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Introduction

Generation Y [2], [5], [10] is shaped by the period in which they live.
The generation grows up surrounded by modern technology that is, of course,
completely used from an early age. The global expansion of the Internet and mobile
networks was very import for the formation of this generation.

We were interested in the specifics Generation Y of the Faculty of Economics and
Administration, University of Pardubice. Therefore we made a questionnaire survey to
clarify how this generation communicates with each other and how uses the means
social networks. We focused mainly on selected internet social networks in this study.
The contribution of this article is within describing of this generation and the network
by statistical methods and methods of cluster analysis.

1 Problem formulation

This paper builds on an article [4] that focused on the preparation of questionnaires
for this research and primary processing. We discussed the status of social networks
and their influence on Generation Y in the University of Pardubice in this article.
This article raised many more questions for us. How to describe the structure of social
networks? What is the relationship between the social networks? Who are the typical
users at the University of Pardubice?

We made two rounds of questionnaire survey as described in the [4]. We asked
respondents how often they use social networks for their communication and how
much time they spend with the computer in the first round. Respondents were asked to
describe their own social network in the second round. We asked 182 respondents
from Faculty of Economics and Administration, University of Pardubice.
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Questions were classified to two subscales a) importance of the internet, b) using
web services as communication or for leisure activities.

2 Problem solving

The questionnaire process, primary data pre-processing and rough summary was
published in [4]. We decided for additional data processing to use cluster analysis.
This enables evaluating and understanding data obtained from the survey. The method
for understanding the various clusters was decision trees. The combination of these
methods is often used. Using the combination of these techniques in relation to social
networks is described in [1].

2.1 Data preprocessing

Data must be transformed from the individual questionnaires to a CSV file for
processing in software Clementine 10.1. These data were adjusted manually and then
using the scaling function of MS Excel covered in the appropriate form.

The next step for data preprocessing and analysis was necessary to treat some of the
characteristics. These were mainly about Internet services, which were represented in
the questionnaire with near zero frequency.

We removed the following services: Lidé.cz; Libimseti.cz; LinkedIn; Twitter;
Orkut; Flickr; MySpace; N-JOY.cz; Vimeo; Picasa; Rajce.net; Facebook games.

Cluster Analysis

Therefore, to understand semantics data obtained from the research of the Kohonen
networks were used in order to determine the number of primary clusters. Cluster
analysis was performed in software Clementine 10.1. It was based on data text file
(CSV) which was processed in MS Excel. We used Two-Step algorithm and K-Means
method for additional processing.

2.2 Kohonen self-organizing feature maps

Kohonen self-organizing feature maps [6] are a type of neural network based on
competitive learning strategy, the input layer serves the distribution of the input
patterns. The neurons in the competitive layer (output layer) serve as representatives,
and they are organized into topological structure. All the input neurons are connected
to all of the output neurons, and between these connections are weights, associated
with them and there is distances computed between them. The winning neuron is
chosen, for which the distance from input pattern is minimum.

This type of network can be used for clustering data sets into distinct groups when
unsupervised method is used. Records are grouped so that records within a group or
cluster tend to be similar to each other, and records in different groups are dissimilar.

The result of cluster analysis using Kohonen maps is given in Fig. 1, it describes the
different clusters and the various input variables for different clusters (Facebook, 1CQ,

Skype, Spoluzaci.cz, You Tube, time spent at the computer, college dormitory, year of
birth, field of study).
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Fig. I1: The result of cluster analysis using Kohonen maps
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Numbers of elements in clusters, created by Kohonen maps are given in Tab. 1
Cluster analysis using Kohonen maps created 12 clusters. But the total numbers of
12 clusters are only 3 clusters significant (highlighted cells). The number of clusters
will be further used for other clustering methods.

Tab. 1: Number of clusters

Y, X 0 1 2 3
0 29 16 14 19
1 5 4 6 9
2 26 14 14 25

Source: own

2.3 Two-Step Algorithm

Two-Step Cluster is a two-way clustering method. The first step makes a single
pass through the data, during which it compresses the raw input data into
a manageable set of sub clusters. The second step uses a hierarchical clustering method
to progressively merge the sub clusters into larger and larger clusters, without
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requiring another pass through the data. Hierarchical clustering has the advantage of
not requiring the number of clusters to be selected ahead of time. Many hierarchical
clustering methods start with individual records as starting clusters and merge them
recursively to produce ever larger clusters. Though such approaches often break down
with large amounts of data, Two-step’s initial pre-clustering makes hierarchical
clustering fast even for large data sets.

Two-Step clustering method could be used, since using Kohonen map was
the chosen number of clusters. For easier interpretation of cluster analysis 3 target
clusters was selected. The results of cluster analysis are the following tables.
The tables (Tab. 2 — 7) show percentage of respondents belonging to the cluster, and
what value is dominant. The rows of table are scale, how often is the social network
used. Highlighted cells are dominant for the cluster. The tables (Tab. 8 — 10) show the
results from another perspective. Individual monitored variables are in the rows.
Highlighted cells are dominant for the cluster.

Tab. 2: Results for Facebook Tab. 3: Results for ICQ

Facebook |cluster 1 |cluster 2 |cluster 3 ICQ |cluster 1 |cluster 2 |cluster 3
0 2,35% 0,00% 3,7% 0 1,18% 0,00% 0,00%
1 30,59% 2,86% | 29,63% 1 16,47% 0,00% 7,41%
2 2,35%| 1.43%| 0,00% 2 12,94%|  0,00%| 3,70%
3 1,18% 1,43% 0,00% 3 4.71% 2.86% 0,00%
4 4,71% 0,00% 0,00% 4 10,59% 5,71% 0,00%
5 25,88% 8,57% 3,7% 5 32,94% 8,57% | 18,52%
6 32,94% | 85,71%| 62,96% 6 21,18% | 82,86%| 70,37%

Source: own

Tab. 4: Results for Skype.

Source: own

Tab. 5: Results for SpoluZaci.cz.

Skype |cluster 1 |cluster 2 |cluster 3 Spoluzaci|cluster 1 |cluster 2 |cluster 3
0 3,53% 1,43% 3,7% 0 2,35% 2,86% 0,00%
1 56,47% | 20,00% | 66,67% 1 7,06% 1,43% 3,70%
2 12,94% | 27,14% | 25,93% 2 18,82%| 11,43% 3,70%
3 3,53% 2,86% 0,00% 3 18,82% | 18,57% 0,00%
4 4,71%| 21,43% 0,00% 4 32,94% | 42,86% 0,00%
5 17,65% | 21,43% 3,70% 5 20,00% | 15,71%| 81,48%
6 1,18% 5,71% 0,00% 6 0,00% 7,14% | 11,11%

Source: own

Source: own



Tab. 6: Results for Stream.cz.

Tab. 7: Results for YouTube.cz..

Stream.cz | cluster 1 |cluster 2 |cluster 3 YouTube | cluster 1 |cluster 2 |cluster 3
0 2,35% 1,43% 0,00% 0 1,18% 0,00% 0,00%
1 58,82% | 14,29% 7,41% 1 1,18% 5,71% 0,00%
2 5,88% | 17,14% | 22,22% 2 8,24% 1,43% | 11,11%
3 9,41% 7,14% | 33,33% 3 12,94% 0,00% 7,41%
4 20% | 31,43% 3,70% 4 30,59% | 17,14% 0,00%
5 3,53% | 25,71%| 25,93% 5 30,59% | 40,00% | 81,48%
6 0,00% 2,86% 7,41% 6 7,06% | 35,71% 0,00%

Source: own

Tab. 8: Sex of the respondent of cluster

Source: own

analysis. Tab. 9: Grade of cluster analysis.
Sex cluster 1 |cluster 2 |cluster 3 Grade |cluster1 |cluster2 |cluster3
men 25.88% | 28,57% 3,70% 1 0% 2,86% 3,70%
woman 74,12% | 71,43% 96,3% 2 96,47% | 87,14% | 88,89%
Source: own 3 3,53% 10%| 7,41%

Tab. 10: Time spent at the computer of
cluster analysis.

Time |cluster 1 |cluster 2 |cluster 3
1 22,35% | 11,43% 0,00%
2 41,18% | 10,00% | 22,22%
3 18,82% | 24,29% | 59,26%
4 10,59% | 25,71% 0,00%
5 1,18% | 10,00% 3,7%
6 1,18% 8,57% | 11,11%
7 471% | 10,00% 3,70%

2.4 K-Means method

K-Means [7] defines a set of starting cluster centres derived from data. It then
assigns each record to the cluster to which it is most similar, based on the record's
input field values. After all cases have been assigned, the cluster centres are updated to
reflect the new set of records assigned to each cluster. The records are checked again
to see whether they should be reassigned to a different cluster, and the record
assignment/cluster iteration process continues until either the maximum number of
iterations is reached, or the change between one iteration and the next fails to exceed
a specified threshold. The tables (Tab. 11 - 16) show the percentage of respondents
belonging to the cluster, and what value is dominant. The rows of table are scale; it
shows how often the social network is used. Highlighted cells are dominant for the

Source: own
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cluster. The tables (Tab. 17 — 19) show the results from another perspective. Individual
monitored variables are in the rows. Highlighted cells are dominant for the cluster.

Tab. 11: Results for Facebook.

Tab. 12: Results for ICQ.

Source: own

Tab. 13: Results for Skype.

Facebook | cluster I |cluster 2 |cluster 3 ICQ cluster 1 | cluster 2 | cluster 3
0 0,00% 2,17% 4,76% 0 1,06% 0,00% 0,00%
1 10,64% | 34,78% | 23,81% 1 11,70% 2,17% 9,52%
2 2,13% 0,00% 2,38% 2 8,51% 0,00% 9,52%
3 1,06% 0,00% 2,38% 3 5,32% 0,00% 2,38%
4 2,13% 0,00% 4,76% 4 8,51% 2,17% 9,52%
5 20,21% | 10,87% | 11,90% 5 28,72% 6,52% | 21,43%
6 63,83%| 52,17%| 50,00% 6 36,17% | 89,13% | 47,62%

Source: own

Tab. 14: Results for SpoluZaci.cz.

Skype | cluster 1 | cluster 2 | cluster 3 Spoluzaci| cluster 1 | cluster 2 | cluster 3
0 3,19% 2,17% 2,38% 0 1,06% 2,17% 4,76%
1 38,30% | 56,52% | 42,86% 1 3,19% 2,17% 4,76%
2 21,28%| 21,74%| 16,67% 2 11,70%| 17,39%| 14,29%
3 5,32% 0,00% 0,00% 3 17,02% 4,35% | 26,19%
4 10,64% 6,52%| 14,29% 4 44,68% 2,17% | 35,71%
5 20,21% 8,70% | 19,05% 5 17,02% |  65,22% 9,52%
6 1,06% 4,35% 4,76% 6 5,32% 6,52% 0,00%

Source: own

Tab. 15: Results for Stream.cz.

Source: own

Tab. 16: Results for YouTube.cz.

Tab. 17: Sex of the respondent of cluster

Source: own

Stream.cz| cluster 1 | cluster 2 | cluster 3 YouTube | cluster 1 | cluster 2 | cluster 3
0 0,00%| 0,00%| 7,14% 0 0,00%| 0,00%| 2,38%
1 39.36% | 30,43% | 26,19% 1 7.45%|  2,17%|  9,52%
2 8,51%| 1522%| 19,05% 2 745%|  6,52%|  9,52%
3 7,45%| 17,39%| 16,67% 3 13,83%| 0,00%| 2,38%
4 27,66% 8,7%| 23,81% 4 27,66%| 10,87%| 0,00%
5 1596% | 2391%| 4,76% 5 25,53%| 76,09% | 40,48%
6 1,06%| 4.35%| 2,38% 6 18,09% |  4,35%| 28,57%

Source: own

analysis. Tab. 18: Grade of cluster analysis
Sex cluster 1 | cluster 2 | cluster 3 Grade cluster 1 |cluster 2 |cluster 3
men 0,00% 2,17% 100% 1 1,06% 2,17% 2,38%
woman | 100,00% | 97,83% 0% 2 94,68% |86,96% |90,48%
Source: own |3 426% |10.87% |7,14%
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Tab. 19: Time spent at the computer of

cluster analysis.
Time | cluster 1 | cluster 2 | cluster 3
1 22,34% 2,17% 11,9%
2 35,11% 6,52% | 28,57%
3 20,21% | 45,65% | 21,43%
4 9,57% | 26,09% | 21,43%
5 0,00% | 10,87% 9,52%
6 6,38% 6,52% 9,52%
7 6,38% 2,17% 9,52%

Source: own

The results of cluster analysis using K-means algorithm is little apparent
differentiation between clusters. Maximum numbers of items (highlighted in the table
cells) are almost identical in all properties. Therefore, for further work the results have
been chosen from cluster analysis using Two-Step algorithm.

2.5 Evaluation of cluster analysis

To analyze the results of cluster analysis we chose decision trees. We tested three
models of decision trees: C 5.0, Classification and Regression (C&R) Tree and
QUEST.

Decision tree models allow developing classification systems that predict or
classify future observations based on a set of decision rules. If we have data divided
into classes that interest us, we can use our data to build rules that we can use to
classify old or new cases with maximum accuracy.

A C5.0 [8], [9] model works by splitting the sample based on the field that provides
the maximum information gain. For each subsample defined by the first split is then
split again, usually based on a different field, and the process repeats until
the subsamples cannot be split any further.

The C&R Tree [3], [9] is a tree-based classification and prediction method. Similar
to C5.0, this method uses recursive partitioning to split the training records into
segments with similar output field values. C&R Tree starts by examining the input
fields to find the best split, measured by the reduction in an impurity index that results
from the split. The split defines two subgroups, each of which is subsequently split
into two more subgroups, and so on, until one of the stopping criteria is triggered.
All splits are binary (only two subgroups).

QUEST [9] is a binary classification method for building decision trees. A major
motivation in its development was to reduce the processing time required for large
C&R Tree analyses with either many variables or many cases. A second goal of
QUEST was to reduce the tendency found in classification tree methods to favour
predictors that allow more splits; that is, continuous predictor variables or those with
many categories.
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The target variable for the decision algorithm whether a particular item to that
cluster (Two-step algorithm). The best models of decision trees were chosen based on
the Evaluation (see Fig. 2) which shows that, as seems to be a model the decision tree
algorithm based on algorithm C 5.0.

Fig. 2: Comparison of different decision algorithms with the use of the evaluation
chart.
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The algorithm C&R Tree achieved 100% accuracy of classification as the one
at 62% percentile. Therefore, this algorithm was chosen as a suitable explanation for
the clustering analysis. The analysis resulted in the decision trees algorithm using
C&T Tree is following a model (Fig. 3) that suggests how to weight the individual
characteristics of the assignment to a cluster that generated the Two-Step algorithm.
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Fig. 3: The decision tree generated by algorithm C&T Tree
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Conclusion

Respondents, the students of the Faculty of Economics and Administration, can be
divided into three clusters.

For the first cluster is characteristic that it is dependent on sex and grade. This
cluster does not use any dominant communication network. Respondents prefer
a communications network ICQ for daily communication. Skype is used in exceptional
cases, but several times a year. However, rather consume media content on YouTube,
which is used several times a week. Also this cluster is relatively latent for the Czech
social network Spoluzéci.cz. Students spend time at the computer between 10-20 hours
per week. This cluster is also represented by largest proportion of respondents
85 (46,70%). This is a rather passive group of respondents of social networks overall.

The next cluster contains 70 respondents (38,46%), second in size. Typical for
respondents in this cluster is that it is the most active group on Facebook, 85% of
respondents from this cluster is on Facebook on a daily basis. Likewise,
the communications network ICQ wuses 82% of respondents to the daily
communication. It is also the group which is very actively communicates with Skype.
This cluster tends to the daily consumption of media content on YouTube. This group
also spends relatively a lot of time at the computer 30-40 hours. Also in this cluster is
not indicative of gender and grade. Generally, this group is described as very active on
social networks.

For the last cluster, which is the smallest with 27 respondents (14,83%) is
the dominant female. ICQ is very powerful tool for daily communication in this group.
On other hand they almost do not use Skype. Furthermore, this group of respondents is
the most active in the Czech social network SpoluZaci.cz. And every day this group
consumes media content on YouTube. Average time spent by this group of respondent
at the computer is 35 hours per week.

Therefore, for better understanding how Generation Y communicates with each
other, we plan further research to compile a real social network that will confront the
type of communication a real meeting of students at the University of Pardubice and
communication through computer networks. The Fig. 4 is a social network created by
students themselves. Only black spots represent men and two tone (black and white)
Spots represent women.
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Fig. 4: The social network of students who participated in the research
Generation Y at the University of Pardubice.

Source: own

Number of return questionnaires were not great (approximately 30%), this was
because a pilot survey. We try to motivate students to respond to both questionnaires
and completing paying closer attention. The aim of this article was to describe
structure of the social network of Faculty of Economics and Administration students
by cluster analysis tools.
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