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Symbolic Hierarchical Clustering for Pain
Vector

Kotoe Katayama, Rui Yamaguchi, Seiya Imoto, Keiko Matsuura,
Kenji Watanabe, and Satoru Miyano

Abstract. We propose a hierarchical clustering in the framework of Symbolic Data
Analysis(SDA). SDA was proposed by Diday at the end of the 1980s and is a new
approach for analysing huge and complex data. In SDA, an observation is described
by not only numerical values but also “higher-level units”; sets, intervals, distribu-
tions, etc. Most SDA works have dealt with only intervals as the descriptions. We
already proposed “pain distribution” as new type data in SDA. In this paper, we
define new “pain vector” as new type data in SDA and propose a hierarchical clus-
tering for this new type data.

Keywords: Visual Analogue Scale, Distribution-Valued Data.

1 Introduction

Conventional data analysis usually can handle scalars, vectors and matrices. How-
ever, lately, some datasets have grown beyond the framework of conventional data
analysis. Most statistical methods do not have sufficient power to analyse these
datasets. In this study, we attempted to extract useful information from such datasets.

Symbolic data analysis (SDA) proposed by Diday [3] is an approach for analysing
new types of datasets. “Symbolic data” consist of a concept that is described by in-
tervals, distributions, etc. as well as by numerical values. The use of SDA enriches
data description, and it can handle highly complex datasets. This implies that com-
plex data can be formally handled in the framework of SDA. However, most SDA
works have dealt with only intervals as the descriptions and are very few studies
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118 K. Katayama et al.

based on this simple idea. The case that concept is described by intervals is simple,
but ignores detailed information in the intervals. We already proposed a hierarchical
clustering for the visual analogue scale (VAS) in the framework of Symbolic Data
Analysis (SDA)[8].

In this paper, we define “pain vector” and propose a hierarchical clustering for
this vector. The “pain vector” is consist of distributions and categories.

2 Transform the Visual Analogue Scale into ‘“‘Patient
Distribution”

We already proposed a hierarchical clustering for the visual analogue scale (VAS) in
the framework of Symbolic Data Analysis (SDA)[8]. In the paper, we transformed
the Visual Analogue Scale into distribution valued data. The VAS is a method that
can be readily understood by most people to measure a characteristic or attitude that
cannot be directly measured. VAS is of most value when looking at change within
a same people, and is of less value for comparing across a group of people because
they have different sense. It could be argued that a VAS is trying to produce inter-
val/ratio data out of subjective values that are at best ordinal. Thus, some caution is
required in handling VAS. We described VAS as distribution and handle it as new
type data in SDA.

2.1 The Visual Analogue Scale

The visual analogue scale (VAS) has developed to allow the measurement of in-
dividual’s responses to physical stimuli, such as heat. The VAS is a method that
can be readily understood by most people to measure a characteristic or attitude
that cannot be directly measured. It was originally used in the field of psycho-
metrics, and nowadays widely used to assess changes in patient health status with
treatment.

A VAS consists of a line on a page with clearly defined end points, and normally
a clearly identified scale between the two end points. For guidance, the phrase “no
pain” and “worst imaginable pain” are placed at the both side of the line, respec-
tively. Minimum value 0 of the VAS means “no pain” and maximum value 100
means “worst imaginable pain”.

These scales are of most value when looking at change within patients, and are of
less value for comparing across a group of patients because patient have a different
sense of pain. It could be argued that a VAS is trying to produce interval/ratio data
out of subjective values that are at best ordinal. Thus, some caution is required in
handling such data. Many researchers prefer to use a method of analysis that is
based on the rank ordering of scores rather than their exact values, to avoid reading
too much into the precise VAS score.

261



Symbolic Hierarchical Clustering for Pain Vector 119

2.2 Transform the Visual Analogue Scale to Distribution-Valued
Data

We transform the VAS to distribution-valued data to compare across a group of
patients . VAS varies according to patients, because sense of pain varies a great
deal depending on people. Changing VAS score within patients means their sense
of pain. If they have big change of VAS score, their expression of sense of pain is
rough. On the contrary, if they have small change, their expression is sensitive. We
suggest that these sense of pain is described by normal distribution and call it “pain
distribution(PD)”.

Let VAS score of patient’s first time be x; and second time be x,. We define the
middle point of x; and x, as mean of PD i, and (1 —x;)? = (i — x)? as variance.
We describe PD as N(u,0?). In case that the number of VAS score is d, PD is d-
dimensional normal distribution. In this case, a diagonal matrix is used as a variance-
covariance matrix of d-dimensional normal distribution.

® B3 ] ®
0 u—a u u-+o 100
First Time Second Time

Fig. 1 Transform the Visual Analogue Scale to Distribution-Valued data

3 Medical Questionnaire in Keio University School of Medicine

Center for Kampo Medicine, Keio University School of Medicine, have a question-
naire to patients to help medical decision. The questionnaire includes one set of
questions about their subjective symptoms. There are 244 yes-no questions, for ex-
ample, ”Are you constipate?”, and 118 visual analogue scale questions, for example,
”How do you feel pain with urination?”. Patients answer these questions every time
when they come to Keio University. Doctors can understand patients’ fluctuate in
severity.

4 Pain Vector

The Medical Questionnaire in Keio University School of Medicine is consist of
”Yes-No” questions and “VAS” questions. To compare “VAS” questions among
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patients, we already proposed “pain distribution(PD)”. In the case, we only use
”VAS” questions and didn’t use ”Yes-No” questions.

Now we propose Pain Vector by using both questions. Let ”Yes-No” question
be YN, (a=1,...,A). If patient answer ”Yes”, YN, = 1, otherwise 0. Let "VAS”
question be PD;, (b =1,...,B). The i-th patient’s Pain Vector is

PV;=[YNj,...,YNjs,PDj,... 7PDiB],' |

S Hierarchical Clustering for Pain Vector

Cluster analysis groups data objects only on the bases of information found in the
data that describes the objects and their relationships. The goal is that the objects
within a group should be similar (or related) to one another and different from the
objects in other groups.

In this section, we propose a hierarchical clustering for Pain Vector.

5.1 The Clustering Algorithm

We extend the idea of a hierarchical clustering in the framework of conventional
data analysis. Let n be the number of PV and K be the number of cluster.

<Stepl> Begin with K clusters, each containing only a single PV, K = n. Calculate
distance between PV.

<Step2> Search the minimum distance in K clusters. Let the pair the selected clus-
ters. Combine PVs into a new cluster, it is described by new Vector. Let
Kbe K—1.1If K > 1, go to Step3, otherwise Step4.

<Step3> Calculate the distance between new cluster and other cluster, and go back
to Step2.

<Step4> Draw the dendrogram.

5.2 Distance between PVs

In our method, PVs consist of binary and distribution valued data. Let i-th patient’s
vector be PV; and j-th be PV ;.

PV; = [YN;,PD?]/ = [YNil,... ,YN,'A,PDI'I,...,PD[B]/,
PVj = {YN;,PD;]I = [Yle,...,YNjA,PDJ'],...,PDjB]/.

The sum of distance between Y N and distance between PD is distance between PV ;
and PV ;.

5.2.1 Distance between YNs

YN are binary data. We define distance between Y N, and YN, as

|[¥Nig — YNjql|.
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Distance between YN; and YN is

A
> |[YNig — Y Njo||.

a=1

5.2.2 Distance between PDs

We use symmetric KL-divergence as distance between PDs. Kullback-Leibler diver-
gence is the natural way to define a distance measure between probability distribu-
tions [9], but not symmetry. We would like to use the symmetric Kullback-Leibler
(symmetric KL) divergence as distance. The symmetric KL-divergence between two
distributions s; and s is

D(s1(x),52(x)) = D(s1(x)|]s2(x ))—I-D(sz )Is1(x))

_/ s1(x log dx+/ log idx, (D)

where D(s1]]s2) is KL divergence from s; to s, and D(s3]]s1) is one from s, to s;.
Let PDs be d dimensional N(p,Z;) and N(f,,%jp). Symmetric KL-
divergence is

D(p(x|pip, Zin), p(x|1 jy, Z jp))
=1r(ZpZ3 ) +1r(ZpZ;,))
+1r((Z5 +2ﬁ71 (i — M) (i —Bjp) ) —2d. (2)
LetPDsbed =1,

D(p(x|tip, O ), p(x|Wjp, Ojp))

2 2 2 2 2 N2
1 (o) o T 1 O: o5+
:_{log%+ lb+(u'lb2 u’]b) }_i__z_{log__fz_b_l_ jb (u’]b :u'lb) }—(B)
b

2

Distance between PD; and PD) is

B
;D<p(xluib76ib)ap(x[.ujb, O'jb)).

5.3 New PVin Clustering Algorithm Step 2 and Their Distance

In Clustering Algorithm Step 2, we combine PV; and PV ; into a new cluster and it
1s described by new vector. This new vector, NPV, is described by using distance
between Y N;; and Y Nj, and Gaussian mixture distributions of PD;;, and PD j,.

NPV = [YN; —YNji,...,YNia — YN;a,mgd(PD;;,PD}y), ..., mgd(PDig,PD ;)] ,
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where mgd (PD;;,PD ;) means mixture distribution of PD;; and PD;, and mixture
weight equal 0.5.

After Section 5.1 Step2, we need symmetric KL-divergence between Gaussian
mixture distributions. However, it cannot be analytically computed. We can use, in-
stead, Monte-Carlo simulations to approximate the symmetric KL-divergence. The
drawback of the Monte-Carlo techniques is the extensive computational cost and the
slow converges properties. Furthermore, due to the stochastic nature of the Monte-
Carlo method, the approximations of the distance could vary in different computa-
tions.

In this paper, we use unscented transform method proposed by Goldberger, er
all5].

We show approximation of D(s1||sy) in (1). Let cluster ¢1 contains d-dimensional
distribution Ny( u,(ql ) , ZU ), (m=1,...M). Expression formulaof ¢; is s1(x) = 2%21
o}, p(x]O(l) ) where a),% ) is a mixture weight, p(x[Om ) is m-th probability density
function of Nd(um , () and 1) = (u,ﬁi),z,(,,f)). Simmilary, cluster ¢, contains
d- dimensional distribution Nd(ul(z) 21(2))(1 = 1,...L). Expression formula of ¢, is

2
§2 —21 1(Dn P( |9( ))'

Approximation of KL-divergence from s; to s, by using unscented transform

method is

1 M 2d Omk
Dis ) ~ 57 3 o 3 log @

(om k)
where 0,,; are sigma points. They are chose as follows:

Omy = PV + (\/ dE,SP) : (5)

t

omsra = Pl — (\/dz,sp) |

t

such that (\ / 2,(7:)> is #-th column of the matrix square root of 2,511). Then,

t

Omg = Hiy) +\/dAgy ) (6)
[ (1) (1
Omi+d = #;gi)_ l(zz)”;(nL
wheretr=1,...,d, i ,(nl ) is mean vector of m-th normal distribution in ST, x,ﬁ}) is z-th

eigenvalue of Efﬂl) and u,(;), is 7-th eigenvector. If d = 1, the sigma points are simply

HONO)

265



Symbolic Hierarchical Clustering for Pain Vector 123

We can calculate approximation of D(s;||s1). Substituting these approximations
into (1), we obtain the symmetric KL-divergence. We set the divergence as distance
between PD in cluster ¢; and PD in ¢;.

6 An Application

In this section, we apply our proposal method to real data from Keio University
School of Medicine. This is masked data and is not be tied to any information that
would identify a patient. For our analysis, we use the 2316 patients’ result of med-
ical questionnaire. There are 244 yes-no questions, and 118 visual analogue scale
questions.

Fig. 2 Dendrogram for 2316 patients

7 Concluding Remarks

We already proposed a hierarchical clustering for the visual analogue scale (VAS)
in the framework of Symbolic Data Analysis (SDA). To compare ”VAS” questions
among patients, we already proposed “pain distribution(PD)”. In the case, we only
used "VAS” questions and didn’t use ”Yes-No” questions. In this paper, we use both
questions and define new “pain vector” as new type data in SDA. The “pain vec-
tfor consist of binary and distribution valued data. We also propose a hierarchical
clustering for this new type data. Through the simulation, we verified our model.
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