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ABSTRACT
Customer segmentation is one of the most efficient and promising tools in a marketer’s toolbox. In this paper, we introduce
Segmento, an R-based customer segmentation system that
uses clustering techniques to discover customer segments
and offers tools to design and evaluate marketing campaigns.
We present the features and the functionality of the system,
as well as some of its unique, state-of-the-art visualizations.

CCS Concepts
•Information systems → Data analytics; Clustering;
•Computing methodologies → Cluster analysis; •Applied computing → Business intelligence; •Applied
computing → Marketing;
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1.

INTRODUCTION

Customer segmentation deals with dividing a company’s
customer base into distinct and internally homogeneous groups
of customers based on some of their characteristics (behavioural, demographic etc.). This allows marketers to create targeting strategies tailor-made for each segment. As
a result, the risk in deciding to whom a product or service
should be marketed is reduced and marketing efficiency can
be increased.
Customer segmentation can be mainly achieved through
business rules and data mining techniques [9]. The former
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approach can only handle a few customer features and is not
always objective, as it depends heavily on the perceptions
of a business expert. In contrast, data-driven analysis can
be far more reliable and efficient. Clustering techniques can
discover natural groupings of customers, which can lead to
deeper insights and more efficient marketing strategies.
This paper presents Segmento1 , a customer segmentation
system, developed with the Shiny Web application framework for R2 . Segmento can easily connect to a data warehouse, retrieve customer transaction data, aggregate them
per customer for any user-specified time period and apply
clustering techniques to discover customer segments. In addition, it features tools to observe the progress of the discovered segments in time and as a result, estimate their financial
value. Finally, Segmento produces several key performance
indicators (KPIs), which can be used to design and evaluate
marketing campaigns based on customers associated to any
of the discovered clusters.
The main innovative aspect of Segmento is the fact that,
to the best of the authors knowledge, it is the only integrated
customer segmentation tool that is entirely developed using
the R language. It also represents the state of the art in
terms of single and multi-variate visualization, featuring a
total of 25 plots, created using the powerful plotting capabilities of R. Moreover many of the plots are interactive,
and most of them are used for the first time in a customer
segmentation software.

2.

IMPLEMENTATION

Segmento is implemented as a Web application which can
be hosted in a typical Web Server running the Shiny Server.
It was developed entirely using R, SQL and the R Shiny
Web framework. For its multi-variate visualizations Segmento uses ggplot23 and D3.js plots4 . In its current version,
Segmento can connect to any SQL RDBMS through the use
1
A demo of Segmento can be found at: http://segmento.
csd.auth.gr:7169/
2
http://shiny.rstudio.com/
3
http://ggplot2.org/
4
http://d3js.org/

Figure 1. Violin plot comparing the monetary distribution in five segments.

of the ODBC or JDBC drivers from within R. In terms of efficiency, a significant part of data pre-processing is executed
using SQL on the company’s database server whereas the
application can be hosted separately and distantly, in the
company’s Web server.
Typically, users within the company’s Intranet can connect through a standard Web browser to the IP associated
with Segmento and use it, however restrictions can be applied so that Segmento will be used only on specific PC’s in
the company’s Intranet. To minimize the network utilization
and the number of queries to the database server, we have
implemented a novel caching mechanism within Segmento.
Finally, all the data mining techniques used are implemented in R using efficient data structures such as the Data
Table5 . From our experimental setup on real transaction
data, Segmento can efficiently handle million transactions
and tens of clustering features.

3.
3.1

FUNCTIONALITY
Customer Segmentation

The main functionality of Segmento is customer segmentation. Users have the option to perform a new clustering
on a subset of customers of their choice, or inspect a previously created clustering. Users can freely select the data
that they want to be used for the clustering by defining parameters such as the time period of the transactions. They
can also exclude newly acquired customers from the clustering process, that is exclude customers whose profile has not
been strongly established yet, or also exclude dormant customers that are not of any particular interest to them any
more.
In addition, there is a large number of available segmentation criteria (clustering features) for the user to choose
from. Available clustering features include the three attributes of the RFM analytic model (recency, frequency,
monetary value), as proposed by Hughes [3], as well as other
attributes like the average transaction value and the percentage of private label product value of each customer. The
RFM model is proven to be very useful in customer segmentation processes, in that it efficiently differentiates important
5

https://cran.r-project.org/web/packages/data.table/

customers [5], while at the same time, it is a model that marketers and decision makers can easily understand [4].
Another clustering parameter that is freely chosen by the
users, is the weight of each clustering feature. As indicated
by Stone [8], the three parameters of the RFM model, as
well as any other segmentation parameter, are sometimes
different in terms of importance, depending on the characteristics and the nature of the industry they are applied to.
The capability of the users to define the feature weights,
not only gives them the opportunity to include their prior
field knowledge into the segmentation process, but it also
makes Segmento suitable for use in many different fields of
the industry sector.
For the segmentation process, users can define the number of clusters they want to produce. Then Segmento uses
the k-means clustering algorithm [2] to produce the clusters,
based on the previously defined weighted clustering parameters. The suitability of the k-means algorithm on clustering
RFM customer data has been verified in the past and is well
studied [6, 1].
Segmento offers a total of 22 plots and tables to visualize
the exploratory and inferential analysis performed by the
software, as well as the clustering results and the profile of
each one of the customer segments. Figure 1 shows one of
these plots: a violin plot comparing the monetary value of
five discovered customer segments.
For the visual representation of the discovered segments,
Segmento uses a color scheme assigning a unique color to
each segment. The main advantage of such a color representation is that it discourages the one-dimensional interpretation of the produced segments. Since the clustering process
is multi-variate and there is no order in the Rn space where
n > 1, the segments of the customers are not just better or
worse customers but different ones. The user should explore
the descriptives and plots produced for each segment to find
the key characteristics of each.
Finally, along with the descriptives produced for each segment and the total customer base, Segmento also produces
correlation values between all the pairs of the available clustering features (such as the RFM values or the average basket value) as a useful indicator of their relation within each
segment and how this relation changes between segments.
For this, Segmento uses the non-parametric Spearman correlation.

Figure 2. Bubble plot comparing two clusterings in terms of frequency and monetary.

3.2

Comparative Analysis

After the creation of customer segments, users can track
their progress and behaviour over time using the comparative analysis functionality. Segment progress for each of the
available KPI’s (not only those available as clustering features) can be tracked for the whole time period for which
relevant data are available. The histograms produced, showing the progress of each segment over time, can also be
augmented with a 95% Confidence Interval(CI) useful for
the visual assessment of significant differences between the
progress of different segments.
Furthermore, users can also compare a newly created clustering with a previously created one (with similar clustering
criteria), for any of the features used in them, as shown in
Figure 2. An example on the importance of this comparison
is that it allows the user to assess any shift of the center
of the clusters, so that although a cluster X of good customers has become larger, its center may have been moved
to smaller (worse) values for some KPIs.
Finally, Segmento detects transitions of customers between
segments produced by different period clusterings and evaluate these transitions in terms of their financial profits or
losses (see Figure 3).
To visualize all of the comparative analysis information,
Segmento offers a total of 15 plots and tables, many of which
are interactive. These visualizations can be easily used by
the users to reveal complex patterns in the customer data,
provide a clear understanding of them and the relationships
between the distinct customer segments and their progress
over time.

3.3

Customer Targeting and Campaign Evaluation

Segmento allows marketers to target customers and evaluate marketing campaigns based on the discovered market

segments. Users can select a subset of the customers from
one or more segments that they want to target at. Then
they can tag this customer subset with a label and export
it either to the company’s database or in an MS Excel format. The selected and exported Customer IDs can then be
used directly for any marketing action (e.g. send specialized
offers via mail, e-mail and/or the company’s mobile app).
Following such a targeted a campaign, Segmento can keep
track of the buying behaviour of this specific subset of customers and assist the user on evaluating the impact of the
campaign. As an example, in Figure 3 the bar in the center
of the figure shows the distribution of a customer’s subset
between segments, before and after a campaign. Moreover,
Segmento produces a table with an estimation of the financial loss/gain of the selected campaign.
Existing targeting models and mining techniques for targeting, sometimes lack the ability to visualize and present
the mined knowledge to the decision-maker. Especially for
senior managers, visualization tools are very useful because
they can provide quick but insightful knowledge without
preconceptions [10]. By using Segmento, users can track
changes in the values of the clustering features of the targeted customers and observe transitions of these customers
between market segments through state-of-the-art visualizations, as shown in Figure 3. Furthermore, user can evaluate
the financial impact of these transitions.
This is an important functionality of Segmento, as a typically overlooked situation in Business Intelligence projects is
missing an environment to consume the modelling results,
monitor the model’s performance and overall results/ROI
tracking6 . Moreover, this functionality enables the users to
easily perform A/B testing (randomized experiments with
two variants, A and B) and statistically evaluate their marketing strategies.
6
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Figure 3. Sankey plot showing targeted customers’ transitions between segments of two different clustering periods.

4.

CONCLUSIONS AND FUTURE WORK

Segmento responds to the needs of a marketing department by discovering customer segments, indicating their significance, observing their progress over time and evaluating
the segment-based marketing campaigns. It is an easy-touse customer segmentation system that allows companies
to produce marketing analytics in-house, without the need
for specialized data scientist personnel. It features stateof-the-art visualizations that are unique among all relevant
software and it is developed entirely using open source technologies, thus easily expandable and open to community improvements.
Future work for the improvement of Segmento includes
the ability to perform clustering based on the cart profile
(product history) of the customers and their demographic
characteristics. Another promising addition could be mining
for associations between purchased products, based on the
buying habits of the customers, and finally sales prediction
for specific products or services.
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