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Abstract—In evolving social networks, nodes join, make con-
nections, or leave over time. In this paper, we introduce node
event sequences that record activities of every node over time.
Node event sequences are suitable for microscopic analysis of
node behaviors in social networks. As preliminary results of
taking advantage of node event sequences (as well as snapshots
of networks), we study the health of the community of Nanotech-
nology based on the analysis of Seniority of nodes, identify the
intrinsic dynamics of formation of new edges and its relation
to Seniority of nodes, and the changes in the node behavior
according to the nodes’ Seniority.

I. INTRODUCTION

In an evolving social network, the set of nodes and the set

of edges change over time due to new nodes joining, old nodes

leaving, and the formation of new connections. Many studies

on evolution of large scale networks work on snapshots and

focus on macroscopic properties and their evolution including

degree distribution, diameter, centrality, community structure,

etc [1], [2], [3], [4]. However, snapshots are not convenient for

microscopic analysis [5], such as studying the behavior change

of nodes over time. For example, in scientific collaboration

networks, researchers usually publishes papers in collaboration

with more senior researchers when they are junior, and to help

more junior researchers as they gain experience in the field.
In this paper, we introduce NES (node event sequence)

that contains all the events involving the node in the order

of time, e.g., when a researcher (node) joins a field and

when he publishes papers and with whom (more details in

Section II). The node event sequence is different from the

edge creation sequence [5], in that an event in a node event

sequence contains richer information and may correspond to

zero or multiple edges. For example, if a researcher publishes

a paper with two colleagues, then the event corresponds to 3

edges in the collaborative networks. Also, we can annotate the

edges based on information from the paper, e.g., which venue

the paper is published and what the topic is. With the node

event sequence, it is possible to apply methods developed in

temporal / sequence data mining to the microscopic analysis

of the evolution of social networks. In this paper, we work

on both snapshots and the node event sequences and present

some preliminary results to this direction, focusing on study

of effect of seniority on network dynamics. Such dynamics

could play an important role in various intelligence analysis

scenarios [6], [7].

In this paper, we study the nanotechnology collaboration

network NanoSCI, which is appealing for investigating social

network growth dynamics for the following reasons. Firstly,

collaboration networks have been widely used in scientomet-

rics and social networks studies. Collaboration networks have

been learned to possess many static and dynamic properties

that are similar to other social networks[8], [9]. Secondly,

NanoSCI offers an extensive database including 292, 323 re-

searchers and 368, 511 papers that are indexed by SCI (Science

Citation Index) database spanning from 1980 to 2006.

II. NODE EVENT SEQUENCE

We denote an event as Ek = ({v1, v2, ..., vx}, tk, info)
where vi, 1 ≤ i ≤ x represents nodes participating in event

Ek, tk indicates the occurrence time of event Ek and info
indicates the description of the event. The set of nodes is

denoted as V (Ek) and the time of event is denoted as T (Ek).
We use ES(t) to denote the set of events occurred before and at

time t, and VS(t) denotes the set of nodes in all events in ES(t).

We use ΔES(tk) to represent the set of new events occurred

at time tk. The corresponding set of new nodes is ΔV S(tk).
We have ES(tk) = ES(tk−1) ∪ ΔES(tk) and V S(tk) =
V S(tk−1) ∪ΔV S(tk). The events involving node v at time t

is defined as ES(v, t) = {Ei|Ei ∈ ΔE(t) and v ∈ V (Ei)}
The node event sequence (NES) of a node v has the following

definition

NES(v, tn) = {ES(v, t1), ES(v, t2), ..., ES(v, tn)} (1)

where t1 < t2 < ... < tn. If there are no new events involving

v occurred at time ti , then ES(v, ti) is an empty set Φ. If

we eliminate all empty sets, we get

NES′(v, tn) = {ES(v, t′1), ES(v, t′2), ..., ES(v, t′s)} (2)

where t′1 < t′2 < ... < t′s, Φ ⊂ ES(v, t′i), 1 ≤ i ≤ s and t′1 is

time of node v joining the network.

From NES′, we define node Seniority and Lifetime as

Seniority(v, tc) = tc − t′1, Lifetime(v, tx) = tx − t′1 (3)

where tc is current time, tx is leaving time of node v. We

define Intervals as

Intervals(v) = {t′2 − t′1, ..., t′j − t′j−1} (4)
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Within collaborative networks, there are often no explicit signs

of node leaving. If a node has been inactive for a long enough

time η, we may decide that the node has left the network. We

set η for NanoSCI in section III-A based on analysis of the

Intervals.

In the context of collaborative networks, we define an event

as researchers publishing a paper. Depending on the number of

coauthors, 0 or multiple edges are added in the collaborative

network. A weight can be put on the edges according to the

total number of the coauthors or the order of the coauthors.

Annotations can also be added on the edges based on the

paper’s content if needed.

Node event sequences provide a very different perspective

from what snapshots can support. A snapshot at time tk is

G(tk) = {V (tk), E(tk)}, which is a static graph [10] where

V (tk) is vertex set and E(tk) is the edge set. Node event

sequences are node oriented and suitable for node behavior

study, while snapshots are network oriented and suitable for

study of global network properties. In this paper, we use

both node event sequences and snapshots to study effect of

Seniority in NanoSCI .

III. EMPIRICAL STUDY OF NODE EVENT SEQUENCES

In this section, we present the results from the empirical

study of NanoSCI . We extract node event sequence of

all nodes and use the sequences, as well as snapshots to

understand the dynamics of social networks.

A. Defining Active Nodes

Fig. 1. Distribution of the intervals between two consecutive events on event
sequences of researchers (nodes)

In scientific collaborative networks, there is no explicit sign

of node leave taking. This is the case for many other networks.

How to decide whether a node is active or not? How long a

node that exhibits no activities can be regarded as inactive?

Using the node event sequences, we can get the distribution of

intervals between the nodes’ consecutive activities. Since we

are interested in finding the threshold of interval for deciding

with significant certainty whether a node has left a network, we

calculate the set of maximum intervals in the event sequences

of all nodes in the snapshot of year 2006 as

{max(Intervals(v))|∀v ∈ V (2006)} (5)

where Intervals(v) is defined in Equation (4) and V(2006)

is the set of nodes in the snapshot. In Figure 1, we show

the distribution of maximum intervals of all nodes. From the

figure, we can see that more than 60% of the researchers have

collaborations every year, and about 90% of the researchers

have the maximum intervals equal to or smaller than 3 years.

Therefore, for this dataset, we decide that a node has left the

NanoSCI network if it has been inactive for 3+ years.

B. Seniority and Research Lifetime

Fig. 2. Distribution of seniority and research lifetime

In this subsection, we study the length of active time of

researchers. We have defined Seniority and Lifetime in

Equation 3 based on node event sequences. The blue dashed

curve in Figure 2 show the Seniority distribution of all nodes

in the network snapshot in 2006. However, this may not be

accurate because it includes nodes that may have left the

network (have been inactive for a long enough time, e.g.,

3+ years). The red solid curve shows only the Seniority
distribution for active nodes in 2006. This shows that a

significant percentage (80+%) of active nodes in 2006 has

joined the field as recently as 5 years. Also, the numbers of

younger researchers increase against Seniority. This suggests

that the community of nanotechnology is healthy, and has been

still developing rapidly in recent years because newcomers

keep joining. Note that the number of nodes added in 2006

is smaller than number of new nodes joined in 2005, this is

because our data set was obtained in August, 2006 and does

not contain data for the whole year of 2006. The magenta

dotted curve shows the lifetime distribution on nodes that may

have “left” the network (with 3+ years of disappearance). It

shows that about 80% of the researchers have been active in

collaboration for only 1 year and then leave the field. We

speculate that this is because there are a lot of students in the

field. Most of them may graduate after 1 year on publishing

and leave the research community.

C. Seniority and Formation of New Collaborations

In this section, we study the relationship between the

formation of new collaborations (edges) and the Seniority
of researchers (nodes). We obtain the percentages of active
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Fig. 3. Formation of new collaboration (edges) as a function of the seniority
of the researchers (nodes)

nodes with different Seniority that form new edges in the

snapshot of 2006.

Figure 3 shows the results of Seniority against attraction

of new connections. It suggests that senior researchers are

more likely to get new collaborations while a relative very

small percentage of junior researchers (Seniority ≤ 2) attract

new connections in 2006. This could be a supplement for our

previous growth model [10].

D. The Interaction Between Senior and Junior Researchers in
Publication

Fig. 4. Distribution of seniority difference between the most senior and the
most junior coauthors of a paper

In this subsection, we study the Seniority difference be-

tween the most senior and most junior coauthors of every paper

published in 2006. Note that less than 5% of the papers are

published by only one author and they are not included. Figure

4 shows the results of Seniority difference. We see that nearly

80% of the papers are authored by a junior researcher with at

least one more senior researcher of at least 3 more years’

experience. The most likely Seniority difference between

coauthors is 4 years. These observations suggest that usually

senior researchers lead junior ones to do research in the field.

They also suggest that researchers may change their roles

from getting help to providing help for research as they gain

more experience. Notice that the coauthorship with Seniority
difference equal to 0, 1 and 2 is not negligible. It also makes

sense that some papers are published by authors with similar

Seniority and all of whom are experienced.

IV. CONCLUSION

We define node event sequence (NES) that makes it con-

venient to carry out microscopic analysis of evolving social

networks such as node behavior evolution. In this paper, we

mainly focus on studying the effect of node Seniority on

network dynamics. More specifically, we have done a case

study in NanoSCI . We distinguish active nodes and inactive

nodes in the network based on the analysis of Intervals
in node event sequences; study the health of communities

based on the analysis of Seniority of researchers; identify

the relationship between formation of new collaborations and

Seniority of researchers, and the possible behavior changes

of researchers according to their Seniority. There are lots

of possible extensions to this work, such as evaluating our

studies on more datasets and incorporating Seniority to

growth models. Also, we can further define other types of

sequences from NES according to our purposes. For example,

sequences containing numbers of events participated by every

node in every time step may be useful for studying activeness

of nodes; or sequences containing the types of events involved

by an actor may be useful for studying evolving interests of

the actor. Furthermore, we can also classify nodes based on

their similarity on interest shifts. The work can be naturally

extended to other complex network research areas that may

relate to homeland security studies, for example, evaluating

the anti-social tendencies of key persons.
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