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This journal follows the guidelines of the Interna-
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Authorship
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portant intellectual content; and
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Conflicts of interest
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Protection of human subjects and animals in research

Authors who submit a manuscript on research
involving human subjects should indicate in the
manuscript whether the procedures followed were in
compliance with the ethical standards of the respon-
sible committee on human experimentation (institu-
tional and national) and with the World Medical As-
sociation Declaration of Helsinki on Ethical Princi-
ples for Medical Research Involving Human Subjects
(http://www.wma.net/en/30publications/10policies/b3/).

European Journal for Biomedical Informatics does not
publish material that has already appeared elsewhere.
Submitted manuscripts should not be submitted in paral-
lel to any other journal.

Manuscript preparation

Authors are kindly requested to carefully follow all in-
structions on how to write a paper. In cases where the
instructions are not followed, the paper will be returned
immediately with a request for changes, and the editorial
review process will only start when the paper has been
resubmitted in the correct style.

Authors are responsible for obtaining permission to
reproduce any copyrighted material and this permission
should be acknowledged in the paper.

Authors should not use the names of patients. Patients
should not be recognizable from photographs unless their

written permission has first been obtained. This permis-
sion should be acknowledged in the paper.

In general the manuscript text (excluding sum-
mary, references, figures, and tables) should not exceed
5 000 words.

Kindly send the final and checked source and PDF
files of your paper to manuscripts@ejbi.org. You should
make sure that the LATEX and the PDF files are identical
and correct and that only one version of your paper is
sent. Please note that we do not need the printed paper.

Where appropriate, the paper should be organised into
the following sections: Abstract, Introduction, Objectives,
Methods, Results, Discussion, Conclusions, Acknowledg-
ments and References. Apart from the main headings,
subheadings should be used and may be numbered.

Authors are strongly encouraged to use LATEX2ε
for the preparation of manuscript. The LATEX tem-
plate ejbi_template.tex can be downloaded from
www.ejbi.org/en/instructions/.

When you are not able to use LATEX, please use MS
Word or OO Writer and send us the unformatted text.
Kindly follow just instructions about preparing figures,
tables and references. We are going to convert your text
into LATEX instead of you.

If you use LATEX together with our template file,
ejbi_template.tex, your text is typeset automatically.
Please do not change the preset fonts. Do not use your
own macros, or styles.

Please use the commands \label and \ref for cross-
references and the commands \bibitem and \cite for
references to the bibliography, to enable us to create hy-
perlinks at these places.

Title page

The first page of the article should contain: title of the
paper (also the shorter version for running heads), initials
and last name of each author, to be followed with their in-
stitutional affiliations, the name, address, e-mail address
and telephone of the corresponding author.

Abstract and Keywords

The abstract should summarize the contents of the pa-
per and should not exceed 250 words. Authors are re-
quested to write a structured summary, adhering to the
following headings: Background (optional), Objectives,
Methods, Results, Conclusions.

At the end of the Abstract, the contents of the pa-
per should be specified by, at most, five keywords. We
recommend using MeSH keywords.

Headings

Headings should be capitalized (i.e. nouns, verbs, and
all other words except articles, prepositions, and conjunc-
tions should be set with an initial capital) and should be
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as the contrast of converted colours show up very poorly
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Displayed equations or formulas are centred and set on
a separate line (with an extra line or halfline space above
and below). Displayed expressions should be numbered
for reference. The numbers should be consecutive within
each section or within the contribution, with numbers en-
closed in parentheses and set on the right margin.

Footnotes

The superscript numeral used to refer to a footnote
appears in the text either directly after the word to be

discussed or – in relation to a phrase or a sentence – fol-
lowing the punctuation sign (comma, semicolon, or pe-
riod). Footnotes should appear at the bottom of the nor-
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Sharing Knowledge and Tools for Decision Support in

Biomedicine and Healthcare

John Mantas1, Arie Hasman2 and Jana Zvárová3

1 University of Athens, Greece
2 University of Amsterdam, The Netherlands

3 Charles University in Prague, The Czech Republic

The special topic conference Data and Knowledge for
Medical Decision Support was held in Prague, April 17-19,
2013 under the auspices of the European Federation of Medi-
cal Informatics (EFMI). The EFMI conference focused on the
important topic of how advanced information and communi-
cation technologies can be used to combine expert knowledge
with best practices in the diagnosis, treatment and preven-
tion of diseases. After review of all submissions a scientific
program could be established with 49 lectures, 32 posters, 7
workshops and one panel. The conference was attended by
more than 160 delegates from 31 countries. Selected papers
of the EFMI conference were published by IOS Press [1].

One of the workshops titled Sharing Knowledge and Tools
for Decision Support in Biomedicine and Healthcare was held
at the 1st Faculty of Medicine of the Charles University in
Prague on April 16, 2013. During the workshop 25 Ph.D.
students from Charles University in Prague, Masaryk Uni-
versity in Brno, Technical University in Prague and several
universities from other European countries presented their
work. The workshop was chaired by Prof. John Mantas
(University of Athens, Greece), Prof. Arie Hasman (Uni-
versity of Amsterdam, The Netherlands) and Prof. Jana

Zvárová (Charles University in Prague, The Czech Repub-
lic). Discussions about the presented lectures were at an
international level with active involvement of both the chairs
and participants. This created an added value for the Ph.D.
students.

Based on their presentations during the workshop a num-
ber of students wrote full papers. These papers were submit-
ted to different biomedical journals and ten of them to the
European Journal for Biomedical Informatics (EJBI), listed
among peer-reviewed journals published in the Czech Re-
public and approved by the Board of Government. The third
issue of EJBI publishes in the year 2013 six full papers after a
peer-review. We sincerely hope that the active participation
at the workshop and the further comments of reviewers about
the full papers highly contributed to the students´ knowledge
for a successful further development of their Ph.D. theses.

Reference
[1] Arie Hasman, Bernd Blobel, Jana Zvárová (eds): Data and

Knowledge for Medical Decision Support. IOS Press, Amsterdam
2013
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Shrinkage Approach for Gene Expression Data Analysis

Jiří Haman1,2, Zdeněk Valenta1

1Institute of Computer Science AS CR, v. v. i., Department of Medical Informatics and Biostatistics, Prague, Czech Republic
2First Faculty of Medicine, Charles University in Prague, Czech Republic

Abstract

Background: Microarray technologies are used to
measure the simultaneous expression of a certain set
of thousands of genes based on ribonucleic acid (RNA)
obtained from a biological sample. We are interested in
several statistical analyses such as 1) finding differentially
expressed genes between or among several experimental
groups, 2) finding a small number of genes allowing for
the correct classification of a sample in a certain group,
and 3) finding relations among genes.
Objectives: Gene expression data are high dimensional,
and this fact complicates their analysis because we are
able to perform only a few samples (e.g. the peripheral
blood from a limited number of patients) for a certain
set of thousands of genes. The main purpose of this
paper is to present the shrinkage estimator and show its
application in different statistical analyses.

Methods: The shrinkage approach relates to the shift of
a certain value of a classic estimator towards a certain
value of a specified target estimator. More precisely, the
shrinkage estimator is the weighted average of the classic
estimator and the target estimator.
Results: The benefit of the shrinkage estimator is that it
improves the mean squared error (MSE) as compared to
a classic estimator. The MSE combines the measure of
an estimator’s bias away from its true unknown value and
the measure of the estimator’s variability. The shrinkage
estimator is a biased estimator but has a lower variability.
Conclusions: The shrinkage estimator can be considered
as a promising estimator for analyzing high dimensional
gene expression data.

Keywords

Microarray technology, high dimensional data, mean
squared error, James-Stein shrinkage estimator, mutual
information
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1 Introduction

In this section we describe microarray technology, and
mention several types of hypotheses for microarrays to-
gether with some problems which arise with microarray
data.

1.1 Microarray Technology

Microarray technology is an important element in
gene expression assessment. Basically, we can describe
microarray as a solid wafer which contains from a
few thousand to millions of one-stranded segments of
deoxyribonucleic acid (DNA) nucleotides in precisely set
positions. The positions are often called spots or probes.
These spots correspond to individual genes. The mode of
microarray production is described e.g. in [1].

Gene expression measurement is conducted by extract-
ing ribonucleic acid (RNA) from a biological sample, e.g.
the peripheral blood of a patient or a tuberculous tissue.
The extracted RNA sample is marked with a fluorescent
dye and spread on a microarray chip. During a process
called hybridization the RNA sample binds with the
microarray thanks to the complementarity of nucleotides.

The RNA concentration on a microarray is determined
using fluorescence. The microarray is scanned using
a special scanner and the output has the form of a
two-dimensional scanned image. The scanned image is
formed by pixels with certain intensities. A group of
neighbouring pixels making up the spot corresponding to
the fluorescent activity of a specific gene. The spots must
be targeted using a specialized image analysis software.

EJBI – Volume 9 (2013), Issue 3 c©2013 EuroMISE s.r.o.
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After performing complicated preprocessing tech-
niques, we obtain summarized values of gene expression
for each spot. For more information about the techniques
we refer the reader to [2] or [3].

Because we have usually several comparable biological
samples, the final data of gene expressions are in the form
of matrix. The matrix’s rows typically correspond to in-
dividual genes and the columns correspond to individual
samples (e.g. patients) of gene expression profiles from
several microarrays.

1.2 Types of Analysis for Microarrays

Several types of statistical inferences are possible in
the context of information extracted from microarrays:

(a) detection of differentially expressed genes be-
tween/among several experimental sample groups
(e.g. comparing gene expression of patients with a
tumour and without a tumour),

(b) classification of an unknown sample in a specific
group based on the gene expression profile in the sam-
ple (e.g. classification of a patient with cancer, i.e.
confirmation of the onset of cancer),

(c) discovery of new/unknown groups of genes (e.g. new
tumour subtype),

(d) identification of genes which are important for a given
group (e.g. for myocardial infarction),

(e) creation of gene networks (description of relations
among/between genes in evolution of cancer).

A broad overview of statistical analysis for gene expression
data analysis can be found in [3] or [4].

1.3 Problem of High Dimension

The problem with certain kinds of microarray tech-
nology, e.g. whole-genome microarrays, is high dimen-
sionality due to the fact that there is a greater number
of variables (genes) than observations (samples). If we
consider p to be the number of variables and n to be the
number of observations this means n � p. Problems as-
sociated with high dimensionality include the following,
for example:

• the selection of relevant differentially expressed genes,
i.e. the problem of multiple testing (see [5]),

• tractability of linear discriminant analysis (LDA)
used for classification purposes. LDA requires an es-
timator of the inverse covariance matrix, which, how-
ever, does not exist for the data which we have in this
case (see [6]).

2 Shrinkage Approach

In this section we present a shrinkage approach
which can help deal with the high dimensionality of gene
expression data. The approach results in an estimator
based on reducing the mean squared error (MSE) com-
pared to a classic estimator.

Firstly, we present the origin of the shrinkage approach,
i.e. James-Stein estimator (JSE) which is motivated by
the estimation of an unknown mean vector for multivari-
ate normal distribution based on 1 observation from this
distribution. Next, we mention the optimal value of the
JSE’s parameter which leads to the lowest value of the
MSE. This optimal value also gives the estimator the
shrinkage attribute. Finally, a generalization for both the
JSE and its optimal value is mentioned.

2.1 Mean Squared Error (MSE)

Let us suppose we have a random sample from
a nondegenerated distribution with an unknown one-
dimensional parameter θ ∈ R. We calculate an estima-
tor θ̂ ∈ R on the basis of our data. Then the MSE (or
quadratic risk) for the parameter θ̂ is defined as

MSE(θ̂) = E(θ̂ − θ)2. (1)

Expression (1) can be rewritten in a different way. We
expand (θ̂ − θ)2 in (1) and "add-subtract" (Eθ̂)2. After
using var(θ̂) = E(θ̂)2−(Eθ̂)2 and θ = Eθ and Eθ2 = (Eθ)2

we get an equivalent form of (1)

MSE(θ̂) = var(θ̂) + (Bias(θ̂, θ))2. (2)

In (2) the term Bias(θ̂, θ) = E(θ̂ − θ) represents the
accuracy of estimator θ̂ with respect to the unknown
parameter θ.

We can see from (2) that (1) for MSE of estimator θ̂
is the sum of its variance and the square of its bias. If
Bias(θ̂, θ) = 0 we say that estimator θ̂ is the unbiased
estimator of parameter θ. If Bias(θ̂, θ) 6= 0 we say that
estimator θ̂ is the biased estimator of parameter θ.

The idea for introducing the MSE is that allowing a
small bias for estimator θ̂ of parameter θ can substantially
improve its variability var(θ̂). For more details we refer
the reader to [7].

2.2 James-Stein Estimator (JSE)

The JSE, also known as the Stein estimator or
shrinkage estimator, is an estimator which first appeared
in [8]. The motivation for this estimator is the following.

Let us assume that p ∈ N and we have realization
of random vector X = (X1, . . . , Xp) ∈ Rp. Let vec-
tor X follow p-dimensional normal distribution with

c©2013 EuroMISE s.r.o. EJBI – Volume 9 (2013), Issue 3
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unit covariance matrix I and unknown mean vector
µ = (µ1, . . . , µp) ∈ Rp. The task is to estimate unknown
vector µ.

One estimator of µ is called the maximum likelihood
estimator (MLE). We can say it is a classic estimator
because it means that we estimate µ by realization x of
X. This estimator is in the form

µ̂MLE = X

Notation is in the scalar form, i.e. each component µi

of vector µ is estimated using the value of the respective
component Xi of vector X, i = 1, . . . , p.

Another µ estimator in which we are particularly in-
terested is called the James-Stein estimator (JSE). This
estimator is in the form

µ̂JSE = (1− θp(X))X

where

θp(X) =
p− 2

‖X‖2
, ‖X‖2=

p∑
i=1

X2
i .

For p > 2 we can see that the shrinkage factor θp(X)
is positive because the numerator and denominator are
always positive.

The reason JSE is called the shrinkage estimator
is that we implicitly suppose that θp(X) ∈ (0, 1). In
this case each component Xi of vector X from MLE is
proportionally shrunken by the same constant 1− θp(X)
closer to respective zero value component of vector X.

It can also be observed that in MLE we use "pure" in-
formation represented by the individual component while
in JSE we borrow information from the individual compo-
nent together with information contained in all the com-
ponents.

2.3 MSE of JSE

Introducing the shrinkage factor θp(X) results in a
lower MSE. More precisely, we have some kind of norm
for MSE because we are dealing with estimation of an
unknown p-dimensional parameter µ. In [8] Stein uses

MSEp(µ̂) = E(µ̂− µ)T (µ̂− µ) (3)

where µ is the true value of the mean and µ̂ is the estima-
tor of µ based on observed data. Expression (3) for MSEp

can be further rewritten as

MSEp(µ̂) = E

( p∑
i=1

(µ̂i − µi)
2

)
. (4)

Thus, MSE in case of estimation for p-dimensional para-
meter µ is the sum of MSEs for individual components of

µ. According to the expression (2) we can rewrite (4) as

MSEp(µ̂) =

p∑
i=1

{
var(µ̂i) + (Bias(µ̂i, µi))

2
}
. (5)

Thus, the MSE of estimator µ̂ equals the sum of variances
and squared biases of its individual components. Let’s
demonstrate the computation of the MSE for MLE and
JSE.

1) If µ̂ is MLE then

Bias(µ̂MLE
i , µi) = E(Xi − µi) = 0

where we derive benefit from EXi = µi. Thus, the MLE
is unbiased estimator. Similarly, we have

var(µ̂MLE
i ) = var(Xi) = 1.

This implies according to (5) that MSEp(µ̂MLE) = p.

2) If µ̂ is JSE then

Bias(µ̂JSE
i , µi) = E((1− θp(X))Xi − µi)

= −E(θp(X)Xi) 6= 0

where we use EXi = µi. Thus, JSE is biased estimator in
contrast to the unbiased MLE.

Computation of the MSE for JSE is not as straightfor-
ward as for the MLE. So we restrict ourselves to stating
that

MSEp(µ̂JSE) = p− (p− 2)2E

(
1

‖X‖2

)
.

We can see that for p > 2

MSEp(µ̂JSE) < MSEp(µ̂MLE)

because ‖X‖2 > 0. Especially, for large p we can achieve
a great improvement of MSE for JSE in contrast to MSE
for MLE. However, the "price" we pay for lower MSE of
JSE is bias.

2.4 The Optimal Shrinkage Factor

We can also compute the optimal shrinkage factor
which guarantees the lowest possible MSE. This is given
by maximizing each summand in MSEp(µ̂JSE). If the
shrinkage factor θp(X) in µ̂JSE is denoted as ϕ then ac-
cording to (5) we have

p∑
i=1

{
(1− ϕ)2var(Xi) + (E((1− ϕ)Xi − µi))

2
}

which is maximized by taking derivative with respect to
shrinkage factor ϕ. This leads to the optimal shrinkage
factor

ϕ? =

( p∑
i=1

var(Xi)

)/( p∑
i=1

EX2
i

)
where we use var(Xi) + (EXi)

2 = EX2
i .
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2.5 The General Form of JSE

We have introduced only the basic version of JSE.
If we again suppose p-dimensional normality for random
vector X as in the subsection 2.2, the general form of JSE
can be written as

θ̂shrink = (1− λ)θ̂ + λθ̂target,

i.e. the shrinkage estimator θ̂shrink is the weighted average
of the classic estimator θ̂ and the target estimator θ̂target
chosen by us. In case of basic JSE θ̂ is µ̂MLE and θ̂target
is the vector of p zeros.

The constant λ ∈ (0, 1) is the shrinkage factor, i.e. the
weight which is borrowed from the classic estimator and
obtained by target estimator. In case of the basic JSE
we have λ = θp(X).

The estimator θ̂shrink is useful because it results in a
lower MSE previously represented by (5).

We can compute the optimal shrinkage factor which
minimizes the MSE. In case of unbiased classic estima-
tor and nonrandom target estimator we have the optimal
shrinkage factor with respect to the MSE in the form

λ? =

{ p∑
i=1

var(θ̂i)

}/{ p∑
i=1

E(θ̂i − θ̂targeti )2
}
. (6)

For the optimal shrinkage factor where the target estima-
tor is random and the classic estimator is biased we refer
the reader to [9].

2.6 Several Generalizations of JSE

In [10] James and Stein show that JSE has a lower
MSE for an arbitrary constant c ∈ (0, 2(p − 2)) which
is used in the nominator of θp(X). In [11] Baranchik ob-
serves that the shrinkage parameter 1−θp(X) can be neg-
ative and considers positive part of JSE for improving the
MSE, i.e.

µ̂JSE+ = (1− θp(X))+X (7)

where t+ = t for t ≥ 0 and t+ = 0 in other cases.

In [12] Bock expands JSE of µ for a situation when
vector X from p-dimensional normal distribution has an
arbitrary known or unknown positive definite covariance
matrix V . According to (7), general JSE can be written
in the form

µ̂JSE+,V =

(
1− p̂− 2

XTV −1X

)+

X (8)

where V −1 is inverse of the covariance matrix V and p̂ is
effective dimension given by the trace of matrix V divided
by the maximum eigenvalue of V . For p̂ > 2 the JSE

has a lower MSE than the MLE. Bock also shows that
substituting of p̂−2 in the nominator of the fraction in (8)
by an arbitrary constant ĉ ∈ (0, 2(p̂− 2)) leads to a lower
MSE for the JSE than for MLE. For more information
about the generalization of the JSE we refer the reader to
[7].

3 Applications of the Shrinkage
Approach

In the subsection 1.2 we described several types of hy-
potheses in the context of microarrays. In this section we
present shrinkage approach as a solution for some of them.

We desribe shrinkage version of the clustering algorithm
K-means method corresponding to the hypothesis (c) or
(d), shrinkage version of the t-statistic corresponding to
the hypothesis (a), shrinkage version of the mutual esti-
mation corresponding to the hypothesis (e) and shrinkage
version of the covariance matrix corresponding to the hy-
pothesis (b) or (e).

3.1 Shrinkage K-Means Method

In [13] Gao and Hitchcock introduce a shrinkage
version for K-means clustering algorithm as an improve-
ment of this when n � p. The method is applied to
Saccharomyces cerevisiae yeast gene expression data.
The data contain 78 genes, where each gene is supposed
to be differentially expressed in exactly one of 5 groups
(5 cell cycle phases). The expression of each gene is
measured 18 times at 7-minute intervals.

The shrinkage K-means algorithm proceeds as follows.
We have n observations divided into K groups, where
K < n. Each observation has p-dimensional normal dis-
tribution with mean vector µi and covariance matrix Vi,
i = 1, . . . ,K. We choose randomly K observations which
serve as initial estimates for µi’s, i.e. group centroids. We
compute the overall centroid X as the overall mean from
all group centroids Xi. Each centroid Xi is then shrunken
to the overall centroid X as

X
JSE+,V

i = X + (1− θ(p̂, Vi))+(Xi −X)

where

θ(p̂, Vi) =
p̂− 2

(Xi −X)TV −1
i (Xi −X)

and p̂ is the effective dimension given similarly as in
(8) as the trace of matrix Vi divided by the maximum
eigenvalue of Vi.

In comparison to the classic K-means algorithm the
shrinkageK-means algorithm has better accuracy as given
by the Rand Index. The Rand Index measures concor-
dance between the true underlying clustering structure
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and the result produced by a clustering algorithm. For
more details we refer the reader to [13].

3.2 Shrinkage t-Statistic

In [14] Opgen-Rhein and Strimmer introduce a shrink-
age version of t-statistics in case of n � p. Shrinkage is
applied to empirical variances ν1, . . . , νp from gene expres-
sions for each of p genes. Then the median νmedian from all
empirical variances is computed. The shrinkage estimator
for νk is proposed in the form

ν?k = (1− λ)νk + λνmedian, (9)

k = 1, . . . , p, which is the weighted average of the target
estimator for variance (νmedian) and the classic estimator
for variance (νk). The optimal shrinkage parameter λ̂?
with respect to the MSE is in the form

λ̂? = min

(
1,

∑p
k=1 v̂ar(νk)∑p

k=1(νk − νmedian)2

)
. (10)

Estimator (10) differs from estimator (6). Here λ̂? is
composed of a minimum of 1 and the sample estimator
of (6). In (6), the numerator and denominator are
estimated from data from its sample counterparts. Using
the minimum in (10) prevents the shrinkage parameter
from "overflowing", i.e. if the estimator of (6) present in
(10) is larger than 1 then λ̂? = 1.

Shrinkage t-statistic for comparison of two independent
groups of samples is in the form

t?k =
xk1 − xk2√

ν?k1/n1 + ν?k2/n2
(11)

where xk1 and xk2 represent group averages of gene
expressions for the k-th gene, ν?k1 and ν?k2 represent the
shrunken group variances of gene expressions for k-th
gene and n1 and n2 represent the number of samples in
each group for the k-th gene.

The shrinkage t-statistic (11) is a compromise between
standard t-statistics (λ = 0 in (9)) and differences of
means t-statistics (λ = 1 in (9)).

The shrinkage t-statistics (11) and several competing
methods, such as moderated t-statistics, Efron t-statistics
and Cui t-statistics (see [15]), are performed on three gene
expression data with different "setups" for variabilities of
individual genes (two Affymetrix spike-in studies and one
HIV study). The aim is to find the "true discovery rate" of
genes, i.e. genes which are known to be truly differentially
expressed among all differentially expressed genes from a
statistical point of view. The shrinkage t-statistic has the
best performance. For more details we refer the reader to
[14].

3.3 Shrinkage Mutual Information

In [16] Hausser and Strimmer introduce a shrinkage
version of mutual information in case of n � p. The
method is applied for constructing association net-
work among genes for Escherichia coli gene expression
data. The data consist of 102 known differentially
expressed protein coding genes of human superoxid
dismutase whose expression is measured at time 0, 8,
15, 22, 45, 68, 90, 150 and 180 minutes after induc-
tion by dosage of isopropyl-beta-D-thiogalactopyranoside.

The gene association network is constructed via Algo-
rithm for Reconstruction of Accurate Cellular NEtworks
(ARACNE). The algorithm is based on mutual informa-
tion computed for each pair of genes and model selection
is carried out via information processing inequality
applied to all gene triplets (see [17]).

Based on whole gene expression data of Escherichia
coli, gene expressions for each gene are discretized into K
common distinct categories of expression. For each pair
of discretized genes we obtain K ×K contingency table.

The mutual information MI(A,B) between discrete
random variables A and B (i.e. between discretized ex-
pressions of genes) is defined as

MI(A,B) =
K∑
i=1

K∑
j=1

θij
(
ln(θij)− ln(θiθj)

)
(12)

where θij is the joint relative frequency for the (i, j)-th
combination of row category i for the random variable
A and column category j for the random variable B
in K × K contingency table. Relative frequencies
θi and θj correspond to marginal relative frequency
of i-th row category and j-th column category, respec-
tively. The task is the estimation of θij , θi and θj for (12).

We restrict ourselves to estimation of joint relative fre-
quencies θij and especially with respect to (12) repre-
sented by the joint Shannon entropy. The joint Shannon
entropy is given by

H(A,B) = −
K∑
i=1

K∑
j=1

θij ln(θij) (13)

and measures the uncertainty associated with the dis-
cretized random variables A and B. When H(A,B) is
higher, the uncertainty is also higher.

The classic estimator of θij in (13) is MLE, i.e.

θ̂MLE
ij =

yij
n

where yij , i = 1, . . . ,K, j = 1, . . . ,K is the abso-
lute frequency of the (i, j)-th category in the K × K
contingency table and n is the total sum of absolute
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frequencies from all cells in the contingency table. The
form of θ̂MLE

ij is based on the assumption of multinomial
distribution for cell counts in theK×K contingency table.

The disadvantage of θ̂MLE is that it underestimates
(13), leading to a biased estimator of (12). The reason
is that the K × K contingency table is sparse, i.e. the
majority of cell frequencies are equal to zero. If a cell
with zero frequency that represents zero summand in (13).

We can also estimate relative frequencies by shrinkage
estimator in the form

θ̂shrinkij = (1− λ)θ̂MLE
ij + λtij

where tij > 0 is the (i, j)-th term from the target
distribution

∑K
i=1

∑K
j=1 tij = 1. The role of target

distribution is to regularize the contingency table, i.e.
zero cell counts are "converted" to nonzero counts and
this decreases underestimation of (13). Typically, target
distribution is chosen as uniform, i.e. tij = 1/L where L
is the number of cells in the K ×K contingency table.

According to equation (6) the optimal shrinkage inten-
sity λ̂? with respect to the MSE is given by

λ̂? =

( K∑
i=1

K∑
j=1

v̂ar(θ̂MLE
ij )

)/( K∑
i=1

K∑
j=1

(tij − θ̂MLE
ij )2

)
where the nominator and denominator are estimated
without bias from data.

The shrinkage estimator for estimation of entropy has
a performance similar to the Nemenman-Shafee-Bialek
(NSB) estimator for entropy (see [18]). However, in con-
trast to the NSB estimator the shrinkage estimator is com-
putationally much faster and fully analytical. For more
information we refer the reader to [16].

3.4 The Shrinkage Covariance Matrix

In [9] Schäfer and Strimmer introduce a shrinkage
estimator of the population covariance matrix Σ in case of
n � p. The method uses the same Escherichia coli data
as in the previous part, related to shrinkage estimation
of mutual information. In this case we want to establish
the gene network among 102 preselected genes.

The construction of the gene association network
is based on a p × p matrix of partial correlations for
gene expression data. Partial correlation measures the
strength of the relationship between genes which is free
of the influence of other genes. If partial correlation is
larger than a certain value (e.g. larger than 0.8) then we
can suppose there is an association between the genes.

Values of partial correlations can be computed from va-
lues of the inverted covariance matrix. For computing of

the inverted covariance matrix Σ−1 we need an estimator
of the population covariance matrix Σ. Two classic esti-
mators for Σ are MLE and unbiased estimator. In other
words, the elements σij of Σ are estimated by elements
sij from the sample covariance matrix S where

sij =
1

df

n∑
k=1

(xik − x̄i)(xjk − x̄j).

Here xik is the expression of the i-th gene in the k-th
sample, xjk is the expression of the j-th gene in the k-th
sample, xi is the average expression of the i-th gene
across all samples and xj is the average expression of the
j-th gene across all samples, i = 1, . . . , p, j = 1, . . . , p,
k = 1, . . . , n. If df = n− 1 we have an unbiased estimator
S for Σ. In case of df = n we have MLE for Σ.

We restrict our attention to the unbiased estimator S.
The problem of the estimator S of the covariance matrix
is that it becomes singular in case of n � p as shown in
[19]. Thus, it is not possible to make its sample inversion
S−1.

The singularity of matrix S can be eliminated by an
estimator based on JSE. The elements σij of Σ are esti-
mated by sample covariance matrix with the elements

s?ij = (1− λ)sij + λtij (14)

where i = 1, . . . , p, j = 1, . . . , p. In equation (14), sij is
the unbiased estimator of σij , tij is an element of target
matrix T which is regular and of the same dimension as
matrix S. The shrinkage constant λ is supposed to be
derived from interval (0, 1). An advantage of introducing
variant of JSE is not only that it results in a lower MSE
but also that it leads to regularization of the unbiased
estimator of sample covariance matrix S.

The optimal shrinkage intensity λ̂? for the nonrandom
target matrix T = (tij) and the singular unbiased estimate
of covariance matrix S = (sij) is

λ̂? =

( p∑
i=1

p∑
j=1

v̂ar(sij)

)/( p∑
i=1

p∑
j=1

E(sij − tij)2
)

where the nominator and denominator are estimated
without bias from the data. Schäfer and Strimmer
also examine several types of shrinkage targets. They
especially pay attention to diagonal covariance target
matrix with unequal variances computed from estimate
S, i.e. tij = sij for i = j otherwise tij = 0. This
represents a compromise between simple and complicated
estimates. For more information we refer the reader to [9].

In [6] Guo et al. use a shrinkage estimator of covariance
matrix for LDA in case of n� p. The LDA regularized in
this way is then combined with the nearest shrunken cen-
troids method (see [20]). Performance of regularized dis-
criminant analysis is tested on nine gene expression data
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and has for example similar performance as the support
vector machines method (see [21]).

4 Conclusion

In this paper we present the shrinkage approach.
This is a promising approach for improving gene expres-
sion data analysis where the number of genes is much
higher than the number of samples.

The shrinkage approach leads to the shrinkage es-
timator, which combines information from the classic
estimator and a specified target estimator through a
weighted average of these. The advantage of the shrink-
age estimator is a lower MSE than for a classic estimator.
The shrinkage estimator is biased but has a substantially
lower variability than the classic estimator which is
unbiased. This is valid especially for high-dimensional
problems.

The shrinkage approach is applied to K-means algo-
rithm, two-sample t-test, estimation of mutual informa-
tion and estimation of covariance matrix. We can see that
the shrinkage estimator is reasonably simple and provides
a certain type of regularity. Regularity is in the sense
of remedy of covariance matrix (from singular matrix to
regular matrix) or sparsity of contingency table (from a
higher underestimated value of the true entropy to a less
underestimated value of the true entropy).
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Abstract

Introduction: A correctly compiled and balanced cur-
riculum across medical fields is an essential prerequisite
for medical education. Just as in other fields, it is vividly
evident in medicine that the overall structure and lesson
content are not ideal and it is quite common for the
overlap between theoretical and clinical subjects to be
either too extensive or, on the contrary, rather insufficient.
The issue of curriculum innovation has been addressed in
many medical and health care fields by different academic
institutions, as proclaimed in the analysis of the current
global situation. The need for a computer-aided ma-
nagement system providing a transparent overview of the
curriculum at specific faculties has been duly emphasized.
Aim: An original methodology for managing the changes
during optimization of the medical curriculum in tertiary
education is introduced in the paper, together with its
conceptual data model.

Methods: According to the conclusions of the Bologna
Process, which promotes outcome-based education, the
theoretical basis is oriented to the new paradigm of teach-
ing and learning.
Results: We introduce the all-in-one web-oriented plat-
form covering all elements linked to global curriculum ma-
nagement and providing sufficient information for the cur-
riculum designers.
Conclusion: A new powerful and robust system for
the management, visualization and analysis of curriculum
should pinpoint specific learning imperfections and poten-
tial overlaps across the chosen field of study. It brings
useful and beneficial information for students, teachers as
well as the faculty management.
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1 Introduction

Medical students face specific challenges compared to
university students of other disciplines. The reason is that
their future job does not allow any gaps in the knowledge
obtained during the studies and that any error in their
medical practice may have fatal consequences. The need
for guaranteed and high-quality education involving pre-
defined curricula covering the corresponding scope of in-
put knowledge and skills required in subsequent practice
has been gaining momentum. Medical universities com-
pile their curricula so as to ensure that they cover all steps
essential for the students to obtain employment later on.
The students must fulfil all duties such as the successful
completion of compulsory and optional courses and the
final state exam, only to prepare for attestation to obtain
professional qualification for employment as a physician.

A correctly compiled and balanced curriculum across
medical fields is an essential prerequisite for medical doc-
tor education. A suitable combination of theoretically fo-
cused courses and a clinical teaching base is certainly the
key to a successful draft curriculum.

As in other fields and faculties, it is also evident in
medicine that the overview of the lesson structure and
content is not ideal and it often happens that the overlap
between theoretical and clinical subjects is either too large
or, on the contrary, rather insufficient. As modern infor-
mation technologies have seen rapid development in the
last decades, modern internet technologies can be utilized
to develop an infrastructure or applications that would
not only eliminate the poor transparency of the curricula
but also help improve its construction as such.

The introduction of new approaches to learning, the
exponential growth of Internet usage and the advent of
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the World Wide Web have the potential to change the
face of higher education [1]. The Bergen ministerial con-
ference of the Bologna Process in May 2005 discussed re-
forms pertaining to the degree structures, credit transfer,
quality assurance and curricular development, which are
transforming the European Higher Education Area. The
European tertiary education systems are undergoing radi-
cal restructuring in line with the objectives defined by the
Bologna Process. The design and structure of new curri-
cula constitute significant processes of change and require
cooperation and coordination [2]. In the midst of these
developments lies an interesting opportunity for applying
new technologies providing an interface for collaborative
curriculum content management, including graphical rep-
resentation of the available data.

These systems will facilitate institutional decision-
making activities related to the creation of a well-balanced
curriculum. The entire concept is oriented to the new
paradigm according to conclusions of the Bologna pro-
cess, which introduces outcome-based education. This
performance-based approach at the cutting edge of cur-
riculum development offers a powerful and appealing way
of reforming and managing medical education. The em-
phasis is on the product – what sort of doctors are we
producing – rather than on the educational process [3].
Outcome-based education has emerged as a priority for
curriculum planners striving to align with the ever de-
manding societal needs. The CanMEDS initiative of
The Royal College of Physicians and Surgeons of Canada
has introduced the implementation of a national, needs-
based, outcome-oriented, competency framework that sets
out the knowledge, skills and abilities specialist physi-
cians need for better patient outcomes. The framework
is based on the seven roles that all physicians need to
have, to be better doctors: Medical Expert, Communi-
cator, Collaborator, Manager, Health Advocate, Scholar,
and Professional. This multifaceted approach has en-
abled a large-scale curriculum change for outcome-based
education [4, 5].

1.1 Outcome-Based Approach

Learning outcomes are arguably best viewed as a fun-
damental building block of the Bologna educational re-
forms and bring more transparency to higher education
systems. They have the reputation of rather mundane
and prosaic tools, yet it is this basic underpinning func-
tion that makes them so significant. It is important that
there should be no confusion about their role, nature
and significance, or the educational foundations of the
Bologna process will be undermined. Learning outcomes
have applications at three distinct levels: (i) the local level
of the individual higher education institution (for course
units/modules, programmes of study and qualifications);
(ii) the national level (for qualifications frameworks and
quality assurance regimes); and (iii) internationally (for
wider recognition and transparency purposes). Learning
outcomes and “outcome-based approaches” have a strong

impact on curriculum design, teaching, learning and as-
sessment, as well as quality assurance [2].

The use of learning outcomes implies a fundamental
paradigm shift in curriculum design for many European
institutions offering higher education. The adoption of
learning outcomes means a shift of emphasis from the con-
tent (what staff teach) to outcome (what a learner is ex-
pected to know, understand and/or be able to do), or ex-
pressed in other words, a clear shift from a teacher-centred
to a learner-centred perspective. These issues are closely
related to the teaching and learning methods as well as
student workload. Defining the learning outcomes (in-
stead of teaching inputs) promotes the idea of the teacher
as a facilitator of learning and recognizes that a great part
of learning takes place outside the classroom.

It promotes the idea of learners who are actively in-
volved in the planning and management of their own
learning activities and who assume more responsibility
for it [6]. S. Adam defined in [7] that a learning out-
come is a written statement of what the successful stu-
dent/learner is expected to be able to do at the end of the
module/course unit, or qualification. The key aspect that
each of the definitions has in common is the desire for more
precision and consideration as to what exactly a learner
acquires in terms of knowledge and/or skills when he or
she successfully completes the period of learning. Modern
information and telecommunications technologies offer the
opportunity to revolutionize the way we provide education
[8]. When using ICTs (Information and Communication
Technologies) for education, the temptation is often to fo-
cus more on the technology and less on the learners and
instructors, often to the detriment of the education quality
[9]. The combination of appropriate computer technolo-
gies and methodical approach (e.g. outcome-based ap-
proach) can fundamentally improve the entire education
process.

2 ICT Tools for Curriculum
Management

A recommended curriculum could be identified
through content analysis of curriculum documents and
interviews with individuals responsible for teaching [10].
The question is how can one make the whole process
of curriculum harmonization easier and more effective?
The quantity of electronic education content in the to-
day’s information society is steadily increasing. Thus,
academic institutions require new innovative web-based
tools for user-friendly creation, effective organization and
clear visualization of outcome-based curriculum data. The
true power of visualization tools is that they can provide
a broader view of the whole curriculum. Apart from the
aforementioned functionalities, the key and obviously ne-
cessary task rests in appropriate data visualization for eas-
ier understanding and further analysis. The term visua-
lization represents a set of technical means and methods
allowing clear and unambiguous graphical presentation of
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Figure 1: Relationship among the components for a single group instance in LOTS [13].

the data. The data stands in hidden relationships, its
identification being the principal task of visual analysis
that can be made with the integration of computer-based
interactive tools and techniques based on cognitive, per-
ceptual design principles [11].

There has been limited discussion on the original in-
formation technologies supporting outcome-based ideas.
There are only a few available and published solu-
tions, which have been developed for making educational
outcome-based data accessible to the target group – stu-
dents and teachers. In [12] A. Huang has presented an
integrated outcome assessment application, for instance
the design of a database to accumulate learner perfor-
mance output by means of an outcome assessment appli-
cation and storing it as learner profiles. These profiles
could then serve as valuable input to produce customized
learning content or to conduct overall performance eva-
luation. Y. Mong et al. [13] have described the web-based
application LOTS (Learning Outcome Tracking System),
which provides overall management of the learning out-
comes and access for both the student and the teachers.
In brief, LOTS consists of six components, namely group,
metric, learning outcome, incident, correlation and ana-
lysis.

Fig. 1 illustrates the relationship among the compo-
nents for a single group instance. The group includes
student and group administration, where users can man-
age students and groups in the database. A group can
be a course, a degree programme, or a subset of stu-
dents. A great benefit is the integration of LOTS with
an existing LMS (Learning Management System) envi-

ronment. LOTS includes also several types of basic ana-
lysis with graphical output presentations (typically bar
charts) for users to exploit the advantages of outcome-
based education.

The “generic” electronic portfolio called ePortfolio [14]
is an application, which is being used to support the
evidencing of learning outcomes and to facilitate per-
sonal development planning. In modular courses, port-
folios may provide focus on programme-level as well as
module-specific learning outcomes. The whole process
may help students become better at relating what they
have learned to the requirements of teachers. The ePortfo-
lio has been developed using robust platform-independent
open source tools. In the design phase, some of the
potential “value-added” features, which an IT approach
can bring compared to paper-based portfolios, were consi-
dered, i.e. being highly customizable with multiple struc-
tures and views, easier cross-referencing, being searchable,
integration with virtual learning environments, etc. A
number of generic tools have been developed for support-
ing personal development planning, i.e. a reflective learn-
ing diary, outcomes/skills log, records of meetings with
tutors, SWOT matrix and an Action Planning tool. The
ePortfolio framework also allows sharing of specific con-
tent with supervisors, peers and others, with the facility
for viewers to add formative comments.

Dynamic Learning Maps (DLM) has provided a novel
way to navigate and engage with the curriculum and
support learning. Curriculum drivers included the long-
standing need for maps to aid the understanding of com-
plex curricula in Medicine, and for promoting “cross-
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Figure 2: TIME includes Outcomes, Topics and Objectives [19].

modular” learning in modular programmes. DLM has
been designed to be flexible and extensible and can be
used for a range of different pedagogic/educational pur-
poses. This web-based tool utilizes existing technolo-
gies and standards to provide access to information from
curriculum databases, ePortfolios and other established
sources. This approach provides a unique resource for
learners, teachers and curriculum managers alike by pro-
viding a detailed and convenient way of accessing the
formal and informal curriculum. DLM is an interactive
tool, which can be aligned with an institution’s Teach-
ing and Learning Strategy, while at the same time it
supports a wide range of requirements for specific pro-
grammes. There are two main views: “tree view” (hier-
archical text) and “MindMap”. For example, the maps
can display and make links between granular curricu-
lum information and overarching transferable skills frame-
works and/or programme-level outcomes. This novel con-
cept has been well received by learners, teachers and cur-
riculum staff and has had considerable impact both at
the Newcastle University and within the broader CETIS
community (the Centre for Educational Technology and
Interoperability Standards). DLMs took a rapid deve-
lopment/action research style approach, with emphasis
on formative evaluation involving substantial input from
students, teachers and other stakeholders. Open-source
software was used for DLM development, in particular
the Python-based rapid development framework Django,
MySQL databases, jQuery and other Javascript libraries
and the Freemind Flash browser [15, 16].

S. Kabicher et al have presented a sophisticated ap-
proach, the use of visual modelling within an interactive
online environment (ActiveCC Web) for collaborative de-
sign, implementation and visualization of the curriculum
structure and content. ActiveCC, an abbreviation for Ac-
tive Curriculum for Computer Science, is an e-learning

project at the Faculty of Computer Science, University
of Vienna. The project aims to provide an insight into
the structure and implementation of the new computer
science curriculum to support the teaching staff in coordi-
nating their course contents and to support the instructors
at the faculty in obtaining an overview of the curriculum
structure. It was technically based on the Cooperative En-
vironment Web Services platform, a web service-oriented
architecture for cooperation and learning, which offers a
wiki module including the functionality of directly writing
graph visualization code into the wiki. Using the graph
visualization tool, the temporal arrangement of modules
and dependency links among modules are visually mo-
delled to show the modules’ location and role within the
curriculum. This approach offers an easily accessible and
intuitively editable virtual space to facilitate collaboration
on the curriculum content, provides a transparent view
of the curriculum’s structure and an insight into the mo-
dule and course implementations, content and pedagogical
methods [17, 18].

One of the options for describing content related to
the curriculum is special taxonomy. T. G. Willett et al.
have published a paper introducing TIME (Topics for In-
dexing Medical Education), a hierarchical taxonomy of
topics relevant to medical education. The content and
structure of the topics within TIME was developed in con-
sultation with medical educators and librarians at several
Canadian medical schools. As a web application, TIME
can contain three types of items that are distinct but re-
lated to each other in hierarchical manner. It can contain
Outcomes, which we operationally define as culminating
demonstrations of learning at the end of medical training;
Topics, which describe the content (subjects) of medical
education; and Objectives, which we define as the more
specific expectations associated with the courses or learn-
ing opportunities.
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Figure 3: Conceptual data model covers all essential attributes for curriculum description using MeSH thesaurus.

The TIME is primarily intended to be a generic in-
dex for medical education. It is meant to be applicable to
curriculum maps, as metadata for tagging reusable learn-
ing objects, as a classification for assessment objects, as
a means of linking Objectives to Outcomes for a medical
school, or potentially for any other indexing purpose in
undergraduate medical education. The application itself
does not enable mapping or indexing. This simply web-
oriented tool allows the user to browse topics, create new
outcomes and objectives, and link these items to the to-
pics. The entire TIME content and structure can then
be exported, via XML (eXtensible Markup Language), to
external applications and used as an index for curriculum
mapping [19]. Today, unfortunately, the TIME applica-
tion is not available and cannot be viewed via the rec-
ommended web address and follow-up development was
probably terminated.

3 Computer-Aided Management
of Curriculum: Design

The idea of connection topics via the TIME web appli-
cation is not the most suitable solution for complex and
easy optimization of a curriculum, but it brings new in-
spiration for further development. Most importantly, we
need an all-in-one web-oriented service, which covers all
phases of the optimization process. This means an inter-
face for data creation and editing, a user-friendly tool for
transparent browsing supporting fast and accurate search,
and a technology for graphical visualization of the cur-
riculum relations. As stated above, there does not ap-
pear today to be any solution for how to parametrically
describe, effectively manage and visualize clearly and in-
depth the curriculum and all related education metadata
in one system. This is the primary motivation for develop-
ing a new original technology for optimizing a curriculum,
which supports an outcome-based approach. A similar so-
lution based on the aforementioned parametric description
of curriculum, including all appropriate metadata details

(i.e. attributes of learning outcomes, units and objects),
has not been widely seen.

Existing solutions that have been published are fo-
cused on the curriculum only from a certain perspective,
offering the agenda together with selected functionalities
and making the effort to provide them to students and
teachers of the respective institution in a transparent for-
mat. However, we have yet to see a complex instrument
that would cover all elements associated with global cur-
riculum optimization, including a detailed parametric de-
scription down to the level of the learning units, and that
would be linked to the learning objects. The main benefit
of the development is a new concept resting on the fol-
lowing functionalities – a concept that has not yet been
implemented in similar solutions.

• A proposal of an original medical curriculum opti-
mization methodology across clinical and theoretical
fields based on elaborate curriculum parameteriza-
tion by using the outcome-based paradigm [3, 7, 13].

• A proposal of a formal database metadata arrange-
ment describing the general medical curriculum in-
dependent of subsequent implementation.

• Integration of the Medical Subject Headings
(MeSH) thesaurus [20] for standardized work with
key words. As a specific field taught in the Czech
language shall be optimized, a dictionary was se-
lected that is standardized in English and offers
Czech translation with updates on annual basis.

• A proposal of an elaborate access right system using
a central verification mechanism through the Shib-
boleth technology [21] to allow potential future ex-
tension of access to the user level among academic
community members.
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Figure 4: Entity relation data model represents key attributes of the proposed platform.

4 Results

The development of a new curriculum optimiza-
tion technology and general methodology description are
among the key attributes of our effort. The outcome-
based approach opens the possibility of redefining the cur-
riculum structure and properties in the form of a paramet-
ric description. The learning outcome is a summary of
the requirements for graduates from the general medicine
field, i.e. the list of knowledge and skills which the stu-
dent should have upon completion of his/her studies, and
signals the information essential for eventual work as a
doctor. The organization of this data and its correlation
will be provided in the curriculum data model that can be
implemented without any restrictions within any database
technology. The new methodology describes the different
phases of the optimization process by using the platform
to be developed. Its objective is to make all work of the
user more efficient regarding the creation, editing and con-
trol mechanisms in the form of deep content inspection.

The architecture of the designed platform comprises
two sections: FrontOffice and BackOffice. FrontOffice rep-
resents the interface to be used for presenting the con-
tent to the end user. The content of this section will
be freely available only to the target group of users, i.e.
students and teachers. BackOffice is the second platform
component to be used by administrators and editors and
is intended as the interface for adding and editing static
content. Another feature is the adoption of the Czech
version of the MeSH thesaurus where the objective is to
standardize key words relating to the metadata stored in

the database. The actual key words are defined and struc-
tured in many forms and there is a growing need for their
unification with respect to the international framework.
The bio-medicine dictionary MeSH in the English lan-
guage has been published since 1960 by the US National
Library of Medicine. The Czech translation of this the-
saurus is being prepared by the Czech National Medical
Library, which issues annual updates. The dictionary con-
tains 26 142 entries with over 54 000 links [20]. Following
a contractual agreement with the Czech National Medical
Library, MeSH will also be used for the purposes of the
emerging curriculum optimization platform. The main
requirements for standardized dictionary integration are
regular updates of the Czech mutation, which MeSH ful-
fils as the only solution available. No other language mu-
tations are foreseen at the moment, but a possible change
should not bring too many complications in terms of the
proposed structure.

Besides the key words defined in an internationally
recognized and standardized format, the learning unit de-
scription also features the so-called essential terms for
which no dictionary exists. The database of essential
terms contained in the field that the students come across
during the six years of their study programme and which
the graduates should be familiar with, will be fed by
teachers and guarantors of studies. A unique dictionary
of essential terms in medical studies will emerge and of-
fer another view of the sophisticated and vast curricu-
lum. To ensure at least partial standardization (quasi-
standardization), users will be assisted by autocomple-
tion as they enter words. The autocompletion will display
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expressions corresponding with the text already typed –
existing words or corresponding items already defined by
past authors. After the final clean-up, which cannot be
fully automated, one of the outcomes (and hence the ben-
efit) is the still non-existent dictionary of essential expres-
sions from the general medicine field of study.

The draft entity relation model (see Fig. 4) is the ba-
sis for possible implementation in practice. It describes,
in depth, the key entities and defines the relationships
between them so that all selected links can later be dis-
played in a transparent manner. The entire optimization
process is split into several dependent phases allowing ef-
ficient mapping of the curriculum of the respective field
or specialization of study. A characteristic tool is recom-
mended for each phase to give the end user – the teacher
– the possibility of intuitively creating/browsing certain
content. All tools have been developed based on real re-
quirements and are the practical manifestation of how the
method can be implemented when correct IT is applied.
Unlike the platform being developed, the application of
this method is fully independent of the information and
communication technologies and of the focus (the selec-
tion of the field of study that will be optimized).

5 Discussion

Since the platform will serve users as a tool to oversee
their curricula, attention will be focused in the future also
on more efficient and fast search agenda. A language mor-
phology analyzer is planned to be employed in the overall
framework of the designed platform. For the Czech lan-
guage, services of the original Majka analyzer [22] will be
used. The objective is to integrate the script that will
process different input chains into root forms and store
this information in a database along with a link to the
related metadata. If the user enters a search expression,
then all words containing the root of the search expres-
sion will be displayed thanks to this functionality. As
the current full-text search does not provide any reliable
method of working with word forms for the Czech lan-
guage, this processing method is an interesting and de-
sirable solution. The root forms of words will also play
an important role in the implementation of analytical and
visualization tools. This domain will consist of data min-
ing, data pre-processing (lemmatization, lexical catego-
rization, creation of stop words list, generation of term fre-
quency vector), data analysis (clustering, similarity mea-
sures), and visualization (graphs and networks). Addi-
tionally, selected methods of natural language processing
and machine learning will be used for effective identifica-
tion of information rich data relations and for simpler and
easier way of understanding curriculum structure.

6 Conclusions

This approach is aimed to be primarily used for a
global curriculum audit and it should determine the learn-

ing imperfections and potential overlaps across the chosen
field of study. Building a powerful and robust system for
the management, visualization and analysis of the cur-
riculum could extend the basic learning outcome concept.
What will such an approach mean for the student? It will
provide clear information about what knowledge shall be
obtained over the six years, what topics will be on the
agenda, what fields will be covered repeatedly and what
subjects are linked to the studies. For teacher’s paramet-
ric description will mean an easier way of how to clearly
describe their lessons and how to browse the curriculum
data of all available courses at the medical faculty ac-
cording to the pre-defined parameters. For the faculty
management, this overview will represent a practical view
of the teaching. It will provide clear and comprehensible
data about who teaches what and in what scope, if an
overlap is desirable, what is taught in clinical and theo-
retical fields and if the overall teaching pattern is correct
or whether restructuring is necessary. The platform will
also bring objective information used to define the new
structure of the curriculum.
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Abstract

Integration platform is a basic technical tool for realizing
an interoperable Electronic Health Record (EHR). Our goal
is to interrelate the knowledge about interoperability, the
functions required for an EHR system and the formalized
best practises for an integration platform. An evaluation
method has been developed, testing dependencies between
EHR use cases and logic implemented in the integration
platform has been tested on the HL7 EHR System Func-
tional Model.

A dependency has been identified and is discussed in this
article.
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1 Introduction

Massive penetration of Healthcare Information Sys-
tems (HIS) and eHealth resources in general the signifi-
cance of Electronic Health Record (EHR) interoperability
as an ability of two or more subjects to achieve a common
goal or mutually support each other to achieve the individ-
ual goals respectively (synergic effect). Theoretical value
can be expresses using the Metcalf’s Law as the num-
ber of all possible connections among subscribers (HIS in
our case). It can be asymptotically approximated by the
quadratic polynomial of n2. Nevertheless the value of in-
tegrated HISs as a whole is not growing quadratic [1]. The
HIS integration is not first the establishment of connec-
tions between HIS components. It is necessary to pinpoint
and follow many protocols enabling an information inter-
change for particular HIS components and layers. That
implies the definition of interoperability level.

Well known authors define several levels of interoper-
ability and its maturity [2, 3]. The comparison between
levels defined is in Table 1.

Our motivation is based on lessons learned about the
technological interoperability insufficiency as a means of
massive dissemination of interoperable EHR including all
needed attributes. This statement is supported by profes-

sional publications focusing mainly on EHR system con-
tent and semantics. We have published the technological
interoperability view inadequacy in [5] and [6]. We have
demonstrated that the higher interoperability levels can-
not be assured by and based on accepted and broadly used
classification into technical layers according to ISO/OSI
model in ISO/IEC:7498 [7]. The process and partly the
semantic interoperability do not have any technical equi-
valent in ISO/OSI model, so these interoperability levels
cannot be procured by technical resources only.

To reach the highest interoperability level is not ne-
cessary and should not be an automatic goal for each HIS,
because not all the EHR system has to implement all the
possible functions.

1.1 Hypothesis

Let us suppose that there is a mapping, assigning for
each EHR use case an interoperability level required for its
realization in a comprehensive EHR system including an
integration platform. Evaluating a set of EHR use cases
we will get a view on interoperability levels needed and
we can use this approach for analysis and design of EHR
integration platforms. The benefit is a software analysis
simplification and EHR integration platform design op-
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Table 1: Comparison of interoperability levels defined by other authors.

Levels after Bloebel Levels after Gibbons
Process / Service Process

Semantic Semantic
Syntactic Technical
Structural Technical

Technological Technical

timization. Creating an integration solution among 2 or
more EHR systems, the method mentioned below should
support analysis and design acceleration, implementation
shortening, support of early prototype creation and an-
ticipated decrease of the number of change request, so
reducing the total solution costs.

2 Methods

We have developed a simple method evaluating every
EHR use case in various dimensions. We have evaluated
all the use cases for the EHR system defined in HL7 EHR
System Functional Model [11]. This model serves as a in-
put set of testing data for the method presented here due
to we do not have any input data originating from the
real EHR integration platform implementation. It is very
hard to find some technical solution and gain access to the
business analysis outcomes due to almost all the solutions
are commercial in the Czech environment.

2.1 Interoperability Levels and Integration
Platform Logical Parts

We have also defined a mapping between interoper-
ability levels and various integration patterns. Using this
mapping we are theoretically able to define which integra-
tion patterns (EHR integration platform logical functions)
are needed for particular EHR use cases set. The descrip-
tion of individual integration platform layers is out of the

scope of this article, so we introduce the list of patterns
in each layer only. More information about specific pat-
terns can be found in [8], providing a consistent vocabu-
lary and visual notation to describe large-scale integration
solutions across many implementation technologies. Con-
sidering the purpose and the added value of each pattern,
they can be divided into following groups according to
the interoperability level or rather the logical level of the
technological solution (integration platform):

• Access Layer Integration Patterns: Channel
Adapter, Competing Consumers, Correlation Iden-
tifier, Durable Subscriber, Event-driven Consumer,
Idempotent Receiver, Message, Message Channel,
Message Endpoint, Message Expiration, Messaging
Gateway, Polling Consumer, Selective Consumer,
Service Activator, Transactional Client,

• Transport Layer Integration Patterns: Channel
Purger, Composed Message Channel, Document
Message, File Transfer, Guaranteed Delivery, Mes-
sage Bus, Message Dispatcher, Message Filter,
Message Translator, Messaging, Messaging Bridge,
Point-to-Point Channel, Publish / Subscribe Chan-
nel, Recipient List, Remote Invocation, Request /
Reply, Return Address, Shared Database,

• Transformation and Routing Layer Integration Pat-
terns: Aggregator, Content Filter, Dynamic Router,
Format Indicator, Message Sequence, Message
Router, Resequencer, Splitter

Table 2: EHR use case evaluation criterion: Space, answering questions: "Where the information communication takes place?
How distant the points of presence are?"

Score Description
0 Integration in a work team only
1 Integration in one organization, mostly in one location
2 Integration among 2 or more organizations and/or locations

Table 3: EHR use case evaluation criterion: Time, answering questions: "When the communication takes place? How fast and
often it runs?"

Score Description
0 In real time / mostly “on-line”
1 On daily bases (once or more times a day – hours)
2 One or more times in a month (days / weeks
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Table 4: EHR use case evaluation criterion: Subject, answering questions: "Who is communicating? What are the subject’s
skills?"

Score Description
0 Actors with practically the same knowledge and / or education (physicians)
1 Actors with a similar knowledge (physician and nurse)
2 Actors with completely different knowledge (physician and patient)

Table 5: EHR use case evaluation criterion: Object, answering questions: "What is communicated? Why runs the communi-
cation? For what purpose?"

Score Description
0 Information with common syntax (sharing data)
1 Information with common semantics (sharing information)
2 Information for a deterministic action (sharing knowledge and skills)

• Semantic Layer Integration Patterns: Canoni-
cal Data, Command Message, Content Enricher,
Content-based Router, Claim Check, Datatype
Channel, EnvelopeWrapper, Event Message, Invalid
Message, Messaging Mapper, Normalizer, Test Mes-
sage

• Business Processes Layer Integration Patterns: Con-
trol Bus, Dead Letter Channel, Detour, Message
Broker, Message History, Message Store, Pipes
and Filters, Process Manager, Routing Slip, Smart
Proxy, Scatter / Gather, Wire Tap

2.2 EHR Use Cases Classification

The core of presented method is a classification of each
EHR use case from 4 different points of view. Each view
focuses on different concept. Due to limited space, we
cannot describe the method details, including its contin-
ual evolution. So we present only an overview. Inspired
also by the HL7v3 Reference Information Model [9] and
the law of 5W (Who, What, Where, When and Why) [10]
we have proposed following classification criterions (see
Tables 2, 3, 4 and 5).

Deploying the interoperability levels defined in [2],
each EHR use case can get 0 to 8 points in total (4 crite-
rions, 0 - 2 points in each criterion). The most important
factor is the sum of score, determining the interoperabil-
ity level needed for the use case. In case of sum equal 2
we propose a consideration of particular criterion values.
If there is leastwise one score of 2 in one criterion, the

target level should be syntactic interoperability. A score
evaluation overview is in Table 6.

2.3 Experiments – Model EHR Use Cases
and Interoperability

We have applied the aforementioned method on 64
functions required in HL7 EHR-S Functional Model [11].
For definition of use cases, we have assumed that these
functions have to be realized in a common hospital. This
way we can anticipate actors and other factor needed for
the instantiation of a function (use case definition). An
example of the use cases evaluation is in Table 7.

3 Results

Aggregating all of the 64 experiments we can summa-
rize that the interoperability level needed for implement-
ing all the functions in the HL7 EHR System Functional
Model [11]. It means that we have used each function
from this model, transform it into the EHR Information
System Use Case and have applied the method presented
here. This application results into a cumulative sets of
values indicating the most intensive interoperability level
needed to solve in the integration platform solution design.
Results in graphics can be in Figure 1, the vertical axis
represents the number of incidences, the horizontal axis
depicts the score attained during the method application
for each Use Case.

Table 6: Total score determining the target level of interoperability.

Score attained (sum) Target interoperability level
0 – 2 Technical / Structural
2 – 3 Syntactic
4 – 5 Semantic
6 – 8 Process / Service
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Table 7: A sample of evaluation of use cases derived from HL7 EHR-S Functional Model, section Direct Care (DC).

Function ID used Space Time Subject Object Sum
DC.1.1.1 1 0 2 0 3
DC.1.1.2 1 1 2 1 5
DC.1.1.3.1 2 1 1 1 5
DC.1.1.3.2 2 1 2 0 5
DC.1.1.3.3 2 2 2 0 6

Figure 1: Histogram with results of HL7 EHR-S Functional Model use cases.

It is clear that the majority of use cases evaluation
scores does not exceed the value of 5. It means that the
target interoperability for all the use cases derived from
the HL7 EHR System Functional Model is at most the
semantic interoperability. Of course the condition of se-
mantic interoperability is the usage and implementation
of all the lower interoperability levels. The integration
patterns mentioned in 2.1 corresponding to these levels
should be used.

On the other hands any investment into technologies
and platforms supporting integration patterns related to
the process interoperability level should be considered in
detail.

4 Discussion

The presented method has been applied to 64 HL7
EHR-S Functional Model uses cases derived from [11].
The understanding of these rules is quite simple, so the
use cases can be evaluated also by a person without a
specialized training in computer science and software en-
gineering (physician, manager ...). It offers the possibility
to bridge the interdisciplinary gap among different actors.
This way, a mapping between different Generic Compo-
nent Model domains [12] is enabled in the integration plat-
form development process.

The method implies the possibility of a structured view
to the often heterogeneous set of (business) requirements.
It has to be tested, whether the method can really simplify
the analysis project phase and enable the development

of an early integration platform prototype. The benefit
of early prototyping is the possibility to test soon after
the requirement specification, to decrease the number of
change requests, to speed up the project, and to lower the
total costs.

5 Conclusion

It seems that the method presented here should ac-
celerate an EHR integration platform analysis and design
and save time and costs in this way. The second, but
not least, benefit lies in the possibility of gap bridging be-
tween various roles interested in above mentioned EHR
software analysis and design. But there is one very im-
portant condition. The method must be tested on the real
EHR integration use cases and only then we can compare
the existing EHR integration designed in the traditional
way with the design emerging from our method, assess its
reliability and continually work on its optimization.
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Abstract

Background: The telemonitoring is more and more used
for compensation of diabetes in the last decade. Doctors
are able to get an accurate and reliable data in real time
using the telemonitoring. A remote monitoring affects the
attitudes and behavior of patients and potentially improves
their state of health. Conclusions of many studies show
additional clinical implications of telemonitoring. But it
has not been possible to generalize those conclusions yet.
Objectives: The aim of this study was to create an
overview of current glucometers available on the market.
And select those which would meet the required parame-
ters for using in the telemonitoring with automatic data
sharing.
Methods: The research is focused on researches from
technical and grey literature and on websites of producers
and medical device dealers. The questioning will be
carried out in the Czech and English language. Multi de-
cision making method helps to select a suitable glucometer.

Conclusions: Fifty five glucometers from nineteen pro-
ducers have been found in the researches and by market
survey. The summary table with all important parameters
can be seen in the preview. Conclusions of the Multi deci-
sion making analysis showed using of Diamond Mini from
ForaCare Inc. producer which is the most suitable for the
project of the telemonitoring with automatic data sharing.
It is necessary to consider the safety of sending data, data
sharing and personal data protection before this glucome-
ter will be used in our project.
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1 Introduction

The World Health Organization states in its report
[1] the 1.7% prevalence of diabetes mellitus disease for
the year 2000 and predicts prevalence of 4.4% for the
year 2030. The data are worldwide and refer to all age
groups. The number of patients is expected to increase
from 171 million in the year 2000 to 366 million in 2030.
The WHO predicts rise in direct costs for treatment of di-
abetes from 2.5% of the annual national budget to 15% in

connection with increasing number of diabetic patients.
Diabetic patients often suffer also from other diseases
which results in decreasing quality of life together with
rising costs of provided health care.

The telemonitoring is more and more used for compen-
sation of diabetes in the last decade[2]. Doctors are able
to get an accurate and reliable data in real time using the
telemonitoring. A remote monitoring affects the attitudes
and behavior of patients and potentially improves their
state of health [3]. The telemonitoring has an incentive
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and educational effect for the patients [4]. Conclusions
of studies focused on the impact of telemonitoring show
additional clinical implications of telemonitoring. But it
has not been possible to generalize those conclusions yet
[5].

The telemonitoring is based on communication be-
tween sender and recipient in real time. This allows an
immediate reaction of the doctor to the patient‘s impulse.
The patient uses an interactive device which transmits
data via the Internet to the doctor for checking patient‘s
biological parameters. Then the doctor evaluates this data
and makes decisions for the following steps [6]. Telemo-
nitoring and gathering the data must not bother patients
in terms of physical activity, time etc. Ideally this should
be completely automatic [4, 7, 8].

Smart phones with installed applications which con-
tain tools allowing the collection, evaluation and sending
data to a doctor can be used for automatic operations
[7, 9]. There are currently more than 137 mobile ap-
plications available for self-control of the diabetes [10].
The most important parameters are the level of glucose
in blood, the dose of insulin, the physical activity and the
diet [5]. The patient has to fill in manually most of these
parameters in his diabetic diary.

Our goal is to create a telemonitoring system which
would measure the patient‘s data and send them to a
server as much as possible automatically. The goal is the
patient should do the same procedures in the treatment of
diabetes such as being without the use of telemonitoring.
It should be possible to infer the influence of the telemo-
nitoring to the compensations of diabetes on the basis of
the feedback from patients and evaluation of their health
status. Hence it is necessary to select such a technical
device which allows automatic data sharing without addi-
tional burden for the patient

The aim of this study was to create an overview of
current glucometers available on the market. And select
those which would meet the required parameters and sys-
tem of telemonitoring described above. Desired parame-
ters are: detection of glucose in blood from 1.1 mmol/l to
33.3 mmol/l (it corresponds with 18 mg/dl to 594 mg/dl)
and possibility to share data with a smart phone.

2 Methods

The survey was focused on researches from technical
and grey literature and on websites of manufacturers and
medical device dealers. Search keywords were: a glu-
cometer, the measurement of blood glucose, ketones mea-
surement, measurement + diabetes, glucose monitoring,
regulation of glucose, glucose measurement, overview of
glucometers, evaluation of glucometers, tests of glucome-
ters. The questioning was carried out in the Czech and
English language. The search was particularly focused on
glucometers currently offered for sale. A summary table
has been created and filled in with found devices and their
parameters.

Entered parameters were: designation of the glu-
cometer from the manufacturer; manufacturer; measuring
range; measuring time; amount of the blood sample; blood
draw location, glucometer memory size; weight; battery
life; the ability to share data with a computer and con-
nection specification; the ability to share data with smart
phone and again connection specifications. These param-
eters were obtained from glucometer manuals. The avail-
ability on the Czech market, the indicative price and a
link to the source are parameters stated in the comments.

The final product will be selected on the basis of a
Multi decision making method of selected glucometers.
This method is a simple and fast tool. Its conclusions
should be objective decisions if comparable items are cho-
sen. The criteria weight calculation formula (1) [11] has
been used for assessment in this method. A represents
the criteria weight, f is a number of preferences and n is a
number of criteria.

A =
2× f

n× (n− 1)
(1)

3 Results

3.1 Glucometers Overview

Fifty five glucometers from 19 manufacturers have
been found in the researches and by market survey. Their
list with all important parameters can be seen in the pre-
view in the table in attachment. All glucometers detect
level of glucose in the blood in the range from 1.1 to
33.3 mmol/l. Producers state that 42 devices are able
to analyze the blood sample within 5 seconds, 11 devices
should analyze the sample up to 10 seconds, two blood
glucometers have not got this parameter specified. The
memory size to store the measured data ranged from 99
to 4000 records. In some cases it is limited by memory
of a smart phone to which the glucometer is connected.
20% of the glucometers state the minimum quantity of
the blood sample of 0.3 µl, 22% states the quantity of 0.5
µl, 25% of 0.6 µl. One device required 2 µl of the sam-
ple and another one has no information about the sample
quantity in its manual. The weight of the two glucometers
was less than 20 grams; the weight of almost 70 % glu-
cometers with battery was between 20 and 60 grams. 35
glucometers which represent more than 63 % of products
allow blood draw from alternatives locations. Ten devices
allow sampling from a thigh or a calf. Twenty models are
available on the Czech market. Forty five devices have
possibility of connection to a computer. Thirteen prod-
ucts via a USB cable, two by bluetooth. Another two
glucometers is possible to connect via a special connector
(e.g. used in iPhones). There are only three models which
offer sharing data with smart phones – one via bluetooth
and two via a special connector.

Only three glucometers have met the primary param-
eters – Diamond Mini a iDiamond form ForaCare Inc.
and iBGStar glucometer from the producer Sanofi Aven-
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Table 1: Evaluation of parameters of selected glucometers.

Evaluated criteria Diamond Mini iDiamond iBGStar
C1 10 10 5
C2 10 0 0
C3 10 0 5
C4 10 5 5

tis. These were subsequently assessed by the multi deci-
sion making.

3.2 Selecting of Glucometer by Using the
Multi Decision Making

Evaluating parameters for Multi decision making are:

• The availability of glucometer on the Czech market
(marked C1).

• Possibility to connect devices with a smart phone
via bluetooth (marked C2).

• An alternative sampling point of blood (marked C3).

• Equipped with a USB connector (marked C4).

Each parameter was rated from 1 to 10. Where num-
ber 10 is a maximum value. More satisfied parameters
more assigned points. The Table 1 shows evaluation of
parameters.

Criterion C2 – the possibility to connect devices with
a smart phone, gives 3 preferences. The others received
one preference. The criteria order was given. The criteria
weights were calculated using the formula (1) [11]. Impor-
tance of each criterion was taken into consideration in the
evaluation of parameters of selected glucometers (Table
2).

Conclusions of the Multi decision making analysis
showed using of Diamond Mini from ForaCare Inc. pro-
ducer is the most suitable for our project. This device

gained more than double points in comparison with the
competitors (Table 3).

4 Conclusions

The aim of the study was to carry out an overview of
the currently available glucometers on the market. It is
possible that not all glucometers were included in this the-
sis. Reason for leaving out some products is due to orien-
tation on the Czech or English speaking market. Another
reason could be difference in search expression. 55 de-
vices from 19 producers were involved in the overview.
Only three products have met requirements for using in
the telemonitoring with automatic data sharing. Conclu-
sions of the Multi decision making analysis showed the
most universal and usable device which is Diamond Mini
from ForaCare Inc. producer.

Before this glucometer will be used in this project, it
is necessary to consider the safety of sending data, data
sharing and personal data protection.
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Table 2: Criteria preferences.

Table of preferences C1 C2 C3 C4 Number of preferences (f) Hierarchy of criteria Scale
C1 x 0 1 0 1 2 0.167
C2 1 x 1 1 3 1 0.500
C3 0 0 x 1 1 2 0.167
C4 1 0 0 x 1 2 0.167

Table 3: Weight calculation for each criterion of selected glucometers.

Evaluation the criteria Scale Diamond Mini iDiamond iBGStar
C1 0.167 1.67 1.70 0.83
C2 0.500 5.00 0.00 0.00
C3 0.167 1.67 0.00 0.83
C4 0.167 1.67 0.83 0.83
Sum 10.00 2.50 2.50
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Abstract

Risk Assessment: The qualified expert assessment of
potential ecological/environmental and health risks rising
from the planned industrial, transport and waste treatment
facilities and other construction activities becomes indis-
pensable. Whereas the initial phase of risk assessment,
its identification or potential human exposure are of pure
scientific character, the actual risk assessment increasingly
assumes the arbitrary aspects (e.g. safety coefficients),
risk communication, its control and management by way
of psychological aspects; collective decision making then
becomes a hotly debated political issue.
Risk Perception: When evaluating perception of envi-
ronmental risks, psychosocial and psychosomatic factors
may be of fundamental importance. This is the case
in particular where our knowledge of the true health
consequences of exposure to given factor is incomplete
or its action is within the range of values where we do
not anticipate the measurable biological effect. This
applies not only in the case of the indoor environment
related complains but also e.g. to that of non-ionizing
electromagnetic radiation and electro-ionic microclimate.

A serious consequence found in the syndrome of mass hys-
teria is the fact that due to differently motivated disin-
formation, part of the population can suffer from some
psychosomatic symptoms. Those imply objective suffering
and deterioration quality of life for those affected.
Challenges for Prevention: The prevention of such con-
ditions can either be systematic: early educational or po-
pularisation campaigns, specific health education orien-
tated to the development of industrial, transportation, or
other types of constructions, and integration of the local
civic activities in the program. The purpose of this should
not be a cheap belittling of the risk but reasonable explain-
ing of its acceptable rate, and also the likely advantage to
benefit from the realization of the structures. Any later
efforts to inform the public about the true state of affairs
is usually accepted with distrust and disbelief, in belief this
information had been well-paid by the government, indus-
try and market forces, the military or some other institution
trying to camouflage the actual condition.
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1 Introduction

1.1 Scientific and Social Models of Health
and Illness

When contemplating the problem of a healthy environ-
ment in relation to a sick one, it is necessary to define the
relationship of health and illness in general. Currently,
health is conceived as a condition of physical, psychic,
and socioeconomic wellbeing. Contrarily, illness involves
an extensive set of different experiences or behaviours of

the affected person. Different experience in the negative
sense against the generally accepted standard is implying
the deteriorated or endangered subjective condition or so-
cial function, feeling of undesirability, of being unwelcome
and/or unexpected. The illness induces some activities
which aim is an improvement of the condition [4].

Every society responds to such impaired function by
charging a number of individuals or institutions with du-
ties to evaluate and interpret the actual condition and pro-
vide the necessary measures. Public health key stakehold-
ers (owing to public health being both an institution and
scientific discipline) whose representatives include physi-

EJBI – Volume 9 (2013), Issue 3 c©2013 EuroMISE s.r.o.
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cians are expected to react to these social requirements
and provide best practices and outcomes. Medicine tries
to build up a scientific model of illness, its diagnostics,
treatment and prevention, yet this model often is neither
identical nor congruent with the social one. There is a dif-
ference between illness and disease; the same as the differ-
ence of views concerning the therapeutic and preventive
approach [6].

The priority of the scientific approach is the attempted
objectivity and criticism in collecting data and interpret-
ing it. On the contrary, the social model is mostly based
on subjective and strongly emotional attitudes. Both, the
expert and lay community are not immune against the
harmful influence of myths. Science, however, is closer to
truth, but not exceptionally, the science-based, as well as
lay models, tend to misinterpret the situation, and provide
altered or skewed approaches [7]. Using objective meth-
ods rooted in the scientific process, it becomes clear to
be able to reflect upon failures, where the subjective ap-
proach often resists logical argumentation and organized
methodology.

Nevertheless, even the scientific process operates with
some traditional elements. Max Planck has lamented, “the
new scientific truth would not win by convincing the op-
ponents, but rather by letting the opponents die, and the
new generation then adopts a new, and own truth.” If
rationally removing harmful effects and providing for a
healthy living environment we have to consider both the
scientific and social aspects, i.e. the views and needs of
people living in particular environment.

2 Assessment of Ecological and
Health Risk Factors and Settings

The assessment of potential ecological and health risk
rising from the planned industrial transport and waste
treatment facilities and other construction activities be-
comes indispensable [10]. Of course, the public health
aspects of such waste management activities is no novelty
as such cited projects have legally been controlled and
approved by the district or regional public health autho-
rities, within the scope of preventive supervision and best
practices.

Whereas the initial phase of risk assessment, its iden-
tification or potential human exposure are of pure sci-
entific character, the actual risk assessment increasingly
assumes the arbitrary aspects (e.g. safety coefficients),
risk communication, its control and management by way
of psychological aspects; collective decision making then
becomes a hotly debated political issue [5]. As illustrat-
ing examples we can use problems related to conflicting
views concerning the health risk and associated effects of
electromagnetic field and electronic microclimate [11].

The present approach to quantitative risk assessment
artificially separating physiologically based pharmacoki-
netic (PBPK) model and biologically based dose response
(BBDR) model needs to be substantially improved. The

modelling procedure must go beyond the current organ-
tissue based PBPK model as well as the hard-to-modify
two-stage BBDR model. It is clear that a model must be
flexible and capable of incorporating information about
pharmacokinetics and cell signalling response, among
other transparent metrics that help to elucidate the situ-
ation [5, 18].

A limitation of the present approach to risk assess-
ment is low dose extrapolation of cancer incidence data
from both animal (experimental) and human (epidemi-
ology) studies that are most frequently based on models
that assume linearity at low doses and low exposures [18].
There are situations in which this assumption could be
considered unreasonable. However, because of the lack of
data and no alternative methodology for risk extrapola-
tion at present, the model of low - dose linearity contin-
ues being used despite existence of qualitative evidence
evidencing the contrary. This is specifically relevant in
the case of many non-genotoxic carcinogens modulating
mitogenic stimulation or suppression of apoptosis - pro-
cesses regulated by signalling through its impact on gene
expression [12]. Dioxins (TCDD) can serve as example
of non-genotoxic carcinogen, endocrine disrupter acting
through the Ah receptor. It is a general consensus that to
resolve this problem, we need to develop a methodology
incorporating biological data on mechanisms operating at
the cellular or molecular level.

3 Psychic Infection and Mass
Hysteria

As every expert knows dealing with clients may some-
times bring about a number of both material and psycho-
logical problems. Besides, addressing a group of indivi-
duals, who, moreover, feel endangered is more complicated
still, especially when these groups previously organized in
harmony and through a certain hierarchy start to change
into disintegrated ones where behaviour suggest the be-
haviour of masses or of the mob. The mass psychology
may appear whenever a sufficient number of persons are
gathering around one point of common interest.

The psychology of the group never makes a mere sum
of the member’s psychology but it has its own individual
characteristics. The group as a whole shows better qual-
ity than the most inferior members, but the worse judge-
ment and lower IQ compared to the best individuals of
the group, and it is prone to getting influenced by emo-
tion rather than so by reality. Another characteristic is
behaviour of the group as a mob (aggressive, panicking,
etc.) whose activities are more often worse than those of
an individual [2, 3, 17, 7].

The basic characteristic of mass dynamics is the "psy-
chic infection" due to increased suggestibility responsible
for the sensation of symptoms and subsequent chain reac-
tions. A person in the mob then is capable of acts they
would otherwise never have committed as an individual
on their own. The cases of mass psychoses are well known
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from many literary descriptions of "mass hysteria" in real
or supposed exposure to toxic substances, or in health
problems and symptoms connected with the indoor envi-
ronment (sick building syndrome) found in air conditioned
structures [16, 15, 19, 14, 13, 8].

In such cases, it can be considered "objective", (i.e.
the patient really suffers from them). They are reminded
of such symptoms of acute distress but they are less in-
tense and last for a longer period of time, (e.g. for many
days, weeks, or months). The affected are aware of the
overall stress and tension, fright, shyness, of sensations of
oppressiveness and worries, when addressing other people,
and vague stressing uncertainty for the future. All these
symptoms are accompanied by chronic fatigue, headache,
insomnia and other sub-acute vegetative disorders. As the
syndrome is not fully debilitating, the patient feels chro-
nically unwell in both his daily duties and his reaction
towards other people. Often their capacity of cognition
and making sense of daily activities becomes reduced as
the result of chronic fatigue and impaired concentration.

The symptomatology fully corresponds to the term
"somatization" introduced in the ICD-10 international
classification. The point is that emotion - here a very
strong one - finds its vegetative correlate occurring in the
somatic sphere. An important role in further develop-
ment plays the "interpretative model" of the patient being
xenochtonous in our case (the cause of all trouble comes
from outside) and the patient is aware of it (sick building,
nearby radar station, TV tower, waste incineration plant
etc.). This mass reaction can manifest by two syndrome
levels: one prevails the state of anxiety and the other pre-
vails motoric symptoms (e.g. the medieval processions of
flagellants praying for aversion of a pest).

The symptoms may appear separately or combined, or
occur in turn in the patient. Mass hysteria afflicts men less
frequently than women, especially those living in poorer
socioeconomic conditions. Mass hysteria is closely con-
nected with the problems of "sick indoor environment"
illness. Important here is the firm conviction of outside
noxiea responsible for any kind of symptom, further ten-
dency to hypochondria and stress and also hostile atti-
tudes of the patient to anybody to blame for these con-
ditions; in practice materialized by endless weary court
trials. In a sense, also collective insistence on Unidentified
flying Objects (UFOs) and other paranormal encounters
belong to this category.

Yet, not all mass-occurring pathological symptoms are
mass-hysteria-related. For example, the mass poison-
ing of school children in the school canteen in London
can be mentioned, manifested by gastrointestinal trou-
bles shortly after lunch. The complex microbiological, hy-
gienic, and toxicological examination included a question-
naire for children, which showed a significant link between
the symptoms and consumption of raw cucumber (relative
risk 6.1). Microbiologically the cucumbers were safe but
pesticide contaminated, as proved by toxicology tests. In
the discussion, the authors warn against any overhasty
diagnosis of mass hysteria.

Another example can be found with vaccination and
concerns of a disproportionate amount of adverse side ef-
fects, including cognitive and development impairment.
This new version of vaccine denialism has caused some
eradicated disease such as measles, mumps and rubella to
be once again found in the developed world due to signi-
ficantly reduced herd immunity due to parents opting out
of such otherwise required vaccines. Vaccine-preventable
diseases have been a major cause of illness, death, and
disability throughout human history. The advent of the
modern vaccine era has changed this significantly. In more
recent times, there has been much debate in the lay press
regarding vaccine safety — namely what possible side-
effects vaccines cause and whether these outweigh the risks
of leaving a population without a vaccination program.
Despite most of the hysteria, some key literatre relating
vaccines and childhood development have been comeplteyl
rebuked and and withdrawn from the literature. Present
use vaccines provide disease coverage to populations, pre-
vent illness and save lives.

Even when the concentration of toxicants fails to reach
the risk values, other factors may be involved, e.g. am-
bient temperature, air humidity, etc., which have up to
now not been included in our models but which are able
to objectively influence the clinical course, morbidity and
mortality rate [1]. There even may occur combination of
the actual infection and mass hysteria. In some people
evident hypersensitivity to some substances exists: their
pathophysiological reaction then is capable of psychogenic
effects on the environment.

Nevertheless, we presume the psychosocial aspects
may be of basic importance in understanding the potential
health risks.

Furthermore, we can expect such problems when our
knowledge of actual health effects of human exposure is
incomplete or the intensity of exposure oscillates in le-
vels raising doubts as to possible biological effects [9, 5].
Very serious problems, mostly in psychologically unstable
patients, are neuro-psychic and psychosomatic symptoms
resisting to treatment. Despite the difficulty in objectifi-
cation, they represent suffering that should not be under-
rated considering the quality of patient’s life.

4 Challenges for Prevention

The prevention of such conditions can either be sys-
tematic: early educational or popularisation campaigns,
specific health education orientated to the development of
industrial, transportation, or other types of constructions,
and integration of the local civic activities in the program.
The purpose of this should not be a cheap belittling of the
risk but reasonable explaining of its acceptable rate, and
also the likely advantage to benefit from the realization
of the structures. Any later efforts to inform the public
about the true state of affairs is normally accepted with
distrust and disbelief, in belief this information had been
well-paid by the government, industry and market forces,
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the military or some other institution trying to camouflage
the actual condition.

5 Conclusion

The cases of mass psychoses are well known from many
literary descriptions of “mass hysteria” in real or supposed
exposure to toxic substances, or in health problems and
symptoms connected with the indoor environment (sick
building syndrome) found in air conditioned structures
[16, 15, 19, 14, 13].

It is therefore recommended to carry out a relevant,
competent epidemiological pilot study on potential inci-
dence of some health problems (tumours, congenital mal-
formations, etc.) still before starting the structures, to
compare - using a set of reliable data, when the build-
ing had already been approved for use - the incident phe-
nomenon with the previous conditions. Such a study, of
course, is no alibi. In cases of positive findings the study
could serve as basis for rational measures to minimize the
health risk due to the operation of the particular faci-
lity. The concept of health risk minimization must be
included as a theme in all stages of the design and realiza-
tion, covering all potential risks for the environment and
human health. In medicine, the Hippocrates’ statement
still holds: Life is short, and Art is long; the occasion
is fleeting, experience fallacious, and judgment difficult.
The physician must not only be prepared to do what is
right himself, but must also make the patient, the atten-
dants, and externals to co-operate. If we honour this in
therapy, we should do so in prevention of environment
related health risks twice as much [6].
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Abstract

Objectives: Work aims to create a portable tool with a
decision support, providing relevant methods for purposes
of physical activity evaluation in real-time.
Methods: We have utilized accelerometer equipped
ez430Chronos watch in conjunction with a preconfig-
ured RaspberryPi-based setup. Wireless transmission
of accelerometer data into a running web application
instance, which served as a user frontend, is provided
through the WebSocket protocol. Decision support is
based on a Weka classifier.

Results: The proposed framework is ready to be used for
the annotation and basic evaluation of physical activity
data in a Wi-Fi covered areas. Minor issues are related to
the occasional instability of data transmission, which has
to be handled consequently.
Conclusions: We found the overall framework architec-
ture robust enough to serve its purpose. Next steps in the
development will lead to an expansion of outlined functio-
nality.
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1 Introduction

Human activity recognition (HAR) is an extensive area
of research for a long time. In this respect, variety of dif-
ferent solutions relying on an accelerometer sensor have
been proposed. It is evident that recently, many of these
solutions started to utilize the pervasiveness of the inter-
net to enrich the knowledge, when operating in a real-life
environment. We show, that advances in technology allow
to make a tool for acquisition and evaluation of physical
activity data in real-time. The usage of the this tool is
not bounded by borders of testing under laboratory con-
ditions, but it is utilizable in real-life experiments. The
project we are going to present here, takes an advantage of
commonly available hardware and software instruments.
Therefore, it is particularly easy to reproduce it.

As far we have been using ez430Chronos watch [1] for
a purpose of collection of accelerometer data. The watch
features wireless transmission of raw accelerometer data.
However, the utilization of the watch itself for purpose of
analysis of physical activity data in real-time is limited in
many ways. One of the shortcomings is directly given by
the reasonably small range of the Texas Instruments USB

dongle, which is supplied with the watch. This fact con-
tributes to the difficulty of recording accelerometer data
in some environments. Another shortcoming is a lack of
annotation tool. Therefore, we have decided to develop
a portable solution for the collection and annotation of
user’s physical activity data. The JavaScript enhanced
web application served as a user frontend for our more
complex framework behind the scene.

Similar approach, introduced as a smart phone appli-
cation, was proposed by Lara et. al. [2]. The relevant part
of the complex real-time HAR system was able to fetch a
set of recognizable activities from the remote Application
server using a HTTP protocol. The recognition itself took
a place on a smart phone and only aggregated feedback
data were passed to the remote server.

Another similar approach was proposed by Riboni et.
al. [3]. Their COSAR context-aware activity recognition
tool based on ontological reasoning and statistical infe-
rencing aimed to recognize more complex activities on a
basis of Android device’s integrated sensors. Similarly as
in the previous case, merged sensor’s data were used to
form feature vectors, which were consequently evaluated
by a remote reasoner.
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Figure 1: RaspberryPi-based portable setup.

Finally, recently published study about a multi-layer
mHealth monitoring system introduced a platform featur-
ing a real-time data transmission based onWebSockets [4].
The platform gathered data from various wirelessly con-
nected sensors in a body area network (BAN) and sent
them to a remote server. However, contrary to previously
referred projects, this platform served a monitoring pur-
pose and therefore lacked the decision support.

In this work, we deal with a design of annotation
framework enhanced by a basic decision support and us-
able in a real-life environments. We are neither targetting
to create a complex BAN, nor the specific smart phone ap-
plication for an activity recognition. Our goal is an easy
to setup, robust tool with a real-time data transmission
based on a WebSockets technology, which can be used for
a further analysis of physical activity data in real-time.

2 Methods

It is important to mention, that in this stage of de-
velopment we are not focusing on particular aspects of
activity recognition process. The robustness and overall
stability were primary goals though the real-time nature of
the whole system. However, to enable the full data flow
through the system, we have configured the crucial ele-
ments contributing to the recognition of physical activity
according to results in other HAR related works [2, 5].

Modern web browsers provide a wide range of features
related to the real time data processing. The WebSocket
protocol [6] is one of the technologies, which makes pos-
sible to conveniently develop such applications, while re-
taining odds of web based user interface.

Therefore, our early aim in this project was to en-
sure that the capabilities of the WebSockets protocol are
enough to handle the real-time transmission of accelero-
meter data. Furthermore, we have experienced a strong
demand on the convenient data annotation and visualiza-

tion. The preservation of the portability of whole setup
was our intention as well.

2.1 Instrumentation

The portable setup, intended to be worn at user’s
waist or in a backpack, consisted of ARM-based computer,
RaspberryPi [7], along with a connected Texas Instru-
ments USB dongle. Wireless internet connectivity ensured
the low-powered USB Wi-Fi adapter [8]. All of the com-
ponents were powered by an external rechargeable battery
pack. That allowed us to keep the overall setup up and
running at least for 3 hours. Figure 1 shows the Rasp-
berryPi and the ez430Chronos watch, which served as a
wirelessly connected source of raw accelerometer data.

2.2 Configuration

RaspberryPi is capable of running several different
Linux distributions. We chose an ArchLinux distribution
[9] because we have experienced a Wi-Fi connectivity is-
sues when using other distributions. Upon the startup,
the device connects to the nearby Wi-Fi network. At the
same time, the reverse SSH tunnel with a preconfigured re-
mote computer is automatically established. Tunnel itself
solves multiple forthcoming issues. At first, it bypasses
eventual NAT and Firewall restrictions of the network.
Furthermore, the tunnel makes the annotation framework
accessible from the public internet.

We have configured multiple wireless profiles in order
to cover the most of the user’s space of movement. In case
when the device is suffering from a weak signal, the net-
work is automatically switched to the one with a better
coverage.
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2.3 System Architecture

On a basis of our previous positive experience, we have
managed to use the JRuby scripting language together
with a Rails 4 technology, which already supports Web-
Sockets protocol. Integration of the Weka machine learn-
ing framework [10] through its native Java bindings faci-
litated our development process in many aspects.

Figure 2 shows the system architecture from the view-
point of basic functional blocks. The core Rails 4 appli-
cation bundle is denoted by a dashed line. This bundle is
actually deployed and runs on the RaspberryPi device.

Sensor-equipped Tester actor is a person who wears an
ez430Chronos watch and the RapberryPi setup as well.
Administrator actor represents a person who services the
Web-based user interface. Administrator has an access to
raw sensor data, some of preprocessed data and also to
activity labels. Besides a passive participation, Adminis-
trator can initiate certain actions towards the framework.
This feature is provided by WebSockets full-duplex con-
nectivity [11]. Therefore, existence of Backward param-
eters setting paths on the Figure 2 should not be under-
stood as a way of automatic adjustment of parameters in
an autonomous system. They are dedicated to accomplish
actions initiated from the Administrator’s side and their
specific purpose is further discussed.

The Data preprocessing component handles incoming
data from the ez430Chronos watch. The watch’s accelero-
meter sampling frequency is set to 30Hz. For now, we
configured the component to extract median average de-
viation, root mean square and curtosis features from a
half overlapping windows with 128 samples. These ex-
tracted features are consequently forwarded to a Classifi-
cation component, which takes a further action.

In our proposed architecture scheme, the Data pro-
cessing component also serves for the computation of fea-
tures, which are not passed to the Classification compo-
nent. These features are meant to be visualized in the
Web-based user interface and that is why they are passed
directly to the Communication component. We demon-
strate this possibility on the example of activity counts,
which are further examined in a recent study from the Uni-
versity of Portland [12]. Computation of activity counts
commonly precedes the estimation of energy expenditure.
We have integrated the estimation as well as the visu-
alization of activity counts of 1 second epochs into our
framework. While we are not taking benefit of the acti-
vity counts output yet, its estimation looks promising for
the future calculation of energy expenditure.

The Classification component currently holds the im-
plementation of C4.5 decision tree from the Weka ma-
chine learning framework. The C4.5 classifier was trained
to distinguish, on a basis of time domain features from
the Data preprocessing module, between several levels of
walking and running activities.

We put the Weka activity classification model in a se-
parate file, aside of the Classification component’s pro-
cessing logic. Besides the apparent design intention, there

was another reason to make this step. Since the WebSock-
ets protocol supports also transmission of binary data, the
separate classification model can be easily replaced by an-
other one from the Web-based user interface.

Event handling and Communication component de-
serve a special attention. As it acts as a mediator of
nearly all communication, its flawless functionality is cru-
cial for the whole system. We had to deal with multiple
asynchronous inputs and therefore we have utilized a re-
actor pattern [13], which was the most likely pattern to
meet design requirements. More specifically, we used the
EventMachine library, which implements the reactor pat-
tern in Ruby language. Figure 3 shows the Event handling
and Communication component in a detailed view with all
inputs to better illustrate the bindings to asynchronous
events. As noticeable, events originating from the net-
work are based on incoming WebSockets notifications in
a JSON format. On the other side, events from the in-
side of application are fired by a Redis database channel.
Redis database is an advanced key value store [14]. The
publish/subscribe pattern was implemented in version 2.0.
Therefore, it allows to specify a series of channels that a
user can subscribe to. This was a basic presumption for
an implementation of an event handler, which receives no-
tifications from different parts of the accelerometer data
processing pipeline.

Figure 3: Event handler.

2.4 Data Visualization and Interpretation

This section covers the description of Visualization
and Management component. Originally, we have been
mostly interested in the real time visualization of the
raw accelerometer data. For that purpose, we have used
the FlotChart, JavaScript graph component [15]. The
FlotChart component contains additional set of plugins,
which makes easier to consecutively inspect and annotate
captured data. From this perspective, our framework cur-
rently supports zooming, selection, continuous recording,
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Figure 2: System architecture.

displaying of received annotation flags and insertion of
own annotation flags. Besides that, the Administrator is
allowed to select accelerometer axes, which has to be dis-
played. Among implemented functionality counts also an
export of recorded data with annotation flags into a file
in a CSV format.

The Web-based user interface also serves as a remote
management interface. As stated earlier, the Administra-
tor can remotely update the classification model and also
adjust settings of Data preprocessing component. At the
moment, the only possible adjustment is the change of the
time epoch length for the computation of activity counts.

Figure 4 shows the plotting part of the Web-based user
interface. The red, blue and yellow series represent incom-
ing data from the 3-axis accelerometer. The green serie in
the bottom of figure represents estimated activity counts.
On the Figure 4 are also visible annotation flags as the
output of the Classification component.

3 Results

We have prepared a basic architecture ready to serve
for purposes of real-time physical activity evaluation.
Fully automatic startup simplified the operation steps on
the plugging of the power cable into a battery pack. Rela-
tively small and lightweight package can be worn on a belt
around the waist. Also, 3 hours of operation looks promis-
ing for most of planned testing scenarios. However, the
prototype is not suitable for a daily activity tracking pur-
poses in a comparison with other activity trackers on the
market.

Occasionally, we have been dealing with a non-fluent
data transmission. As its consequence, the drawing of the
chart got stuck until fully re-buffered the data packets.
Therefore, we have analyzed the average delay between
receiving the pair of incoming packets for the last second.
On the basis of its value, we have eventually stopped re-
drawing the raw accelerometer data, so the transmission
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Figure 4: Plotting part of the Web-based user interface.

was cut down to an activity counts data together with
output of the Classification component. This feedback-
initiated fallback mode is supported by an automatic re-
connection process implemented in the WebSockets pro-
tocol.

Besides the data transmission related issues, the
framework has several minor flaws. For the proper over
the internet functionality the framework requires precon-
figured computer with a public IP address. With a slight
modification, the framework can however be used com-
pletely without a network connection. This modification
resides in locally storing all data for the future offline ana-
lysis. The framework is also dependent on a linux environ-
ment for many bindings to native libraries. Therefore, it is
not possible to implement it as a smart phone application
yet.

4 Discussion

We are about to extend the existing framework
functionality. Besides its current purpose, the solution
could serve as a more complex framework for the collec-
tion of data from various sources. That involves also low-
powered Bluetooth equipped sensors, which spread out
recently. Next steps in the development process will also
lead to the expansion of features of the Web-based inter-
face, as most of them currently serve as testimonials of
the system architecture.

Results of the framework related research will not be
limited to a single device used in our experiments but will
affect a wide group of devices. That includes particularly
smart phones, which are available to a public audience.
Taking advantage of a daily used device with a sufficient

computation power could open a range of possibilities re-
garding the real-time processing of activity data.

After all, we think that our framework holds a poten-
tial for a future usage and that we made a step towards
achieving a platform, which can be utilizable for the phys-
ical activity evaluation in a wide scale.
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