@ NTNU

Norwegian University of
Science and Technology

Patient friendly Presentation of
Electronic Patient Records

Kjetil Stallemo

Master of Science in Computer Science
Submission date: June 2008
Supervisor: Herindrasana Ramampiaro, IDI

Norwegian University of Science and Technology
Department of Computer and Information Science






Problem Description

A prototype where medical terms in electronic patient records are automatically linked to
accompanying explanations has been developed. The main goal of this system is to give the patient
a better understanding of their health situation and treatment.

The work to be carried out with this thesis is a continuation of the specialization project executed
fall 2007 where the main goal is to find out the effects of extension of vocabularies, improvements
of algorithms, services in the system, and the user interface on the system quality, seen from both
the health personnel and the patients. Implementation, testing, and evaluation of these
improvements are also a part of the thesis.
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Abstract

Reading an electronic patient record (EPR) is a very challenging task because of the medical jargons,
which are almost impossible to understand for the layman. This becomes a highly relevant challenge
because of the more extensive use of the internet to get medical information. Also the Norwegian
laws state that the patient has the right to read his or her own EPR. A master thesis executed in 2006,
and a specialization project in 2007 addressed this subject and developed a prototype for adapting
EPRs to a patient presentation.

This thesis continues this work and aims to extend the system with more functionality and improve
the translation of the EPRs. The main issues discussed in the thesis are how disambiguating between
Norwegian words and medical terms, provide summaries of EPRs, and supply the patient with
external information about his or her health condition. In addition the refined user interface from the
specialization project was implemented.

The conclusion of this thesis is that the Support Vector Machine classifier with character bigrams
provides good and accurate disambiguation between Norwegian words and medical terms. The
external information functionality provides correct and quality assured information from the patient
hand book. There are still some issues, and possible improvements on providing only precise and
relevant articles. Summarizing of EPRs is achieved through named entity extraction of ICD codes, and
then presenting the codes together with their corresponding descriptions. This implementation
seems to be accurate, correct, and precise.
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Preface

This thesis is written as a part of a master’s degree taking place in the spring 2008 at the Department
of Computer and Information Science, Norwegian University of Science and Technology in
Trondheim, Norway. The main issue is to study an existing prototype of a patient friendly EPR
system, expand, and improve this system. The thesis also includes a Specialization project executed
the autumn 2007.

Thanks are given to the teaching supervisor Herindrasana Ramampiaro for his support and feedback
during this project. In addition, feedback and information from Ilangko Balasingham, Nurse Karl @yri,
and Laura Slaughter at the Interventional Centre has been of invaluable utility. Also thanks are given
to the text laboratory at the University of Oslo for providing a text corpus with Norwegian fiction
literature that was used to train the text classifiers.
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Thesis Context

1 Partintroduction

This chapter gives a summary of the purpose and scope of the thesis directive, and an overview of
the different chapters.

1.1 Purpose

The purpose of this part is to give guidelines describing how the thesis should be executed. These
guidelines will serve as a roadmap during the research, discussion, and evaluation.

1.2 Scope

The chapters in this part give the foundation for the thesis, like motivation, thesis context, problem
definition, and outline for the report. The section also describes the scope of the thesis and what the
focus of the thesis will be. This part will not present results of the work, only what is to be done along
the way, and what kind of methods and processes are to be used.

1.3 Overview

This part of the thesis consists of the following chapters:

e Introduction: Describes the background, motivation, problem definition and context for the
thesis.

e Research methods: Introduces and explains the research and study methods to use during
the project work.

e Summary: Summarizes the thesis directive.
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2 Introduction

This chapter will present the thesis and the context. The chapter describes the background of the
thesis and the research surrounding it. The motivation for the work is also presented along with a
definition of the problem, which aims to state clear and unambiguous research questions that should
be answered during the work.

2.1 Background

When a patient is treated in a Norwegian hospital the patient health, treatment, and medication is
stored in an Electronic Patient Record (EPR). According to the Norwegian law the patient has a
fundamental right to inspect and get explanation about his or her own patient record [1]. In addition
research has shown that a considerable part of patients are interested in reading his or her own
patient record [2]. In this occasion a project group was assembled at the Interventional Centre at
Rikshospitalet HF (RHF) to develop a web portal which offers heath information to patients [3]. One
of the functions in this portal is to give the patient a full overview of his own EPR with explanations of
the medical terms

Elena Ivanova’s master thesis [3] was a part of this project, and a prototype was developed for
presenting EPRs in a patient friendly environment. The prototype implements the Norwegian
electronic medical handbook (NEL) as the main source for explanations to different medical terms.
The prototype was tested with patient data producing varying results. During the following year
Vegard Nossum worked at RHF developing a new architecture focusing on integration with the
hospital EPR system, security, flexibility, and scalability. This system is described in [4].

During the fall semester 2007 a pre-study to this master thesis was executed, with the main goal to
look at possible extensions and improvements to the system [5]. Some of the main issues discussed
here are presented below.

“This project aims to study different alternatives and options in this area, while the master thesis will
continue this study, put some of these into life, evaluate, and suggest changes. The improvements on
the information retrieval process have to be tested mainly against the precision concept. We know
that the extensions will give more hits in the vocabularies, but the main issue is whether the
descriptions are correct and accurate.

The vocabularies in this study would provide a valuable contribution to the system, and should be
tested as an extension. The collocation and misspelling algorithm are also important aspects that will
improve the system. The misspelling has to be considered against the risk for erroneous information.

The design and functionality is mainly developed as different suggestion that is meant to be
compared further in the master thesis. The summary function is an important functionality that could

3
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have different area of application, like patients that want to keep track of their health history and
usage to PHRs. When extending with extra information the patient handbook seems to be the best
alternative, but this area needs further study.”

Issues from the project that are relevant to address in this master thesis are presented below.

e Searching techniques to get high precision on the retrieved articles
e Decide explicit design alternatives to compare and evaluate

e Evaluate the precision of the new information retrieval process

e Evaluate the summary function

e Evaluate the usability of the additional information

e Evaluate the result of extending the vocabulary

2.2 Motivation

The main motivation for this thesis can be derived from the results in the pre-study mentioned
above. This study has shown that the system can be improved in many different areas. The system,
as it is today, has never been tested with patients and has several weaknesses. Examples of this are
the user interface, too small vocabulary, and problems separating Norwegian words and medical
terms. These aspects together with other challenges like the fact that physicians and nurses use a
combination of Norwegian, oral language, and medical terms, make the area challenging [6]. Medical
terms are often mixes of Latin, Greek and Norwegian, making them highly complex to handle. There
is a huge challenge with separating Norwegian words and medical terms, and therefore term
disambiguation is a highly important task. The huge gap between the consumer’s and professionals’
language is an important obstacle for effective communication. This type of communication is very
important since there is an increase in patients’ interest in searching and reading health information
on their own [2, 7].

All these challenges and needs, together with the fact that this system has a highly diverse user
group, motivate to further work and research in this area.

2.3 Thesis context

The thesis is carried out as part of a master degree within the area of computer science at The
Norwegian University of Science and Technology (NTNU). The subject TDT4900 Computer and
Information Science is the context for this thesis. The assignment is given in corporation with the
Interventional Centre at RHF and continues earlier work described in Section 2.1.

2.4 Problem definition

The problem definition is partly based upon the pre-study executed the fall 2007. Some of the same
guestions will be discussed further, while new aspects will be addressed. The disambiguation of word
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senses, whether they are Norwegian or medical terms, is an important challenge with the existing
system and will therefore be the main topic in this thesis.

A prototype where medical terms in electronic patient records are
automatically linked to accompanying explanations has been
developed. The main goal of this system is to give the patient a
better understanding of their health situation and treatment.

The work to be carried out with this thesis is a continuation of the
specialization project executed fall 2007 where the main goal is to
find out the effects of extension of vocabularies, improvements of
algorithms, services in the system, and the user interface on the
system quality, seen from both the health personnel and the
patients. Implementation, testing, and evaluation of these

improvements are also a part of the thesis.

The text above presents an English version of the thesis description. The main goals are presented
here and it states a superior problem definition. To specify the definition with higher details there
are developed some research questions (RQ) that will be answered during this thesis.

RQ1 Is it possible to integrate external information sources into the EPR to provide secure, precise,
and correct dynamic information to the patient?

RQ2 Will extension of the information retrieval (IR) process, such as collocation, text mining, and
spell suggestion give significant improvements to the system?
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3 Research methods

This chapter presents the research methods and strategy used in this thesis to produce, and evaluate
the results.

3.1 Methodology

The methodology used in this project will build on the method used in the pre-study, which involve
using an agile and iterative method. The report writing, literature study, and implementation will be
carried out iterative, ensuring that there will be a result of the work. After finishing the literature
study and implementation of the prototype, the outcome will be evaluated through statistics and
gualitative examples.

The study has to be divided into two parts, one focusing on the functionality of the system, and
another part focusing on the IR process. The functionality will be evaluated by studying the outcome
in testing, aiming at using case studies as the main method. Because of the lacking possibilities to
test in large scale with patients, the study will be mainly qualitative based on fictive examples. A
qualitative study collect data like observations, interviews, images, and analyzes it with methods
without precise measurement [8]. In this thesis the functionality will be evaluated through
observations of the system usage in some examples.

The IR process will be evaluated against regular evaluation criteria for IR and text mining like recall,
precision, accuracy, true positive rate, false positive rate, and so on. This type of research is a
guantitative experiment in a controlled setting where variables can be changed to produce the
results [9]. The research will evaluate whether the improvements contributes with significant
improvements to the system.

3.2 Research Strategy

The thesis research strategy will be based on the research questions stated in Section 2.4, whereas
the result of the study will be a prototype and results from text mining experiments, validated by
evaluation of these. The evaluation will be done in two parts, namely experiment and case studies
based on examples [10].
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Figure 1 Research Strategy

Figure 1 describes the strategy as iterations between literature study and implementation of the
prototype. When this phase is completed an evaluation of the system will take place as described
above.

3.3 Challenges and obstacles

Working with this thesis one of the main challenges is getting access to data, and using real users as
test persons. There are strict rules and constrictions regarding EPR’s, and accomplishing case studies
with patients. Because of this, some of the study has to be accomplished without user groups
available, or with the required amount of data. If text mining is to be tested in large scale, access to a
larger amount of EPR’s is needed.

7
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4 Summary

According to Norwegian laws the patient has a fundamental right to view his or her own EPR. In
addition patients have a high interest in viewing own medical data, and the use of internet as a
source for medical information is more available than before. The work already finished is not
complete, and there are more issues like word sense disambiguation, extended functionality and so
on to address.

The research will be based on quantitative evaluation of IR measures like precision and recall. While
some of the functionality is evaluated and validated by qualitative examples of usage.
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1 PartIntroduction

This chapter gives a summary of the purpose and scope in this part, and an overview of the different
chapters.

1.1 Purpose

This part is a study of the subject area, and serves as a presentation of the existing prototype,
research in the area, and different techniques and theory that are relevant to the study. Further the
state of the art will be analyzed according to this thesis.

1.2 Scope

The chapters in this part will describe the work already done in this area. They will address the
existing system, research done in this area which looks at possible IR techniques and functionality in
a patient friendly EPR system, and other relevant areas in this thesis. Also theory relevant the
different subject areas are presented.

1.3 Overview

This part of the thesis consists of the following chapters:

e Theory about IR techniques: Theory that provides background information for the different
IR approaches.

e State of the art: Presents the existing system and other relevant systems.
e Summary: Summarizes this part.
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2 Theory about IR techniques

The IR techniques are important parts of getting a good result when searching in text documents, for
example EPRs. The pre-study [5] shows that there are several challenges in this area that could be
addressed and tested further.

2.1 Collocation

When two or more terms together form an expression it is normal to call it a collocation. There are
different ways to detect and index collocated terms like counting the number of times the expression
occurs, or using statistical methods [11]. When searching for collocated terms in an EPR system we
already have the expressions in the vocabulary so that detection of collocations are unnecessary [5].
As mentioned there are different types of techniques to detect collocated terms. Frequency
counting, hypothesis testing with t-test, Pearson’s chi-square test, or likelihood ratios, or mutual
information are all techniques that are discussed [11]. Since detecting collocations are irrelevant for
this thesis the techniques mentioned above will not be discussed further in this Section.

Collocated terms are defined by Choueka (1988) as “a sequence of two or more consecutive words,
that has characteristics of a syntactic and semantic unit, and whose exact and unambiguous meaning
or connotation cannot be derived directly from the meaning or connotation of its components” [11].
Collocated terms can also, in some cases, be words that are not adjacent to each other [11]. There
are some typical criteria constituting collocated terms, these are described below.

Non-compositionality, the meaning of the collocation is not straight forward the meaning of the
different words. Examples of this are “strong tea” and “to make up”, which are collocations that not
use the meaning of the different words straight forward.

Non-substitutability, describes that it is not possible to change the words in a collocation, even if
they have the same meaning.

Non-modifiability, means that a collocation cannot be modified with lexical material or with
grammatical transformations [11].

If the focus is shifted towards medical terms the collocations are terms that have a special meaning
when they are placed together. An example of this is the term “dura mater” which refers to the
outermost and thickest brain spinal marrow membrane, while dura means hard, and mater means
membrane or mother. This collocation fulfills the criteria mentioned above, namely non-
compositionality, non-substitutability, and non-modifiability.

11
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2.2 Spell suggestion

When physicians or their assistants type EPRs with spelling errors, it can cause problems for our
translation of words and terms. One of the most common errors is the difference between
Norwegian, Latin, and Greek. The medical terms in Latin and Greek are norwegianized. An example
of this is the word appendix which in Norwegian-Latin is spelled appendiks. This challenge was
addressed in [3] and is not a subject in this thesis.

Spelling errors caused by other factors are addressed in this section. To detect these it is possible to
use Levenshtein (edit) distance. This distance is the minimum number of operations to transform one
string into another. The spell suggestion module could suggest the term in the index with the lowest
distance as the translation.

2.3 Text mining

Text mining is a technique for extracting information and knowledge from unstructured text
documents [12]. There are many interesting applications in this area that are possible to use in
adaptation of EPRs. One important sub area of text mining is text categorization which is used to
label documents in different categories [13]. Another application is to extract information like key
phrases and relationships within the text [14].

2.3.1 Text categorization

Text categorization is the activity of assigning different categories to documents [14]. There are
different techniques to achieve this, namely Knowledge engineering (KE) or Machine Learning (ML).
The former one was until the late 80s the most used approach while in the last years ML has taken
this role [13].

KE uses manually defined rules to categorize the documents while ML uses a set of training
documents to learn how to classify documents. The expertise needed with the latter approach is
insignificant while you get approximately the same accuracy as KE [13]. But to use this technique
there has to be a training set of documents available. Text classification can be used in many
different domains and situations, some of them are presented below [13].

e Document organization
Grouping documents into different categories, for example classifying ads in a newspaper.
o Text filtering
Deal with the activity of categorization an incoming stream of documents.
e Word Sense disambiguation.
Treat disambiguation of the word sense in different contexts.
e Hierarchical Categorization of web pages
Deal with the classifying of different web sites into hierarchical categories.
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Classifying documents can be achieved with many different constraints depending on the application.
The documents can either be assigned to only one category, called single label categorization, or
documents can be assigned to different and overlapping categories, called multi-label categorization.
The categorization can be accomplished through ranking or with a hard decision. The latter describes
a method which decides whether a document belongs to a certain category, while the former ranks
different categories according to the likelihood of the document belonging to that category [13].

ML is an interesting way of implementing text categorization because there is no need for domain
experts and the accuracy is fairly high. There are different approaches and algorithms to use during
the text categorization, some of them are described below. There are some important aspects that
separate this work from ordinary text categorization. In this thesis word sense disambiguation is an
interesting field because this is a challenge in the existing system.

In the following sections some relevant classifiers are presented. The classifiers are taken from
different groups, namely probabilistic, decision trees, and support vector machines which are a
combination of linear models and instance based learning [15].

Naive Bayes

According to Witten and Frank this is one of the most used algorithms used for text classifying,
mainly because of its speed and accuracy [15]. The algorithm is used in many applications and is fairly
easy to implement, but there are some limitations. The algorithm’s main weakness is that it assumes
that all the attributes, and document lengths are independent [16]. There are several variants of this
algorithm, and some of the most used are multinomial naive bayes which accommodates word
frequencies [16], and complement naive bayes which takes skewed data into account [17].

Naive Bayes is a probabilistic classifier that assumes that all attributes are independent. It combines
the rules of statistical independence and bayes rule. The main thought behind the algorithm is to
compute the likelihood that a document or word vector belongs to a class.

A and B independent &

(P(AIB) = P(A)) A (P(B|A) = P(B)) =
P(ANAB)
P(B)
P(AAB) = P(A)P(B)

P(A|B) = = P(4) =

The deduction above shows that if the variables are independent it is possible to calculate the
probability for all the variables by multiplying them. If we know the probabilities of each attribute for
a category, and assume the attributes are independent, then it is possible to compute the probability
that given attributes belongs in given category. Bayes rule is presented in the formula below.
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P(B|A)P(A)

PUAIB) = ==

This formula, together with the assumption that the attributes are independent, gives the possibility
to calculate whether a vector A belongs in category B [18].

Decision trees

Decision trees are another type of classifiers that are used in text categorization, and represents a
rule based approach [19]. The C4.5 is a popular decision tree algorithm and is often called top-down
induction of decision trees [15]. There are two main approaches for deciding which attribute to split
on, namely information gain and gain ratio. The goal is to get as small trees as possible, and therefore
get nodes that are as pure as possible.

Information gain measure the purity of the daughter nodes, and the information gain by the split.
Continuing this until the leaf nodes are pure, which means that they only contain instances that have
the same classification, is the ideal approach. If it is not possible to get pure leaf nodes, the process
terminates when splitting is no longer possible [15]. Information gain has the weakness of often
choosing the attributes with the largest number of values. This kind of branching is not suitable for
classifying unknown instances, and does not present the decision structure in a good way. An
alternative to this is to use gain ratio which divides the information gain on the information value of
the attribute. This ensures that attributes that have a large number of possible values is not chosen
as the root attribute [15].

The C4.5 has gotten a number of improvements, like the possibility to handle numeric attributes,
dealing with noisy data, and missing values.

..l’-)
=)

norwegian

norwegian medical

Figure 2 Example of a decision tree
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Figure 2 shows an example of a decision tree classifying words with character bigrams, see Section
2.3.2. If the bigram en has a score higher than zero the word is classified as Norwegian, if not it looks
at the bigram ka, and classifies to either a Norwegian word or a medical term.

SVM

Support Vector Machines (SVM) is an extension of linear models [15], and is a commonly used
classifier in text categorization [16] [20]. SVMs are suitable as text classifier because of its high
dimensionality input space, ability to handle datasets with few irrelevant features, and sparse
document vectors. In addition most text classifying problems are linear separable [20].

Linear models biggest disadvantage is that they only can represent linear boundaries between
different classes. SVMs solves this problem by using a nonlinear mapping, which transforms existing
space into a new linear space [15]. A special linear model called the maximum margin hyper plane,
presented as an example in Figure 3, gives the maximal separation of the classes.

Figure 3 A maximum margin hyper plane

The line represents the maximum margin hyper plane which divides the two classes’ outer lines. The
dots marked with double circle represent the support vectors, in other words the instances that are
closest to the maximum margin hyper plane [15].

There are different kernels that can be used to compute SVM, and some of the most suggested are
radial basis function (RBF) kernel, and the sigmoid kernel. The results depend on the application and
data, but it is important to note that there are seldom large differences in practice [15]. RBF is in
many cases a good starting point [21].
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2.3.2 Text preprocessing

Before applying text mining there are a lot of different approaches to preprocess the data to get
better results. Stemming is an example of this, already used in the existing system [3, 13]. Other
techniques that are relevant are weighting of terms with frequency, or expanded with idf score
described in Section 2.3.4. Alternative to stemming is character n-gram tokenization which is
language independent [22]. N-grams can consist of n subsequent words, or n subsequent characters.
Character n-grams are substrings of words with length n.

To use text mining on strings it has to be preprocessed to a vector [15]. In our case the only medical
data available are the medical vocabularies with terms, and no sentences with context. If the
classifier were trained with these terms together with sentences of Norwegian literature the main
part of words and sentences would be classified as ordinary Norwegian. Character n-grams is a good
alternative when classifying languages [23]. Most of medical terms are Greek or Latin and therefore
classifying these words are mostly the same as classifying languages.

If the training data would consist of Norwegian literature, which probably is a bigger dataset then the
available medical terms, the data has to be balanced. There are different methods to achieve this,
but since we have a rather big minority set (the smallest dataset) we will discuss random over and
under sampling [24]. This will also be the best approach when thinking of computing expense.

Over sampling is when the minority class is expanded through random replication while under
sampling is the opposite, namely to reduce the majority class through random elimination. It has
been stated that over sampling may lead to over fitting since it copies already existing words while
under sampling could discard useful and important words. In our setting, the Norwegian literature
probably contains a lot of duplicates which minimizes the risk of discarding significant words.

2.3.3 Evaluating classifiers

The results of the different datasets and classifiers have to be evaluated. IR results are normally
evaluated by precision and recall. These aspects are also important in text mining. In addition
accuracy [13], also called success rate [15], and error rate are relevant measures. In the medical
domain sensitivity and specificity are used in diagnostic tests. Sensitivity describes the people with
the disease and a positive test result while specificity refers to the people without the disease and
with a negative test result [15]. These measures are taken to a text mining context and described in
the following section.

Measures

Before presenting any measures some text mining concepts have to be defined. True positive (TP)
and true negative (TN) are correct classifications, while false positive (FP) is an incorrect positive
prediction and false negative (FN) is an incorrect negative prediction [15].
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The standard IR measures precision and recall are originally described as the formulas presented
below [25].

relevant documents retrieved

recall =
total relevant documets

o relevant documents retrieved
precision =

total retrieved documets

If the formulas are converted to text mining we get the following:

S TP

reCat = TP Y FN
TP

pTeClSlon = TP n FP

The success and error rate is another approach of measuring a classifier, but these measurements
are not widely used in text classification [13]. The reason is that the denominator often has a large
value, which leads to insensitivity to variations in the success rate (TP+TN).

TP+TN

TP+TN+FP+FN
error rate = 1 — success rate

success rate =

Another interesting measure is the Kappa statistic which describes the agreement between predicted
and observed results allowing for agreement that occurs by chance [15].

Sensitivity and specificity are taken from the medical domain and are calculated as presented in the
following formulas.

oo TP
sensitivity = oy

e FP
specificity =1 — (FP-l-—TN)

Testing classifiers

When testing classifiers ideally there should be a separate test set to run tests on. In this thesis this is
not the case. The EPRs available are not tagged with word classes, and in other words it is impossible
to do a large test with these. It is possible to mark a few records, and run a test on these, but
because of the limited time available it is not possible to get a large test set.

17
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An alternative solution to this problem is using the training data as test data with cross validation
[15]. The first important part of this procedure is stratification which ensures that each class is
properly represented in the dataset. Next the data is divided into a number of folds, or partitions of
data. Each of these is use one at a time for testing while the rest is used for training. Different tests
has shown that 10 is the right number of folds to get a good estimate of error, in addition this 10 fold
cross validation should be run 10 times [15].

Statistical tests

When the error estimate is calculated there has to be a measure of how sure we are that the
estimate is the correct rate. In statistics the process of independent events that either successes or
fails is called a Bernoulli trial [11, 15, 26]. The mean and variance in a Bernoulli trial are respectively u
=p, and $* = p (1-p).

If there are a large number of samples, the distribution is approximately normal distributed. The
normal distribution has two tails and the probability that a random variable X is within a confidence
range c is described as:

Pl-z<X<z]=c

The estimate has to have zero mean and unit variance to use the standard normal distribution table,
which leads to the formula below. F is the estimated success divided on the number of samples, and
N is the number of samples.

f—-p

Pl—z——=<7z|=c

~Jp(1-p)/N

Since p is unknown the most reasonable way to use this to calculate how certain we are that result is
true is to use confidence interval. To do this the formula above has to be expressed as equality for p.

Since the variable has zero mean and no variance a table for the normal distribution can be used to
find the z value. The confidence value c is subtracted from 1, and then divided by 2 since the
distribution is two tailed. The calculated value can then again be found in the table with confidence
limits for the normal distribution together with a corresponding z value [15].



Analysis of theory and state of the art

The method described above can be used to find if a text mining method is suitable for a certain
dataset. If several classifiers is to be compared a statistical test has to be applied. Student t-test can
be used for comparing if the means are significant different between two distributions. Since the
variance is an estimate the normal distribution is no longer valid and the student-t distribution has to
be used [15].

To decide whether the means are significant different, the test checks whether the difference
between the means are zero, in other words the null hypothesis presented below.

Hy: The means are not significantly different. u;-u,= 0

Since the values are paired the more sensitive paired t-test is used. In this test the variance is
calculated from difference between the samples. The t value is calculated through the following
formula where o is the estimate of the variance, and k is the number of means, in other words
samples [15].

d

oi/k

-

One aspect that is relevant for this thesis is if the assumption that the data is unlimited, and that
there exists several independent datasets, is invalid. A corrected resampled t-test would work in this
case [15]. This t value is calculated with the following expression where n; represents each time an
instance is used for training, and n, each an instance is used for testing [15].

Cost analysis

The Receiver Operator Characteristics (ROC) space is originally a classic methodology from the signal
detection theory. ROC graphs describe tradeoffs between hit rate, and false classification rate. The
ROC space has a y axis with the true positive (TP) rate, and an x axis with the false positive (FP) rate.
The TP and FP rate is described in the formulas below [15].

P TP
TP+ FP
FP
FP

~ FP+TN
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The convex hull is used to determine whether which classifiers are suboptimal, and which could be
optimal for some conditions [27]. “The convex hull of a set of points is the smallest convex set that
contains the points” [27]. The classifiers on the convex hull are optimal for some conditions, and have
to be considered together with the balance of the data. If one of the classes is more represented
than another the choice of the optimal classifier is affected.
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2.3.4 Information extraction

Information extraction is the application of extracting information from a text or data. One important
application is to summarize articles or text documents. This Section will look at different techniques
for applying this.

Summarizing information differs at a basic level if they either extract or abstract information [28]. An
extract only takes the most important information from a text while an abstract may include a
paraphrase and quotation. To extract information there are two main methods, also mentioned in
Section 2.3.1, namely KE and ML.

To extract with KE there has to be defined some rules to extract information from texts. An approach
to decide the weight of phrases presented below [28].

1
1 U =Textunit !
' Weight(U) = Location(U) + CuePhrase(U) + StatTerm(U) + AddTerm(U) !

The location element (Location(U)) in the formula is based on the fact that sections that occur early
in the text probably have a higher significance than later ones. The cue phrase addend
(CuePhrase(U)) assigns higher weight to units that start with phrases that indicate higher
significance. The statistical salience of the unit (StatTerm(U)) is based on metrics, for example TF-IDF.
TF-IDF score is suitable for weighting a term in a document. The formula is shown below.

freqi,j N
X log—

W = —— ——
Y maxfreq; n;

The term frequency (TF) score provides a measure of how well the term describes the text content. It
is presented in the formula as freq;;, term k; in document d;, divided on the frequency of the term
that occurs most in the text, maxfreq;. Dividing on the max term gives a normalization of the
frequency. The inverse document frequency (IDF) measures the inverse of the frequency of a term in
a document collection. N is the total number of documents, while n; is the number of documents k;
occurs. The main goal of this measurement is that a term that occurs in few documents is more
suitable at distinguishing documents. [25]. The last element in the formula refers to checking for
additional terms (AddTerm(U)) in the unit that imply that the unit has higher significance. This could
be terms that appear in the heading, abstract, and so on. This strategy could be used to find sections
about diagnosis, medicines, important information, and so on in the EPR.

ML is another approach of extracting information from texts. In this case the system is trained by a
training set instead of predefined rules. An illustration of how a system like this works is illustrated in
Figure 4 [28].
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Figure 4 Summarizing through Machine Learning

Figure 4 describes two sets of documents, namely training texts and documents used for testing. The
training texts have to have both a summary and a main text. The feature extractor assigns a vector to
each sentence while the vector labeler compares the text and the summary, and then again the
learning algorithm learns the rules for determining whether the sentence should be part of the
summary or not.

Named Entity Recognition

One application of information extraction is to extract entities, for example person names and
connect them to the entity “Person”. There are many approaches in this area and it is possible to use
both ML and KE. When lists of the different units belonging to an entity are available you do not need
to use ML at all. This application is especially relevant for this thesis because of the possibility to
extract, for example diagnosis codes.

2.3.5 Text mining tools

This section will present different open source projects and tools that are possible to use during the
implementation of text mining in the system.
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Lucenel

Lucene is a full text search engine which provides a tool for extracting sections based on keywords.
This tool could be used in combination with LingPipe described below. As described in the
specialization project Lucene provides functionality for giving spell suggestions based on edit
distance [5].

Lucene provides features for highlighting special phrases. This is a functionality that might be used
for summarizing EPRs. The class org.apache.lucene.search.highlight.Highlighter? gives the possibility
to get a fragment from a text based on a score.

Weka3

Waikato Environment for Knowledge Analysis (WEKA) is an open source project developed at the
University at Waikato. The tool provides functionality for data mining either from an interface or
directly from java code. Weka contains tools for data pre-processing, classification, regression,
clustering, association rules, and visualization. Weka provides ML algorithms that are relevant for
categorizing the terms and words in the EPR.

WEKA has been used with success in several other projects [29]. Berger and Merkl’s approach is
especially interesting since it is using n-grams for text classification [19]. WEKA provides a wrapper
that support LibSVM* (a library for support vector machines), and a tokenizer for n-grams. Since
WEKA is an open source project it is also possible to refine methods and algorithms if this is required.

The experimenter interface in WEKA gives the possibility to run experiments with different datasets
and algorithms, and then compare the results with statistical methods.

LingPipes
LingPipe is another project in java that provides tools for linguistic analysis of human language. Some

of the most relevant functionality is entity recognition, text classification, and correcting spelling
based on a text. The tool suits to be combined with Lucene to provide a more complete functionality.

LingPipe provides relevant functions when it comes to entity recognition which can be useful to
extract diagnosis codes, and perhaps other aspects in an EPR. In other areas like text classification

! http://lucene.apache.org/
*http://hudson.zones.apache.org/hudson/job/Lucenetrunk/javadoc//org/apache/lucene/search/highlight/High
lighter.html

3 http://www.cs.waikato.ac.nz/ml/weka/

* http://www.csie.ntu.edu.tw/~cjlin/libsvm/

> http://alias-i.com/lingpipe/index.html
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and word sense disambiguation LingPipe provides less classifiers then WEKA. In addition WEKA has a
lot more possibilities for testing different datasets and classifiers in an easy way.

Classifier4]Je

Classifier4l is a java library for text classification. It only support naive bayes and is therefore a poorer
alternative than WEKA when it comes to classifying. The library provides ISummariser’ which is an
interface implemented by the class SimpleSummariser®. This functionality is an easy way of finding
the words with the highest frequencies, and then presenting the first n sentences that contain these

words.

® http://classifierdj.sourceforge.net/
"http://classifierdj.sourceforge.net/subprojects/core/apidocs/net/sf/classifierdl/summariser/ISummariser.html
8http://classifier4j.sourceforge.net/subprojects/core/apidocs/net/sf/classifier4J/summariser/SimpIeSummarise
r.html
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3 State of the art

This section describes the existing system developed at the RHF interventional centre and other
similar existing systems that are relevant for this thesis. It is important to emphasize that the system
developed in this thesis is a new approach and therefore there is no other equally existing system.

3.1 Existing system

The existing system is developed in two versions, namely Elena’s master thesis prototype [3] and
another system developed at RHF interventional centre. The latter is the basis for this thesis and is a
server that the prototype developed in this thesis can use to translate terms. The server is treated as
a “black box” and the architecture of the server is not discussed further. The thesis prototype by
Elena [3] is developed with PHP and MySQL, and is described further in [3, 5].

The system used in this thesis consists of a database (MySQL) and a thesaurus server developed in C°.
The system is documented by the developer and is available by contacting the author of this thesis.
The Section gives an overall description of the existing system, and how the system will be integrated
in the new prototype.

The thesaurus server receives XML requests and sends an XML in response with information about
the translation. The request schema is illustrated in Figure 5.

msourc es |(50urce5] |

E category string
E thesaurus string
adlaldocument  [(document) |
E sources (sources)
E text [text) ol
|+ E 0 ==
E werd string

Figure 5 The request schema

® http://en.wikipedia.org/wiki/C_(programming_language)
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mresult |(resu|t)
E synonym string -
E term string
mdocument |(d0cumer1t] E_m |(text) mwo.rc.l |(w?rd) | egfncian str?ng
Bl ) = E word (word) E eriginal string «BE—| E thesaurus string =
= E result (result) b A exact boolean
A stemmed boolean
A translated boolean
A editDistance  int o

Figure 6 Reponse schema

Figure 6 describes the response from the thesaurus server. The prototype also has a client that could
be used for translating EPRs directly from Doculive, but as mentioned this is not relevant for this
thesis.

When studying the existing thesaurus server it proved that the server already had functionality for
giving spell suggestions based on edit distance. This functionality is interesting and is also a part of
RQ2 based on the study executed in [5]. Since it unveiled that this feature was not totally complete
and the thesaurus server implementation is outside the scope of this thesis it is not given further
attention in this work.

3.2 Medical text mining applications

This section describes different applications that text mining has been applied to in other health
informatics projects.

One approach investigates the value of diagnosis codes in EPRs [30]. The hypothesis is that diagnosis
codes are set independently from EPR text, and not based on the text in the journal. The study
concluded with a precision rate at 51.6% at the best, which is discussed further in the article. This
discussion is not a topic in this thesis but states an example of using text mining in health informatics.

Another application described by Letrilliart uses string matching to automatic code reasons for
hospital referral [31]. The system uses a look-up table referring to an International Classification of
Primary Care (ICPC) code. The system was estimated to give 77% match rate, accuracy on 80% at
code level. Rgst and Nytrg also addresses the same issue using a document classifier trained with a
set of manually coded EPRs [32]. This experiment gave an accuracy rate at 49.7%. Another interesting
application looks at the possibility of categorization of medical text to improve the information
retrieval [33]. When tested with queries related to diseases this gave gains as high as 84%.

Another relevant application of text mining is a study where the use of syntax was emphasized.
Syntactic, lexical, and ontological information from UMLS where used with a semantic category
recognizer to identify categories in discharge summaries [34].
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A master thesis at NTNU [29] presents applications of text mining in EPRs and PHRs. The objective
was to identify parts in EPRs, namely subjective, objective, and plan. When structuring information
this way it may enhance information flow between EHRs and EPRs.

3.3 Health portals

This chapter describes the study of different functionality from health portals that could be
implemented in the prototype. Some of this study has already been fulfilled in the specialization
project [5], and this thesis will look further into one of these aspects. The prototype developed in this
thesis is a part of the project minjournal.no™ at RHF. This project aims at scheduling appointments
and presenting EPRs to the patient.

Other similar projects are available, and some of them that are presented in this thesis are fetched
from the specialization project [5]. Sundhed.dk'" is a Danish project similar to minjournal.no which
contains information about health and different conditions. There has also been adapted EPR to
present them with relevant information according to International Classification of Primary Care
(ICPC) codes. These codes are also used in Norwegian primary care and are a part of NEL. But many
of these codes also contain reasons for encounter (the reason for the patient’s visit to the physician)
which could be confusing when using them in an adapted EPR [35].

This section is also fetched from the project [5] and describes MedlinePlus , the U.S. National Library
of Medicine’s health information website. This is another example of a health portal which contains
medical information about diseases and other health related topics [36]. The system has over 700
topic pages and has linking to other sites among them a medical encyclopedia. An article from
MedlinePlus is illustrated in Figure 7. The site also provides the national library of medicine’s
resources like basic information, learning, research papers, references, multimedia and other tools.
Usability reviews of the portal have given some experiences that have to be taken to consideration.
First of all linking to other sites is important to provide relevant information about a topic. There are
many articles and information pages that can provide valuable information to the user. The challenge
is to provide this information without taking the user away from the application, in this case
MedlinePlus [36]. Pop-up windows with information about the fact that you are leaving the
application or site could be annoying, and a problem especially related to pop-up blockers. Another
important topic is how to fit dynamic information into a page display, and getting a consistent layout
on different subjects with different information and modules, like search boxes etc [36].

Providing external information is an interesting extension to the patient friendly presentation of the
EPR. There are different other relevant projects in this area [37, 38] that have tested the feature in
different context. The following section is fetched from the specialization project [5].

10 http://www.minjournal.no
" http://www.sunhed.dk
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Patient Clinical Information System (PatCIS) [37] is a web-based system at the New York Presbyterian
Hospital that patients use to view their own medical record and test results. The system has
functionality that allows the patients to report data to the system, review information, and get
education and advice. The interface has an “info button” that provides extra information that helps
the patients in understanding the content. An example of medical information in the PatCIS system is
presented in Figure 8. The experiences of the system were positive, and most of the patients agreed
that the use of the system had improved their communication with their physicians. One of the
positive elements that were discovered was that the system allows the patient an active role in his or
her health care and also improves their understanding of their health.

Different approaches have been tested, and one article emphasizes the importance of using the
whole context of diagnosis when searching for information [38]. The article looks at the aspects of
providing information to the patient. Medical information provided by the health care professionals
has high relevance and safety, but is not available at all times and has no confidentiality and
selectivity. Information provided by the web has good availability, confidentiality, and selectivity but
varying relevance for the patient, and no safety. The different websites also has to be classified
ensuring correct information of high quality. In the project work the patient handbook, a part of NEL,
was emphasized since the quality assurance is already taken care of. This addresses the issue of
safety, because the information from this source as seen as safe. Together with information
extraction, described in Section 2.3.4, the extracted information could be used while searching in the
handbook.
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Figure 7 Example of medlineplus article
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Figure 8 Patcis term explanation

3.3.1 Searching the patient handbook

Initial searching showed that the patient handbook gives a lot of irrelevant hits when searching on
long strings with different words. It seems that the search engine uses the “or operator” and
therefore gives hits on documents only containing one of the keywords. Since the search engine
ranks the different documents according to relevance it might be relevant to only present the
documents with the highest ranking.

The patient handbook seems like a good source for information because of the provided quality
assurance of information, and the fact that the articles are presented in Norwegian.

3.4 Personal Health Records

Personal health records (PHR) are highly relevant and are applications that provide the patient with a
personal portal that presents medical information. The portals are available on the web and allow
the patient to enter their own medical information and get an updated view and track of their own
health and medical history [39].
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The following section is taken from the specialization project [5].

Kim and Johnson accomplished a study and evaluation of PHR user-interfaces that was primarily
focused on input methods. Different methods like free text, pick lists, radio buttons, check box, and
dichotomous radio button were tested against thyroid patients. The results were varying, but there
were some quite good indications that guidance of input was an important factor. The conclusion
was that free text should be preprocessed to avoid the patient putting extra and uninteresting
information [40].

& WeliMed--My Medications Review - Microsoit Intemet Explorer provided by TOAST.net - e

] Fie Edit View Favortes Tooli Help |

| Address |@ hittps. /v, wellmed com/iecord/mediey, asp j || = v - a ;‘_-5' =
WEII “'IEU ger: ISﬂmpie Patient Murmber Cne z‘ Settings | Wireless | Ext -

Hame Agssess  Hecord  Improve

\RECORD @ o

Health Record Fikes: |Medications_ Herbe, '\.-*daminszl | SEARCH
add item eMergency summary | how to |
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Current Medications Date Frequency Heason Visis
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Figure 9 Wellmed PHR

An example of an online PHR is presented in Figure 9 and shows the current and past medications of
one patient. A summary functionality that summarizes the patient’s EPR could be a useful feature for
getting the correct information as input into a PHR system. As stated above the guidance of input is
an important ensuring precise and correct input. A combination of guidance and predefined fields in
a summary could help the patient finding the correct information. A summary would also save the
patient time looking for the relevant information in long and extensive EPR texts.
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3.5 ICD Codes

International Classification of Diseases (ICD)'* codes are used in Norwegian hospitals to classify
diseases and related health conditions. Examples of ICD codes are presented below in the EPIKRISE.
There are different revisions of this system, but the 10" revision is the one used in Norwegian
hospitals.

The textbox below gives an example of an EPIKRISE which is a record that is written after each
hospitalization. This record is a kind of summary of the stay at the hospital and gives precise
diagnosis according to the patient’s health condition.

Diagn./pros.: H L309 Uspesifisert dermatitt

B D441 Svulst med usikkert/ukjent malignitetspotenisal i binyre
B 110 Essensiell (primaer) hypertensjon
O TQXO00 04.08.05 13:15 Hudbiopsi

1
1
1
1
1
1
B LO11 Impetiginisering av andre dermatoser '
1
1
1
1
1
1
1

These codes could be used further to summarize information about the patient, and then again
provide external information.

12 http://www.volven.no/produkt.asp?id=8&catID=3&sublD=9&0id=
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4 Summary

The classifiers naive and complement bayes, decision trees, and support vector machine are relevant
for categorizing documents. Using these classifiers on word sense disambiguation, techniques like
character n-grams could be applied. This technique is usual when looking at language classification
which is similar to disambiguating medical terms and Norwegian words. Evaluation of classifiers is
usually done by looking at the percent correct classifications on a test set, namely accuracy. The rates
are evaluated with a paired t-test to determine whether the results from the different classifiers are
significant better or worse. Other measures are a comparison of correct and wrong classifications in
one of the classes. This evaluation can be used to take costs into consideration.

The existing server, developed at the RHF interventional centre, uses XMLs messages to
communicate with other systems, and send them translations. There are different approaches of
making portals presenting EPRs and health information. One interesting approach is the PatientKB
where external information from Google is presented. PatCIS is another system presenting EPRs with
explanations for the laymen.

Text mining has been used in medical applications in different areas, but the main issues looked are
automatically diagnosis coding of EPRs based on the text and studying whether the codes are set
independently from the text or not. Other studies have looked at the structure of the EPR trying to
easy information flow between EHRs and EPRs.
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1 PartIntroduction

This chapter gives a summary of the purpose and scope in this part, and an overview of the different
chapters.

1.1 Purpose

This part presents the implementation of the different aspects in this thesis. It will present an overall
architecture and the different parts the system consists of. The purpose is to get an overview of the
implementation, how the different parts connect, and reasons for some of the choices.

1.2 Scope

The chapters in this part describe the system parts, how they are implemented, and the main results
of the implementation. There will be no extensive evaluation and discussion of the different results.

1.3 Overview

This part contains the following chapters:

e Overall system description: Presents the overall architecture of the prototype, and its user
interface.

e Word sense disambiguation: Describes the text mining approach on separating Norwegian
words from medical terms. The results of the different approaches are also presented here.

e Summarization: Gives an overall presentation of the implementation of EPR summarizing.

e External information: The architecture and approach of getting external patient information.

e Summary: Gives a summary of this part.



Implementation and results

2 Overall system description

This section presents the overall system architecture with the new extensions of the system. The
improvements of the user interface from [5] are also presented in this section although they are not
evaluated in this thesis.

2.1 System architecture

The system architecture is based on the architecture presented in [5], and further developed in this
thesis to the system described in Figure 10. The arrows describe the communication between the
different components while the functionality included in the EPRPortal is placed within this box.

Patient
Handbook

)

Existing system

%

Figure 10 Overall system architecture

The architecture described here is based on the thesaurus server, see Section Part Il 3.1, and is
limited to the functionality relevant for this thesis. The EPRPortal is a web portal developed in PHP
and its purpose is to present EPRs in a patient friendly way. This portal is presented further in Section
2.2. The java server offers web services to the portal, and makes it possible to combine java and PHP
applications.
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The text mining application is implemented in Java and therefore executed on the Java server. The
same goes for the information extraction unit. The EPRPortal gets the EPRs from a MySQL"® database
containing some example records. The EPRs are translated by the thesaurus server and words not
known for the server are tested by the text mining application. If the word still is unknown it is
presented as a term without translation. The html parser is implemented in the portal using PHP and
Simple HTML DOM Parser™.

Present as
No description / Norwkegmn or
stopword found UHL nown
medical term

Lexical Stopwords Presentation
analysis elimination i

—(Exlract information / antitias)J

Figure 11 Flow diagram for translating EPRs

Figure 11 presents the translation process based on the IR process figure in [3]. The functionalities
for extracting information to a summary and the word sense disambiguation functionality is added.
When extracting information, illustrated by the arrow before “Lexical analysis”, the summary is
translated instead of the complete EPR.

Implementation of collocation will probably improve the system significantly, see Part Il 2.1. Looking
at the architecture, the implementation of this functionality should be done in the thesaurus server,
see Part Il 3.1. Since this is outside the scope of this thesis the implementation of this functionality is
not fulfilled in this study

 http://www.mysgl.com
14 https://sourceforge.net/projects/simplehtmldom/
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2.1.1 Web services

The communication between the EPRPortal and Java applications is implemented with Web services.
The JAX-WS™ framework is used to develop a Java web service, while PHP uses PHP Soap®® to
communicate with the service. A web service uses the SOAP protocol to communicate. The PHP
Soap framework uses the Web Service Description Language (WSDL'®) to understand what services
the server provides. SOAP is a communication protocol based on Extensible Markup Language
(XML"). An example of a SOAP request is provided below.

POST /WebApplication1/SpellCheckerService HTTP/1.1
Host: 10.0.0.1:8080

Connection: Keep-Alive

User-Agent: PHP-SOAP/5.2.5

Content-Type: text/xml; charset=utf-8

SOAPAction: ""

Content-Length: 1199

<?xml version="1.0" encoding="UTF-8"?>
<SOAP-ENV:Envelope xmIns:SOAP-ENV="http://schemas.xmlsoap.org/soap/envelope/"
xmlns:ns1="http://spell.me.org/"><SOAP-
ENV:Body><nsl:summary><journal>ALLERGIER:.....</journal></ns1l:summary></SOAP-

 https://jax-ws.dev.java.net/
'® http://ua.php.net/soap

Y http://www.w3.org/TR/soap/
18 http://www.w3.org/TR/wsdl
19 http://www.w3.org/XML/
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2.2 User interface and extended functionality

The user interface was refined taking the eight golden rules [41] into account and some of the results
are presented in Figure 12.
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Figure 12 Refined user interface

The interface is designed in PHP?®, HTML*, and JavaScript®’. The source code is enclosed in Appendix
A.

Figure 13 shows the class diagram for the EPRPortal developed in PHP. The main class is the index file
that presents EPR data to the user. The index file uses the classes Thesaurus for translating the EPR,
and the Epr class for fetching EPRs from the database. The Thesaurus class is responsible for
communicating with the thesaurus server while the EPR class communicates with the sql server and
fetches the EPRs and ICD descriptions. The html_dom_parser parses the search results from the
patient handbook and fetches the articles that will be presented in the portal.

20 http://www.php.net/
2 http://www.w3schools.com/html/default.asp
2 http://www.w3schools.com/JS/default.asp
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Figure 13 Class diagram

The main changes in the user interface are the development of a word list that displays all the terms
with the translations at all times. This leads to a lower short time memory load on the user compared
to the previous approach [41]. The list displays the terms and emphasizes the term that mouse is
pointed on in the EPR text.

The user interface has two extensions that are relevant for this thesis which is external medical
information and the summary functionality. The external information unit is illustrated in the
screenshot; see Figure 14 and Figure 15.
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3 Word sense disambiguation

Word sense disambiguation was implemented using text mining. This section describes the
implementation of the experiment which includes training, testing, and preparation of the results.

3.1 Implementation

Weka, which is presented in Part Il, is chosen as the best suitable tool for executing this experiment.
There many arguments for choosing this open source project, but one of the most important is the
support of many different variants of classifiers. The tool also supports n-gram tokenization and has
functionality that can be used to evaluate and analyze the results.

3.1.1 WEKA

The setup of different classifiers and WEKA is described in this section. During the classifying and
evaluation the graphical user interface was used. This choice was made because the interface
supports comparing the results through statistical analysis. In addition the graphical user interface
saves valuable implementation time.

Preprocessing

To use strings in text mining they have to be manipulated and one way of doing this is a word
vector[5]. The StringToWordVector class in WEKA transforms the strings into vectors with numeric
attributes. The vector can represent whether or not a word is present in a string, or the frequency of
the different words. Other techniques like inverse documents frequency can also be used on the
vector. These techniques are further presented in Part Il 2.3.2 and Part Il 2.3.4. The
StringToWordVector class gives the possibility to apply IDF scores on the record in addition to use a
tokenizer called NGramTokenizer®. The combination of these two classes gives the possibility to
create character n-grams in a vector representation. Table 1 presents an example vector with
character bigrams where grams are represented with 1 or 0. The vector represents the word
“dansen” with the 2-grams da, ns, and en.

Da Er Ns Si en ha Hu
1 0 1 0 1 0 0

Table 1 Character 2-gram vector

The StringToWordVector filter was initialized with the following parameters:

2 http://weka.sourceforge.net/doc.dev/weka/filters/unsupervised/attribute/StringToWordVector.html
24 http://weka.sourceforge.net/doc.dev/weka/core/tokenizers/NGramTokenizer.html
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weka.filters.unsupervised.attribute.StringToWordVector -R first-last -W 1000 -1 -N O -L -stemmer
weka.core.stemmers.NullStemmer -M 1 -tokenizer "weka.core.tokenizers.NGramTokenizer -delimiters ; -max 3
-min 2"

This filter was applied with two different parameters, first allowing only bigrams, and secondly
allowing both bi and trigrams.

Initial testing showed that idf scores gave higher accuracy because of its ability to emphasize grams
that separates the instances from each other. The WEKA NGramTokenizer is originally aimed at word
n-grams, and not character n-grams. This issue was solved by manipulating the training data, and
separating each character instead of word. This is described further in Section 3.2.

The sample size of the Norwegian literature is likely to be larger than the medical dictionaries. In
addition a too large dataset would lead to very long training time. To deal with these issues a
combination of over and under sampling is used. The medical dataset is oversampled while the
literature dataset is under sampled. This effect is achieved by using the Resample filter. The filter
uses a combination of over and under sampling to balance datasets and reduce bias.

weka.filters.supervised.instance.Resample -B 1.0 -S 1 -Z 25.0

The filter is used with parameters specified above. It is set to resample the datasets to equal sizes,
and reduce the size to 25% of the original size. The reason for reducing the sample size is to make it
possible to handle in the available memory on the computer, and make the training time reasonable.

Classifiers

The classifiers that were used in this thesis are naive bayes[15, 17, 18], complement bayes[17],
support vector machines[15, 20, 21], and the C45 decision tree[15, 19-21]. All these classifiers are
implemented in WEKA, and could be reused during this work. The parameters of the different
classifiers are set at standard values assuming this is the best approach without using time tuning
each of them. This statement is further elaborated in the next section.

Naive bayes is implemented through the class NaiveBayes”, complement naive bayes with
ComplementNaiveBayes®, and decision tree with the j48 package?’. The configuration of
complement bayes and j48 is stated below.

weka.classifiers.bayes.ComplementNaiveBayes -S 1.0
weka.classifiers.trees.J48 -C 0.25 -M 2

2 http://weka.sourceforge.net/doc/weka/classifiers/bayes/NaiveBayes.html
2 http://weka.sourceforge.net/doc/weka/classifiers/bayes/ComplementNaiveBayes.html
27 http://weka.sourceforge.net/doc/weka/classifiers/trees/j48/package-frame.html
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The support vector machine is implemented with a wrapper class LibSVM?* which uses the LibSVM
library for support vector machines®. The parameters used with this classifier are specified below.

weka.classifiers.functions.LibSVM -S0-K2 -D3-G0.0-R0.0-N0.5-M 40.0-C 1.0 -E 0.0010-P 0.1

Parameters

The different parameters could be tuned to achieve higher accuracy. WEKA provides a functionality
called grid search®® which performs a search for the best pair of parameters for the classification. The
tuning of parameters together with cross validation testing could make the training computationally
infeasible [42]. If we were to test each parameter with all combinations together with a 10 fold cross
validation it could lead to as many as 10 million runs [42]. This could again lead to several weeks of
training for some of the models in this thesis, and therefore it is not possible to complete it within
the time limits of this thesis.

Since this is not the main focus of this thesis, the parameters will be set to standard WEKA values
except for testing both bigrams and trigrams.

28 http://weka.sourceforge.net/doc.dev/weka/classifiers/functions/LibSVM.html
2 http://www.csie.ntu.edu.tw/~cjlin/libsvm/
30 http://weka.sourceforge.net/doc.dev/weka/classifiers/meta/GridSearch.html
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3.2 Training

The training of the classifiers is achieved by using data from fiction literature and medical
dictionaries. The data is transformed into n-grams, and then again into gram vectors as stated above.
The Norwegian literature is fetched from the Oslo corpus® which is set of tagged literature and
articles in Norwegian.

The Oslo corpus contains about 18.5 million words in the “Bokmal” variant of Norwegian. All these
words are fetched from fiction, factual prose, newsletters and articles. These words had to be
separated into single words and letters. The files were manipulated into WEKA standard format (arff)
through scripts in textpad. The textbox below shows an example of an arff file.

@relation category
@attribute term string
@attribute class {1 2}
@data

A;D;V;A;R;S;E;L;E;N,2
A;L;F;R;E;D,2
A;N;S;;K;T;E;T,2
A;N;T;0;N,2
A;V;LY;T;T;IN;G,2

The example shows that the words are separated by lines, and the characters separated by
semicolon. The N-gram tokenizer together with the StringToWordVector gives vectors with n-grams.
The words are separated into two classes, namely Class Il which is fiction, or ordinary Norwegian, and
Class | which is medical terms.

Initial testing with the complete corpus gave problems with both memory size and training time. This
is the main reason for limiting the data amount. The corpus was reduced to only using five fiction
texts, namely:

e Hardy-guttene og den mystiske karavanen
e Davids bror av Kjell Askildsen

e Hgstimars av Georg Johannesen

e Sporet av en sti av Bernt Vestre

3 http://www.tekstlab.uio.no/norsk/bokmaal/
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In addition the resampling process described in Section 3.1.1 was executed to achieve reasonable
training times. After running the resampling filter the set consisted of 22449 instances of medical

terms, and 22324 instances of Norwegian fiction literature.

The training times on the C45 decision tree showed to be a problem, especially when running 10 fold
cross validation. The training time, when only running this validation once, exceeded several days.
This lead to the fact that this classifier is not validated as good as the other classifiers in this thesis.
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3.3 Testing

The testing of classifiers is performed in two different ways, one using the training data, and the
other using a small amount of EPRs. One of the main challenges in this part of the work is to get a
reasonable amount of already classified data. The available EPRs are not tagged with classifications
which led to a big amount of manual work. Because of the small amount of available testing data,
cross validation with the training dataset has to be used. The EPRs that will be used in the testing has
to be tagged manually with either class 1 or 2.

The testing was executed through the WEKA experimenter, and the datasets and classifiers were
applied in two rounds. First the two datasets with different n-grams were trained and compared with
both naive and complement bayes. Then the support vector machines and complement bayes were
compared with the two same datasets. Figure 16 shows the experimenter in WEKA ready to run
training and testing with LibSVM and complement bayes.

- Weka 3.5.7 - Experimenter

Program Applications Tools Visualization Windows Help

Lil Experimenter
Setup | Run I Analyse |

Experiment Configuration Maode: (@ simple () Advanced

[ Open... Save... MNew

Resulks Destination

| ARFF file + | Filename: |test.arff

Experiment Type Iteration Control
Cross-validation Mumber of repetitions: |10
Number of folds: |10 (@) Data sets first

@) Classification (71 Regression () Algorithms first:

Datasets Algorithms

ched... Delete selected Add new... I I Edit selected... ] [ Delete selected

[ Use relative paths

LibSYM-50-K2-D3-G0.0-R0.0-N0.5-M40.0-C 1.0-E0.0010-P 0.1
ComplementMaiveBayes -5 1.0

C:\kest2\bigrams. arff

Load options. .. ] I Save options...

Figure 16 Experimenter comparing complement bayes and support vector machines

3.3.1 Cross validation

Based upon the studies in Part Il 2.3.3 cross validation was executed with 10 folds, and repeated 10
times. The training corpus is divided into 10 folds, and the classifier is tested on each of the folds
while the rest of them are used in the training. This process is illustrated in Figure 17. The cross
validation is also stratified which is a process that ensures that each class is properly represented in
the folds.
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Repeat 10 times

9/10 training data
1/10 testing data

lterate 10 times_  __

Figure 17 Flow diagram illustrating cross validation

Since the J48, an implementation of C45 decision tree, algorithm seems to be too time-consuming for
this validation the classifier is only run once with 10 fold cross validation. This restriction results with
a challenge when evaluating the results.

3.3.2 Testing on EPRs

When testing on EPRs the text had to be manually classified, this resulted in a test set with about 900
words. The words were tested with all the classifiers mentioned above, but this time the test is only
run once on the test set.
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3.4 Results

This section will present the results from training and testing of different classifiers and datasets. The
analysis of these results will be presented in Part IV.

The cross validation results are presented in the following section. The tests of classifiers are divided
into different parts because of the computing complexity. The results are to be evaluated after the
criteria presented in Part Il 2.3.3, with focus on recall, precision, kappa-statistics, and accuracy. The
different results will be evaluated and compared with t-tests and ROC plots.

3.4.1 Cross validation

The first part of the cross validation is the testing of naive and complement bayes. A complete
overview of the results is attached in Appendix F. The accuracy results are presented in Table 2 and
the kappa-statistic are presented in Table 3.

Naive Bayes Complement Bayes
Only bigrams 85,62%
Bi/trigrams 79,82% 80,12%

Table 2 Accuracy for naive and complement bayes

Naive Bayes Complement Bayes
Only bigrams 0,57 0,71
CAGTEIN 0,60 0,60

Table 3 Kappa statistics for naive and complement bayes

As it is possible to see complement bayes with bigrams has higher accuracy and kappa statistic than
naive bayes. Bigrams performs better than trigrams with complement bayes.

Other interesting measures are precision and recall which are presented in Table 4 and Table 5.

Naive Bayes Complement Bayes
Only bigrams 0,74 0,84
Bi/trigrams 0,76 0,75
Table 4 Precision for naive and complement bayes

Naive Bayes Complement Bayes
Only bigrams 0,88 0,88
Bi/trigrams 0,88 0,91

Table 5 Recall for naive and complement bayes

Complement bayes performs better on precision and equal on recall for bigrams while naive bayes
gives better precision but poorer recall on trigrams.
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The second part of the cross validation is comparing complement bayes with support vector
machines, and the results are presented in Table 6, Table 7, Table 8, and Table 9.

Complement Bayes
Only bigrams 93,43%
Bi/trigrams 80,12% 93,23%
Table 6 Accuracy for complement bayes and support vector machines

Complement Bayes

Only bigrams
Bi/trigrams
Table 7 Kappa statistics for complement bayes and support vector machines

Complement Bayes
Only bigrams
Bi/trigrams
Table 8 Precision for complement bayes and support vector machines

Complement Bayes

Only bigrams
Bi/trigrams
Table 9 Recall for complement bayes and support vector machines

From these tables it obvious that SVM outer performs complement bayes on almost all the
measures. SVM gives better accuracy, kappa statistic, precision, and recall on bigrams. Complement
bayes gives higher recall for trigrams. Bigrams also seems to gives best results except for precision
when it comes to the SVM classifier.

The J48 algorithm was as stated in Section 3.3.1 highly time consuming. A complete run on this
algorithm was not possible to complete within the scope of this thesis. When trying to run the
trigrams the training time increased so much that it was not possible to complete. Therefore the only
result available are 10 fold cross validation on bigrams run once, presented in Table 10. The complete
overview of the runs is attached in Appendix G.

J48 Decision tree
Accuracy

Kappa statistics

Precision

Recall

Table 10 Accuracy, kappa, precision and recall for the J48 decision tree

The available results with J48 are better or equal on all measures compared to SVM.
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3.4.2 EPRtest

The results of testing with real EPRs are presented below, namely Table 11 and Table 12. A complete
overview of the results is attached in Appendix E.

Naive Bayes Complement SVM J48
Bayes

Accuracy 60,87% 74,36% 80,94% 80,27%
Kappa-statistics 0,2334 0,4546 0,5765 0,551

Class | Classll Class| Classll Class| Classll Class| Class Il
Precision 0,396 0,843 0,53 0,906 0,618 0,929 0,617 0,908
Recall 0,735 0,559 0,81 0,717 0,846 0,795 0,791 0,807

Table 11 Results from tests with bigrams

Naive Bayes Complement SVM J48
Bayes

Accuracy 62,215% 70,46% 79,26% 77,26%
Kappa-statistics 0,2596 0,419 0,5148 0,4762

Class | Class Il Class| Class Il Class| Classll Class| Class Il
Precision 0,409 0,857 0,487 0,94 0,612 0,883 0,578 0,877
Recall 0,759 0,568 0,897 0,629 0,723 0,82 0,715 0,795

Table 12 results from tests with trigrams

The results present precision and recall with separate estimates for each class, class | represents the
medical terms while class Il represents Norwegian fiction literature. One important issue is the fact
that a medical term classified as a normal Norwegian word is more serious error than the other way
around, which leads to the fact that class Il precision is more important in this context. This issue is
further discussed in Part IV.

From these results it is possible to observe that SVM has higher accuracy and kappa statistic than the
others. Precision and recall using bigrams are better with SVM except for J48 Class Il recall. The
results with bigrams also seems better than trigrams except for some exceptions, namely
complement bayes Class Il precision, and SVM Class Il recall. In addition naive bayes performs better
with trigrams.

3.4.3 Combining the results

Looking at the results the first obvious observation is that SVM outer performs the other classifiers.
The results when testing with real EPRs gives better results when using bigrams while the cross
validation seems to give higher scores with trigrams. The differences between these measures are
not that high, and it is important to notice that trigrams have higher computing complexity. The
other classifiers seem to be performing better using bigrams than trigrams with some exceptions.
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Complement bayes performs better compared to naive bayes which is the one in these tests with the
poorest performance. J48 performs almost on the same level as SVM except for the issue of training
and testing time which are too high when it comes to large datasets. The precision measurement of
Class Il stated as an important issue when classifying in this subject area SVM has the best results
except for complement bayes using trigrams. When using cross validation the Class Il precision is not
available because the precision in this experiment is calculated from Class I. Complement bayes good
Class Il precision is discussed further in Part IV, and compared to cross validation with True Negative
and False Negative rates.
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4 Summarization

This section will look at implementation of the summary functionality which provides the patient
with a summary of his or her health condition. The EPRs have an EPIKRISE with diagnosis codes and
descriptions of the health condition. These codes might be a good approach to get a summary. One
of the main challenges is then to extract the information, in this case the diagnosis codes in the EPR.
The diagnosis codes are described in Part Il 3.4, and theory about information extraction in Part Il
2.3.4. Another approach is to use the position of the sentence and the most frequent words to find
sentences that summarizes the text.

The sections below present two alternative implementations of this application.

4.1 Sentence extraction

Extracting sentences according to their weight is a possible way of solving the summarization
problem. The implementation of this functionality is achieved by using Classifier4], see Part Il 2.3.5.
The source code is attached in Appendix C.

Java server

EFRFortal ClassifierdJ { LingPipe

%, r

Figure 18 Summarizing functionality

Figure 18 illustrates how the EPRPortal will communicate with the java implementation. The
sentence extraction server will receive the EPR and extract the four most relevant sentences based
on the most frequent words. The system searches for the most frequent words and returns the first
sentence that contains each of these words. In this case four sentences are returned. Using the first
sentence is the same as giving the first sentences higher weight, thinking that the first part
summarizes the document. This goes especially for articles where abstract often is the initial
paragraph. It is important to take into consideration that this might not be the case with EPRs.

An example of a patient record with summary is presented in the textboxes below.
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ALLERGIER: Inge kjente.
MEDIKASJON: Lanoxin mix. 50 mikrogr/ml, 0,7 ml x 2. Acetylsalicyl kapsl. 12,5 mg, 1 kapsl. x
3 pr. uke.

STATUS PRESENS 25.01.00 kl. 1600. Pasienten er 7 maneder gammel. Undersokes pa mors
fang. Han er vaken og begynner a grate sa fort man forsoker a undersoke. Lengde: 64,5 cm.
Vekt: 6255 gr. Blodtrykk er ikke malt. Blodtrykk malt okt. -99 var 91/51 ho. arm, 92/60 ve.
arm, 105/72 ho. ue., 108/39 ve. ue. Puls: 150 slag/min, regelmessig. Respirasjon:
Ubesvzeret. 48 pr. min. Ingen odemer eller icterus. Lett leppe/tungecyanose. Ingen generell
glandelsvulst. Caput og collum: Ingen kliniske tegn til OLI. Thorax: Status etter sternumsplitt.
Cor: Regelmessig aksjon, systolisk bilyd grad Ill med utstraling til rygg. Pulmones: Uten
anmerkning. Abdomen: Hepar palperes noe usikkert ca 1 fingerbredde under hoyre
costalbue.

Summary:

ALLERGIER: Inge kjente. MEDIKASJON: Lanoxin mix. Ingen odemer eller icterus. Caput og
collum: Ingen kliniske tegn til OLI.

4.2 Named entity extraction

The other approach used in this thesis is to extract entities that are relevant to the patient. Figure 18
illustrates the architecture of this functionality. There are many features that could be interesting
extracting from EPRs, but one of the most describing entities are diagnosis codes. When using this
there is no need for machine learning since all the codes are known. The source code is enclosed in
Appendix B. The application uses the LingPipe library which provides functionality for exactly these
types of applications, see Part Il 2.3.5. The different classes and interfaces used in this
implementation are described in Table 13. The descriptions are taken from the LingPipe API*%.

| Class Description |
com.aliasi.dict.ExactDictionaryChunker®? An exact dictionary chunker extracts chunks
based on exact matches of tokenized dictionary
entries.
com.aliasi.dict.MapDictionary* A MapDictionary uses an underlying map from

32 http://alias-i.com/lingpipe/docs/api/index.html
33 http://alias-i.com/lingpipe/docs/api/com/aliasi/dict/ExactDictionaryChunker.html
34 http://alias-i.com/lingpipe/docs/api/com/aliasi/dict/MapDictionary.html

53




Y8 |Implementation and results

phrases to their set of dictionary entries.

A DictionaryEntry provides a phrase as a string,
an object-based category for the phrase, and a
double-valued score.

com.aliasi.dict.DictionaryEntry*®

com.aliasi.chunk.Chunking®® The Chunking interface specifies a set of chunks
over a shared underlying character sequence.

com.aliasi.chunk.Chunk®’ The Chunk interface specifies a slice of a
character sequence, a chunk type and a chunk
score.

Table 13 LingPipe classes

The application creates a MapDictionary with DictionaryEntries specifying the different ICD-Codes.
The ExactDictionaryChunker is then created with the already existing MapDictionary using
parameters specifying that the chunker is not case sensitive, and not to find incidents where the
entities overlap.

r—Marnva-::l entity extracton )
sUSess |[ExactDictionaryChunker
|m—————————————— ]
|
I aLSasn
| i
| |
| |
l s]
MapDictionary Chunking
|
- MUS-IE'S.II
| |
| |
! 4
' Chunk
DictionaryEntry
e A

Figure 19 Class overview for the LingPipe implementation

Figure 19 illustrates the classes and how they are connected in the implementation. The
ExactDictionaryChunker contains Chunking which again contains Chunks of EPR text. In addition the
MapDictionary contains DictionaryEntry which is the dictionary with the ICD codes as entries. The
ExactDictionaryChunker uses the dictionary to find chunks in the EPR text that matches the entries.

3 http://alias-i.com/lingpipe/docs/api/com/aliasi/dict/DictionaryEntry.html
36 http://alias-i.com/lingpipe/docs/api/com/aliasi/chunk/Chunking.html
*” http://alias-i.com/lingpipe/docs/api/com/aliasi/chunk/Chunk.html
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Looking at the test system it seems that all the EPRs in the prototype already has the ICD codes in a
separate column. This column was used instead of extracting entities when implementing this
functionality in the prototype, but the source code for extracting entities is attached in Appendix B.
The codes where in many cases presented in different formats which lead to some challenges with
separating the codes. The system removes all periods and commas that in some cases are used to
separate the characters from the numbers in an ICD code. In addition all separators between codes
have to be replaced with one global separator. After studying the existing codes it seemed that “/”,
space, and a combination of these are used as separators.
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5 External information

This chapter describes the implementation of the module providing the patient with external
information about his or her health condition. Because of the importance of presenting correct, high
quality information, the patient handbook is chosen as the main external source. The information
extraction unit extracts important information from the EPR, for example ICD codes and descriptions.
This information gives the most precise description of the medical condition, and will therefore be
used in the search for external supplementary information.

The system is implemented with the html parser described in Section 2.1. The description of the icd
code is used to search in the patient handbook, and the result is presented in the EPRPortal through
an HTML parser. Evaluation of this functionality has to be accomplished through case studies with
both physicians and patients. Since this is outside the scope of the thesis some testing with example
EPRs is accomplished to check if the patient handbook provides articles to different diagnosis. It is
important to determine whether the information is relevant, correct, and gives the patient any
valuable information. The work in this thesis is based on the fact that searching on different
diagnoses in the patient hand book always will return information of acceptable quality.

Looking at some diagnosis texts from EPRs illustrates that the text is written with abbreviations, and
as the rest of the EPRs with typing errors. To avoid this when searching for external information the
diagnosis codes are used to get the correct descriptions from the ICD database. This description is
then used to search in the patient handbook.

To avoid problems when searching on abbreviations the system removes all words ended with a
period before sending the search string to the handbook. In addition only the three most relevant
articles for each diagnosis are presented to avoid irrelevant articles.

The architecture is presented in Figure 20 and a screenshot of the system is provided in Figure 14.

Patient handbook

Figure 20 External information
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6 Summary

The system consists of an EPRPortal presenting the EPR together with the extended functionality,
namely summarizing and external information. The portal is developed with HTML and PHP using an
XML and HTML parser. The thesaurus server already implemented is used for translating medical
terms. The text mining is implemented, mainly as a test application, in Java using the WEKA library.

The text mining implementation and testing is done in java through the WEKA interface. The
experimenter in WEKA is used for running the experiments, collect different measures, and compare
them. The text mining is tested on the training data with cross validation, and also with some terms
taken from an EPR.
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Part IV Discussion and Evaluation
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1 PartIntroduction

This chapter gives a summary of the purpose and scope in this part, and an overview of the different
chapters.

1.1 Purpose

This part should evaluate, and give considerations around the results which will give a foundation for
the conclusion.

1.2 Scope

The different implementations will be taken into consideration and the results will be presented with
evaluations and discussions. The work that is subject for evaluation is text mining, the external
information, and the summarization functionality.

1.3 Overview

e Fulfillment of research agenda: Discusses whether the goals of the research questions and
agenda have been met.

e Discussion and evaluation of text mining: Evaluates the text mining results, compares the
classifiers and datasets, and looks at statistical differences between the results.

e Discussion and evaluation of the extended functionality: Evaluates the functionality through
qualitative examples.
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2 Fulfillment of research agenda

This section will look at the research questions and problem definition, and discuss whether the
aspects are fulfilled. Looking at the problem definition it is obvious that some aspects are not
addressed in the work. This is mainly the focus on user interface and extension of vocabularies. Since
the focus in this thesis was text mining the user interface was given less attention, even though the
issues and prototype discussed in [5] are implemented in this thesis. The prototype is presented in
Part Ill 2.2, and the theories behind the refined user interface are taken from the specialization
project [5].

Another issue is extension of the vocabularies which was a part of the conclusion in the specialization
project. The report concluded that the extension with both Clue and Ordnett would be a good
contribution to the system. However, after discussing this extension with RHF it seems that the best
solution is to only use the NEL vocabulary together with RHF’s own vocabulary. This conclusion is
taken on the basis of quality assurance of the medical translations.

The research questions are presented below:

RQ1 Is it possible to integrate external information sources into the EPR to provide secure, precise,
and correct dynamic information to the patient?

RQ2 Will extension of the information retrieval (IR) process, such as collocation, text mining, and
spell suggestion give significant improvements to the system?

RQ1 is fulfilled through the implementation described in Part Il 5 where a prototype with the patient
handbook as external source is implemented. The study of this functionality shows that the
integration provides secure and correct dynamic information. The issue about precision is further
discussed in Section 4.2, but it is obvious that there is more work to be done in getting more precise
articles.

RQ2 is also fulfilled through the implementation presented in Part lll 3. In this section there is a
presentation of different text mining approaches for disambiguating between Norwegian words and
medical terms. The spell suggestion feature using edit distance proved to already be a part of the
thesaurus server. This feature was not documented, but a discussion with the developer of the server
unveiled this feature. As mentioned in Part Il 2.1 collocation is not implemented because this is
feature that also belongs, and could be easily implemented, in the thesaurus server. The extension
with text mining gives significant improvements to the system helping to disambiguate medical terms
and Norwegian words.
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3 Discussion and evaluation of text mining

This section presents a discussion and evaluation of the results described in Part lll. The results have
different classifiers and datasets that give us the possibility to compare them with each other to find
the most suitable approach.

The discussion is divided into different parts of evaluation; the first part discusses the cross validation
while the second looks at the further testing on EPRs.

3.1 Cross validation

The cross validation was executed because of the small amount of test data, see Part Il 2.3.3. The test
results are based on testing with the training data which could lead to bias in the results. To avoid
this problem the test is run 10 fold 10 times. This method is described earlier. In addition it would be
reasonable to take the fact that the training and test data are the same into account when evaluating
the results.

The cross validation was executed with two different datasets, respectively bigrams and trigrams, see
Part 1l 2.3.2. The following sections will evaluate, discuss, and compare the different results of the
cross validation with bigrams, trigrams, and the different classifiers.

3.1.1 Bigrams vs. trigrams

When looking at the results almost all of the tests give better results with bigrams then with
trigrams. It has turned out that n-grams with n > 3 in many cases not are optimal, and might in some
cases decrease the performance [43]. To compare the two approaches in this thesis, taking the issue
about training data being used to testing, the paired corrected t-test is used. This test is described
further in Part 11 2.3.3.

During this test the alpha-level is set to 0.005 which is the weakest evidence normally excepted in
the experimental sciences [11]. The degree of freedom is set to the number of validations run (k),
minus one. In this case the tests are run 10 fold cross validation 10 times, in other words k=100 and
the degree of freedom is set to 99.

One interesting measure is the accuracy which describes the success rate of the classifier. The values
are taken from the results in Part 11l 3.4.1. The formula below calculates the t-value for difference
between the means for bigrams and trigrams with the classifier complement bayes.

85,62 — 80,12
t= = 25,39809358

((% + 8:;) 0,33088163)




Discussion and Evaluation [l

Looking at the critical t value for the chosen significance level 2,8713, and since 25,4 is larger than
2,8713 we reject the null hypothesis, which leads to the conclusion that bigrams are significantly
better in this test.

The calculation below describes a corrected paired t-test for support vector machines. This test gives
a result below 2,8713, which leads to the conclusion that bigrams does not perform significantly
better or worse in this test.

= 93,43309312 — 93,23252694

= 1.409464014
J((ﬁ + %) 0,092242612)
Bigrams Trigrams
Naive Bayes w=worse
b=better
Accuracy 0,50 0,35b
Precision 0,01 0,0b
Recall 0,01 0,01
Complement
Bayes
Accuracy 0,50 0,55w
Precision 0,01 0,01w
Recall 0,01 0,01b
Table 14 Standard deviations and t-test results comparing datasets
Bigrams Trigrams
Complement w=worse
Bayes b=better
Accuracy 0,50 0,55w
Precision 0,01 0,01w
Recall 0,01 0,01b
SVM
Accuracy 0,35 0,35
Precision 0,0 0,0b
Recall 0,01 0,01w

Table 15 Standard deviations and t-test results comparing datasets

The same calculation for naive bayes shows that it has better performance on trigrams then on
bigrams. As it seems trigrams and bigrams performs quite similar, this is also in accordance with the
results from a study using n-gram features for text categorization [43]. Looking at precision and
recall, the results vary a little. Complement bayes has significant worse precision and better recall
with trigrams, while support vector machines has significant worse recall, and better precision. Naive
bayes gives better precision, and the same recall with trigrams. Table 14 and Table 15 show all the
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standard deviations and the results of the paired corrected t-test. A significant worse result is marked
by the character “w” while better results are marked by “b”.

The differences in the results between bigrams and trigrams are definitely largest with complement
bayes as classifier. The training and testing times of the different datasets are measures that have to
be taken into account. The times are presented in Table 16 and Table 17 and show that both testing
and training time increase with trigrams. Because of this issue the trigrams dataset should perform
significantly higher to be worth the increased computing times. Looking at the classification time
with SVM bigrams it seems that each instance will demand 33,49/4478 = 0,0075 seconds
classification time. If the EPR text contains 50 unclassified words the system would use 0,37 seconds

to assign categories to them. This should not cause any problems when using this with real EPRs.

Naive Bayes Complement Bayes
Only bigrams 182,01 0,16 471,94

Bi/trigrams 371,51 0,20 637,92

Table 16 Training times for 40295 instances

Naive Bayes Complement Bayes

Only bigrams 17,37 0,05 33,49
Bi/trigrams 32,27 0,03 43,21

Table 17 Testing times for 4478 instances

The discussion of the different datasets will continue in Section 3.1.3 where the costs of the errors
are taken in consideration.

3.1.2 Different classifiers

In this section only naive bayes, complement bayes, and SVM will be subject for discussion. The 148
classifier is discussed in Section 0 because this is the only test where results are available from all
classifiers.

Comparing the results from the classifiers with the t-test gives pretty clear indications that SVM gives
the best accuracy. SVM gives statistical better accuracy then both naive and complement bayes, with
both bigrams and trigrams. The precision and recall measures are both statically significant better
with SVM than all the other except for recall where complement bayes performs better. A complete
overview of the results can be found in Part Ill 3.4.1.

Table 18 and Table 19 presents all the t-test result where significant worse results are marked by “w”
while better results are followed by "b”.



Discussion and Evaluation

Naive bayes Complement bayes

Bigrams w=worse
b=better

Accuracy 0,69 0,50b
Precision 0,01 0,01b
Recall 0,01 0,01

Trigrams
Accuracy 0,60 0,55
Precision 0,01 0,01
Recall 0,01 0,01b

Table 18 Standard deviations and t-test results comparing classifiers with Naive Bayes as baseline

Complement Bayes
Bigrams w=worse

b=better
Accuracy 0,50 0,35b
Precision 0,01 0,0b
Recall 0,01 0,01b
Trigrams
Accuracy 0,55 0,35b
Precision 0,01 0,0b
Recall 0,01 0,01w

Table 19 Standard deviations and t-test results comparing classifiers with Complement Bayes as baseline

Table 16 and Table 17 shows that the SVM classifier requires more computing time compared to
other alternatives. As stated in 3.1.1 this should not be significant when classifying a journal with
about 30-40 unknown words.

3.1.3 Cost analysis

So far the discussion has focused on the results without taking consideration to the costs connected
with wrong classifications. As mentioned earlier the most serious error is the one of classifying a
medical word as fiction literature or ordinary Norwegian. When looking at accuracy as an evaluation
measure there is an issue if the data is skewed. If an classifier scores 99,9% on a test sample that
consists of 999 positive instances, and 1 negative instance. The classifier did not classify the negative
instance correct, but got a high accuracy. If accuracy is used as the only evaluation comparing
classifiers it could lead to invalid conclusions. To address these issues a receiver operating
characteristic (ROC) plot is used [27], see Part Il 2.3.3.

The tests executed earlier set medical terms as positive, while Norwegian literature as negative. To
deal with the issue that classifying medical terms as Norwegian has higher cost the graphs presented
here will use true negative (TN), and false negative (FN) rate.

TN

™ = wp TN

65




Discussion and Evaluation

FN

FN= 757N

The ROC plot is presented in Figure 21, and shows the different classifiers with the TN and FN rate.
The values used in this plot are presented in Table 20.
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Figure 21 ROC plot

Classifier True Negative Rate False Negative Rate
Naive Bayes (Bigrams) 0,69 0,12

Naive Bayes (Trigrams 0,71 0,12

Complement Bayes (Bigrams) 0,83 0,12

Complement Bayes (Trigrams) 0,69 0,09

SVM (Bigrams) 0,95 0,08

SVM (Trigrams) 0,96 0,1

Table 20 Rates for the classifiers presented in the ROC plot

Figure 22 illustrates the convex hull in the ROC plot, and shows that all classifiers except SVM are
suboptimal because they do not lie on the convex hull. The two points on the hull are respectively
SVM with trigrams and bigrams, and therefore the optimal classifiers.




Discussion and Evaluation ¥4

1 T
o= =~ — e N\ give bayes (BigramS)
0,9
0,8 _A
! —l— Naive bayes (Trigrams)
()]
5 0,7 Y
g 0,6 == Complement bayes
‘gb 0,5 (Bigrams)
Z 04 ++ Complement bayes
g ) (Trigrams)
= 0,3
02 =@ SVM (Bigrams)
0,1
0 SVM (Trigrams)
o o1 02 03 04 05 06 07 08 09 1
== == Convex hull
False Negative Rate

Figure 22 ROC plot with convex hull

The SVM classifier scores higher on TN rate with trigrams than with bigrams, but the FN rate is lower
with bigrams. Taking into account the fact that there is an additional cost with classifying a positive
word as negative it seems that SVM with bigrams gives the best result. In addition the training and
testing times on trigrams are higher than bigrams which also strengthens the position of bigrams.

3.2 Testing with EPRs

The test with real EPRs should give a more valid result because of separate training and testing data
[15]. The test set had to be classified manually, and therefore the size is limited. Looking at the
accuracy in Part Il 3.4.2 it is clear that this test has poorer results than the cross validation. This is
natural since the cross validation uses the training data for testing.

Since we only have one result for each dataset and classifier a t-test does not make sense. There are
not enough results to get statistically significant differences. Looking at the results it seems like both
SVM and J48 with bigrams gives the best results. Since there are costs connected with wrong
classifications a ROC plot seems to be one of the best ways to compare the classifiers.

Figure 23 and Table 21 shows the different classifiers and datasets with results. The best results are
achieved by the SVM and J48 classifiers. When comparing J48 and SVM it is important to take into
account the long training times with J48 described in Part Il 3.3.1. Figure 24 illustrates the convex
hull, and from this graph it is possible to conclude that only Complement Bayes (Trigrams), SVM
(Bigrams), J48 (Bigrams), and SVM (Trigrams) are optimal classifiers.
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The cost of misclassifications in this class (Norwegian literature) is high, and therefore it would be
preferable achieving as low FN rate as possible. If this is set as the main criteria Complement Bayes
with trigrams would be the best classifier in this test. But there are other issues that are important
taking into consideration, namely the data balance, the statistical significance of this test, and the
training and testing times [15, 27].
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Figure 23 ROC plot
Classifier True Negative Rate False Negative Rate
Naive Bayes (Bigrams) 0,559 0,265
Naive Bayes (Trigrams 0,568 0,241
Complement Bayes (Bigrams) 0,717 0,19
Complement Bayes (Trigrams) 0,629 0,103
SVM (Bigrams) 0,795 0,154
SVM (Trigrams) 0,82 0,277
J48 (Bigrams) 0,807 0,209
148 (Trigrams) 0,795 0,285

Table 21 Rates for the classifiers presented in the ROC plot
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Figure 24 ROC plot with convex hull

Table 21 shows the actual rates for the classifiers and it is possible to conclude that SVM with
bigrams gives a relatively good gain of TN rate without increasing FN rate too much. The other
classifiers and SVM with trigrams give minimal improvements in the TN rate while increasing the FN
rate to an unacceptable level. The J48 algorithm also has higher training and classifying times than all
the others, which is an issue to take into consideration.

When using the classifier on real data it is reasonable to believe that Norwegian words are more
frequent than medical terms. This fact strengthens the choice of the SVM classifier. In addition SVM
with bigrams has higher accuracy and kappa-statistic than the other alternatives. All the results are
presented in Part Ill 3.4.2. Precision in class Il was emphasized earlier as an important measurement,
mainly because of the misclassification costs in this class. The ROC plots presented above describes
the same issue, and therefore precision in class Il is not further discussed here. Looking at precision
in Class | (medical terms) the results give SVM with bigrams as the best classifier.

A complete overview of the measures from the test is attached in Appendix E.
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3.3 Combining the results

The tests presented in Section 3.1 and 3.2 both have their weaknesses. The cross validation
experiment has several reruns, and is therefore statistical valid. The testing with real EPRs is more
related to qualitative study because of the low number of test instances [9]. The cross validation test
main weakness is because of using the same data for both training and testing. The corrected t-test
takes the bias into consideration and to some extent avoids this problem.

The results from the different tests vary to some extent, but they are somewhat compatible. The
cross validation results more or less conclude with SVM using bigrams as the best solution. The test
with EPR data gives the alternatives SVM with both bigrams and trigrams, J48 with bigrams, and
complement bayes with trigrams. If the other measures like accuracy, kappa statistic, class |
precision, and recall from the EPR test are taken into consideration it seems that also this test
concludes with SVM and bigrams as the preferred classifier. Complement Bayes with trigrams gives
the best results when it comes to Class Il precision in the EPR test. This result is caused by the low FN
rate in this test. When looking at the more statistical valid cross validation the difference between
SVM and complement bayes are smaller. In addition this classifier has a significant lower TN rate than
SVM which leads to the conclusion that SVM is a better choice than complement bayes.

Both tests result in high computing time with the J48 decision tree, and together with the results it
seems like decision trees do not provide an optimal solution for this application. Trigrams also result
in long training and test time compared with bigrams. As stated earlier the results with trigrams
should be significant better compared to bigrams if they should be worth the extended computing
time.

Naive bayes seems to be the classifier with the lowest performance in this test. This can be caused by
the fact that this classifier assumes that the features are independent within a class which is not the
case in this experiment. In addition this algorithm together with instance based classification has a
issue with producing generalizations of data [44]. In many ways it is not surprising that the SVM
classifier is the one with the best outcome. The algorithm has restrictive learning bias, which leads to
the fact that it can handle high dimensionality [20, 45]. But it is also an issue if the dimensionality
gets too high which leads to a lot of irrelevant features. This might be the case if trigrams are used,
and especially using n-grams with N<3 [45]. In text categorization it is important to handle dense
concepts, combine many different features, because mostly all the features in text categorization are
relevant. But for each document mostly all of the entries in the document vector are zero except for
a few. These kinds of issues are well suited for SVM classifiers [20].
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4 Discussion and evaluation of the extended functionality

Evaluating the extended functionality of the patient portal is a different kind of issue than discussing
the results in Section 2. In this case there are no measurements and experiment to compare and
evaluate. The portal has to be evaluated with qualitative data that for example could be interviews
with test persons. Because this is outside the scope of this thesis, and the fact that it was not possible
to execute a study with patients, the evaluation is achieved through examples of usage and
gualitative data taken from these examples [8, 10].

4.1 Summary functionality

The two alternatives of summary functionality are compared through examples of usage, and the
evaluation is done without any medical expert knowledge. The first implementation, namely
sentence extraction, is tested on different EPRs with varying results. Looking at EPRs it seems that
they do not contain many words that are repeated several times. In some cases if there are repeated
words these are stop words which are not relevant to the context of the EPR.

One example of this kind of summary is presented in the textbox in Part Ill 4.1. Below, another EPR
and summary like this is presented:

NATURLIGE FUNKSJONER: Uten anmerkning.

ALLERGIER: Ingen kjente.

STIMULANTIA: Ingen.

MEDIKAMENTER: Selo-zok 50 mg x 2. Triatec 5 mg x 1. Digitoxin 0.05 mg hver annen dag.
Furosemid 40 mg 2+1/2+1+1/2. Spirix 25 mg x 1/2.

STATUS PRESENS 25.01.00: Blodtrykk: 100/60. Puls 84: Uregelmessig. Caput: Uten anmerkning.
Collum: Aa. carotider +/+. Thorax: Cor: 1. og 2. hjertelyd, systolisk bilyd grad Il11/VI p.m. v.4.
intercostalrom. Pulm: Uten anmerkning. Abdomen: Palpabel puls til tumor i epigastriet.
Underekstremiteter: Alle arterier positive. Ikke odemer.

1
1
1
NATURLIGE FUNKSJONER: Uten anmerkning. ALLERGIER: Ingen kjente. MEDIKAMENTER: Selo- i
1
zok 50 mg x 2. Triatec 5 mg x 1. !

1

Examples like this illustrate the problems with this kind of summary. As it seems there are only
repeating stop words like for example the word “uten” (without). This results in the first sentence in
the summary consisting of a comment with the sentence “without marks”. It seems that these
summaries do not give a good extraction of the information in the EPR. Another observation is that
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the first part of an EPR does not summarize the rest of the text as an introduction or abstract. This
leads to the fact that it might not be reasonable to give the first part of the EPR higher weight which
is a premise for using this method.

The other approach is to extract the diagnosis codes, and then get the descriptions of the different
codes. The codes give a good overview of the case history that could be of high value to nurses,
physicians, and patients. Discussions with Nurse Karl @yri at the Interventional centre have shown
that this is an interesting feature for both medical personnel and laymen. Figure 25 gives an example
of the summary function. When using this type of summary you do not remove or add information to
the EPR, only use the codes issued by the physician. Taking into account that the patient should not
get a wrong comprehension of his or her health condition, the extraction of diagnosis codes seems
like a better option than sentence extraction.

4.2 External information

The examples of presenting external information are evaluated through the relevance of the
presented articles. Whether an article is relevant or not is based on whether the article has relevance
to some of the words in the EPR, which means that the relevance not is evaluated by any medical
expert.

WUMILES  pUUs eI

| -8 -

iitalet - pasientvennlig presentasjon av EPJ |

SHOSPITALET o

entasjon av EPJ

Journal

Q232 Medfodt mitralstenose

Q211 Atrieseptumdefekt [ASD]
Q210 Ventrikkelseptumdefekt [VSD]
0250 Apen ductus arteriosus

dre spes. medfadte misd. | hjertets kamre og

Oversatte ord
mitralstenose - innsnevring av hjerteklaffen mellom venstre

atrie septum defekt - medfedt hjertefeil der det er hull i

tum defekt; medfedt hjertefeil der ...

VSD - ventril | septum defekt; medfedt hjertefail

ductus - kanal

Figure 25 Example of summary with external information

Utfyllende informasjon
Downs syndrom

Fedme hos mor sker
risikoen for medfadte
skader.

Hypoplastisk venstre
hjertesyndrom

Persisterende truncus
arteriosus

ASD og V5D
Septumdefekt

Apenstiende ductus
arteriosus

Patent ductus
arteriosus

Figure 25 shows an example of a summary with the external information presented in the right area

of the window. The summary presents the text that the patient handbook gets as search strings.
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Q208 Q232 Q211 Q210 Q250
Irrelevant Irrelevant Relevant Relevant Relevant
Irrelevant Irrelevant Relevant Relevant Relevant

Table 22 Relevance of articles

Table 22 presents the articles from Figure 25 and describes whether or not they are relevant, based
on a layman’s evaluation. It seems that words without translation, ordinary Norwegian words,
confuse the search engine. Since the search engine uses the or operator on all the words some of the
articles are based on only one of the search words, for example “information”, which then again
results in an article about client confidentiality. The word “information” was only an irrelevant word
in the diagnosis text about a heart condition. One solution could be to remove all words without
translation or at least the words defined as stop words in the thesaurus server. If all stop words are
removed from the search string, a restriction of the search results is achieved but valuable articles
could be overlooked with this method. The word “cardiac infarction” is defined as a stop word, but
removing this from the search would result in loosing relevant articles about this issue.

Another, and as it seems better, solution is to define a separate list of words that should be removed
from the search string. Looking at ICD-codes it seems that the same irrelevant words are used over
and over again. Examples of such words are presented in Table 23.

Irrelevant search words
Unspecified

Specified

Congenital

Other

Table 23 Examples of stop words

The examples in Table 23 are a small amount of the actual words. In addition normal stop words like
“in”, “on”, “with”, “without”, and “and” are relevant in this case. A normal Norwegian stop word list
provided with the snowball stemmer®® could be used as a basis for the list used in this functionality.
But as discussed above there are a lot of ICD code specific, irrelevant words, which has to be added

to the list.

An example from Figure 25 illustrates the results of removing stop words. When the diagnosis
“Medfedt mitralstenose” (Congenital mitral stenosis) is used in searching it gives two irrelevant hits
about other issues, while when searching on “mitralstenose” (mitral stenosis) it gives the correct and
relevant article presented in Figure 26. It also seems that the search engine in the patient handbook
should be refined since the relevant article is not presented in the ten most relevant articles when

III

using the search string without removing “congenita

*® http://snowball.tartarus.org/algorithms/norwegian/stop.txt
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/2 Mitralstenose - Pasienthandboka - Windows Internet Explorer
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Kirurgi
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g Medisinsk? Vi har
Mage/tarm -
a8/ 1. Heyre forkammer treff for ditt sok!
Muskel/sijelett 2. Hayre hjertekammer www.180.n0
Nyrer/urinveler 3. Venstre hjertekammer
Psyke 4. Venstre forkammer, noe utvidet
@re/nese/hals 5. Truncus pulmunalis
* ’Gye 6. Arcus aorae Vonde ledd-
7 7. Vv pulmonales sinistrag emme muskler?
8. Vena cava superior Ingefaerekstrakt
Ekatera lonker 9. Vena cavainferior virker Imdren_de pa
10.  Areria pulmonalis dexter emme og stive
?dei‘"‘"‘er 11, Mitralklaffen med stenose ledd Les mer. |

Figure 26 Article from thehplatlient handbook

This evaluation gives clear indications that this functionality has to be tested and refined further. One
article presents the possibility of using for example Google to present relevant information [38]. It
also presents some criteria that could be achieved by providing patient friendly information. In this
implementation there are achieved higher accessibility, confidentiality that the physician does not
provide, and selectivity of information while keeping the safety medical personnel provides. One
issue that could be a challenge in this prototype is as discussed above, the relevance of the articles.
The feature of getting extended knowledge achieved when using Google as the search source is not
that conspicuous in this implementation, but this is sacrificed to keep safety without an extensive
classification of web sites.

Other articles have looked at the consequences of presenting the EPR to patient, and they conclude
that the system must strive to present correct, precise and not frightening information [46, 47]. This
could be the issue if, for example information about serious health conditions not relevant to the
patient is presented in the EPR system. As mentioned in Part Il 3.3, using Google has several
weaknesses when it comes to quality assurance of the articles, but it seems that Google is a better
search engine than the patient handbook. Since the quality assurance issue is important the patient
handbook is a good choice for this prototype implementation.
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1 PartIntroduction

This chapter gives a summary of the purpose and scope in this part, and an overview of the different
chapters.

1.1 Purpose

This part should conclude the results of this thesis, what has been achieved through this study, and
state further work.

1.2 Scope

Conclusions of the different evaluations, present the results of this thesis, and give elaborations
about unsolved challenges and further work.

1.3 Overview

e Conclusion: Concludes the thesis.
e Further work: Presents unsolved issues, and challenges that need further work.
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2 Conclusion

The development of a portal for patient friendly presentation of EPRs is a challenging subject area
which demands several algorithms and techniques. Complex usage of different medical terms,
shortenings, and a lot typing errors are among other things obstacles that has challenged the
development of a patient friendly EPR system.

The challenges addressed in this thesis, and other issues, can be solved using text mining. Looking at
the problem of disambiguating Norwegian words from medical terms the SVM classifier using
bigrams proved to give acceptable results. This classifier has reasonable classification times that are
manageable when it comes to using it in EPR translation. Assuming an accuracy of above 80% it
seems that it would give significant contributions to the system. The validation of these results,
achieved through statistical tests and cost analysis, support this conclusion. When looking at the
issue of misclassifying medical terms as Norwegian words, which is one of the most serious errors, it
seems that the SVM classifier seems to overcome this issue with reasonable error rates.

Presenting the EPR with relevant articles about the patient’s health condition has shown to be
interesting and valuable to the patient. The approach in this thesis has some good qualities and
properties, namely quality assurance and safety of presenting articles with correct information. The
articles of the patient handbook are a part of NEL which is assured by medical experts like physicians.
What seems to be an issue with this implementation is the precision which results in sometime
presenting articles not relevant to the patient.

Looking at the summary functionality it seems clear that this kind of information is valuable to both
patients, and medical personnel. Comparing the two methods used in this thesis, the conclusion is
that the extraction of diagnosis is the safest and best approach. Most of the repeated words in an
EPR are not relevant stop words which lead to the conclusion that the sentences with the most
frequent word do not summarize the content. The summary gives the patient, and possibly
personnel not familiar to the patient a short but informative overview of the patients’ health
condition. This could also be an important feature helping the patient input information into PHRs
which is highly relevant nowadays.

All the new functionality, namely summary and external information, presented in this thesis has
been evaluated and validated through examples and qualitative considerations. Through this
approach some of the weaknesses has been discovered and discussed, but to get an objective and
extensive evaluation of these a case study with patients should be executed. A case study with
patients was one of the planned activities in the work with this thesis. But during the study it has
shown to be impossible because of hospital rules and the time required getting approval for a case
study like this.

77




78

Conclusion and Further Work

The prototype developed, and the results presented in this thesis, gives valuable contributions the
work already done in this project. The refined user interface, primary studied in the specialization
project and implemented in this thesis, together with the new and extended functionality gives a
better starting point for executing a case study with patients. Looking at relevant articles it seems
that providing the patient with information about their health condition could improve the
communication with their physician, and lead to the patient taking a more active role in his or her
health care.
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3 Further work

The development of an electronic patient friendly presentation of EPRs is challenging and there are
more issues to address in the future. Some of them have been discussed in this thesis, and other
issues are new features and possible improvements.

In this thesis text mining has been used to address the issue of word sense disambiguation between
Norwegian words and medical terms through character n-grams. Another issue is to use text mining
to disambiguate words’ senses through the context of the word. This issue is about words that can
have both medical and ordinary Norwegian sense. An example of such a word is “mors” which can
mean both death and mom. Using text mining and the context of the words is a way to address this
challenge. In order to do this medical personnel must tag a significant amount of EPR text that can be
used as training data. This seems to not be available at this time, and this was the main reason that
the issue was not worked with in this thesis. Collocated terms are another improvement mentioned
in this thesis. A lot of medical terms are collocated, and the system as it exists do not support these
terms, and therefore translates them as two separate words. This functionality should be
implemented in the thesaurus server and is considered to be a fairly simple improvement that could
give significant improvements.

The work with providing external and extended information to the patient about his or her health
condition was started in this thesis but there are several issues that have to be studied before getting
a complete system. The existing search system has to be refined with a good stop word list based on
words occurring in ICD descriptions. To give the articles even higher precision text mining could be
used to learn the system which articles are relevant, and which is not. The system could also benefit
from testing with other sources of information, for example using Google as an external source.
Implementing Google presuppose that the quality assurance issues with this source is addressed.

The user interface and functionality has to be tested in an extensive study with patients. This is
important to get a good basis for evaluating and improving the functionality. The evaluation in this
thesis is based on some qualitative examples, but in order to get a better evaluation both
guantitative and qualitative studies with real users has to be executed.
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Appendix
A. Source code from the patient portal

Index.php

<html>
<?php
if (!defined("CACHE"))
define("CACHE", FALSE);

if (!defined("GLOBAL_CACHE"))
define("GLOBAL_CACHE", false);

if (Idefined("TTL"))
define("TTL", 0);

if (\defined("PAGE_CACHE"))

define("PAGE_CACHE", false);
header("Cache-Control: no-cache, must-revalidate"); // HTTP/1.1
header("Expires: Mon, 26 Jul 1997 05:00:00 GMT"); // Date in the past
header('Content-Type: text/html; charset=utf-8');
include_once('thesaurus.php');
include_once('epr.php');
include_once('html_dom_parser.php');

Seprno=$_GET['epr'];
Smode =$_GET['mode'];

Sthesaurus = new Thesaurus();
Sepr = new Epr();

Sresult="";

if(Smode==0){

Sresult = Sepr -> getEPR(Seprno);}
Sicd = Sepr -> getICD(Seprno);

Stemp = array();
$i=0;
foreach(Sicd as Scode){
Scodedesc = Sepr->getICDDesc(Scode);
if(Smode == 1){
Sresult = Sresult . Scode . " " . Scodedesc . "\n";
}
Scodedesc = utf8_decode(Scodedesc);
Scodedesc = str_ireplace(array("[", "]", "uspesifisert ", "andre
"medf@dt ", "medfgdte ", "uten ", "opplysning ", "om "), ""
Scodedesc = utf8_encode(Scodedesc);
$codedesc = preg_replace("/[A-Aa-3]*\./", ", Scodedesc);
Scodedesc = trim(Scodedesc);
Scodedesc = str_replace(" ", "+", Scodedesc);

,"og ", "spesifiserte ", "i", "pa ",

, Scodedesc);

Sdom = file_get_dom('http://www.pasienthandboka.no/default.asp?searchstring='. Scodedesc .

'&mode=search');

foreach(Sdom->find('td#searchresult') as Snode){
foreach(Snode->find('a') as Slink){
StemplSi][Slink->innertext][0] = Slink->href;

Stemp[Si][Slink->innertext][1] = Slink->innertext;
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}
}
Si++;
}
Sepr->freeEPR();

Sterms = Sthesaurus -> translate(Sresult);

>

<head><title>Rikshospitalet - pasientvennlig presentasjon av EPJ</title>
<link type="text/css" href="epj.css" rel="stylesheet">

</head>

<body>

<div id="container">

<div id="logo">

<img src="pictures/logo.gif" align="1left">

<img src="pictures/logg.jpg" align="right"><br><br><br>
<p>Pasientvennlig presentasjon av EPJ</p>

</div>

<div id="menu">

<br>

<a href="?epr=8210&mode=1"><img src="pictures/summ.jpg"></a><br>
<a href="?epr=8210&mode=0"><img src="pictures/journal.jpg"></a><br>
</div>

<div id="epj">
<?php

SnewEPR= explode("\n", Sresult);
$i=0;
foreach(SnewEPR as Sline){
SnewWords = preg_split("/[\s]+/", Sline);
foreach(SnewWords as Sword){
Sstopword = false;
Sprinted = false;
Strans = false;
for(Sk=0;Sk<(count(Sterms[Si])-1);Sk++){
if((Sterms[Si][Sk]['thesaurus'] == 2)&&(strcmp(Sword,
"\r")!=0)&&strlen(Sword)!=0&&Sterms[Si][Sk]['explanation']==""){
Sstopword = true;
}
else if((count(Sterms[$i][Sk]) == 4)&&(strcmp(Sword, "\r")!=0)&&strlen(Sword)!=0){
if(!Sstopword){
print ("<b><span title ="' . Sterms[Si][Sk]['term'] . " - " . Sterms[Si][Sk]['explanation']

.""onmouseover=\"". strtolower(str_replace(array("-", " ", ".", ":", ","),"",Sterms[Si]['original'])) .
"1.style.fontWeight = 'bold";\" onmouseout=\"". strtolower(str_replace(array("-"," ",".",":",
"M, Sterms[Si]['original'])) . "1.style.fontWeight = 'normal’;\">" . Sword . "</span></b>");}

else{

print ("<b><span title =" . Sterms[Si]['original'] . " - norsk ord' onmouseover=\"".
strtolower(str_replace(array("-", " ", ".", ":", ","),"",Sterms[$i]['original'])) . "1.style.fontWeight = 'bold";\"
onmouseout=\"". strtolower(str_replace(array("-", " ",".",":", ","),"",Sterms[Si]['original'])) . "1.style.fontWeight

="'normal’;\">" . Sword . "</span></b>");}



Appendix

Sk=count(Sterms[Si]);
Sprinted = true;
Strans = true;

}
}
if(!Sprinted){
if(Sstopword){
print("<i>" . Sword . "</i>");
}
else{
print(Sword . " ");}
}
if(strcmp(Sword, "\r")!=0&&strlen(Sword)!=0){
Si++;
}
}
print ("<br>");
}
>
</div>
<div id="desc">
<?php

Sprint_array = array();
foreach(Sterms as Sterm){
Sstopword ="";
foreach(Sterm as Sresult){
if(count(Sresult)==4){
if (Sprint_array[strtoupper(Sterm["original"])] = 1){
if(Sstopword==""){
print("<span title ="'. Sresult["explanation"] ."" id="". strtolower(str_replace(array("-
o e e Sterm["original®])) L "1'>" . Sresult["term"]. " - " . substr(Sresult["explanation"],0,45) .
"</span>");
if(strlen(Sresult["explanation"])>45){print("...");}}
else{
print("<span title ="". Sresult["explanation"] ."" id="". strtolower(str_replace(array("-"," ",
), Sterm["original])) L "1'>" . Sstopword. " - norsk ord</span>");

}
Sdesc="";
if(count(Sterm)>2){
foreach(Sterm as Sresults){
if(Sresults["thesaurus"] == 2 && Sresults["explanation"] == ""){
Sdesc = Sdesc . Sresults["term"] . " - norsk ord \n";}
else if (Sresults["thesaurus"] == 1){
Sdesc = Sdesc . Sresults["term"] . " - " . Sresults["explanation"] .
"\n";}

else if (Sresults["thesaurus"] == 2){
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Sdesc = Sdesc . Sresults["term"] . " - " . Sresults["explanation"] .

"\n";}
else if (Sresults["thesaurus"] == 3){
Sdesc = Sdesc . Sresults["term"] . " - " . Sresults["explanation"] .
"\n";}
1
print("<span title ="'. Sdesc . "'><b><font color = 'red'> (Mer)</font></b></span>");
}
print ("<br>");
Sprint_array[strtoupper(Sterm["original"])] = 1;
}
}
else if(Sresult["thesaurus"] == 2 && Sresult["explanation"] == ""){
Sstopword=Sresult["term"];
}
}
}
>
</div>
<div id="info">
<?php
Sprint_array_link = array();
Scount=0;

foreach(Stemp as Sadd){
foreach($add as Slinking){
if(Scount < 2){
if(Sprint_array_link[Slinking[1]] != 1){
print '<a href="http://www.pasienthandboka.no/' . Slinking[0] . "" target="window">' . Slinking[1] .
'</a><br><br>';
Sprint_array_link[Slinking[1]] = 1;}
Scount++;
}
}

Scount=0;

}

>

</div>

<div id="footer">

<p class="footer">Systemet er utviklet for <a href="http://www.rikshospitalet.no/">Rikshospitalet HF</a> av
<a href="mailto:kjetil@stallemo.com">Kjetil Stallemo</a> i forbindelse med masteroppgave ved <a
href="http://www.ntnu.no/">NTNU</a> 20&copy;08</p>

</div>

</div>

</body>

</html>
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Epr.php

<?php

Class Epr{
private $sglconnect;
private $sqldb;
private Sresult;

function __construct(){

Sthis->sqlconnect = mysql_connect('localhost’, 'test', 'bb3176');

Sthis->sqldb = mysql_select_db('datacor’, Sthis->sqlconnect) or die("Unable to select database");
mysql_query("SET NAMES 'utf8"');

}

function getICDDesc(Sicdcode){
Sthis->result = mysql_query('select beskrivelse from icd where kode="". Sicdcode .
"
while (Sline = mysql_fetch_array(Sthis->result, MYSQL_ASSOC)) {
foreach (Sline as Scol_value) {
return Scol_value;
}
}

}

function getICD(Seprno){

Sthis->result = mysql_query('select diag_nr from record where id="". Seprno . "";');
while (Sline = mysql_fetch_array(Sthis->result, MYSQL_ASSOC)) {
foreach (Sline as Scol_value) {

Spass = preg_replace('/\.([0-9]+)/', 'S1', Scol_value);
Spass = preg_replace('/\,([0-9]+)/', '$1', Spass);
Spass = preg_replace('/ \/ ([A-Za-z]+)/', ;S1', Spass);
Spass = preg_replace('/\/ ([A-Za-z]+)/', ';$1', Spass);
Spass = preg_replace('/ \/([A-Za-z]+)/', ';$1', Spass);
Spass = preg_replace('/\/([A-Za-z]+)/', ';$1', Spass);
Spass = preg_replace('/ ([A-Za-z]+)/', ';', Spass);
Spass = explode(';', Spass);

return Spass;
}
}

}

function getEPR(Seprno){
Sthis->result = mysql_query('select innk_nota from record where id="". Seprno . "";');
while (Sline = mysql_fetch_array(Sthis->result, MYSQL_ASSOC)) {
foreach (Sline as Scol_value) {
return Scol_value;
}
}

}

function freeEPR(){
mysql_free_result(Sthis->result);
mysql_close(Sthis->sqlconnect);
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Thesaurus.php
<?php
Class Thesaurus{

private Swordcount=0;
private Sresultcount=0;
private Sworddata=array();
private Sstate="";

private Ssocket;

private Sxml_parser;

function __construct() {

if (Idefined("CACHE"))
define("CACHE", FALSE);

if (!defined("GLOBAL_CACHE"))
define("GLOBAL_CACHE", false);

if (!defined("TTL"))
define("TTL", 0);

if (!defined("PAGE_CACHE"))
define("PAGE_CACHE", false);

Sthis->socket = pfsockopen("10.0.0.2", 49152);
stream_set_blocking (Sthis->socket , 1);
Sthis->xml_parser = xml_parser_create();
xml_set_object (Sthis->xml_parser, Sthis );

}

function startElementHandler (Sparser, Sname, Sattrib){

switch (Sname) {

case Sname=="RESULT": {

Sworddata[Sthis->wordcount][Sthis->resultcount]["exact"] = Sattrib["EXACT"];
Sworddata[Sthis->wordcount][Sthis->resultcount]["stemmed"] = Sattrib["STEMMED"];
Sworddata[Sthis->wordcount][Sthis->resultcount]["translated"] = Sattrib["TRANSLATED"];
Sworddata[Sthis->wordcount][Sthis->resultcount]["editDistance"] = Sattrib["EDITDISTANCE"];
break;

}

default : {Sthis->state=Sname;break;}

}
}

function endElementHandler (Sparser, Sname){

Sstate=";
if(Sname=="WORD"){Sthis->wordcount++;Sthis->resultcount=0;}
if(Sname=="RESULT"){Sthis->resultcount++;}

}

function characterDataHandler (Sparser, Sdata) {

if (1Sthis->state) {return;}

if (Sthis->state=="ORIGINAL") { Sthis->worddata[Sthis->wordcount]["original"] = Sthis->worddata[$Sthis-
>wordcount]["original"] . Sdata;}
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if (Sthis->state=="SYNONYM") { Sthis->worddata[Sthis->wordcount][Sthis->resultcount]["synonym"] = Sthis-
>worddata[Sthis->wordcount][Sthis->resultcount]["synonym"] . Sdata;}

if (Sthis->state=="TERM") { Sthis->worddata[Sthis->wordcount][Sthis->resultcount]["term"] = Sthis-
>worddata[Sthis->wordcount][Sthis->resultcount]["term"] . Sdata;}

if (Sthis->state=="EXPLANATION"){$this->worddata[$this->wordcount][$this->resultcount]["explanation"] =
Sthis->worddata[Sthis->wordcount][Sthis->resultcount]["explanation"] . $data;}

if (Sthis->state=="THESAURUS") { Sthis->worddata[Sthis->wordcount][Sthis->resultcount]["thesaurus"] =
Sdata;}

}

function translate (Stext){
Swords= preg_split("/[\s]+/", Stext);

Sxml =
'<document><sources><thesaurus>1</thesaurus><thesaurus>2</thesaurus><thesaurus>3</thesaurus></sourc
es><text>';

SxmlEnd = ' </text></document>';

foreach(Swords as Sword){
if(strlen(Sword)>0)
Sxml = Sxml . ' <word>'. Sword . '</word>";

}

Sxml = Sxml . SxmlEnd;
Sres = fwrite(Sthis->socket, Sxml);
while (!feof(Sthis->socket)) {
Sdesc = Sdesc . fgets(Sthis->socket, 100);
}

fclose(Sthis->socket);
xml_set_element_handler(Sthis->xml_parser, "startElementHandler", "endElementHandler");
xml_set_character_data_handler(Sthis->xml_parser, "characterDataHandler");
xml_parser_set_option(Sthis->xml_parser,XML_OPTION_TARGET_ENCODING,"UTF-8");
if(1(xml|_parse(Sthis->xml_parser, Sdesc))){

die("Error on line " . xml_get_current_line_number(Sthis->xml|_parser));

}

xml_parser_free(Sthis->xml_parser);

return Sthis->worddata;

}

>
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B. Source code from the Named Entity Extraction application

Webservice
/**
* Web service operation
*/
@WebMethod(operationName = "summary2")
public String summary2(@WebParam(name = "journal")String journal) {
try{
FileInputStream fstream = new FilelnputStream("C:/icd.txt");
DatalnputStream in = new DatalnputStream(fstream);
BufferedReader br = new BufferedReader(new InputStreamReader(in));
com.aliasi.dict.MapDictionary dictionary = new com.aliasi.dict.MapDictionary();
String strLine ="";
while ((strLine = br.readLine()) != null){
dictionary.addEntry(new com.aliasi.dict.DictionaryEntry(strLine,"ICD",1.0));

}
String njournal = stripGarbage(journal);
System.out.printin(njournal);
com.aliasi.dict.ExactDictionaryChunker dictionaryChunkerTT = new

com.aliasi.dict.ExactDictionaryChunker(dictionary,com.aliasi.tokenizer.IndoEuropeanTokenizerFactory.FACTOR

Y,false,false);
String retur = chunk(dictionaryChunkerTT,njournal);
return retur;

}

catch(Exception e){

}

return null;

}

Methods
static String chunk(com.aliasi.dict.ExactDictionaryChunker chunker, String text) {
Chunking chunking = chunker.chunk(text);
String retur ="";
for (Chunk chunk : chunking.chunkSet()) {
int start = chunk.start();
int end = chunk.end();
String type = chunk.type();
double score = chunk.score();
String phrase = text.substring(start,end);
retur = retur + (" phrase=|" + phrase + "|"
+ " start=" + start
+"end="+end
+ " type=" + type
+ " score="+ score);
}

return retur;

}

public static String stripGarbage(String s) {
String good =
" abcdefghijklmnopqrstuvwxyzABCDEFGHIJKLMNOPQRSTUVWXYZ0123456789";
String tokens ="/";
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String result ="";

for (inti=0;i<s.length(); i++) {
if ( good.indexOf(s.charAt(i)) >=0)
result += s.charAt(i);
if ( tokens.indexOf(s.charAt(i)) >=0)
result+="";
}
return result;

}



C. Source code from the sentence extraction application

Code from the library
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package net.sf.classifier4).summariser;

import java.util.ArrayList;
import java.util.Collections;
import java.util.Comparator;
import java.util.lterator;
import java.util.LinkedHashSet;
import java.util.List;

import java.util.Map;

import java.util.Set;

import net.sf.classifier4).Utilities;
public class SimpleSummariser implements ISummariser {

private Integer findMaxValue(List input) {
Collections.sort(input);
return (Integer) input.get(0);

}

protected Set getMostFrequentWords(int count, Map wordFrequencies) {
return Utilities.getMostFrequentWords(count, wordFrequencies);

}
/***

* @see net.sf.classifier4).summariser.ISummariser#summarise(java.lang.String)
¥/
public String summarise(String input, int numSentences) {

// get the frequency of each word in the input

Map wordFrequencies = Utilities.getWordFrequency(input);

// now create a set of the X most frequent words
Set mostFrequentWords = getMostFrequentWords(100, wordFrequencies);

// break the input up into sentences

// workingSentences is used for the analysis, but

// actualSentences is used in the results so that the

// capitalisation will be correct.

String[] workingSentences = Utilities.getSentences(input.toLowerCase());
String[] actualSentences = Utilities.getSentences(input);

// iterate over the most frequent words, and add the first sentence
// that includes each word to the result
Set outputSentences = new LinkedHashSet();
Iterator it = mostFrequentWords.iterator();
while (it.hasNext()) {
String word = (String) it.next();

0 for (inti = 0; i < workingSentences.length; i++) {
1 if (workingSentences[i].indexOf(word) >= 0) {
2 outputSentences.add(actualSentencesli]);
3 break;

4 }

5 if (outputSentences.size() >= numSentences) {
6 break;

7 }

8 }

9 if (outputSentences.size() >= numSentences) {
0 break;
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111 }

112

113 }

114

115 List reorderedOutputSentences = reorderSentences(outputSentences, input);
116

117 StringBuffer result = new StringBuffer("");
118 it = reorderedOutputSentences.iterator();
119 while (it.hasNext()) {

120 String sentence = (String) it.next();

121 result.append(sentence);

122 result.append("."); // This isn't always correct - perhaps it should be whatever symbol the sentence finished with
123 if (it.hasNext()) {

124 result.append("");

125 }

126 }

127

128 return result.toString();

129 }

130

131 /***

132  * @param outputSentences

133  * @param input

13 * @return

135 ¥

136 private List reorderSentences(Set outputSentences, final String input) {
137 // reorder the sentences to the order they were in the

13 // original text

139 ArraylList result = new ArrayList(outputSentences);

140

141 Collections.sort(result, new Comparator() {

142 public int compare(Object arg0, Object argl) {

143 String sentencel = (String) arg0;

144 String sentence2 = (String) argl;

145

146 int indexOfSentencel = input.indexOf(sentencel.trim());
147 int indexOfSentence2 = input.indexOf(sentence2.trim());
148 int result = indexOfSentencel - indexOfSentence2;

149

150 return result;

151 }

152

153 N

154 return result;

155 '}

156

157}

Code from the webservice
/**
* Web service operation
*/
@WebMethod(operationName = "summary")
public String summary(@WebParam(name = "journal") String journal) {

net.sf.classifier4).summariser.SimpleSummariser summariser = new
net.sf.classifier4).summariser.SimpleSummariser();

String result = summariser.summarise(journal, 4);

return result;



D. EPR words used when testing classifiers

@relation category
@attribute term string
@attribute class {1 2}
@data
N;a;t;u;r;li;g;e,2
f;u;n;k;s;j;0;5n;e;r,2
U;a,1
AliLe;r;g;ize;r,2
I;n;g;e;n,2
k;j;e;n;t;e,2
S;t;i;m;u;l;a;n;t;iza, 1
P;a;s;i;e;n;t;e;n,2
ney;ker,2

i;k;k;e,2
S;T;A;T;U;S,1
p;r;e;s;e;n;s,1
d;e;n,2
G;e;n;e;r;e;l;l,2
b;e;s;k;r;i;v;e;l;s;e,2
E;n,2

ar,2

g;a;m;m;e;l,2
m;a;n;n,2
n;o;r;m;a;l;t,2
h;o;l;d,2

g;0;d,2
a;l;;m;e;n;n;t;i;l;s;ta;n;d,2
v;3a;k;e;n,2

0;8,2

k;l;a;r,2
s;a;m;a;r;b;e;i;d;e;r,2
gre;it,2

i;n;g;e;n,2
p;l;age;r,2

v;e;d,2
u;n;d;e;r;s;8;k;e;l;s;e;n,2
B;T,1

H;o0,1

s;i;d;e,2

v;e,1

s;i;d;e,2

P;u;l;s,1
rie;g;e;;m;e;s;s;izg,2
C;o;l;l;u;m,1
I;n;g;e;n,2

t;e;g;n,2

t;i;1,2
h;a;l;s;v;e;n;e;s;tu;v;n;i;n;
g1

h;;r;e;r,2

i;n;g;e;n,2
s;t;e;n;0;s;5e;ly;d,1
o;v;e;r,2
c;a;r;o;t;i;d;e;r,1
C;o;r,1
R;e;g;e;;m;e;s;s;i;8,2
a;k;s;j;o;n,2
h;@;r;e;r,2

e;n,2
s;y;s;t;05050;8:k, 1
b;i;l;y;d,1

g;r;a;d,2

o;v;e;r,2

h;e;l;e,2
p;r;e;c;o;r;d;iset, 1
m;e;d,2
p;u;n;k;t;u;m,2
m;a;k;s;i;m;u;m,2

i;n;t;e;r;c;0;s;t;;r0,m, 1
h;o,1
s;t;e;r;n;a;lna;n;d, 1
U;t;s;tra;0n;8,2
m;o;t,2
h;a;l;s;k;a;r,1
h;a;r;e;r,2

0;8;s;3,2

e;n,2
d;i;a;s;t;0;5l50;s;k,1
d;i;s;h;ly;d,1
l;a;n;g;s,2

v;e,1
s;t;e;rn;a;lna;n;d, 1
P;u;l;m,1
V;e;s;ik;u;l;ee;r,1
r;e;s;p;i;ra;s;j;on;s;ly;d,1
i;n;g;e;n,2
f;r;e;m;m;e;d;ly;d;e;r,2
A;b;d;o;m;e;n,1
A;r;r,2

e;t;t;e;r,2
a;p;e;n;d;e;c;t;o;m;i,1
A;b;d;o;m;e;n,1
el

b;l;0;t,1

0;8,2

u;0;m,1
p;a;l;p;e;r;e;r,1
i;n;g;e;n,2
o;p;p;f;y;lin;i;n;g;e;r,2
i;k;k;e,2

l;e;v;e;r,2

0;8,2

m;i;l;t,1

U;e;x,1

H;a;n,2

h;a;r,2
v;a;r;i;ce;r,1

i,2

s;a;f;e;n;a,1
m;a;g;n;a,1
d;a;b;e;t;e;s,1

p;d,2

b;e;g;8e,2
s;i;d;e;r,2

M;e;s;t,2
u;t;t;a;lt,2

p;a,2

l;e;g;g;e;r,2

F;o;r,2

B;V;r;i;8,2
s;l;a;n;k;e,2

u;e;x,1

m;e;d,2

g;0;d,2
p;e;r;i;fie;r,1
p;u;lis;a;s;j;oi, 1
R;e;s;y;m,1

0;8,2
v;u;r;d;e;r;i;n;g,2
M;a;n;n,2

m;e;d,2
c;o;r;0;n;a;r,1
s;y;k;d;o;m,2
a;o;r;t;a,l
i;n;s;u;f;f505s;i€;5n;8,1
g;r;a;d,2

s;a;m;t,2
a;jo;r;t;a,2
a;s;c;e;n;d;e;n;s,1
u;t;v;i;d,2

ti;1,2

c;m,2
Lie;g;g;e;s,2

n;a,2

i;n;n,2

f,o;r,2

A;V;R,1

A;C;B,1
0;p;e;r;a;s;j;o;n,2
s;a;m;t,2

e;v;t,2
s;u;p;e;r;a,l
c;o;r;o;n;a;r;t,1
g;r;a;f;t,1
M;e;d;i;k;a;m;e;n;t;e;r,2
I;n;g;e;n,2
f;a;s;t;e,2
A;lle;r;g;ize;r,2
I;n;g;e;n,2
k;j;e;n;t;e,2
S;t;i;m;u;l;a;n;t;iza, 1
P;a;s;i;e;n;t;e;n,2
h;a;r,2
s;lust;t;e;t,2

3,2

r;8;y;k;e,2
S;T;A;T;U;S,1
p;rie;s;e;n;s,1
d;e;n,2

E;n,2

a;r,2

g;a;m;m;e,2
m;a;n;n,2
o;v;e;r,2
m;i;d;d;e;l;s,2
h;0;l1;d,2

g;0;d,2
a;l;l;m;e;n;n;tilis;ta;n;d,2
H;a;n,2

e;r,2

v;3;k;e;n,2

0;8,2

k;l;a;r,2
f;o;r;k;1;a;r;€5r,2
s;e;8,2

gr;e;it,2

Le;t;t,2
h;v;i;l;e;d;y;s;p;n;ose,1
H;e;y;d;e,2

c;m,2

V;e;k;t,2

k;g,2

B;T,1

P;u;l;s,2
r;e;g;e;l;m;e;s;s;i;g,2
C;o;r,1
R;e;g;e;l;m;e;s;s;i;g,2
a;k;s;j;o;n,2
r;e;n;e,2
t;o;n;e;r,2
m;e;n,2
t;r;0;1;i;8,2
s;p;litte;t,2
P;u;l;m;o;n;e;s, 1

Appendix

V;e;s;i;k;u;l;eer, 1
r;e;s;p;i;ra;s;i;o;n;s;ly;d,1
b;i;l;a;t;e;r;a;l;t,1
T;h;o;r;3;%,1

D;e;t,2

e;r,2

e;t,2
0;P;€;1;3;5;j;0;n;8;3;1;1,2
p;a,2

m;e;d;c;a;l5t,1

v;e,1

gv;rie,2
t;h;o;r;a;%,1
A;b;d;o;m;e;n,1
S;y;m;e;t;ri;s;k,2
b;l;e;t,2

u;o;m,1

i;n;g;e;n,2
p;a;lip;a;b;le 1
o;p;p;fiyliniisn;g;e;r,2
N;o;r;m;a;l;e,2
t;a;r;m;ly;d;e;r,2
D;e;t,2

e;r,2
s;y;m;e;t;ri;s;k,2
ly;s;k;e;p;u;l;s,1
b;i;l;a;t;e;r;a;05t,1
P;a;s;i;e;n;t;e;n,2
e;r,2

s;a;t;t,2

o;p;p,2

t;i;1,2
0;p;e;r;a;s;j;0;n,2
D;e;t,2

e;r,2

t;a;t;t,2

r;t;g,1

t;h;o;r;a;x,1

n;a,2

D;e;t,2

s;k;a;1,2
d;e;m;o;n;s;t;r;e;r;e;s,2
CT,2

b;i;l;d;e;r,2
B;e;s;t;i;l;le;r,2
e;t;t;e;r;b;e;s;tile;r,2
l;e;v;e;r;t;r;a;n;s;a;m;e;n;a
;se;r,1
B;e;s;t;i;l;le;r,2
0;g8;s;3,2

E;K;G,1

p;u;l;s,2

s;k;a;1,2

t;a;s,2

ga;n;g;e;r,2

p;r,2

v;a;k;t,2

f;o;r;s;t;e,2
d;@;g;n,2
N;a;t;u;r;lizg;e,2
f;u;n;k;s;j;0;n;e;r,2
U;a,1
AliLe;r;g;ize;r,2
I;n;g;e;n,2
k;j;e;n;t;e,2
S;t;i;m;u;l;a;n;t;iza,l
P;a;s;i;e;n;t;e;n,2
s;lu;t;te;t,2
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3,2

r;8;y;ke,2

ar,2

g;a;m;m;e;l,2
F;a;s;t;e,2
m;e;d;i;s;i;n;e;r,2
M;a;r;e;v;a;n,1
e;t;t;e;r,2

I;N;R,2
S;T;A;T;U;S,1
p;r;e;s;e;n;s, 1
d;e;n,2
G;e;n;e;r;e;l;l,2
b;e;s;k;r;i;v;e;l;s;e,2
E;n,2

ar,2

g;a;m;m;e;l,2
m;a;n;n,2
n;o;r;m;a;l;t,2
h;o;l;d,2

g;0;d,2
a;l;;m;e;n;n;t;i;l;s;ta;n;d,2
v;3a;k;e;n,2

0;8,2

k;l;a;r,2
s;a;m;a;r;b;e;i;d;e;r,2
g;r;e;i;t,2
i;n;g;e;n,2
p;l;a;g;e;r,2

v;e;d,2
u;n;d;e;r;s;o;k;e;l;s;e;n,2
B;T,2

H;o0,1

s;i;d;e,2

v;e,1

s;i;d;e,2

P;u;l;s,2
r;e;ge;l;m;e;s;s;i;g,2
C;o;l;l;u;m,1
I;n;g;e;n,2

t;e;g;n,2

t;i;1,2
h;a;lis;v;e;n;e;s;tu;vin;isn;
g1

i;n;g;e;n,2
s;t;e;n;o0;s;5e;ly;d,1
o;v;e;r,2
c;a;r;0;t;i;d;e;r,1
C;o;r,1
Tyy;d;e;l;i;8,2
v;e;n;tis ki kgk, 1
h;@;r;e;r,2
i;n;g;e;n,2
b;i;l;y;d;e;r,2
r;e;g;e;lm;e;s;s;i;g,2
a;k;s;j;o;n,1
P;u;l;m,2

U;a,1
A;b;d;o;m;e;n,2
U;a, 1

T;h;0;r;a;x,2
S;T;A;T;U;S,1
e;t;t;e;r,2
s;t;e;r;n;0;t;0;m;i,1
U;e;x, 1

G;o0;d,2

p;u;l;s,2
a;r;t;e;r;iza,l
t;i;b;i;a;l;0;s,1
p;0;s;t;e;r;i;0;r,1
b;i;l;a;t;e;r;a;l;t,1

I;n;g;e;n,2
a;n;k;e;l;0;d;e;m;e;r, 1
R;e;s;y;m,2

0;8,2
v;u;r;d;e;r;i;n;g,2
M;a;n;n,2
o;p;e;r;e;r;t,2
A;V;R,1
k;o;m;m;e;r,2
n;a,2

t;i;l,2

a;r;s,2
k;o;n;t;r;0;l:1,2
E;k;k;0,2
v;i;s;e;r,2
l;i;t;e;n,2
p;a;r;a;v;a;lv;u;liee;r,1
l;e;k;k;a;s;);€,2
0;8,2

h;a;n,2

b;@;r,2
d;e;r;f;0;r,2
k;o;n;t;r;0;l;1;e;r;e;8,2
i;g;j;e;n,2

o;m,2

a;r,2
M;E;D;l;K;A;M;E;N;T;E;R;,2
I;n;g;e;n,2
f;a;s;t;e,2
A;L;L;E;R;G;;E;R,2
I;n;g;e;n,2
k;j;e;n;t,2
m;e;d;i;k;a;m;e;n;t;e;l;l,2
S;T,A;T;U;S,1
P;R;E;S;E;N;S,1
E;n,2

ar,2
g;a;m;m;e;l,2
p;i;k;e,2

l;it;t,2

t;y;n;n,2

m;e;n,2
k;v;isk;k,2

0;8,2

r;a;5;k,2
L;o;p;e;r,2
r;u;n;d;t,2

i,2

r;o;m;m;e;t,2
0;8,2

l;e;k;e;r,2
H;2;y;d;e,2
V;e;k;t,2

B;T,1

0;8,2

p;u;l;s,2

i;k;k;e,2

t;a;t;t,2

n;a,2

C;o;r,1
R;e;g;e;l;m;e;s;s;i;g,2
a;k;s;j;o;n,2
e;n,2
d;u;s;j;bsily;d,1
o;v;e;r,2

h;e;l;e,2
h;j;e;r;t;e;t,2
g;r;a;d,2

1;1;1,2

h;o;r;e;s,2
u;t;e;n,2

s;t;e;t;0;8;k;0;p,1
0;8;5;3,2

P;u;l;m,1
V;e;s;isk;u;l;eer, 1
r;€;5;p;i;1;3;85;0;m;8;0y;d,1
b;i;l;a;t,1
A;b;d;o;m;e;n,1
S;y;m;m;e;t;r;i;s;k,1
b;l;8;t,2

0;8,2

u;o;m,1
I;n;f;0;r;m;e;r;e;r,2
h;o;v;e;d;o;p;e;r;a;t;o;r, 1
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E. Results from text mining with EPRs

Naive Bayes with bigrams
Time taken to build model: 183.34 seconds

=== Evaluation on test set ===

=== Summary ===

Correctly Classified Instances 546 60.8696 %
Incorrectly Classified Instances 351 39.1304 %
Kappa statistic 0.2334

Mean absolute error 0.4094

Root mean squared error 0.5755

Relative absolute error 81.7779 %

Root relative squared error 114.9596 %
Total Number of Instances 897

=== Detailed Accuracy By Class ===

TP Rate FP Rate Precision Recall
0.735 0.441 0.396 0.735
0.559 0.265 0.843 0.559

=== Confusion Matrix ===

a b <--classified as
186 67 | a=1
284 360 | b=2

F-Measure ROC Area
0.515 0.723
0.672 0.723

Appendix
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Naive Bayes with trigrams
Time taken to build model: 371.77 seconds

=== Evaluation on test set ===

=== Summary ===

Correctly Classified Instances 558 62.2074 %
Incorrectly Classified Instances 339 37.7926 %
Kappa statistic 0.2596

Mean absolute error 0.4088

Root mean squared error 0.5775

Relative absolute error 81.6572 %

Root relative squared error 115.3581 %

Total Number of Instances 897

=== Detailed Accuracy By Class ===

TP Rate FP Rate Precision Recall F-Measure ROC Area
0.759 0.432 0.409 0.759 0.531 0.708
0.568 0.241 0.857 0.568 0.683 0.708

=== Confusion Matrix ===

a b <--classified as
192 61 | a=1
278 366 | b=2

Class



Complement bayes with bigrams
Time taken to build model: 0.11 seconds

=== Evaluation on test set ===

=== Summary ===

Correctly Classified Instances 667 74.359 %
Incorrectly Classified Instances 230 25.641 %
Kappa statistic 0.4546

Mean absolute error 0.2564

Root mean squared error 0.5064

Relative absolute error 51.2197 %

Root relative squared error 101.1505 %

Total Number of Instances 897

=== Detailed Accuracy By Class ===

TP Rate FP Rate Precision Recall
0.81 0.283 0.53 0.81
0.717 0.19 0.906 0.717

=== Confusion Matrix ===

a b <-- classified as
205 48 | a=1
182 462 | b=2

F-Measure
0.641
0.801

ROC Area
0.764
0.764

Appendix

Class
1
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Complement Bayes with trigrams
Time taken to build model: 0.13 seconds

=== Evaluation on test set ===

=== Summary ===

Correctly Classified Instances 632 70.4571 %
Incorrectly Classified Instances 265 29.5429 %
Kappa statistic 0.419

Mean absolute error 0.2954

Root mean squared error 0.5435

Relative absolute error 59.014 %

Root relative squared error 108.5743 %

Total Number of Instances 897

=== Detailed Accuracy By Class ===

TP Rate FP Rate Precision Recall F-Measure ROC Area Class
0.897 0.371 0.487 0.897 0.631 0.763 1
0.629 0.103 0.94 0.629 0.753 0.763 2

=== Confusion Matrix ===

a b <-- classified as
227 26 | a=1
239 405 | b=2
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J48 with bigrams
Time taken to build model: 26134.67 seconds

=== Evaluation on test set ===

=== Summary ===

Correctly Classified Instances 720 80.2676 %
Incorrectly Classified Instances 177 19.7324 %
Kappa statistic 0.551

Mean absolute error 0.2095

Root mean squared error 0.4227

Relative absolute error 41.845 %

Root relative squared error 84.4376 %

Total Number of Instances 897

=== Detailed Accuracy By Class ===

TP Rate FP Rate Precision Recall F-Measure ROC Area Class
0.791 0.193 0.617 0.791 0.693 0.848 1
0.807 0.209 0.908 0.807 0.855 0.848 2

=== Confusion Matrix ===

a b <--classified as
200 53 | a=1
124 520 | b=2
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J48 with trigrams
Time taken to build model: 68695.26 seconds

=== Evaluation on test set ===

=== Summary ===

Correctly Classified Instances 693 77.2575 %
Incorrectly Classified Instances 204 22.7425 %
Kappa statistic 0.4762

Mean absolute error 0.2426

Root mean squared error 0.4531

Relative absolute error 48.4654 %

Root relative squared error 90.5058 %

Total Number of Instances 897

=== Detailed Accuracy By Class ===

TP Rate FP Rate Precision Recall F-Measure ROC Area Class
0.715 0.205 0.578 0.715 0.64 0.81 1
0.795 0.285 0.877 0.795 0.834 0.81 2

=== Confusion Matrix ===

a b <-- classified as
181 72 | a=1
132 512 | b=2



LibSVM with bigrams
Time taken to build model: 428.72 seconds

=== Evaluation on test set ===

=== Summary ===

Correctly Classified Instances 726 80.9365 %
Incorrectly Classified Instances 171 19.0635 %
Kappa statistic 0.5765

Mean absolute error 0.1906

Root mean squared error 0.4366

Relative absolute error 38.0807 %

Root relative squared error 87.2172 %

Total Number of Instances 897

=== Detailed Accuracy By Class ===

TP Rate FP Rate Precision Recall
0.846 0.205 0.618 0.846
0.795 0.154 0.929 0.795

=== Confusion Matrix ===

a b <-- classified as
214 39 | a=1
132 512 | b=2

F-Measure
0.715
0.857

ROC Area
0.82
0.82

Appendix

Class
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LibSVM with trigrams
Time taken to build model: 696.4 seconds

=== Evaluation on test set ===

=== Summary ===

Correctly Classified Instances 711 79.2642 %
Incorrectly Classified Instances 186 20.7358 %
Kappa statistic 0.5148

Mean absolute error 0.2074

Root mean squared error 0.4554

Relative absolute error 41.4212 %

Root relative squared error 90.9621 %

Total Number of Instances 897

=== Detailed Accuracy By Class ===

TP Rate FP Rate Precision Recall F-Measure ROC Area Class
0.723 0.18 0.612 0.723 0.663 0.772 1
0.82 0.277 0.883 0.82 0.85 0.772 2

=== Confusion Matrix ===

a b <-- classified as
183 70 | a=1
116 528 | b=2
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Appendix PAl

H. Abbrivations

EPR Electronic Patient Record

RHF Rikshospitalet Helseforetak

NEL Norsk Elektronisk Legehandbok

IR Information retrieval

RQ Research Question

NTNU The Norwegian University of Science and Technology

KE Knowledge Engineering

ML Machine Learning

TF Term Frequency

IDF Inverse Document Frequency

ICPC International Classification of Primary Care

WEKA Waikato Environment for Knowledge

SVM  Support Vector Machines

ROC  Receiver Operating characteristic

PHR Personal Health Records
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