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Abstract
The information about texting contacts and their intensity as well as grades,

gender, interests and location was collected for about 400 high school students.
By means of Statistics and Network Analysis a High School Texting Network was
created and analysed in such directions: detecting and naming communities (CD),
small world features, the missing data restoring and so on. Several CD algorithms
were applied for investigating this network and compared.

Introduction

Network Analysis (NA) 1s a powerful tool for study complex real-world
systems numbering sometimes millions of elements. Graph Theory and
Statistics are mathematical instruments for NA. Powerful software (Gephi,
IGraph, SNAP) provides computer support of these this analysis. This
project was performed in framework of Brock University Mentorship in
Science Program and in collaboration with Stephanie Noel and under su-
pervision of professor Babak Farzad.

Main Objectives

For the network of high school students residing in Thorold (Ontario) and
the neighbourhood:

1. to collect primarily information;
2. to construct the network;

3. to investigate this network by means of Graph Theory and Mathematical
Statistics, 1n particular:

(a) to study small-world phenomena;

(b) to figure out the community structure by several community detection
algorithms (CD algorithms, CDA);

(¢) to validate the results by comparison with actual communities;

(d) to name these communities using the priori and the posteriori informa-
tion;

(e) to investigate various CDA effectiveness depending on the type of
weighted function.

Data Set

High School Texting Network (HSTN, 521 nodes, 2725 links, weighted)
was derived from collected 398 questionnaires (Fig.1)

Brock University Mentorship in Science 2013 - Stephanie Noel  [Personal
ID Gender | Grade | Regiom | sports | science | gaming
52074 female 10| Other 3 1 1
Your Personal ID # : _Qr7- D#s e Q .
108500 3 = : ;
Ab ‘t Y 110830 3 f, < ‘ i 5
ou ou: 51876 3 : e
487 3 j
107118 2 & ‘
Gender Region Activities/ 3 2 1 Bll2 ) ) m G
Male Jordan Interests - ) O ‘ ‘ —
Female St. Patrick’s Ward Sports lgfg j / ; ‘ ] O .
e St. George's Ward Science/ 56526 1 ‘ Q s O
radge . Academics 59090 2 :
: St. Andrew’s Ward . : ) :
o Merriton Ward Gaming/Tech ;Sé? j - / ' Q
10 Thorold _ 3 Participate Often e 5 ' = .
! Other 2 Participate Occasionally 109791 2 — A A
10296 2 .
12 1 Do Not Participate e ; = ' 4o
107890 3
{ Several times a day Daily Weekly — 5
The ID #'s you text zall L
WE0E 3 ’ .
107514 2
_QY' _____ - 105791 2 =
65736 2
Q?- 51777 1

Figure 1: Questionnaire

Small-World Networks (SWN, Watts-Strogatz model)

Definition. A SWN is a network G where the typical distance d(u, v), be-
tween two randomly chosen nodes u, v € (G, grows proportionally to the
logarithm of the number of nodes in the network, that 1s

d(u,v) < logn,n = |G| (1)

Main features of SWN:

1. a high clustering coefficient (CC);

2. a small average shortest path length (ASPL).

Some properties of SWN:

1. cliques, and near-cliques (consequence of a high CC);

2. most pairs of nodes will be connected by at least one short path (conse-
quence of small ASPL).

Several other (typical) properties:
1. an over-abundance of hubs (high degree nodes);
2. a power law degree-distribution (scale-free networks);

3. clear community structure and as a consequence high modularity.

Clustering Coefficient (CC)

Definition. The local CC (LCC) C; for a vertex v, is the proportion of links
between the vertices within its neighbourhood (n;) divided by the number
of links that could possibly exist between them

21
C. = L k= |N(k 2
Definition. The average CC (ACC) C is the mean of the LCC C; of all the
vertices: .
C = € Z C; (3)
)

Definition. The shortest path length (SPL) [(u, v) between vertices u, v €
(& is minimal sum of the weights of its constituent edges.

Definition. The average SPL (ASPL) [ is the mean of the SPL, averaged
over all pairs of nodes.

Definition. Modularity () (function) is the fraction of the edges that fall
within the given groups minus expected value of such a fraction if edges
were randomly distributed.
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Table 1: Metrics Summary
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Figure 2: Community Detection Summary
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Figure 4: The Communities 1-6 (87 percentages of nodes)
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Figure 5: The Community 1 Grade 9, Sport +,Gaming +/-
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Table 2: Community Detection Result by Louvain Modularity Method
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HSTN Analisis in IGraph
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Figure 6: 1Graph CD. The highest observed modularity (par=2)
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Table 3: The worst and the best observed modularity for different CDA
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Table 4: The worst and the best observed modularity for different weights
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Figure 7: Dependency of modularity on CDA and weights

Conclusions

The High School Texting Network for Thorold area was derived and inves-
tigated by means of Graph Theory and Statistics. As it was expected for
this network all Small-World features are valid. Accuracy of Gephi and
Igraph community detection (CD) was explicitly verified by comparison
with actual communities. Feasibility of using weighted graphs for CD was
confirmed. In addition, dependency of modularity from weights choice was
investigated.



