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Summary: Three possible methods for post-hoc market segmentation on price basis are compared in the paper.
They are k-means clustering, hierarchical clustering and exhaustive search. The results have showed that ex-
haustive search is preferred for price-based segmentation in inventory management where fast and reliable
method is needed and a comprehensive picture of prices distribution is not required. However, hierarchical clus-
tering is more valuable for product positioning due to its inner capability to represent prices distribution via the
specific plot — dendrogram. Both strong and weak sides of the methods are discussed and practical recommen-

dations are given.

Keywords: market segmentation, cluster analysis, pharmaceutical products segmentation, pricing, k-means,

hierarchical clustering.

Introduction. Market segmentation is a
broadly used marketing strategy that involves
the dividing of market elements (products or
customers) into corresponding groups. The
product segmentation is required during prod-
uct positioning. Besides different qualitative
and technical characteristics of a product, the
price can also be used as a criterion for product
segmentation. Price-based product segmenta-
tion results in the dividing of products into sev-
eral (usually three) different price segments or
niches. Commonly they are low price segment,
mid-segment and premium segment. Each of
these segments has its own demand that
should be satisfied with proper supply. Thus
price-based segmentation is useful not only for
product positioning and pricing by manufactur-
ing companies, but for inventory management
and forecasting of retail companies. Actually,
when products are easy interchangeable, a de-
mand concerns not specific product names but
any product from a single specific price seg-
ment. Since generic drugs take the leading po-
sition on the pharmaceutical market of
Ukraine, there is a vast amount of interchan-
geable OTC-drugs proposed in a pharmacy.
Additionally, according to paragraph 78-1 of

Ukrainian law No 2801-XII (19.11.1992) «Basic
Law of Ukraine on Health Care» a pharmacist
cannot refuse to give or give wrong information
about the presence of drugs with the same ac-
tive substance, especially with lower price.
Thus price-based segmentation is a crucial part
of pharmaceutical companies’ activity.

The price-based segmentation of commercial
products is usually carried out as a part of a
specific market segment analysis and has dif-
ferent aims. 7. Bashuk used such segmentation
in the pricing process of a new book2. The price-
based segmentation of drugs into three groups
has been carried out by V. Gonchar in order to
show the overall price dynamics of pharmaceut-
ical market during 2008-2010%. O. Gudzenko
reported the distribution of antiallergic medi-
cines over three price segments pointing that
high proportion of low-price segment is a posi-
tive social-economic characteristics of antial-
lergic agents markett. Z. Mnushko and N. Sot-
nikova show the relationship between price
segments and a country of origin in the Ukrai-
nan market of dietary supplementss. L. Kulyba
and 7. Dibrova discuss the dependence of retail
margin on the price segment of pharmaceutical
markets. It is worth to note, that the choose of

ISNN 2070-3112

«Kainiuna Ppapmayis, papmaxomepania ma Meduuna cmandapmusayisy

2013, No3-4



96

DapmayesmuuHuti MeHedKkMeHm i MaApKemunz

price intervals that were used to create seg-
ments seems to be manual and arbitrary in all
pharmacy-related papers3-58. For example, the
price intervals to divide the whole pharmaceut-
ical market were taken to be 0-10 UAH, 10-50
UAH and higher than 50 UAHS5. Almost at the
same time price intervals were fixed at 0-15,
15-35 and higher than 35 UAH for dietary sup-
plements markets; at 0-20, 20-40 and higher
than 40 conventional units (actually, they are
also UAH) for antiallergic medicinest; and price
intervals were not disclosed by V. Gonchars.
Such assigning of price intervals can be called
ad-hoc or apriori since methodologically it has
no close relationship with price data and can be
carried out before data collection. On the other
hand, the choose of intervals can be based on
the collected data so they obtained segments
would fit prices more accurately — that is posi-
hoc approach. For example, T. Bashuk defined
price intervals after the inspection of price dis-
tribution plot2. Although, that method is sub-
jective as well. The methods of segmentation
are objective when the choice of intervals de-
pends only on data. The problem of partitioning
objects into maximally different groups is cov-
ered by cluster analysis. The idea of market
segmentation via cluster analysis is not novel.
However, literature sources do not cover price
as segmentation criterion for clusteringl57.10,
So the efficiency and special features of market
segmentation via cluster analysis with price
criterion are still unknown. Moreover, the re-
sults of market segmentation via clustering
have been never compared with exhaustive
search method.

The aim of research are: 1) to compare the
efficiency of three post-hoc methods of market
segmentations: k-means clustering, hierarchic-
al clustering and exhaustive search using price
as grouping criterion; 2) to describe the pecu-
Liarities of price as a criterion for product seg-
mentation and to report the guideline for price-
based product segmentation; 3) to present the
distribution of antihistamine drugs, hepatopro-
tectors, cough syrups, sprays and lozenges for
treating of throat pain, remedies for acne and
vitamins over three price segments as a case
product segmentation.

Materials and methods. Retail price data
has been collected from a pharmacy of Berego-
vo town (Transcarpathian region) and weighted
average prices have been obtained from web-
site compendium.com.ua. These prices have
been collected in the December, 2012 and thus
may differ from current prices. Totally 147
drug names were included into analysis. The
choice of pharmacotherapeutic groups was not

arbitrary: these groups consist of interchange-
able OTC-drugs that can be proposed to a con-
sumer by pharmacist. The drugs that were not
available at the Beregovo pharmacy have been
excluded from the analysis. Since there are dif-
ferent dosages and drug intake regimens in
each pharmacotherapeutic group, the prices
were adjusted to fixed time of therapy. Briefly,
the number of studied antihistamine drugs is
31 and price is adjusted for 10 days of therapy.
The prices of 15 hepatoprotectors are adjusted
for 10-day therapy also. Cough syrups (28) are
adjusted for 4 days, sprays for treating throat
pain (13) — for 10 days, lozenges for treating of
throat pain (23) — for 5 days, vitamins (28) — for
30 days and remedies for acne (9) are not ad-
justed since they have topical application.

The three methods used to divide drugs into
price segments are k-means clustering, hierar-
chical clustering and exhaustive search. The
procedure of clustering has been carried out in
R 3.0.1 software®. K-means belongs to stochas-
tic algorithm that is iteratively searching for
optimal solution. So possible drawbacks of k-
means method are the requirement the number
of clusters as an input parameter and conver-
gence to a local optimum rather than to global.
Hierarchical clustering is a determined algo-
rithm that is looking for locally optimal step in
each iteration. Such algorithms are called
«greedy» and the obtained results often are
non-optimal (though still close to the optimal
solution). The Ward's link function has been
used as an objective for minimization during
hierarchical clustering!!. Like k-means algo-
rithm, the Ward's method minimizes the sum
of squared Euclidean distances within clusters.
The exhaustive search tests all possible va-
riants of partitioning into defined number of
clusters. We have written the function for ex-
haustive search using R as programming lan-
guage and sum of squared Euclidean distances
within clusters as a criterion to choose the best
combination. This allows us to compare all
three methods with the same ruler. Actually,
exhaustive search will always give the best
possible solution. The major drawback of this
approach is merely its computational time.

Results and discussion. First of all, we
would like to note that since market segmenta-
tion has customer attraction as its final aim,
the created segments should be consisted with
customer view on the market. Thus using price
as segmentation criterion has its own specifici-
ty. Actually, the correlation between customers'
point of view on prices and the prices them-
selves is not linear. For example, in a customer
subjective opinion the difference between 2
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UAH and 20 UAH is much larger than between
100 UAH and 120 UAH, while arithmetically
the relationship is inverse. That is the one of
the fundamental features of human mind and
it is described by the psychophysical law of We-
ber and Fechner. Weber-Fechner law states that
subjective sensation is proportional to the loga-
rithm of the stimulus intensity, and this law
covers various fields of human perception: vi-
sion, sound perception, weight perception and
numerical cognition as well. Hence the segmen-
tation based on price logarithms is much more
close to consumer's point of view than the seg-
mentation using raw price values. As far as we
know, this is the first proposal to make loga-
rithmic transform on prices in order to perform
price-based market segmentation.

This way, the price logarithms splitted into
pharmacotherapeutic groups were subjected to
cluster analysis via the three different me-
thods. It has been observed that k-means algo-
rithm finds the best solution in 86% of cases.
That is why at least two independent runs of k-
means with the selection of best one are needed
to obtain best solution with small risk to make
a wrong decision. The accuracy of hierarchical
cluster analysis is even worse with 57% of best
solution cases. However, the hierarchical anal-
ysis gives a precious information about mutual
distribution of prices by means of special plot —
dendrogram. For example, looking at the den-
drogram of antihistamine drugs (fig. 1)) it is
apparent that there are exactly three well-
defined price segments.
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Fig.1 Dendrogram of antihistamine drugs

But in the case of lozenges for treating of
throat pain the dendrogram (fig. 2.) shows that
three is not the best number of clusters. There
is «septefril» in low-price segment with ex-
tremely low price (as being compared with its
neighbors). Thus the distribution of lozenges
prices is better represented as «three segments
+ septefril».
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Fig. 2 Dendrogram of lozenges for treating of
throat pain

Such thorough analysis of prices distribution
is useful when the market positioning of new
drug is carried out. While setting the price for
new drug, the closest competitors can be identi-
fied this way. This information may be helpful
in the development of drug promotion strategy.
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Fig. 3 The distribution of prices for different
pharmacotherapeutic groups

Exhaustive search always results in the best
solution. That is the way how we found out
what segmentation is the optimal one and, con-
sequently, what is its frequency in k-means or
hierarchical clustering results. Though the
main limitation of exhaustive search is signifi-
cant computational time, the application of this
method to splitting about 30 objects took less
than one second on Intel Pentium Dual-Core
processor with core clock rate 1.86 GHz. That is
why, when extended price information is not
required, the exhaustive search is preferred
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over k-means and hierarchic clustering. This
situation takes place in inventory manage-
ment. Particularly in the retail sector, the inte-
gration of automatic price-based segmentation
into usual workflow allows to swap the object of
inventory management from various trade
names to unified price segments. Once again,
this claim is fair for mutually interchangeable
drugs.

Finally, the price-based segmentation has
been carried out using both Beregovo pharmacy
prices and weighted average prices from com-
pendium.com.ua. The results have shown that
though two sets have some differences, the as-
signment of each drugs to one of the price seg-
ments remains the same. The distribution of
studied pharmacotherapeutic groups over three
price segments is reported in fig. 3.

The estimated highest adjusted prices in low-
and mid-price segments are the following (Be-
regovo pharmacy data): acne remedies — 17.9
and 44.9; antihistamine agents — 8.8 and 25.45;
cough syrups — 12.5 and 31.9; hepatoprotectors
—19.9 and 92.9; throat lozenges — 2.5 and 24.9;

throat sprays — 31.4 and 65; vitamins — 9.7 and
49.5;

The listed highest adjusted prices are boun-
daries between different price segments. Here
we can see, that one set of boundaries should
not be used for all groups. Moreover, these
boundaries move with time since drug prices
are constantly changing. That is why the given
boundaries should be treated as a case report.
While management decisions should be based
on the results of up-to-date segmentation with
current prices. To reach that goal the price-
based segmentation should be integrated into
accounting and managerial software. Fortu-
nately, the exhaustive search is a rather simple
procedure, whereas free implementations of k-
means and hierarchical clustering are available
in most of the programming languages. Being
used for inventory management, price-based
clustering can also be combined with ABC
analysis, strengthening the last in such way
that despite of products' importance all price
segments will be supplied enough (indeed, ex-
cessive deleting of C-items can lead to price
gaps in product offers).

Conclusions:

Price-based segmentation is a valuable and
informative marketing procedure. Among the
three studied methods, the exhaustive search
has absolute accuracy and takes less than one
second to proceed. Thus it is preferred for price-
based segmentation in inventory management
where fast and reliable method is needed and a
comprehensive picture of prices distribution is
not required. However, hierarchical clustering
is more valuable for product positioning due to
its inner capability to represent prices distribu-
tion via the specific plot — dendrogram. In the
last case the low accuracy of given solution is
overshadowed by information gain. In both cas-

es the price should be logarithm transformed
prior to clustering. The rationale of this trans-
formation is explained by the psychophysical
law of Weber and Fechner. The distribution of
antihistamine drugs, hepatoprotectors, cough
syrups, sprays and lozenges for treating of
throat pain, remedies for acne and vitamins
over three price segments is computed as a case
product segmentation. Proposed in the paper
post-hoc methods of price-based segmentations
can be integrated into accounting and mana-
gerial software providing the information sup-
port for management decisions.
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Pesrome: Y faniil ctaTTi MpoBeeHo TOPIBHAHHSA TPhOX MOMIUBHX METOIB posi-hoc cerMeHTAallli puHKY 34 IiHO-
BOIO 03HAKOK: MeTOTy K-cepe/iHiX, iepapXiuHOro KJIACTePHOT0 aHAJII3Y Ta MeTOAy BHUEPITHOTO TOIIYKY. PoskpuTo
CHJIBHI Ta ¢J1abKi CTOPOHY BKA3AHUX TIIXO/IIB Ta HAAHI peKOMeH ALl I iX MPAKTHYHOTO 3aCTOCYBAHHS.
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