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ABSTRACT
Over the past years, a large market of service providers for
powers of attorney has emerged in Germany. The number of
officially registered general powers of attorney raised from
almost 326,000 in 2005 to more than 5.3 million in 2021, ac-
cording to the German Federal Chamber of Notaries. Service
offers include consulting services on powers of attorney, text
blocks and templates, annual update services and emergen-
cy call services. In general, the market contains all segments
of the population, irrespective of their demographic charac-
teristics. In this difficult and competitive environment, mar-
keting and sales play an important role. In particular, not
much research in the field of customer segmentation and
marketing campaign preparation on this industry can be
found. Thus, this research had the following goals which
could all be achieved: The first goal was to compare the
actual regional demographic structures of the German po-
pulation with the regional structures of the customer base of
a service provider in order to identify underrepresented po-
pulation groups. The data on underrepresented groups was
used to identify customer segments which can be used for
targeting when future marketing campaigns are prepared.
To solve this issue popular deterministic and fuzzy cluster
approaches were successfully transferred to the use case and
suitable configurations were explored as a second goal. As
a third goal a recommendation, which of the analyzed ap-
proaches is most suitable in the present case, was derived.
The approaches were evaluated on a real-world example of
a service provider with more than 80,000 customers. It is
important to note that despite of the fact that the regarded
industry partner addresses a special market, the promising
findings can be transferred to many other areas.

1. INTRODUCTION
Any person can get into a situation of being unable to arti-
culate the own will by an accident, an illness or even slowly
by old age. In some cases decisions which need immediate
action, for instance, concerning medical treatments, import-
ant personal economic matters or urgent business matters,
can not be made or communicated anymore. The number
of people recorded in Germany who mainly needed care for
the reasons listed above has risen from about 625,000 since
1995 [12] to currently approximately 1.3 million people [15].
Thus, it is not surprising that general, durable and medical
powers of attorney are attracting increasing attention due
to personal experiences among family and friends, but also
because of media reports. According to the Federal Cham-
ber of Notaries in Germany, the number of officially registe-
red general powers of attorney raised from 325,637 in 2005
to 5,366,795 in 2021 in Germany [5]. The market for re-
lated products includes all parts of the population, inde-
pendent from their demographic characteristics such as age,
gender or place of residence. In this competitive environ-
ment, marketing and sales play an important role, since the
above-mentioned products are not self-explanatory and, si-
milarly to insurance products, the need has to be aroused.
This is complicated by the fact that different demographic
groups have to be targeted individually via campaigns, in
order to achieve the highest possible impact. For instance,
social media campaigns for younger and older people should
be different. In order to support customer segmentation as
a basis for preparing industry specific campaigns, very few
well-founded documented findings can be found in science
and reports from the field.

By means of this research this gap should become smal-
ler and multiple goals have to be achieved. The first aim
is to compare the actual regional demographic structures of
the German population with the regional structures of the
customer base in order to identify underrepresented popu-
lation groups of the regarded service provider’s customers.
Knowledge about underrepresented groups is important for
targeting when future marketing campaigns, for instance,
via social media channels, are prepared. In case of the re-
garded service provider with many thousands of customers
it is impossible to generate this knowledge without automa-
ted approaches. In particular, we suggest a cluster approach
to further process the results of the comparison of the re-
gional actual and customer structures. It is intended to find
underrepresented customer segments in the customer base.
The demographic characteristics of the related clusters play
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an important role in social media campaigns. The results of
an appropriate cluster approach are important, because dif-
ferent customer segments should be differently addressed by
means of marketing campaigns on social media channels. In
our case, it has to be taken into account that we have to de-
al with mixed categorical and continuous data. We will see
that cases exist in which the customers do not have a homo-
geneous structure. This means, that individual instances do
not really fit to a certain cluster but also match to another
cluster based on their attributes by a slightly lesser degree.
To plan effective marketing campaigns in our case the issue
of identifying and handling a huge number of intermediate
objects has to be solved. For the purpose, we will transfer
a Fuzzy C-Means clustering algorithm to the use case and
search for suitable configurations as a second goal. Finally,
as a third goal a recommendation which approach is most
appropriate in the presented case will be given. The approa-
ches will be evaluated on a real-world example of a service
provider with more than 80,000 customers.

At first, in Section 2 we will introduce the related use case
and provide some background information to get a better
understanding of the issue we intend to solve. Afterwards,
in Section 3, we provide an overview of the current state
of the art of approaches in this field. Based on the results
of the industry partner’s data, which is described in Secti-
on 4, different approaches and configurations are analyzed
in Section 5. For this purpose, we start with a brief overview
of deterministic clustering and the transfer to our use case.
Then, fuzzy approaches are tested in different configurations
to get improved results. Subsequently, the benefits and open
issues of the approaches are discussed and compared in Sec-
tion 6. Finally, in Section 7 the results are summarized and
further enhancements will be discussed. It is important to
note that despite the regarded industry partner addresses a
special market, the analyzed problems can be found in many
other areas and the proposed solutions can be transferred.

2. CASE DESCRIPTION
Before we go into details some background information on
the industry, the industry partner and the related use ca-
se is needed to understand the issue and to evaluate the
proposed solution later on in Section 6. As already men-
tioned, the number of officially registered general powers of
attorney strongly increased. A main reason for this is the
demographic change in Germany which will intensify accor-
ding to forecasts ([25]). In general, everybody can quickly
get into a situation in which a power of attorney is needed
even at a young age. So this issue basically affects everyo-
ne. In order to set up valid powers of attorney correctly, a
number of legal requirements must be regarded (see for in-
stance, §1829 especially sub-paragraph 5 German BGB ([4]).
Furthermore, experts advise updating powers of attorney at
least every three to five years ([27]). Accordingly, a market
has emerged with a variety of service providers. Services of-
fered include consulting services on powers of attorney, text
blocks and templates, annual update services, and emergen-
cy call services. Providers range from notaries, publishers,
insurers or financial services brokers, automobile clubs as
intermediaries, to platforms supporting the easy creation,
distribution and sale of legal documents. The products and
services of the regarded company include services to create
general, durable as well as medical powers of attorney and a

hotline service for emergency cases. Since these services are
useful for almost all parts of the population, the structure of
the customers in terms of their demographic features should
correspond to the structure of the population. By comparing
the current customer structure with the demographic struc-
ture, mismatches can be used to identify potential starting
points for future marketing campaigns. For instance, if youn-
ger people are underrepresented in the customer structure
a targeted campaign addressing this customer group can be
launched. If we consider clusters of customers, the number
of clusters is unknown, in advance. Furthermore, it is likely
that many customers do not fit perfectly to a certain cluster.
Since, we may have to deal with many intermediate customer
instances a dichotomic assignment to clusters would distort
the results and would not be a good representation of the
reality. Based on such a segmentation positive impacts of
campaigns could not be fully exploited, or in borderline ca-
ses a decision maker might choose the wrong option when
faced with several alternative courses of action. For this rea-
son we will consider fuzzy approaches in this research. Before
more information on the data set is given, we will provide
a detailed review on the subject and approaches applied in
the field of customer segmentation.

3. RELATED WORK
In literature, the term market segmentation describes the
idea of grouping similar consumers in terms of specific cha-
racteristics [23]. Based on this segmentation, attractive seg-
ments can be identified and targeted, and marketing acti-
ons for each segment can be customized. According to [7],
different categories of segmentation, for instance, geogra-
phic, demographic, psychological, psychographic, sociocul-
tural, user-related, user-situation and benefit segmentati-
on, are distinguished. Also mixtures of segmentation ap-
proaches, so-called hybrid segmentation methods, are pos-
sible [7]. In our paper, based on the regarded input data,
see Section 4, demographic and geographic segmentation is
addressed. Thus, we will focus on a hybrid segmentation ap-
proach. Since the data set is unlabeled, see Section 4, unsu-
pervised learning approaches have to be considered. In parti-
cular, many successful applications of cluster approaches can
be found. In some cases, segmentation is used to address the
more or less volatile behavior of customers, see for instan-
ce, [6]. The idea is to develop relationships with customers
based on accurate information which is optimized for the
customers’ taste and preferences [6]. Other research focuses
on customer segmentation for an online seller of automobile
accessories and fittings based on a k-means approach. The
idea is to recommend methods to increase customer influx
and give suggestions for better performance and sales [21]. A
disadvantage of this approach is the a priori selection of the
number of clusters which has an impact on the quality of the
algorithm’s outcome [13]. Additionally, this approach tends
to have issues in cases when clusters are of different sizes,
densities or when their shapes are not globular [8]. Also, out-
liers can cause issues because the approach is based on the
arithmetic mean of points in an n-dimensional space [13].
Besides, in our case categorical data has to be processed
which is not supported by the k-means approach [8]. In [11]
the case of demographic customer segmentation of banking
users is discussed, but as well as [21] they do not address
the aspect of fuzzy memberships to clusters.
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[28] applies fuzzy clustering to customers’ segmentation in
securities industry. The idea is to identify the customers
with similar characteristics and value by means of a Fuzzy
C-Means (FCM) approach which will be explained in Secti-
on 5.3. Many other successful applications of customer seg-
mentation by means of fuzzy clustering can be found. For
instance, fuzzy clustering is applied in the fields of ener-
gy consumers [22], telecom [1], life insurance [14] and B2B
for food and beverages merchants [16]. [19] analyze the case
of implementing marketing strategies by observing dynamic
changes in the customer segments over time. Like in the
other cases, they use a FCM approach. These many success-
ful practical applications indicate that fuzzy clustering may
also lead to promising results in the present case. Never-
theless, it must be analyzed whether the FCM approaches’
results are of such a good quality that a recommendation
can be made in terms of goal 3, see Section 1. Besides the
fact that we consider a different line of business, the FCM
algorithm which is used in most of the mentioned use cases
has some limitations. The approach has issues with outlier
data and is sensitive to initialization. Hence, a general op-
tima can not be guaranteed [19]. This problem needs to be
addressed. Before we go into details, the data set and the
preprocessing step will be explained.

4. DATA SET AND PREPROCESSING
As already mentioned the basic idea is to cluster customers
in terms of their demographic and geographic features and
use the results for the preparation of marketing campaigns.
The data set provided by the industry partner is unlabeled
and contains mixed data types. The feature “year of birth”
was converted to a 0-1-normalized attribute. For reporting
purposes is can be reconverted or transformed to the cu-
stomers’ age, depending on the purpose of the analysis. In
addition to this attribute, the features “gender” and “place
of residence”were included. These features are used, because
social media campaigns can be targeted by these attributes
and this data could be provided by the industry partner.
The feature “gender” is categorical data, but we used it as
binary variable because the data from the officially registe-
red German population based on the last census was just
available for two genders, see [24]. When the data from the
2022 census currently conducted in Germany will be publis-
hed, certainly data on all genders will be available. For our
case, we just considered the genders “male” and “female”.
However, it is recommended to add other genders as soon as
the new related official statistics is available.

The “place of residence” feature is present in multiple diffe-
rent granularity levels. For our study, we had to restrict our
comparisons of the customer base to the demographic struc-
ture of the population on the level federal states. Although
the customer data was available in the form of postal codes,
data for population statistics was available only in a sepa-
rate geographical region structure which can not be mat-
ched exactly to postal codes. In general, a more fine-grained
analysis would be possible, if more detailed data from the
government would be accessible. Because of this, the lowest
common denominator where regions between the industry
data set and the population statistics match is the federal
state level. So, in the industry partner’s input data set as
well as in the data set from the official German population
statistics preprocessing was executed to unify “place of resi-

dence” to the federal state level. The information about the
postal code for each instance of the industry partner’s data
set is still available. This can be used to display instances
on a geographic map with more detail than the federal state
level. Additionally, the feature “marital status” (yes/no) was
considered as a binary value for the first set of experiments.

The above mentioned features can be used to target custo-
mers, for instance, in the preparation process of social me-
dia campaigns on popular platforms, see for instance [18].
To choose an appropriate approach for the segmentation of
the customers a pre-analysis was executed. For this purpose,
the data was analyzed, and accumulations of characteristics
could be identified. For instance, in Germany, about 41.8%
of the total population are married [26]. The data set of
the regarded company with about 80,000 instances included
about 69.4% with this marital status. It is already apparent
at this point that there are major discrepancies between the
customer structure and the population structure. Of cour-
se, the results of this pre-analysis will be refined, elaborated
and enhanced in the next section.

5. APPROACH

5.1 OVERVIEW
As already outlined in Section 1 the basic idea of this re-
search is to identify underrepresented population groups in
the customer base in order to use this information for tar-
geting when future marketing campaigns are prepared. To
compare the actual demographic structure of the German
population with the structure of the customer base the da-
ta which was described in Section 4 will be used. Due to a
mix of demographic and geographic characteristics, a hybrid
segmentation approach, see Section 3, is chosen.

Figure 1: Approach: overview

As shown in Figure 1, we determine underrepresented custo-
mer groups for each German federal state, in Steps 1a-c. In
Step 1a, the group contributions γϕ by the features age a and
gender g based on the customer data for each federal state
ϕ are calculated as the intersection of the related feature set
divided by the total number of customers Π in federal state
ϕ:

γ(a∩g,ϕ) =
| πa,ϕ ∩ πg,ϕ |

Π
∀ϕ = 1, . . . ,Φ (1)

πa,ϕ and πg,ϕ denote the set of customers who have a certain
characteristic profile in the customer base.
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Analogously, in Step 1b the group contributions of the offici-
ally registered population ω by features age a and gender g
based on the official German population statistics are deter-
mined for each federal state ϕ divided by the total number
of citizens ϱ in federal state ϕ:

ω(a∩g,ϕ) =
| ρa,ϕ ∩ ρg,ϕ |

ϱ
∀ϕ = 1, . . . ,Φ (2)

ρa,ϕ and ρg,ϕ denote the set of officially registered citizens
who have a certain characteristic profile in the official Ger-
man population statistics. These ratios will be used as refe-
rences and will be compared to the results of Step 1a in the
following Step 1c
This means that each individual group of Step 1a is com-
pared to its corresponding group of Step 1b, like shown in
Equation 3:

∆(a∩g,ϕ) = γ(a∩g,ϕ) − ω(a∩g,ϕ) ∀ϕ = 1, . . . ,Φ (3)

By computing the differences ∆(a∩g,ϕ), the contributions of
each age and gender group in the dataset is compared to
its corresponding average group contribution in the Ger-
man population for each state. So, instances with positive
∆(a∩g,ϕ) denote that this instance is part of an overrepre-
sented group in the customer data set. Whereas negative
values of ∆(a∩g,ϕ) indicate that the instance is part of an
underrepresented group.
If a difference is smaller than a user defined threshold, all
objects of the related group are filtered in Step 2. After-
wards, in Step 3 all filtered objects are clustered to identify
the underrepresented customer segments. Finally, in Step
4, the results are improved by means of a Fuzzy C-Means
approach.

5.2 DETERMINISTIC CLUSTERING

5.2.1 APPROACH AND CONFIGURATION
According to Figure 1 (Steps 3 and 4), the filtered objects
which include all underrepresented customers are clustered.
Since, cluster analysis has proven its efficiency in the area of
customer segmentation, see Section 3, we apply this method
to our case. Deterministic cluster approaches are based on
the assumption that an object o (of all O filtered object
instances I) is always member of only one cluster c. Thus,
the following condition has to be satisfied:

µoc ∈ {0, 1}; ∀o = 1, . . . , O (4)

In our case, we choose a hierarchical approach for Step 3,
see Figure 1. This category of clustering allows to visualize
the results as dendrograms. By means of a dendrogram, the
analyst can determine a threshold for the proximity measure
and fix it in a way that the clusters have a desired homo-
geneity. Thus, in advance, there is no knowledge about the
number of clusters necessary. Within the hierarchical ap-
proaches, we have selected an agglomerative complete lin-
kage clustering. It tends to form small compact groups and
avoids the chaining effect which might be an issue related to
other hierarchical approaches [9]. In detail, the steps shown
in Figure 2 are executed.
Like other agglomerative approaches, each object initially
forms a cluster. Subsequently, this initial partition is mo-
dified by successively merging the clusters into larger ag-
gregates. For this reason, the distances or the similarities
between the clusters have to be calculated. In our case, we

Figure 2: Hierarchical-agglomerative clustering methods

use the Gower distance. In general, it is used to compute the
distances between objects having numerical and categorical
features [10] as in our case. As Equation 5 shows, the Gower
distance allows to weight the impact of each of the N fea-
tures individually [10] - which is another requirement in our
case.

d(o, c) =

∑N
k=1 δ

(k)
oc d

(k)
oc∑N

k=1 δ
(k)
oc

(5)

For binary features, the distances are computed as shown in
Equation 6, and metric features are included according to
Equation 7.

d(k)oc =

{
1 if xok ̸= xck

0 if xok = xck
(6)

d(k)oc =
|xok − xck|

R(k)
with R(k) = max

o
xok −min

o
xok (7)

In our case, we use one binary variable for each federal re-
gion of Germany. Thus, for Germany we need 16 binary
variables to indicate if a customer belongs to a federal re-

gion or not. By means of the weight δ
(k)
oc the influence of

each geographic binary variable is reduced to 1
16

to avoid
an inappropriate large influence of the “place of residence”
feature on the distance. Due to the reasons mentioned in
Section 4 the “gender” feature was also regarded as a bina-
ry variable with a weight of one. With the same weight the
age was considered as a numerical value. Furthermore, the
feature “marital status” was initially included in the Gower
distance. However, as the analyses showed, this feature had
no significant influence on the cluster structures and is the-
refore no longer considered in the further explanations. To
compute the distances or the similarities between the clus-
ters, the maximum distance or the minimum similarity of a
cluster pairs’ elements are determined, see Equation 8.

dlm = Max{doc}
(Io,Ic)∈Pl×Pm

or slm = Min{soc}
(Io,Ic)∈Pl×Pm

(8)

When the distances, like in our case, or the similarities bet-
ween all clusters have been determined, the clusters which
have the minimum distance or the maximum similarity to
each other are merged.

Afterwards, the proximities between the new agglomerate
Pq resulting from the fusion of the clusters Pl and Pm and
the remaining classes have to be calculated. This procedure
is repeated until a certain number of clusters is achieved or
all objects are in one cluster. In the latter case, the cluster
structure can be visualized by means of a dendrogram. The
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dendrogram helps to define a threshold for the maximum
tolerated distance, and the cluster can be split. Finally, a
desired number of more or less compact clusters is resulted.
A disadvantage of this approach are the high computatio-
nal costs for analyses [17], which our experiments confirm.
Even with the filtered subset of customers and a powerful

computer, O(O−1)
2

comparisons must be made to perform the
algorithm. In our case, it was possible to test several configu-
rations of the algorithm within a day. But with the complete
number of customers, the performance of the available hard-
ware would have been exceeded with many million compa-
risons. Another problem with this cluster procedure is that
the selection of the clusters to be merged is determined only
by two extremely positioned objects of the cluster pairs. In
addition, this method does not detect outliers. The extent
to which these problems are relevant in our case is explained
below in combination with the presentation of the results of
the deterministic part of the experiments.

5.2.2 DETERMINISTIC RESULTS
As Figure 3 shows, 10 clusters (CHI1,...,CHI10), which in-
stances are denoted by their numbers, are the result of the
deterministic cluster approach. Due to the hierarchical ap-
proach the clusters varied widely in size. Besides 3 large
clusters also 3 medium and 4 small clusters were identified.

Figure 3: Visualization of the deterministic cluster re-
sults (The larger the symbol size the higher the under-
representation.)

The large clusters (CHI4, CHI5, and CHI6) are not geogra-
phically grouped but are relatively compact in the age di-
mension. If the range between first and third quartile around
the median is considered the age dimension of cluster CHI6
has a range of ±2 and cluster CHI4 and CHI5 are almost as
compact with a range of ±3, see Table 1.

For smaller clusters this is not always the case, but for in-
stance, cluster CHI9, which represented roughly 1% of the
filtered data set, had a range of ±3 around the birth year
of 1976 and its instances were all male and geographically

located in different compact areas in the northern half of
Germany, see Fig. 4c. Yet, there are also medium clusters
with a larger scatter overlapping others, like, for instance,
clusters CHI2 and CHI8, see Fig. 4a and 4b.

(a) Cluster CHI2 (medium size)

(b) Cluster CHI8 (medium size)

(c) Cluster CHI9 (small size)

Figure 4: Visualization of selected individual clusters in hier-
archical results (blue symbols represent the corresponding
cluster membership)

Both of these clusters consist again of males, around a cer-
tain age (CHI2: 1934 ± 4, CHI8: 1940 ± 3) but overlap geo-
graphically.
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Birth Year (19xx)
Cluster-No. Percentage Gender Min 1.Q Median 3.Q Max

CHI2 6.0 % male 35 40 43 45 51
CHI4 38.0 % male 80 87 90 93 96
CHI5 15.3 % female 21 29 32 35 40
CHI6 27.8 % female 73 90 92 94 96
CHI8 5.1 % male 27 31 34 37 43
CHI9 0.9 % male 64 73 76 79 85

Table 1: Selected statistical data for hierarchical cluster re-
sults

However, they are not only intersecting by location, but if
minimum and maximum of the birth year is considered they
also overlap in the age dimension. The minimum and maxi-
mum values of year of birth are for cluster CHI2 in the range
1935-1951 and for cluster CHI8 in the range 1927-1943, see
Table 1. So, some instances of cluster CHI8 are well within
the first quartile (1940) and the median (1943) year of birth
of cluster CHI2. It is to be doubted that the instances pos-
sessing features of different clusters should exclusively have
the degree of belonging 0 or 1 to exactly one cluster. In addi-
tion, a non-dichotomous mapping would be helpful to better
estimate the potential of marketing campaigns because the-
re might be cases where additional customers can be reached
by a single campaign. Therefore, in the following will be in-
vestigated to what extent the results can be improved by
fuzzy approaches, see Figure 1, Step 4.

5.3 FUZZY PART
In contrast to deterministic cluster approaches, condition 4
is relaxed in fuzzy cluster analyses, so that an object can be
member of multiple clusters:

µoc ∈ [0, 1] (9)

This relaxed condition ensures that the above mentioned
problems will be solved. In order to be able to evaluate the
quality of the results of the fuzzy algorithm, the approach
should be examined more closely beforehand.

5.3.1 APPROACH AND CONFIGURATION
As mentioned in Section 3, the Fuzzy C-Means (FCM) ap-
proach, which is one of the most known and most commonly
used variant of fuzzy cluster analysis algorithms [20], is used
in many cases in the field of customer segmentation. It is ba-
sed on the classical ISODATA algorithm and minimizes the
generalized variance criterion σm [2]:

σm =

C∑
c=1

O∑
o=1

µm
oc · |fo − uc|2

with uc =

O∑
o=1

µm
ocfo

O∑
o=1

µm
oc

, ∀ c = 1, . . . , C

(10)

fo represents the feature vector of object o and uc the centro-
id of a cluster c. The power m ∈ [1,∞[ is to be determined
by the user. The use of the objective function 10 identifies
relatively homogeneous partitions. Besides, the elements of

1.Q - Median 3.Q - Median Max - Min
Experiment Median Min Median Max Median Max
Hierarchical -3.0 -3.0 +3.0 +4.0 17.5 23.0
FCM -2.5 -4.0 +2.0 +6.0 12.5 27.0
FCM with
Start U

-2.0 -4.0 +2.0 +6.0 12.5 27.0

Table 2: Selected statistical properties of age dimension over
all clusters between experiments

the membership matrix U must satisfy the following condi-
tions:

µoc ≥ 0 ∀ c = 1, . . . , C; ∀ o = 1, . . . , O (11)

C∑
c=1

µoz = 1 ∀ o = 1, . . . , O (12)

It should be noted that the fulfillment of condition 12 can
distort the results in case of outliers which would be best
represented by very small membership values to all clusters.
Considering this aspect, it has to be analyzed whether this
approach can improve the results of the deterministic me-
thod in Section 5.2.2. Since we need a start partition to solve
the problem described above, it appeared reasonable to use
the results of Section 5.2.2. Alternative experiments with
random start partitions and different seeds confirmed that
this approach is superior and achieves the best results for
our use case. Details will be given later in Section 5.3.2. The
use of the deterministic start partition obviously seems to
help solving the problem that FCM is sensitive to the start
partition. To determine the FCM results, first, the class cen-
troids of each cluster uc must be determined for all clusters
c = 1, . . . , C. In the next step, the new membership values
of the objects are calculated by Equation 13:

µnew
oc =

( C∑
h=1

(
|mo − uc|
|mo − uh|

) 2
m−1

)−1

∀c = 1, . . . , C; ∀o = 1, . . . , O

(13)

According to (13), the membership value of an object o to
the cluster c is determined by the distance between the ob-
ject and the cluster centroids. In case the features of object
Oo are identical to those of a centroid, the membership va-
lue is set to 1. For all other µnew

ih –values with h ̸= c, zero is
set [3]. The approach ends after the q–th iteration if

max
((Oo,Ch)∈E×C)

|µ(q)
oh − µ

(q−1)
oh | ≤ ξ, (14)

where ξ is specified by the user. If m → 1, the result tends
to the result of a deterministic ISODATA–method. For m →
∞, the membership values tend to the reciprocal of the num-

ber of classes
1

C
.

5.3.2 FUZZY RESULTS
At first, an FCM configuration was used to determine clus-
ters without any previous knowledge about the cluster struc-
ture. The fuzzy clustering yields, as configured, 10 clusters
(CF01,...,CF010). The instances of the filtered data set are
grouped into 4 large, 5 medium-sized and 1 small cluster.
As it can be seen in Table 3 the amount of small clusters is
reduced.
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Cluster
Experiment Small < 3% Medium < 9% Large ≥ 9%
Hierarchical 4 3 3

FCM 1 5 4
FCM with Start U 0 6 4

Table 3: Cluster sizes of different experiments

Another finding about the statistical properties of the corre-
sponding cluster instances concerning the dimension“age” is
shown in Table 2. The year differences between first quartile
and median are slightly reduced over all clusters when con-
sidering the median. However, the maximum difference over
all clusters is slightly increased. The same effect occurs with
the difference between the median and third quartile of the
year difference. It is also slightly reduced, but the maximum
difference is also slightly increased. Furthermore, the year
range between minimum and maximum over all clusters is
also decreased over all clusters. However, as in the previous
two considerations, the maximum value is also increased.
This means that most of the clusters have a slightly smaller
age range between first quartile and median, as well as bet-
ween median and third quartile. Considering the maximum
and minimum values over all clusters the median of the age
range is reduced. So, the majority of the clusters is more
compact concerning the age dimension. However, there are
also clusters which are broader than in the hierarchical case.

As it can be seen in Figure 5, the geographic location had
more influence on cluster formation.

Figure 5: Visualization of the FCM cluster results (without
knowledge)

In the second set of experiments, the hierarchical clusters
CHI1,...,CHI10 were used as starting partition for the cluster
membership values U . The computation yielded 10 clusters
CFH1,...,CFH10. As shown in Table 3 no small clusters were
formed.

Considering the age dimension, the results were marginal-
ly improved by a minimal decrease in the age range of first

quartile to median, see Table 2). However, the results in
terms of the geographic properties of clusters improved si-
gnificantly, as it can be seen in Figure 6, in comparison to
the hierarchical cluster result in Figure 3.

Figure 6: Visualization of the FCM cluster results with a
hierarchical start partition U

More specifically, for instance, clusters CFH4 and CFH9 have
roughly the same properties as CHI4, CF02 and CF09, see Ta-
ble 4 - being male and roughly around year of birth 1990. It
seems that the fuzzy approaches found a reasonable geogra-
phic split for CHI4 into two or more separate clusters CF02
and CF09 for the first iteration without knowledge, whereby
the combined sum of the cluster sizes of 39.0% is slightly
larger than the original cluster with 38.0% of all objects. In
the second iteration with a start partition generated by a
hierarchical approach the results are improved even more,
since CFH4 and CFH9 combined represent only 30.2% ins-
tead of 38.0%. So, the remaining instances were allocated to
other, more suitable clusters.

Taking up on the geographic distinction the clusters CF02
and CFH4 have a rather dominant region BW (short for
Baden-Württemberg) and clusters CF09 and CFH9 have a
rather dominant region BY (short for Bavaria). The fainter
the blue in Figure 7, the lower the membership degree to the
assigned cluster. So, the fuzzy approaches managed better
to associate clusters to a geographic region.

Besides the size of the clusters between first and second ite-
ration, also the age dimension is more compact in the second
iteration. Comparing the minimum and maximum values in
the age dimension, the clusters found by the second iteration
of the fuzzy approach are much more compact, see Table 4.
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Birth Year (19xx)
Cluster-No. Percentage Gender Min 1.Q Median 3.Q Max Region

CHI4 38.0 % male 80 87 90 93 96 all

CF02 18.9 % male 86 89 91 94 96 BW+
CF09 20.1 % male 69 85 89 91 96 BY+

CFH4 14.4 % male 86 88 91 93 96 BW+
CFH9 15.8 % male 88 90 91 93 96 BY+

Table 4: Selected statistical data of clusters in all three experiments (Hierarchical, FCM, FCM with hierarchical start parti-
tion U)

(a) Cluster CFH4 (large size)

(b) Cluster CFH9 (large size)

Figure 7: Visualization of selected individual clusters in
FCM with hierarchical start partition (The fainter the blue
symbol, the lower the membership for the corresponding
cluster. The larger the symbol size the higher the under-
representation.)

6. EVALUATION
After testing many configurations of deterministic cluster al-
gorithms, a configuration was found which delivered a useful
segmentation of the underrepresented customer groups. Yet,
to prepare a concrete marketing campaign, it was an issue
that the deterministic approach does not consider that some
clusters overlapped more or less with others. Thus, a crisp
assignment of the respective objects is not an ideal repre-
sentation. It causes problems when social media campaigns
are planned, since transparency is not given. The presented
fuzzy approach solves these issues. The tendency towards
larger clusters and smaller “residual clusters” in the results
of the fuzzy approach indicates that the potential of marke-
ting campaigns for the bigger clusters is much larger than

it would be expected regarding the corresponding results of
the deterministic clusters. On the other hand, for the smaller
clusters which were detected by the deterministic approach
the effect of targeted campaigns would have been overesti-
mated. It is obvious that in the first case many more un-
derrepresented customers could be targeted by means of a
single campaign. In the second case, a waste of resources for
campaigns which might have a lower impact due to an over-
estimation of the positive impact can be avoided. Thus, the
fuzzy approach provides a better quality of information and
a more realistic representation of the underestimated custo-
mer segments is achieved. This information is also important
for the evaluation of campaigns.

As outlined in Section 5.3.2, the better quality of the fuzzy
results is especially evident for the dimensions “age” and
“place of residence”. Since the filtered data set consisted
roughly of 49 % female and 51 % male instances all clus-
tering attempts resulted in a strict distinction between gen-
ders. This could have been mitigated by reducing the weight
of the gender attribute. However, since gender is a possible
configuration parameter for marketing campaigns we deci-
ded not to do so.

Additionally, it should be mentioned that the first set of the
fuzzy experiments (without a starting partition of a hierar-
chical cluster approach) could be executed more swiftly with
less computational resources. It generated reasonable results
and outperformed the deterministic outcome. In this study,
computational effort was not be a big issue, but when ana-
lyzing customer groups in other domains this aspect should
be considered.

7. CONCLUSION AND FUTURE WORK
Due to many reasons which were mentioned at the begin-
ning, the power of attorney business is a growing market.
Since potential customers can basically come from all popu-
lation groups, marketing campaigns that leverage the grea-
test potential on a target group-specific basis are of gre-
at importance. In order to identify major underrepresented
target groups customer segmentation plays an important ro-
le. Unfortunately, this issue has been relatively unexplored
in this business. By means of this research, we narrowed the
gap by analyzing approaches to support targeting for marke-
ting campaigns by means of cluster analyses and developed
a course of action. All research goals could successfully be
achieved.

In detail, we compared the actual regional demographic struc-
tures of the German population with the regional structures
of the regarded service provider’s customer base in order to
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identify underrepresented population groups (goals 1 and 2).
In the analyzed case, mixed categorical and continuous data
had to be considered. The clusters were identified by means
of deterministic and fuzzy clustering approaches combined
with a Gower distance to address the issue of mixed data
types. As we compared the results, it became obvious that
the FCM approach comes along with several benefits com-
pared to the hierarchical cluster approach and its results
were superior to those of the deterministic variants used in
the present case. The FCM approach identified more or less
overlapping clusters in a way that the quality of the custo-
mer segmentation was improved. The fuzzy analyses tended
towards larger clusters and smaller “residual clusters”. Thus,
valuable information for targeting was generated and can be
used for the preparation of future marketing campaigns to
focus on the bigger groups and to avoid an unnecessary was-
te of resources for inefficient campaigns. By means of more
realistic results, the post evaluation of marketing campaigns
can also be carried out at a better level of information.
In any case, we recommend the FCM approach for the ana-
lyzed use case (goal 3). Even for the worst FCM result in a
setting when no start partition of an deterministic approach
is available, the fuzzy results outperformed the determini-
stic results. Obviously, the issues of FCM mentioned in Sec-
tion 3 and Section 5.3.1 are not so severe in the present use
case as to lead to worse results. Hence, in cases with larger
data volumes and increasingly higher efforts to generate a
deterministic start partition, we still recommend the FCM
method.
Furthermore, it is recommended to repeat the analysis which
was presented here from time to time because the structures
of the underrepresented population groups in the customer
base may change over time.
Nevertheless, there are still ideas for further improvements.
It might be possible to differentiate the identified cluster
structures by adding additional features, such as “educati-
on”. The question is, however, whether this data could be
obtained from governmental sources with the appropriate
mapping to other demographic and geographic characteri-
stics. Apart from that, the geographic feature had to be
mapped to the level of regions due to the reasons explained
in Section 4. Possibly, finer granular data could be available
after the 2022 census currently conducted in Germany. Mo-
reover, the geographic data would also be more up-to-date
and other genders as already mentioned in Section 4 could
be considered.
Yet, an important step has been taken toward a solution in
the field of customer segmentation for the power of attorney
business. With achieving all objectives which were set, mar-
keting campaigns can now be carried out more effectively by
means of the results obtained.
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