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Abstract

Keyword networks, formed from keywords occurring in scholarly articles provide a useful mechanism for
understanding academic research trends. In keyword networks, keywords are represented as nodes and a link is
formed between a pair of keywords if they appear in the same article. Each link is assigned a weight, representing
the number of co-occurrences of the pair in different articles. A statistical and visual analysis of the structural and
temporal characteristics of such networks reveals the organizing pattern and the evolution of keywords. In this study
we analyse the difference between structured keyword system and unstructured keyword system. We use keywords
from two prominent business management journals from USA and India and analyse the corresponding keyword
networks. Our results indicate that the network characteristics of structured keyword system are more suitable than
unstructured keyword system to analyse research trends and bring forth the emerging areas and popular research
methods. The adoption of structured keyword system will aid researchers and funding agencies to optimize their
decision on the use of research funding.
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1. Introduction

Complex networks have been widely used to analyze and uncover the basic substratum of complex systems.
Network perspective enhances the understanding of the structure and behavior of the system. The study in network
science proliferated after the discovery of scaling in random networks' (scale-free networks). The topological
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characteristics of scale-free networks mainly reflected the statistical abundance of hubs or vertices with a high
number of connections compared to the average degree of the network <k> [1], and the presence of scale-free
vertex degree distributions P(k), where the probability P of finding a vertex of degree k follows a power-law [2]
(P(k)~k). Network science has found applications in diverse fields such as sociology, telecommunication, cell
biology, genetics, and economics.

In recent years, information available in a range of information rich channels such as newspaper articles, scholarly
articles and web-based communities has risen exponentially. Although network science applications are used for
information content analysis, they are skewed towards social networking sites and searches generated from
keywords. The use of network science to uncover emerging trends in scientific communities is sparse. Existing
methods mine for research trends in scholarly articles and are more focused on citation networks [3] [4] [5] (network
analysis of citation in scholarly articles). However the keywords appearing in scholarly articles are relatively
underused for uncovering research trends. Nascent steps have been taken by researchers to apply network science
based measures to keywords appearing in scholarly article and study its topological characteristics [6]. The reasons
for ignoring keyword based network approach may stem from lack of keyword organizing standards.

In this study we compare the keyword network topologies of structured keyword system and unstructured keyword
system. In a structured keyword system”, the scientific journal categorizes the keywords under pre-formed
categories. In an unstructured keyword system® the user defined keywords are not subjected to pre-formed
categories. The method and results are discussed in the following sections.

2. Method
2.1. Keyword network

In keyword network, keywords are the nodes and two nodes are connected by a link if they appear in the same
article. Links between nodes carry weights. Each time a pair of nodes appears together in subsequent articles in the
journal, the weight on the link connecting the nodes increases by one (Fig. 1). Thus the keywords network is an
undirected and weighted network represented by an edge list. Each element in this list is a vector £, = (i, j, wy).
Where, i and j are the nodes linked by the kth edge Ej and w;; represents the number of times the same keyword pair
(i, j) co-occurs in different articles. As shown in Fig. 1, all keywords that appear in the Keywords section of articles
are linked together, initially forming isolated networks. As more articles are parsed certain keyword pairs (or triples
or quadruples) tend to re-appear in other articles. This repetition increases the respective link weights and combines
individual components into a network.

2.2. Data

The study focuses on two data sets of keywords. We use keywords from articles appearing in Academy of
Management Journal [7] (AMJ) from 2003 to 2012. The keyword data set collected from AMJ appears to follow a
structured keyword system. In case of unstructured keyword system we use keywords fom articles appearing in
Vikalpa [8] (A management journal from Indian Institute of Management-Ahemdabad) from 2003 to 2012. Both the

® There is no formal segregation of keyword system as mentioned in this study. We have categorized the two keyword system for the purpose of
comparison. We define a structured keyword system where the process, method or sub-domain related keyword is coupled with domain related
keyword (example: Decision making, Decision making-research, Decision making-economic aspects, Decision making-mathematical models,
Decision making-moral and ethical aspects. Here decision making is the domain keyword and research, economic aspects, mathematical models,
moral and ethical aspects are process, method or sub-domain related keyword). Absence of aforementioned structure qualifies as unstructured
keyword system (example: A study focusing on talent retention practices using matrix method in company x generates following unstructured
keywords, talent retention, company x, and matrix method). The same example under structured keyword system is formed as Human resources-
talent retention, Talent retention-mathematical model, Talent retention-matrix method.
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