 

 and Extubation: 

Noradrenaline No 1 0,255062681 

        



DD 
 

Of all patients 

 with Extubation: 
Blood PCO2 

Normal  MOST  have Contra: GCS Normal 

 and Extubation: 

Noradrenaline No 

 and Contra: Noradrenaline 

No 1 0,938958534 

Of all patients 

 with Extubation: 

Blood PCO2 
Normal  MOST 

 have Process: Total time 
Normal 

 and Extubation: Blood PH 
Normal 

 and Contra: Noradrenaline 
No 1 0,938958534 

Of all patients 

 with Extubation: 
Blood PCO2 

Normal  MOST 

 have Process: Total time 

Normal 

 and Extubation: 

Noradrenaline No 

 and Contra: Noradrenaline 

No 1 0,938958534 

Of all patients 

 with Extubation: 

Blood PCO2 
Normal  MOST 

 have Process: Total time 
Normal 

 and Extubation: Blood PH 
Normal 

 and Extubation: 
Noradrenaline No 1 0,938958534 

        

Of all patients 

 with Extubation: 

Blood PH Normal  MOST  have Contra: GCS Normal 

 and Extubation: 

Noradrenaline No 

 and Contra: Noradrenaline 

No 1 0,950578592 

Of all patients 

 with Extubation: 

Blood PH Normal  MOST 

 have Process: Total time 

Normal 

 and Extubation: Blood PCO2 

Normal 

 and Contra: Noradrenaline 

No 1 0,950578592 

Of all patients 

 with Extubation: 

Blood PH Normal  MOST 

 have Process: Total time 

Normal 

 and Extubation: 

Noradrenaline No 

 and Contra: Noradrenaline 

No 1 0,950578592 

Of all patients 

 with Extubation: 

Blood PH Normal  MOST 

 have Process: Total time 

Normal 

 and Extubation: Blood PCO2 

Normal 

 and Extubation: 

Noradrenaline No 1 0,950578592 

        

Of all patients 

 with Extubation: 

Blood PO2 
Normal  MOST  have Contra: GCS Normal 

 and Extubation: 
Noradrenaline No 

 and Contra: Noradrenaline 
No 1 0,672420444 

Of all patients 

 with Extubation: 

Blood PO2 
Normal  MOST 

 have Process: Total time 
Normal 

 and Extubation: Blood PH 
Normal 

 and Contra: Noradrenaline 
No 1 0,672420444 

Of all patients 

 with Extubation: 
Blood PO2 

Normal  MOST 

 have Process: Total time 

Normal 

 and Extubation: 

Noradrenaline No 

 and Contra: Noradrenaline 

No 1 0,672420444 

Of all patients 

 with Extubation: 

Blood PO2 
Normal  MOST 

 have Process: Total time 
Normal 

 and Extubation: Blood PH 
Normal 

 and Extubation: 
Noradrenaline No 1 0,672420444 

        

Of all patients 
 with Extubation: 
FiO2 Low  MOST 

 have Process: Total time 
Normal 

 and Extubation: Blood PCO2 
Normal 

 and Contra: Noradrenaline 
No 1 0,367177587 

Of all patients 
 with Extubation: 
FiO2 Low  MOST  have Contra: GCS Normal 

 and Extubation: Blood PH 
Normal 

 and Contra: Noradrenaline 
No 1 0,367177587 

Of all patients 
 with Extubation: 
FiO2 Low  MOST 

 have Process: Total time 
Normal 

 and Extubation: Blood PH 
Normal 

 and Contra: Noradrenaline 
No 1 0,367177587 

Of all patients 
 with Extubation: 
FiO2 Low  MOST 

 have Process: Total time 
Normal 

 and Extubation: PEEP 
Normal 

 and Contra: Noradrenaline 
No 1 0,367177587 



EE 
 

Of all patients 
 with Extubation: 
FiO2 Low  MOST  have Contra: GCS Normal 

 and Contra: Noradrenaline 
No 

 and Extubation: 
Noradrenaline No 1 0,367177587 

Of all patients 
 with Extubation: 
FiO2 Low  MOST 

 have Process: Total time 
Normal 

 and Contra: Noradrenaline 
No 

 and Extubation: 
Noradrenaline No 1 0,367177587 

Of all patients 
 with Extubation: 
FiO2 Low  MOST 

 have Process: Total time 
Normal 

 and Extubation: Blood PCO2 
Normal 

 and Extubation: 
Noradrenaline No 1 0,367177587 

Of all patients 
 with Extubation: 
FiO2 Low  MOST  have Contra: GCS Normal 

 and Extubation: Blood PH 
Normal 

 and Extubation: 
Noradrenaline No 1 0,367177587 

Of all patients 
 with Extubation: 
FiO2 Low  MOST 

 have Process: Total time 
Normal 

 and Extubation: Blood PH 
Normal 

 and Extubation: 
Noradrenaline No 1 0,367177587 

Of all patients 
 with Extubation: 
FiO2 Low  MOST 

 have Process: Total time 
Normal 

 and Extubation: PEEP 
Normal 

 and Extubation: 
Noradrenaline No 1 0,367177587 

Of all patients 
 with Extubation: 
FiO2 Low  MOST 

 have Extubation: Blood PCO2 
Normal 

 and Extubation: Blood PH 
Normal  and Extubation: PEEP High 1 0,367177587 

Of all patients 
 with Extubation: 
FiO2 Low  MOST 

 have Extubation: Blood PCO2 
Normal 

 and Extubation: Blood PH 
Normal 

 and Extubation: PEEP 
Normal 1 0,367177587 

Of all patients 
 with Extubation: 
FiO2 Low  MOST 

 have Extubation: Blood PCO2 
Normal 

 and Extubation: Blood PH 
Normal 

 and Process: Total time 
Normal 1 0,367177587 

Of all patients 
 with Extubation: 
FiO2 Normal  MOST 

 have Process: Total time 
Normal 

 and Extubation: Blood PCO2 
Normal 

 and Contra: Noradrenaline 
No 1 0,905014465 

Of all patients 
 with Extubation: 
FiO2 Normal  MOST 

 have Process: Total time 
Normal 

 and Extubation: Blood PH 
Normal 

 and Contra: Noradrenaline 
No 1 0,905014465 

Of all patients 
 with Extubation: 
FiO2 Normal  MOST 

 have Process: Total time 
Normal  and Extubation: PEEP High 

 and Contra: Noradrenaline 
No 1 0,905014465 

Of all patients 
 with Extubation: 
FiO2 Normal  MOST 

 have Process: Total time 
Normal 

 and Extubation: PEEP 
Normal 

 and Contra: Noradrenaline 
No 1 0,905014465 

Of all patients 
 with Extubation: 
FiO2 Normal  MOST  have Contra: GCS Normal 

 and Contra: Noradrenaline 
No 

 and Extubation: 
Noradrenaline No 1 0,905014465 

Of all patients 
 with Extubation: 
FiO2 Normal  MOST 

 have Process: Total time 
Normal 

 and Contra: Noradrenaline 
No 

 and Extubation: 
Noradrenaline No 1 0,905014465 

Of all patients 
 with Extubation: 
FiO2 Normal  MOST 

 have Process: Total time 
Normal 

 and Extubation: Blood PCO2 
Normal 

 and Extubation: 
Noradrenaline No 1 0,905014465 

Of all patients 
 with Extubation: 
FiO2 Normal  MOST 

 have Process: Total time 
Normal 

 and Extubation: Blood PH 
Normal 

 and Extubation: 
Noradrenaline No 1 0,905014465 

Of all patients 
 with Extubation: 
FiO2 Normal  MOST 

 have Process: Total time 
Normal  and Extubation: PEEP High 

 and Extubation: 
Noradrenaline No 1 0,905014465 

Of all patients 

 with Extubation: 

FiO2 Normal  MOST 

 have Process: Total time 

Normal 

 and Extubation: PEEP 

Normal 

 and Extubation: 

Noradrenaline No 1 0,905014465 

        

Of all patients 

 with Extubation: 

GCS Normal  MOST  have Contra: GCS Normal 

 and Extubation: Blood PCO2 

Normal 

 and Contra: Noradrenaline 

No 1 0,554966249 

Of all patients 

 with Extubation: 

GCS Normal  MOST  have Contra: GCS Normal 

 and Extubation: Blood PH 

Normal 

 and Contra: Noradrenaline 

No 1 0,554966249 

Of all patients 

 with Extubation: 

GCS Normal  MOST  have Contra: GCS Normal 

 and Extubation: Blood PCO2 

Normal 

 and Extubation: Blood PH 

Normal 1 0,554966249 



FF 
 

Of all patients 
 with Extubation: 
GCS Normal  MOST  have Contra: GCS Normal 

 and Contra: Noradrenaline 
No 

 and Extubation: 
Noradrenaline No 1 0,554966249 

Of all patients 
 with Extubation: 
GCS Normal  MOST  have Contra: GCS Normal 

 and Extubation: Blood PCO2 
Normal 

 and Extubation: 
Noradrenaline No 1 0,554966249 

Of all patients 
 with Extubation: 
GCS Normal  MOST  have Contra: GCS Normal 

 and Extubation: Blood PH 
Normal 

 and Extubation: 
Noradrenaline No 1 0,554966249 

Of all patients 
 with Extubation: 
GCS Normal  MOST  have Contra: GCS Normal 

 and Contra: Noradrenaline 
No 

 and Process: Total time 
Normal 1 0,554966249 

Of all patients 
 with Extubation: 
GCS Normal  MOST  have Contra: GCS Normal 

 and Extubation: Blood PCO2 
Normal 

 and Process: Total time 
Normal 1 0,554966249 

Of all patients 
 with Extubation: 
GCS Normal  MOST  have Contra: GCS Normal 

 and Extubation: Blood PH 
Normal 

 and Process: Total time 
Normal 1 0,554966249 

Of all patients 
 with Extubation: 
GCS Normal  MOST  have Contra: GCS Normal 

 and Extubation: 
Noradrenaline No 

 and Process: Total time 
Normal 1 0,554966249 

Of all patients 
 with Extubation: 
GCS Normal  MOST 

 have Contra: Noradrenaline 
No 

 and Extubation: Blood PCO2 
Normal 

 and Extubation: Blood PH 
Normal 1 0,554966249 

Of all patients 
 with Extubation: 
GCS Normal  MOST 

 have Contra: Noradrenaline 
No 

 and Extubation: Blood PCO2 
Normal 

 and Extubation: 
Noradrenaline No 1 0,554966249 

Of all patients 
 with Extubation: 
GCS Normal  MOST 

 have Contra: Noradrenaline 
No 

 and Extubation: Blood PH 
Normal 

 and Extubation: 
Noradrenaline No 1 0,554966249 

Of all patients 
 with Extubation: 
GCS Normal  MOST 

 have Contra: Noradrenaline 
No  and Extubation: FiO2 Normal 

 and Extubation: 
Noradrenaline No 1 0,554966249 

Of all patients 
 with Extubation: 
GCS Normal  MOST 

 have Contra: Noradrenaline 
No  and Extubation: PEEP High 

 and Extubation: 
Noradrenaline No 1 0,554966249 

Of all patients 
 with Extubation: 
GCS Normal  MOST 

 have Contra: Noradrenaline 
No 

 and Extubation: PEEP 
Normal 

 and Extubation: 
Noradrenaline No 1 0,554966249 

Of all patients 
 with Extubation: 
GCS Normal  MOST 

 have Contra: Noradrenaline 
No 

 and Extubation: Blood PCO2 
Normal 

 and Process: Total time 
Normal 1 0,554966249 

Of all patients 
 with Extubation: 
GCS Normal  MOST 

 have Contra: Noradrenaline 
No 

 and Extubation: Blood PH 
Normal 

 and Process: Total time 
Normal 1 0,554966249 

Of all patients 
 with Extubation: 
GCS Normal  MOST 

 have Contra: Noradrenaline 
No 

 and Extubation: 
Noradrenaline No 

 and Process: Total time 
Normal 1 0,554966249 

Of all patients 
 with Extubation: 
GCS Normal  MOST 

 have Extubation: 
Noradrenaline No 

 and Extubation: Blood PCO2 
Normal 

 and Extubation: Blood PH 
Normal 1 0,554966249 

Of all patients 
 with Extubation: 
GCS Normal  MOST 

 have Extubation: 
Noradrenaline No 

 and Extubation: Blood PCO2 
Normal 

 and Process: Total time 
Normal 1 0,554966249 

Of all patients 

 with Extubation: 

GCS Normal  MOST 

 have Extubation: 

Noradrenaline No 

 and Extubation: Blood PH 

Normal 

 and Process: Total time 

Normal 1 0,554966249 

Of all patients 

 with Extubation: 

GCS High  MOST 

 have Process: Total time 

Normal 

 and Contra: Noradrenaline 

No 

 and Extubation: 

Noradrenaline No 1 0,404050145 

        

Of all patients 

 with Extubation: 

PEEP High  MOST 

 have Process: Total time 

Normal 

 and Extubation: Blood PCO2 

Normal 

 and Contra: Noradrenaline 

No 1 0,890308582 

Of all patients 

 with Extubation: 

PEEP High  MOST 

 have Process: Total time 

Normal 

 and Extubation: Blood PH 

Normal 

 and Contra: Noradrenaline 

No 1 0,890308582 



GG 
 

Of all patients 
 with Extubation: 
PEEP High  MOST 

 have Process: Total time 
Normal  and Extubation: FiO2 Normal 

 and Contra: Noradrenaline 
No 1 0,890308582 

Of all patients 
 with Extubation: 
PEEP High  MOST  have Contra: GCS Normal 

 and Extubation: 
Noradrenaline No 

 and Contra: Noradrenaline 
No 1 0,890308582 

Of all patients 
 with Extubation: 
PEEP High  MOST 

 have Process: Total time 
Normal 

 and Extubation: 
Noradrenaline No 

 and Contra: Noradrenaline 
No 1 0,890308582 

Of all patients 
 with Extubation: 
PEEP High  MOST 

 have Process: Total time 
Normal 

 and Contra: Noradrenaline 
No 

 and Extubation: 
Noradrenaline No 1 0,890308582 

Of all patients 
 with Extubation: 
PEEP High  MOST 

 have Process: Total time 
Normal 

 and Extubation: Blood PCO2 
Normal 

 and Extubation: 
Noradrenaline No 1 0,890308582 

Of all patients 
 with Extubation: 
PEEP High  MOST 

 have Process: Total time 
Normal 

 and Extubation: Blood PH 
Normal 

 and Extubation: 
Noradrenaline No 1 0,890308582 

Of all patients 
 with Extubation: 
PEEP High  MOST 

 have Process: Total time 
Normal  and Extubation: FiO2 Normal 

 and Extubation: 
Noradrenaline No 1 0,890308582 

Of all patients 
 with Extubation: 
PEEP Normal  MOST 

 have Process: Total time 
Normal 

 and Extubation: Blood PCO2 
Normal 

 and Contra: Noradrenaline 
No 1 0,885728062 

Of all patients 
 with Extubation: 
PEEP Normal  MOST 

 have Process: Total time 
Normal 

 and Extubation: Blood PH 
Normal 

 and Contra: Noradrenaline 
No 1 0,885728062 

Of all patients 
 with Extubation: 
PEEP Normal  MOST 

 have Process: Total time 
Normal  and Extubation: FiO2 Normal 

 and Contra: Noradrenaline 
No 1 0,885728062 

Of all patients 
 with Extubation: 
PEEP Normal  MOST  have Contra: GCS Normal 

 and Extubation: 
Noradrenaline No 

 and Contra: Noradrenaline 
No 1 0,885728062 

Of all patients 
 with Extubation: 
PEEP Normal  MOST 

 have Process: Total time 
Normal 

 and Extubation: 
Noradrenaline No 

 and Contra: Noradrenaline 
No 1 0,885728062 

Of all patients 
 with Extubation: 
PEEP Normal  MOST 

 have Extubation: Blood PCO2 
Normal  and Extubation: FiO2 Normal 

 and Extubation: Blood PH 
Normal 1 0,885728062 

Of all patients 
 with Extubation: 
PEEP Normal  MOST 

 have Process: Total time 
Normal 

 and Contra: Noradrenaline 
No 

 and Extubation: 
Noradrenaline No 1 0,885728062 

Of all patients 
 with Extubation: 
PEEP Normal  MOST 

 have Process: Total time 
Normal 

 and Extubation: Blood PCO2 
Normal 

 and Extubation: 
Noradrenaline No 1 0,885728062 

Of all patients 
 with Extubation: 
PEEP Normal  MOST 

 have Process: Total time 
Normal 

 and Extubation: Blood PH 
Normal 

 and Extubation: 
Noradrenaline No 1 0,885728062 

Of all patients 
 with Extubation: 
PEEP Normal  MOST 

 have Process: Total time 
Normal  and Extubation: FiO2 Normal 

 and Extubation: 
Noradrenaline No 1 0,885728062 

        

Of all patients 

 with Gender 

Female  MOST  have Contra: GCS Normal 

 and Extubation: 

Noradrenaline No 

 and Contra: Noradrenaline 

No 1 0,286885246 

Of all patients 

 with Gender 

Female  MOST 

 have Contra: Noradrenaline 

No 

 and Extubation: Blood PH 

Normal 

 and Extubation: Blood PCO2 

Normal 1 0,286885246 

Of all patients 

 with Gender 

Female  MOST 

 have Contra: Noradrenaline 

No 

 and Extubation: Blood PCO2 

Normal 

 and Extubation: 

Noradrenaline No 1 0,286885246 

Of all patients 

 with Gender 

Female  MOST 

 have Contra: Noradrenaline 

No 

 and Extubation: Blood PH 

Normal 

 and Extubation: 

Noradrenaline No 1 0,286885246 

Of all patients 

 with Gender 

Female  MOST 

 have Contra: Noradrenaline 

No  and Extubation: FiO2 Normal 

 and Extubation: 

Noradrenaline No 1 0,286885246 



HH 
 

Of all patients 
 with Gender 
Female  MOST 

 have Contra: Noradrenaline 
No 

 and Extubation: 
Noradrenaline No 

 and Process: Total time 
Normal 1 0,286885246 

Of all patients 
 with Gender 
Female  MOST 

 have Extubation: 
Noradrenaline No 

 and Extubation: Blood PH 
Normal 

 and Extubation: Blood PCO2 
Normal 1 0,286885246 

Of all patients  with Gender Male  MOST  have Contra: GCS Normal 
 and Extubation: 
Noradrenaline No 

 and Contra: Noradrenaline 
No 1 0,713114754 

Of all patients  with Gender Male  MOST 
 have Process: Total time 
Normal 

 and Extubation: Blood PCO2 
Normal 

 and Contra: Noradrenaline 
No 1 0,713114754 

Of all patients  with Gender Male  MOST 
 have Process: Total time 
Normal 

 and Extubation: Blood PH 
Normal 

 and Contra: Noradrenaline 
No 1 0,713114754 

Of all patients  with Gender Male  MOST 
 have Process: Total time 
Normal 

 and Contra: Noradrenaline 
No 

 and Extubation: 
Noradrenaline No 1 0,713114754 

Of all patients  with Gender Male  MOST 
 have Process: Total time 
Normal 

 and Extubation: Blood PCO2 
Normal 

 and Extubation: 
Noradrenaline No 1 0,713114754 

Of all patients  with Gender Male  MOST 
 have Process: Total time 
Normal 

 and Extubation: Blood PH 
Normal 

 and Extubation: 
Noradrenaline No 1 0,713114754 

        

Of all patients 
 with Midazolam 
No  MOST  have Contra: GCS Normal 

 and Extubation: 
Noradrenaline No 

 and Process: Total time 
Normal 1 0,823047252 

Of all patients 
 with Midazolam 
No  MOST  have Contra: GCS Normal 

 and Extubation: Blood PH 
Normal 

 and Contra: Noradrenaline 
No 1 0,823047252 

Of all patients 
 with Midazolam 
No  MOST  have Contra: GCS Normal 

 and Extubation: Blood PH 
Normal 

 and Extubation: 
Noradrenaline No 1 0,823047252 

Of all patients 
 with Midazolam 
No  MOST  have Contra: GCS Normal 

 and Contra: Noradrenaline 
No 

 and Extubation: 
Noradrenaline No 1 0,823047252 

Of all patients 

 with Midazolam 

No  MOST  have Contra: GCS Normal 

 and Contra: Noradrenaline 

No 

 and Process: Total time 

Normal 1 0,823047252 

Of all patients 

 with Midazolam 

No  MOST 

 have Contra: Noradrenaline 

No 

 and Extubation: PEEP 

Normal 

 and Extubation: 

Noradrenaline No 1 0,823047252 

Of all patients 

 with Midazolam 

No  MOST 

 have Contra: Noradrenaline 

No 

 and Extubation: PEEP 

Normal 

 and Process: Total time 

Normal 1 0,823047252 

Of all patients 

 with Midazolam 

No  MOST 

 have Contra: Noradrenaline 

No  and Extubation: PEEP High 

 and Extubation: 

Noradrenaline No 1 0,823047252 

Of all patients 

 with Midazolam 

No  MOST 

 have Contra: Noradrenaline 

No 

 and Extubation: 

Noradrenaline No 

 and Process: Total time 

Normal 1 0,823047252 

Of all patients 

 with Midazolam 

No  MOST 

 have Contra: Noradrenaline 

No 

 and Extubation: 

Noradrenaline No  and Propofol No 1 0,823047252 

Of all patients 

 with Midazolam 

No  MOST 

 have Contra: Noradrenaline 

No  and Extubation: FiO2 Normal 

 and Extubation: 

Noradrenaline No 1 0,823047252 

Of all patients 

 with Midazolam 

No  MOST 

 have Contra: Noradrenaline 

No  and Extubation: FiO2 Normal 

 and Process: Total time 

Normal 1 0,823047252 

Of all patients 

 with Midazolam 

No  MOST 

 have Contra: Noradrenaline 

No 

 and Extubation: Blood PH 

Normal  and Extubation: FiO2 Normal 1 0,823047252 

Of all patients 

 with Midazolam 

No  MOST 

 have Contra: Noradrenaline 

No 

 and Extubation: Blood PH 

Normal 

 and Extubation: 

Noradrenaline No 1 0,823047252 



II 
 

Of all patients 
 with Midazolam 
No  MOST 

 have Contra: Noradrenaline 
No 

 and Extubation: Blood PH 
Normal 

 and Process: Total time 
Normal 1 0,823047252 

Of all patients 
 with Midazolam 
No  MOST 

 have Contra: Noradrenaline 
No 

 and Extubation: Blood PCO2 
Normal 

 and Extubation: Blood PH 
Normal 1 0,823047252 

Of all patients 
 with Midazolam 
No  MOST 

 have Contra: Noradrenaline 
No 

 and Extubation: Blood PCO2 
Normal 

 and Extubation: 
Noradrenaline No 1 0,823047252 

Of all patients 
 with Midazolam 
No  MOST 

 have Contra: Noradrenaline 
No 

 and Extubation: Blood PCO2 
Normal 

 and Process: Total time 
Normal 1 0,823047252 

Of all patients 
 with Midazolam 
No  MOST 

 have Extubation: Blood PCO2 
Normal 

 and Process: Total time 
Normal 

 and Extubation: Blood PH 
Normal 1 0,823047252 

Of all patients 
 with Midazolam 
No  MOST 

 have Extubation: 
Noradrenaline No 

 and Extubation: PEEP 
Normal 

 and Process: Total time 
Normal 1 0,823047252 

Of all patients 
 with Midazolam 
No  MOST 

 have Extubation: 
Noradrenaline No  and Extubation: FiO2 Normal 

 and Process: Total time 
Normal 1 0,823047252 

Of all patients 
 with Midazolam 
No  MOST 

 have Extubation: 
Noradrenaline No 

 and Extubation: Blood PH 
Normal 

 and Extubation: Blood PCO2 
Normal 1 0,823047252 

Of all patients 
 with Midazolam 
No  MOST 

 have Extubation: 
Noradrenaline No 

 and Extubation: Blood PH 
Normal  and Extubation: FiO2 Normal 1 0,823047252 

Of all patients 
 with Midazolam 
No  MOST 

 have Extubation: 
Noradrenaline No 

 and Extubation: Blood PH 
Normal 

 and Process: Total time 
Normal 1 0,823047252 

Of all patients 
 with Midazolam 
No  MOST 

 have Extubation: 
Noradrenaline No 

 and Extubation: Blood PCO2 
Normal 

 and Process: Total time 
Normal 1 0,823047252 

Of all patients 
 with Midazolam 
No  MOST 

 have Process: Total time 
Normal 

 and Extubation: Blood PH 
Normal 

 and Extubation: 
Noradrenaline No 1 0,823047252 

        

Of all patients 

 with Process: 

Process time 
Normal  MOST 

 have Extubation: Blood PCO2 
Normal 

 and Extubation: Blood PH 
Normal 

 and Process: Total time 
Normal 1 0,495533769 

Of all patients 

 with Process: 
Process time 

Normal  MOST 

 have Process: Total time 

Normal 

 and Extubation: Blood PCO2 

Normal 

 and Contra: Noradrenaline 

No 1 0,495533769 

Of all patients 

 with Process: 

Process time 
Normal  MOST 

 have Process: Total time 
Normal 

 and Extubation: Blood PCO2 
Normal 

 and Extubation: 
Noradrenaline No 1 0,495533769 

Of all patients 

 with Process: 
Process time 

Normal  MOST 

 have Process: Total time 

Normal 

 and Extubation: Blood PH 

Normal 

 and Contra: Noradrenaline 

No 1 0,495533769 

Of all patients 

 with Process: 

Process time 
Normal  MOST 

 have Process: Total time 
Normal 

 and Extubation: Blood PH 
Normal 

 and Extubation: 
Noradrenaline No 1 0,495533769 

Of all patients 

 with Process: 
Process time 

Normal  MOST 

 have Process: Total time 

Normal  and Extubation: FiO2 Normal 

 and Contra: Noradrenaline 

No 1 0,495533769 



JJ 
 

Of all patients 

 with Process: 
Process time 

Normal  MOST 

 have Process: Total time 

Normal  and Extubation: FiO2 Normal 

 and Extubation: 

Noradrenaline No 1 0,495533769 

Of all patients 

 with Process: 

Process time 
Normal  MOST 

 have Process: Total time 
Normal 

 and Contra: Noradrenaline 
No 

 and Extubation: 
Noradrenaline No 1 0,495533769 

Of all patients 

 with Process: 
Process time 

Normal  MOST 

 have Process: Total time 

Normal  and Propofol No 

 and Extubation: 

Noradrenaline No 1 0,495533769 

Of all patients 

 with Process: 

Process time 
Normal  MOST 

 have Process: Total time 
Normal 

 and Contra: Noradrenaline 
No  and Propofol No 1 0,495533769 

Of all patients 

 with Process: 
Process time 

Short  MOST  have Contra: GCS Normal 

 and Extubation: 

Noradrenaline No 

 and Contra: Noradrenaline 

No 1 0,573508652 

Of all patients 

 with Process: 

Process time 
Short  MOST  have Contra: GCS Normal 

 and Contra: Noradrenaline 
No 

 and Process: Total time 
Normal 1 0,573508652 

Of all patients 

 with Process: 
Process time 

Short  MOST  have Contra: GCS Normal 

 and Extubation: 

Noradrenaline No 

 and Process: Total time 

Normal 1 0,573508652 

Of all patients 

 with Process: 

Process time 
Short  MOST 

 have Extubation: Blood PCO2 
Normal 

 and Extubation: Blood PH 
Normal 

 and Process: Total time 
Normal 1 0,573508652 

Of all patients 

 with Process: 
Process time 

Short  MOST 

 have Extubation: Blood PCO2 

Normal  and Midazolam No 

 and Process: Total time 

Normal 1 0,573508652 

Of all patients 

 with Process: 

Process time 
Short  MOST 

 have Extubation: Blood PH 
Normal  and Extubation: FiO2 Normal 

 and Process: Total time 
Normal 1 0,573508652 

Of all patients 

 with Process: 
Process time 

Short  MOST 

 have Extubation: Blood PH 

Normal  and Midazolam No 

 and Process: Total time 

Normal 1 0,573508652 

Of all patients 

 with Process: 

Process time 
Short  MOST  have Extubation: FiO2 Normal 

 and Process: Total time 
Normal  and Extubation: PEEP High 1 0,573508652 

Of all patients 

 with Process: 

Process time 
Short  MOST  have Midazolam No 

 and Contra: Noradrenaline 
No 

 and Extubation: 
Noradrenaline No 1 0,573508652 

Of all patients 

 with Process: 
Process time 

Short  MOST  have Midazolam No 

 and Contra: Noradrenaline 

No 

 and Process: Total time 

Normal 1 0,573508652 

Of all patients 

 with Process: 

Process time 
Short  MOST  have Midazolam No 

 and Extubation: Blood PCO2 
Normal 

 and Contra: Noradrenaline 
No 1 0,573508652 



KK 
 

Of all patients 

 with Process: 
Process time 

Short  MOST  have Midazolam No 

 and Extubation: Blood PCO2 

Normal 

 and Extubation: 

Noradrenaline No 1 0,573508652 

Of all patients 

 with Process: 

Process time 
Short  MOST  have Midazolam No 

 and Extubation: Blood PH 
Normal 

 and Contra: Noradrenaline 
No 1 0,573508652 

Of all patients 

 with Process: 
Process time 

Short  MOST  have Midazolam No 

 and Extubation: Blood PH 

Normal 

 and Extubation: 

Noradrenaline No 1 0,573508652 

Of all patients 

 with Process: 

Process time 
Short  MOST  have Midazolam No 

 and Extubation: 
Noradrenaline No 

 and Process: Total time 
Normal 1 0,573508652 

Of all patients 

 with Process: 
Process time 

Short  MOST 

 have Process: Total time 

Normal 

 and Extubation: Blood PCO2 

Normal 

 and Contra: Noradrenaline 

No 1 0,573508652 

Of all patients 

 with Process: 

Process time 
Short  MOST 

 have Process: Total time 
Normal 

 and Extubation: Blood PCO2 
Normal 

 and Extubation: 
Noradrenaline No 1 0,573508652 

Of all patients 

 with Process: 
Process time 

Short  MOST 

 have Process: Total time 

Normal 

 and Extubation: Blood PH 

Normal 

 and Contra: Noradrenaline 

No 1 0,573508652 

Of all patients 

 with Process: 

Process time 
Short  MOST 

 have Process: Total time 
Normal 

 and Extubation: Blood PH 
Normal 

 and Extubation: 
Noradrenaline No 1 0,573508652 

Of all patients 

 with Process: 
Process time 

Short  MOST 

 have Process: Total time 

Normal  and Extubation: FiO2 Normal 

 and Contra: Noradrenaline 

No 1 0,573508652 

Of all patients 

 with Process: 

Process time 
Short  MOST 

 have Process: Total time 
Normal  and Extubation: FiO2 Normal 

 and Extubation: 
Noradrenaline No 1 0,573508652 

Of all patients 

 with Process: 
Process time 

Short  MOST 

 have Process: Total time 

Normal 

 and Extubation: 

Noradrenaline No  and Propofol No 1 0,573508652 

Of all patients 

 with Process: 

Process time 
Short  MOST 

 have Process: Total time 
Normal  and Extubation: PEEP High 

 and Contra: Noradrenaline 
No 1 0,573508652 

Of all patients 

 with Process: 

Process time 
Short  MOST 

 have Process: Total time 
Normal  and Extubation: PEEP High 

 and Extubation: 
Noradrenaline No 1 0,573508652 

Of all patients 

 with Process: 
Process time 

Short  MOST 

 have Process: Total time 

Normal 

 and Extubation: PEEP 

Normal 

 and Contra: Noradrenaline 

No 1 0,573508652 

Of all patients 

 with Process: 

Process time 
Short  MOST 

 have Process: Total time 
Normal 

 and Extubation: PEEP 
Normal 

 and Extubation: 
Noradrenaline No 1 0,573508652 
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Of all patients 

 with Process: 
Process time 

Short  MOST 

 have Process: Total time 

Normal 

 and Contra: Noradrenaline 

No  and Propofol No 1 0,573508652 

Of all patients 

 with Process: 

Process time 
Short  MOST 

 have Process: Total time 
Normal  and Propofol No 

 and Extubation: 
Noradrenaline No 1 0,573508652 

Of all patients 

 with Process: 
Process time 

Short  MOST  have Propofol No 

 and Extubation: 

Noradrenaline No 

 and Contra: Noradrenaline 

No 1 0,573508652 

        

Of all patients  with Propofol No  MOST 

 have Contra: Noradrenaline 

No 

 and Extubation: 

Noradrenaline No  and Contra: GCS Normal 1 0,868370299 

Of all patients  with Propofol No  MOST 

 have Contra: Noradrenaline 

No 

 and Process: Total time 

Normal 

 and Extubation: Blood PCO2 

Normal 1 0,868370299 

Of all patients  with Propofol No  MOST 

 have Contra: Noradrenaline 

No 

 and Extubation: Blood PCO2 

Normal 

 and Extubation: Blood PH 

Normal 1 0,868370299 

Of all patients  with Propofol No  MOST 

 have Contra: Noradrenaline 

No 

 and Process: Total time 

Normal 

 and Extubation: Blood PH 

Normal 1 0,868370299 

Of all patients  with Propofol No  MOST 

 have Contra: Noradrenaline 

No 

 and Extubation: Blood PCO2 

Normal 

 and Extubation: 

Noradrenaline No 1 0,868370299 

Of all patients  with Propofol No  MOST 

 have Contra: Noradrenaline 

No 

 and Extubation: Blood PH 

Normal 

 and Extubation: 

Noradrenaline No 1 0,868370299 

Of all patients  with Propofol No  MOST 

 have Contra: Noradrenaline 

No 

 and Process: Total time 

Normal 

 and Extubation: 

Noradrenaline No 1 0,868370299 

Of all patients  with Propofol No  MOST 
 have Contra: Noradrenaline 
No  and Extubation: FiO2 Normal 

 and Extubation: 
Noradrenaline No 1 0,868370299 

Of all patients  with Propofol No  MOST 
 have Extubation: 
Noradrenaline No 

 and Extubation: Blood PCO2 
Normal 

 and Process: Total time 
Normal 1 0,868370299 

Of all patients  with Propofol No  MOST 
 have Extubation: 
Noradrenaline No 

 and Extubation: Blood PH 
Normal 

 and Extubation: Blood PCO2 
Normal 1 0,868370299 

Of all patients  with Propofol No  MOST 
 have Extubation: 
Noradrenaline No 

 and Extubation: Blood PH 
Normal 

 and Process: Total time 
Normal 1 0,868370299 
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XI. Appendix 
List of example summaries produced during the compliance analysis  

Table 26: list of simple protoforms, generated during the compliance analysis 

Of all patients, ,MOST, have Process: Total time Short 0,92882586 

Of all patients, ,AT LEAST HALF, have Process: Total time Short 1 

Of all patients, ,FEW, have Process: Total time Normal 0,91526899 

Of all patients, ,FEW, have Process: Total time Long 1 

Of all patients, ,AT LEAST HALF, have Process: Process time Short 1 

Of all patients, ,AT LEAST HALF, have Process: Process time Normal 0,99872583 

Of all patients, ,FEW, have Process: Process time Long 1 

Of all patients, ,FEW, have Contra: GCS Conform 1 

Of all patients, ,ALMOST ALL, have Contra: GCS Not conform 1 

Of all patients, ,MOST, have Contra: GCS Not conform 1 

Of all patients, ,AT LEAST HALF, have Contra: GCS Not conform 1 

Of all patients, ,FEW, have Contra: Ratio Conform 1 

Of all patients, ,ALMOST ALL, have Contra: Ratio Not conform 1 

Of all patients, ,MOST, have Contra: Ratio Not conform 1 

Of all patients, ,AT LEAST HALF, have Contra: Ratio Not conform 1 

Of all patients, ,FEW, have Contra: PEEP Not conform 1 

Of all patients, ,ALMOST ALL, have Contra: FiO2 Conform 0,94937177 

Of all patients, ,MOST, have Contra: FiO2 Conform 1 

Of all patients, ,AT LEAST HALF, have Contra: FiO2 Conform 1 

Of all patients, ,FEW, have Contra: FiO2 Not conform 1 

Of all patients, ,FEW, have Contra: Noradrenaline Conform 1 

Of all patients, ,FEW, have Contra: Noradrenaline Not conform 1 

Of all patients, ,FEW, have Extubation: Blood PH Not conform: Low 1 

Of all patients, ,ALMOST ALL, have Extubation: Blood PH Conform Protocol 1 

Of all patients, ,MOST, have Extubation: Blood PH Conform Protocol 1 

Of all patients, ,AT LEAST HALF, have Extubation: Blood PH Conform Protocol 1 

Of all patients, ,FEW, have Extubation: Blood PH Not conform: High 1 

Of all patients, ,ALMOST ALL, have Extubation: Blood PCO2 Conform 0,7609017 

Of all patients, ,MOST, have Extubation: Blood PCO2 Conform 1 

Of all patients, ,AT LEAST HALF, have Extubation: Blood PCO2 Conform 1 

Of all patients, ,FEW, have Extubation: Blood PCO2 Not conform 0,89578714 

Of all patients, ,AT LEAST HALF, have Extubation: Blood PO2 Conform 1 

Of all patients, ,FEW, have Extubation: Blood PO2 Not conform 1 

Of all patients, ,MOST, have Extubation: FiO2 Conform 1 

Of all patients, ,AT LEAST HALF, have Extubation: FiO2 Conform 1 

Of all patients, ,FEW, have Extubation: FiO2 Not conform 1 

Of all patients, ,AT LEAST HALF, have Extubation: GCS Not conform 1 

Of all patients, ,FEW, have Extubation: PEEP Not conform 1 

Of all patients, ,FEW, have Extubation: Noradrenaline Conform 1 

Of all patients, ,FEW, have Extubation: Noradrenaline Not conform 1 

Of all patients, ,FEW, have Midazolam Yes 0,82002956 
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Of all patients, ,ALMOST ALL, have Midazolam No 0,82002956 

Of all patients, ,MOST, have Midazolam No 1 

Of all patients, ,AT LEAST HALF, have Midazolam No 1 

Of all patients, ,FEW, have Propofol Yes 0,9992609 

Of all patients, ,ALMOST ALL, have Propofol No 0,9992609 

Of all patients, ,MOST, have Propofol No 1 

Of all patients, ,AT LEAST HALF, have Propofol No 1 

Of all patients, ,MOST, have Gender Male 0,78654841 

Of all patients, ,AT LEAST HALF, have Gender Male 1 

Of all patients, ,FEW, have Age Young 1 

Of all patients, ,MOST, have Age Medium 1 

Of all patients, ,AT LEAST HALF, have Age Medium 1 

Of all patients, ,MOST, have Age Old 1 

Of all patients, ,AT LEAST HALF, have Age Old 1 

Of all patients, ,FEW, have BMI Low 1 

 

 

Table 27: List of extended protoforms (one predicate in C), generated during the compliance analysis 

GCS not conform         
Of all 

patients  with Contra: GCS Not conform  MOST  have Age Medium 1 0,974132 
Of all 

patients  with Contra: GCS Not conform  MOST  have Age Old 1 0,974132 
Of all 

patients  with Contra: GCS Not conform  FEW  have Age Young 1 0,974132 
Of all 

patients  with Contra: GCS Not conform  FEW  have BMI Low 1 0,974132 
Of all 

patients  with Contra: GCS Not conform  MOST  have Contra: FiO2 Conform 1 0,974132 
Of all 

patients  with Contra: GCS Not conform  FEW  have Contra: FiO2 Not conform 1 0,974132 
Of all 

patients  with Contra: GCS Not conform  FEW  have Contra: Noradrenaline Conform 1 0,974132 
Of all 

patients  with Contra: GCS Not conform  FEW  have Contra: Noradrenaline Not conform 1 0,974132 
Of all 

patients  with Contra: GCS Not conform  FEW  have Contra: PEEP Not conform 1 0,974132 
Of all 

patients  with Contra: GCS Not conform  FEW  have Contra: Ratio Conform 1 0,974132 
Of all 
patients  with Contra: GCS Not conform  MOST  have Contra: Ratio Not conform 1 0,974132 

Of all 
patients  with Contra: GCS Not conform  MOST  have Extubation: Blood PCO2 Conform 1 0,974132 

Of all 
patients  with Contra: GCS Not conform  MOST 

 have Extubation: Blood PH Conform 
Protocol 1 0,974132 

Of all 
patients  with Contra: GCS Not conform  FEW 

 have Extubation: Blood PH Not conform: 
High 1 0,974132 

Of all 
patients  with Contra: GCS Not conform  FEW 

 have Extubation: Blood PH Not conform: 
Low 1 0,974132 

Of all 
patients  with Contra: GCS Not conform 

 AT LEAST 
HALF  have Extubation: Blood PO2 Conform 1 0,974132 

Of all 
patients  with Contra: GCS Not conform  FEW 

 have Extubation: Blood PO2 Not 
conform 1 0,974132 

Of all 
patients  with Contra: GCS Not conform  MOST  have Extubation: FiO2 Conform 1 0,974132 
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Of all 
patients  with Contra: GCS Not conform  FEW  have Extubation: FiO2 Not conform 1 0,974132 

Of all 
patients  with Contra: GCS Not conform 

 AT LEAST 
HALF  have Extubation: GCS Not conform 1 0,974132 

Of all 
patients  with Contra: GCS Not conform  FEW  have Extubation: Noradrenaline Conform 1 0,974132 

Of all 
patients  with Contra: GCS Not conform  FEW 

 have Extubation: Noradrenaline Not 
conform 1 0,974132 

Of all 
patients  with Contra: GCS Not conform  FEW  have Extubation: PEEP Not conform 1 0,974132 

Of all 
patients  with Contra: GCS Not conform  MOST  have Midazolam No 1 0,974132 

Of all 
patients  with Contra: GCS Not conform  FEW  have Process: Process time Long 1 0,974132 

Of all 
patients  with Contra: GCS Not conform 

 AT LEAST 
HALF  have Process: Process time Short 1 0,974132 

Of all 
patients  with Contra: GCS Not conform  FEW  have Process: Total time Long 1 0,974132 

Of all 
patients  with Contra: GCS Not conform  MOST  have Propofol No 1 0,974132 

Of all 
patients  with Contra: GCS Not conform  FEW  have Propofol Yes 1 0,974132 

      

Contra Ratio not conform         

Of all 
patients  with Contra: Ratio Not conform  FEW  have Process: Total time Long 1 0,97524 
Of all 

patients  with Contra: Ratio Not conform 

 AT LEAST 

HALF  have Process: Process time Short 1 0,97524 
Of all 

patients  with Contra: Ratio Not conform  FEW  have Process: Process time Long 1 0,97524 
Of all 

patients  with Contra: Ratio Not conform  FEW  have Contra: GCS Conform 1 0,97524 
Of all 

patients  with Contra: Ratio Not conform  MOST  have Contra: GCS Not conform 1 0,97524 
Of all 

patients  with Contra: Ratio Not conform  FEW  have Contra: PEEP Not conform 1 0,97524 
Of all 

patients  with Contra: Ratio Not conform  MOST  have Contra: FiO2 Conform 1 0,97524 
Of all 

patients  with Contra: Ratio Not conform  FEW  have Contra: FiO2 Not conform 1 0,97524 
Of all 

patients  with Contra: Ratio Not conform  FEW  have Contra: Noradrenaline Conform 1 0,97524 
Of all 

patients  with Contra: Ratio Not conform  FEW  have Contra: Noradrenaline Not conform 1 0,97524 
Of all 

patients  with Contra: Ratio Not conform  FEW 

 have Extubation: Blood PH Not conform: 

Low 1 0,97524 
Of all 

patients  with Contra: Ratio Not conform  MOST 

 have Extubation: Blood PH Conform 

Protocol 1 0,97524 
Of all 

patients  with Contra: Ratio Not conform  FEW 

 have Extubation: Blood PH Not conform: 

High 1 0,97524 
Of all 

patients  with Contra: Ratio Not conform  MOST  have Extubation: Blood PCO2 Conform 1 0,97524 
Of all 

patients  with Contra: Ratio Not conform 

 AT LEAST 

HALF  have Extubation: Blood PO2 Conform 1 0,97524 
Of all 

patients  with Contra: Ratio Not conform  MOST  have Extubation: FiO2 Conform 1 0,97524 
Of all 

patients  with Contra: Ratio Not conform  FEW  have Extubation: FiO2 Not conform 1 0,97524 
Of all 
patients  with Contra: Ratio Not conform 

 AT LEAST 
HALF  have Extubation: GCS Not conform 1 0,97524 

Of all 
patients  with Contra: Ratio Not conform  FEW  have Extubation: PEEP Not conform 1 0,97524 

Of all 
patients  with Contra: Ratio Not conform  FEW  have Extubation: Noradrenaline Conform 1 0,97524 

Of all 
patients  with Contra: Ratio Not conform  FEW 

 have Extubation: Noradrenaline Not 
conform 1 0,97524 
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Of all 
patients  with Contra: Ratio Not conform  MOST  have Midazolam No 1 0,97524 

Of all 
patients  with Contra: Ratio Not conform  FEW  have Propofol Yes 1 0,97524 

Of all 
patients  with Contra: Ratio Not conform  MOST  have Propofol No 1 0,97524 

Of all 
patients  with Contra: Ratio Not conform  FEW  have Age Young 1 0,97524 

Of all 
patients  with Contra: Ratio Not conform  MOST  have Age Medium 1 0,97524 

Of all 
patients  with Contra: Ratio Not conform  MOST  have Age Old 1 0,97524 

Of all 
patients  with Contra: Ratio Not conform  FEW  have BMI Low 1 0,97524 

      

Contra noradrenaline (Kleine Df!)         

Of all 
patients 

 with Contra: Noradrenaline 
Conform  MOST  have Age Medium 1 0,07731 

Of all 
patients 

 with Contra: Noradrenaline 
Conform 

 AT LEAST 
HALF  have Age Old 1 0,07731 

Of all 
patients 

 with Contra: Noradrenaline 
Conform  FEW  have Age Young 1 0,07731 

Of all 
patients 

 with Contra: Noradrenaline 
Conform  FEW  have BMI Low 1 0,07731 

Of all 
patients 

 with Contra: Noradrenaline 
Conform  MOST  have Contra: FiO2 Conform 1 0,07731 

Of all 

patients 

 with Contra: Noradrenaline 

Conform  FEW  have Contra: FiO2 Not conform 1 0,07731 
Of all 

patients 

 with Contra: Noradrenaline 

Conform  FEW  have Contra: GCS Conform 1 0,07731 
Of all 

patients 

 with Contra: Noradrenaline 

Conform  MOST  have Contra: GCS Not conform 1 0,07731 
Of all 

patients 

 with Contra: Noradrenaline 

Conform  FEW  have Contra: PEEP Not conform 1 0,07731 
Of all 

patients 

 with Contra: Noradrenaline 

Conform  FEW  have Contra: Ratio Conform 1 0,07731 
Of all 

patients 

 with Contra: Noradrenaline 

Conform  MOST  have Contra: Ratio Not conform 1 0,07731 
Of all 

patients 

 with Contra: Noradrenaline 

Conform  MOST  have Extubation: Blood PCO2 Conform 1 0,07731 
Of all 

patients 

 with Contra: Noradrenaline 

Conform  MOST 

 have Extubation: Blood PH Conform 

Protocol 1 0,07731 
Of all 

patients 

 with Contra: Noradrenaline 

Conform  FEW 

 have Extubation: Blood PH Not conform: 

High 1 0,07731 
Of all 

patients 

 with Contra: Noradrenaline 

Conform  FEW 

 have Extubation: Blood PH Not conform: 

Low 1 0,07731 
Of all 

patients 

 with Contra: Noradrenaline 

Conform  FEW 

 have Extubation: Blood PO2 Not 

conform 1 0,07731 
Of all 

patients 

 with Contra: Noradrenaline 

Conform  MOST  have Extubation: FiO2 Conform 1 0,07731 
Of all 

patients 

 with Contra: Noradrenaline 

Conform  FEW  have Extubation: FiO2 Not conform 1 0,07731 
Of all 

patients 

 with Contra: Noradrenaline 

Conform 

 AT LEAST 

HALF  have Extubation: GCS Not conform 1 0,07731 
Of all 

patients 

 with Contra: Noradrenaline 

Conform  FEW  have Extubation: Noradrenaline Conform 1 0,07731 
Of all 

patients 

 with Contra: Noradrenaline 

Conform  FEW  have Extubation: PEEP Conform 1 0,07731 
Of all 
patients 

 with Contra: Noradrenaline 
Conform  FEW  have Extubation: PEEP Not conform 1 0,07731 

Of all 
patients 

 with Contra: Noradrenaline 
Conform  MOST  have Midazolam No 1 0,07731 

Of all 
patients 

 with Contra: Noradrenaline 
Conform  FEW  have Midazolam Yes 1 0,07731 

Of all 
patients 

 with Contra: Noradrenaline 
Conform  FEW  have Process: Process time Long 1 0,07731 
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Of all 
patients 

 with Contra: Noradrenaline 
Conform  FEW  have Process: Total time Long 1 0,07731 

Of all 
patients 

 with Contra: Noradrenaline 
Conform  FEW  have Process: Total time Normal 1 0,07731 

Of all 
patients 

 with Contra: Noradrenaline 
Conform  MOST  have Process: Total time Short 1 0,07731 

Of all 
patients 

 with Contra: Noradrenaline 
Conform  MOST  have Propofol No 1 0,07731 

      

Characteristics: Age old         

Of all 
patients  with Age Old  FEW  have Process: Total time Long 1 0,80085 

Of all 
patients  with Age Old 

 AT LEAST 
HALF  have Process: Process time Short 1 0,80085 

Of all 
patients  with Age Old 

 AT LEAST 
HALF  have Process: Process time Normal 1 0,80085 

Of all 
patients  with Age Old  FEW  have Process: Process time Long 1 0,80085 

Of all 
patients  with Age Old  FEW  have Contra: GCS Conform 1 0,80085 

Of all 
patients  with Age Old  MOST  have Contra: GCS Not conform 1 0,80085 

Of all 
patients  with Age Old  FEW  have Contra: Ratio Conform 1 0,80085 

Of all 
patients  with Age Old  MOST  have Contra: Ratio Not conform 1 0,80085 
Of all 

patients  with Age Old  FEW  have Contra: PEEP Not conform 1 0,80085 
Of all 

patients  with Age Old  MOST  have Contra: FiO2 Conform 1 0,80085 
Of all 

patients  with Age Old  FEW  have Contra: FiO2 Not conform 1 0,80085 
Of all 

patients  with Age Old  FEW  have Contra: Noradrenaline Conform 1 0,80085 
Of all 

patients  with Age Old  FEW  have Contra: Noradrenaline Not conform 1 0,80085 
Of all 

patients  with Age Old  FEW 

 have Extubation: Blood PH Not conform: 

Low 1 0,80085 
Of all 

patients  with Age Old  MOST 

 have Extubation: Blood PH Conform 

Protocol 1 0,80085 
Of all 

patients  with Age Old  FEW 

 have Extubation: Blood PH Not conform: 

High 1 0,80085 
Of all 

patients  with Age Old  MOST  have Extubation: Blood PCO2 Conform 1 0,80085 
Of all 

patients  with Age Old 

 AT LEAST 

HALF  have Extubation: Blood PO2 Conform 1 0,80085 
Of all 

patients  with Age Old  FEW 

 have Extubation: Blood PO2 Not 

conform 1 0,80085 
Of all 

patients  with Age Old  MOST  have Extubation: FiO2 Conform 1 0,80085 
Of all 

patients  with Age Old  FEW  have Extubation: FiO2 Not conform 1 0,80085 
Of all 

patients  with Age Old 

 AT LEAST 

HALF  have Extubation: GCS Not conform 1 0,80085 
Of all 

patients  with Age Old  FEW  have Extubation: PEEP Not conform 1 0,80085 
Of all 

patients  with Age Old  FEW  have Extubation: Noradrenaline Conform 1 0,80085 
Of all 
patients  with Age Old  MOST  have Midazolam No 1 0,80085 

Of all 
patients  with Age Old  MOST  have Propofol No 1 0,80085 

      

Characteristic: Age Medium         
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Of all 
patients  with Age Medium  FEW  have Process: Total time Long 1 0,80085 

Of all 
patients  with Age Medium 

 AT LEAST 
HALF  have Process: Process time Short 1 0,80085 

Of all 
patients  with Age Medium 

 AT LEAST 
HALF  have Process: Process time Normal 1 0,80085 

Of all 
patients  with Age Medium  FEW  have Process: Process time Long 1 0,80085 

Of all 
patients  with Age Medium  FEW  have Contra: GCS Conform 1 0,80085 

Of all 
patients  with Age Medium  MOST  have Contra: GCS Not conform 1 0,80085 

Of all 
patients  with Age Medium  FEW  have Contra: Ratio Conform 1 0,80085 

Of all 
patients  with Age Medium  MOST  have Contra: Ratio Not conform 1 0,80085 

Of all 
patients  with Age Medium  FEW  have Contra: PEEP Not conform 1 0,80085 

Of all 
patients  with Age Medium  MOST  have Contra: FiO2 Conform 1 0,80085 

Of all 
patients  with Age Medium  FEW  have Contra: FiO2 Not conform 1 0,80085 

Of all 
patients  with Age Medium  FEW  have Contra: Noradrenaline Conform 1 0,80085 

Of all 
patients  with Age Medium  FEW  have Contra: Noradrenaline Not conform 1 0,80085 

Of all 
patients  with Age Medium  FEW 

 have Extubation: Blood PH Not conform: 
Low 1 0,80085 

Of all 
patients  with Age Medium  MOST 

 have Extubation: Blood PH Conform 
Protocol 1 0,80085 

Of all 
patients  with Age Medium  FEW 

 have Extubation: Blood PH Not conform: 
High 1 0,80085 

Of all 
patients  with Age Medium  MOST  have Extubation: Blood PCO2 Conform 1 0,80085 

Of all 
patients  with Age Medium 

 AT LEAST 
HALF  have Extubation: Blood PO2 Conform 1 0,80085 

Of all 

patients  with Age Medium  FEW 

 have Extubation: Blood PO2 Not 

conform 1 0,80085 
Of all 

patients  with Age Medium  MOST  have Extubation: FiO2 Conform 1 0,80085 
Of all 

patients  with Age Medium  FEW  have Extubation: FiO2 Not conform 1 0,80085 
Of all 

patients  with Age Medium 

 AT LEAST 

HALF  have Extubation: GCS Not conform 1 0,80085 
Of all 

patients  with Age Medium  FEW  have Extubation: PEEP Not conform 1 0,80085 
Of all 

patients  with Age Medium  FEW  have Extubation: Noradrenaline Conform 1 0,80085 
Of all 

patients  with Age Medium  MOST  have Midazolam No 1 0,80085 
Of all 

patients  with Age Medium  MOST  have Propofol No 1 0,80085 

      

Characteristic: Age Young         
Of all 

patients  with Age Young  FEW  have Process: Total time Long 1 0,061752 
Of all 

patients  with Age Young 

 AT LEAST 

HALF  have Process: Process time Short 1 0,061752 
Of all 
patients  with Age Young  FEW  have Process: Process time Long 1 0,061752 

Of all 
patients  with Age Young  MOST  have Contra: GCS Not conform 1 0,061752 

Of all 
patients  with Age Young  FEW  have Contra: Ratio Conform 1 0,061752 

Of all 
patients  with Age Young  MOST  have Contra: Ratio Not conform 1 0,061752 
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Of all 
patients  with Age Young 

 AT LEAST 
HALF  have Contra: PEEP Conform 1 0,061752 

Of all 
patients  with Age Young  FEW  have Contra: PEEP Not conform 1 0,061752 

Of all 
patients  with Age Young  MOST  have Contra: FiO2 Conform 1 0,061752 

Of all 
patients  with Age Young  FEW  have Contra: FiO2 Not conform 1 0,061752 

Of all 
patients  with Age Young  FEW  have Contra: Noradrenaline Conform 1 0,061752 

Of all 
patients  with Age Young  MOST 

 have Extubation: Blood PH Conform 
Protocol 1 0,061752 

Of all 
patients  with Age Young  FEW 

 have Extubation: Blood PH Not conform: 
High 1 0,061752 

Of all 
patients  with Age Young  MOST  have Extubation: Blood PCO2 Conform 1 0,061752 

Of all 
patients  with Age Young 

 AT LEAST 
HALF  have Extubation: Blood PO2 Conform 1 0,061752 

Of all 
patients  with Age Young  FEW  have Extubation: FiO2 Not conform 1 0,061752 

Of all 
patients  with Age Young 

 AT LEAST 
HALF  have Extubation: GCS Conform 1 0,061752 

Of all 
patients  with Age Young  FEW  have Extubation: PEEP Not conform 1 0,061752 

Of all 
patients  with Age Young  FEW  have Extubation: Noradrenaline Conform 1 0,061752 

Of all 
patients  with Age Young  FEW 

 have Extubation: Noradrenaline Not 
conform 1 0,061752 

Of all 
patients  with Age Young  MOST  have Propofol No 1 0,061752 

      

      

Of all 

patients  with BMI Healthy  MOST  have Contra: GCS Not conform 1 0,285682 
Of all 

patients  with BMI Healthy  MOST  have Contra: Ratio Not conform 1 0,285682 
Of all 

patients  with BMI Healthy  MOST  have Contra: FiO2 Conform 1 0,285682 
Of all 

patients  with BMI Healthy  MOST 

 have Extubation: Blood PH Conform 

Protocol 1 0,285682 
Of all 

patients  with BMI Healthy  MOST  have Extubation: Blood PCO2 Conform 1 0,285682 
Of all 

patients  with BMI Healthy  MOST  have Extubation: FiO2 Conform 1 0,285682 
Of all 

patients  with BMI Healthy  MOST  have Midazolam No 1 0,285682 
Of all 

patients  with BMI Healthy  MOST  have Propofol No 1 0,285682 
Of all 

patients  with BMI Healthy  MOST  have Age Medium 1 0,285682 
Of all 

patients  with BMI Healthy  MOST  have Age Old 1 0,285682 

      

      

Of all 
patients  with BMI Low  MOST  have Age Young 1 0,05177 

Of all 
patients  with BMI Low  MOST  have Contra: FiO2 Conform 1 0,05177 

Of all 
patients  with BMI Low  FEW  have Contra: FiO2 Not conform 1 0,05177 

Of all 
patients  with BMI Low  MOST  have Contra: GCS Not conform 1 0,05177 

Of all 
patients  with BMI Low  FEW  have Contra: Noradrenaline Conform 1 0,05177 



TT 
 

Of all 
patients  with BMI Low 

 AT LEAST 
HALF  have Contra: PEEP Conform 1 0,05177 

Of all 
patients  with BMI Low  FEW  have Contra: PEEP Not conform 1 0,05177 

Of all 
patients  with BMI Low  FEW  have Contra: Ratio Conform 1 0,05177 

Of all 
patients  with BMI Low  MOST  have Contra: Ratio Not conform 1 0,05177 

Of all 
patients  with BMI Low  MOST  have Extubation: Blood PCO2 Conform 1 0,05177 

Of all 
patients  with BMI Low  MOST 

 have Extubation: Blood PH Conform 
Protocol 1 0,05177 

Of all 
patients  with BMI Low  FEW 

 have Extubation: Blood PH Not conform: 
High 1 0,05177 

Of all 
patients  with BMI Low 

 AT LEAST 
HALF  have Extubation: Blood PO2 Conform 1 0,05177 

Of all 
patients  with BMI Low  FEW  have Extubation: FiO2 Not conform 1 0,05177 

Of all 
patients  with BMI Low 

 AT LEAST 
HALF  have Extubation: GCS Conform 1 0,05177 

Of all 
patients  with BMI Low  FEW  have Extubation: Noradrenaline Conform 1 0,05177 

Of all 
patients  with BMI Low  FEW 

 have Extubation: Noradrenaline Not 
conform 1 0,05177 

Of all 
patients  with BMI Low  FEW  have Extubation: PEEP Not conform 1 0,05177 

Of all 
patients  with BMI Low 

 AT LEAST 
HALF  have Gender Male 1 0,05177 

Of all 
patients  with BMI Low  FEW  have Process: Process time Long 1 0,05177 

Of all 
patients  with BMI Low  FEW  have Process: Total time Long 1 0,05177 

Of all 
patients  with BMI Low  MOST  have Propofol No 1 0,05177 

Of all 
patients  with BMI Low  FEW  have Propofol Yes 1 0,05177 

      

      

Of all 

patients  with Gender Female  FEW  have Process: Total time Long 1 0,306726 
Of all 

patients  with Gender Female 

 AT LEAST 

HALF  have Process: Process time Short 1 0,306726 
Of all 

patients  with Gender Female 

 AT LEAST 

HALF  have Process: Process time Normal 1 0,306726 
Of all 

patients  with Gender Female  FEW  have Process: Process time Long 1 0,306726 
Of all 

patients  with Gender Female  FEW  have Contra: GCS Conform 1 0,306726 
Of all 

patients  with Gender Female  MOST  have Contra: GCS Not conform 1 0,306726 
Of all 

patients  with Gender Female  FEW  have Contra: Ratio Conform 1 0,306726 
Of all 

patients  with Gender Female  MOST  have Contra: Ratio Not conform 1 0,306726 
Of all 

patients  with Gender Female  FEW  have Contra: PEEP Not conform 1 0,306726 
Of all 

patients  with Gender Female  MOST  have Contra: FiO2 Conform 1 0,306726 
Of all 
patients  with Gender Female  FEW  have Contra: FiO2 Not conform 1 0,306726 

Of all 
patients  with Gender Female  FEW  have Contra: Noradrenaline Conform 1 0,306726 

Of all 
patients  with Gender Female  FEW  have Contra: Noradrenaline Not conform 1 0,306726 

Of all 
patients  with Gender Female  MOST 

 have Extubation: Blood PH Conform 
Protocol 1 0,306726 
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Of all 
patients  with Gender Female  FEW 

 have Extubation: Blood PH Not conform: 
High 1 0,306726 

Of all 
patients  with Gender Female  MOST  have Extubation: Blood PCO2 Conform 1 0,306726 

Of all 
patients  with Gender Female 

 AT LEAST 
HALF  have Extubation: Blood PO2 Conform 1 0,306726 

Of all 
patients  with Gender Female  FEW 

 have Extubation: Blood PO2 Not 
conform 1 0,306726 

Of all 
patients  with Gender Female  MOST  have Extubation: FiO2 Conform 1 0,306726 

Of all 
patients  with Gender Female  FEW  have Extubation: FiO2 Not conform 1 0,306726 

Of all 
patients  with Gender Female 

 AT LEAST 
HALF  have Extubation: GCS Not conform 1 0,306726 

Of all 
patients  with Gender Female  FEW  have Extubation: PEEP Not conform 1 0,306726 

Of all 
patients  with Gender Female  FEW  have Extubation: Noradrenaline Conform 1 0,306726 

Of all 
patients  with Gender Female  FEW 

 have Extubation: Noradrenaline Not 
conform 1 0,306726 

Of all 
patients  with Gender Female  MOST  have Midazolam No 1 0,306726 

Of all 
patients  with Gender Female  FEW  have Propofol Yes 1 0,306726 

Of all 
patients  with Gender Female  MOST  have Propofol No 1 0,306726 

Of all 
patients  with Gender Female  FEW  have Age Young 1 0,306726 

Of all 
patients  with Gender Female  FEW  have BMI Low 1 0,306726 

      

      

Of all 

patients  with Gender Male  FEW  have Process: Total time Long 1 0,693274 
Of all 

patients  with Gender Male 

 AT LEAST 

HALF  have Process: Process time Short 1 0,693274 
Of all 

patients  with Gender Male  FEW  have Process: Process time Long 1 0,693274 
Of all 

patients  with Gender Male  FEW  have Contra: GCS Conform 1 0,693274 
Of all 

patients  with Gender Male  MOST  have Contra: GCS Not conform 1 0,693274 
Of all 

patients  with Gender Male  FEW  have Contra: Ratio Conform 1 0,693274 
Of all 

patients  with Gender Male  MOST  have Contra: Ratio Not conform 1 0,693274 
Of all 

patients  with Gender Male  FEW  have Contra: PEEP Not conform 1 0,693274 
Of all 

patients  with Gender Male  MOST  have Contra: FiO2 Conform 1 0,693274 
Of all 

patients  with Gender Male  FEW  have Contra: FiO2 Not conform 1 0,693274 
Of all 

patients  with Gender Male  FEW  have Contra: Noradrenaline Conform 1 0,693274 
Of all 

patients  with Gender Male  FEW  have Contra: Noradrenaline Not conform 1 0,693274 
Of all 

patients  with Gender Male  FEW 

 have Extubation: Blood PH Not conform: 

Low 1 0,693274 
Of all 
patients  with Gender Male  MOST 

 have Extubation: Blood PH Conform 
Protocol 1 0,693274 

Of all 
patients  with Gender Male  FEW 

 have Extubation: Blood PH Not conform: 
High 1 0,693274 

Of all 
patients  with Gender Male  MOST  have Extubation: Blood PCO2 Conform 1 0,693274 

Of all 
patients  with Gender Male 

 AT LEAST 
HALF  have Extubation: Blood PO2 Conform 1 0,693274 
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Of all 
patients  with Gender Male  MOST  have Extubation: FiO2 Conform 1 0,693274 

Of all 
patients  with Gender Male  FEW  have Extubation: FiO2 Not conform 1 0,693274 

Of all 
patients  with Gender Male 

 AT LEAST 
HALF  have Extubation: GCS Not conform 1 0,693274 

Of all 
patients  with Gender Male  FEW  have Extubation: PEEP Not conform 1 0,693274 

Of all 
patients  with Gender Male  FEW  have Extubation: Noradrenaline Conform 1 0,693274 

Of all 
patients  with Gender Male  FEW 

 have Extubation: Noradrenaline Not 
conform 1 0,693274 

Of all 
patients  with Gender Male  MOST  have Midazolam No 1 0,693274 

Of all 
patients  with Gender Male  MOST  have Propofol No 1 0,693274 

Of all 
patients  with Gender Male  FEW  have Age Young 1 0,693274 

Of all 
patients  with Gender Male  MOST  have Age Medium 1 0,693274 

Of all 
patients  with Gender Male  MOST  have Age Old 1 0,693274 

Of all 
patients  with Gender Male  FEW  have BMI Low 1 0,693274 

 

 


