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ABSTRACT
Online social networks play an important role in our daily activities.
As an important concept in social network analytics, the structural
hole theory shows that the positions in social networks that can
bridge different user groups will get benefits. Existing solutions for
identifying structural hole spanners normally require the knowledge of the entire social graph. In this paper, we propose a novel
solution to uncover structural hole spanners according to the users’
profiles and user-generated contents (UGCs), instead of referring
to the entire social graph. We propose a machine learning-based
model to implement the identification. We further leverage the
ego networks and the cross-site linking function to enhance the
identification. A real-world dataset collected from Foursquare and
Twitter is used to evaluate the identification performance of our
model. The results show that our model can achieve a high F1-score
of 0.857.

theory has been used in different social network-related applications, such as requirements identification in open-source software
development [2], specific user group identification [13], online
self-disclosure analytics [9], and the evolution of new business
development performance [4].
Normally, the social graph is needed for uncovering SH spanners, and several social graph-based algorithms such as HIS [10],
MaxD [10] and HAM [8] are proposed. Unfortunately, identifying
SH spanners in OSNs is not easy. First, in some OSNs such as Facebook, users are allowed to hide their social connections, making
third-party social application providers difficult to obtain the entire
social graph. Second, for a newly registered OSN user, her social
connections are still under development. Applying graph-based algorithms directly might fail to discover some potential SH spanners.
Last but not least, due to the large sizes of OSNs, some existing
algorithms, such as HAM, suffer from the scalability problem when
applying to a large social graph [12].
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INTRODUCTION

Attracting billions of users, online social networks (OSNs), such
as Facebook and Twitter, have become a leading Internet service
around the world. Structure hole (SH) is an important concept in
social network analytics [3]. The structural hole theory shows that
users will get advantages from filling the “holes” between different
users or user groups that are otherwise disconnected. As shown
in Fig. 1, the user in the middle, known as an SH spanner, plays a
critical role in the information dissemination. The structural hole
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Figure 1: Structural Hole Spanners (SH Spanners) in Social
Networks
In this paper, we formulate and explore the problem of identifying SH spanners in OSNs, without referring to the entire social
graph. Our model leverages a machine learning-based framework
to make use of a user’s profile and UGCs. The design of our model is
able to get rid of the disadvantages of the graph-based SH spanner
detection algorithms. It avoids the requirement of using the entire
social graph which might be inaccessible, and is still useful for the
newly registered users. To further improve the identification performance, our model refers to a user’s ego network [1] according
to the structural hole theory. In addition, our model adopts the
cross-site linking function [7], to make use of a user’s information
on another OSN. Based on the real-world user data collected from
Foursquare and Twitter, we evaluate the identification performance
of our model. Evaluation shows that our model can achieve an
F1-score of 0.857.
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DESIGN AND IMPLEMENTATION

Fig. 2 shows the overall workflow of our model. Our machine
learning-based model takes a user’s profile and UGCs as the input, and output the identification result that whether she is an
SH spanner or an ordinary user. We use the subsets of descriptive
features, ego network features, and cross-site features to characterize
each user. A supervised machine learning-based classifier is used
to implement the identification.
The descriptive features consist of the user’s demographic information and the statistics of her UGCs in the OSN. Note that our
model can work without the cross-site features and ego network
features, but including them will achieve a better identification
performance.
When the users’ friend lists are available, the additional analysis
on the user’s ego network can enhance the identification performance. Comparing with collecting the entire social graph, crawling
an individual user’s ego network1 is much easier. In particular,
we adopt four classic metrics, i.e., effective size, efficiency, constraint and hierarchy. These metrics characterize the ego network
of one user from different aspects according to the structural hole
theory [3], and we denote them as ego network features.
We make use of the cross-site linking function, which is widely
supported by OSNs [7], to get more information of a user. We not
only exploit a user’s information from the targeted OSN, but also
her generated data on an external OSN linked by her. The user
information on the external OSN are extracted as cross-site features.
In our data-driven evaluations by only referring to her information
on an external OSN, these features are shown to be useful for the
prediction of whether a new user will become an SH spanner.
Cross-site Features on Twitter
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20, 2019. In our dataset, 35.31% of Foursquare users have linked
their Twitter accounts, and we focus on these users. We further
crawl these users’ profiles and tweets on Twitter. To obtain the
ground-truth of SH spanners and ordinary users, we use the HIS
algorithm [10] to find SH spanners, and 2,373 users are selected.
Accordingly, we randomly select 2,373 users from the rest of users to
represent the ordinary users. The proportion between the numbers
of users in the training and validation subset and the test subset
is 1:1. To evaluate the identification performance, we use a set of
classic metrics, i.e., precision, recall, F1-score and AUC [5]. Precision
denotes the fraction of identified SH spanners who are really SH
spanners. Recall is the fraction of SH spanners who are correctly
identified. F1-score is the harmonic mean of precision and recall.
AUC (area under the ROC curve) means the probability that this
model would rank a randomly selected SH spanner higher than
a randomly chosen ordinary user. The classifier is implemented
by CatBoost [11], a gradient boosting library. The parameters in
the classifier are determined through a parameter tuning phase,
using the user instances in the training and validation subset. We
apply a grid search to sweep the parameters space. Once a set of
parameters is given, we can get an F1-score using 5-fold crossvalidation. We choose the set of the parameters that could help the
classifier achieve the highest F1-score. After that, the classifier is
able to judge whether a user in the test subset is an SH spanner.
According to the evaluation on the test subset, our model can
achieve an F1-score of 0.857 and an AUC value of 0.856. We could
also use our model to predict whether a newly registered user will
become a future SH spanner. By excluding the users’ descriptive
features, as well as the ego network features on the targeted OSN
(Foursquare), we only consider the cross-site features from the
external OSN (Twitter). The resulted F1-score is 0.775 and the AUC
value is 0.786, signifying that the model can work well in “cold start”
scenarios [6]. In addition, we explore the identification performance
for the users who have not linked their profiles to external OSNs.
Under such a situation, we only take the descriptive features and
ego network features into consideration. Both the resulted F1-score
and AUC value equal to 0.787. The above results validate that our
model can achieve a good performance to identify the SH spanners,
without analyzing the entire social graph.
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…
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Figure 2: The SH Spanner Identification Model
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PERFORMANCE EVALUATION

In our study, we use Foursquare, a representative location-based
social network, as the targeted OSN to study the identification
of SH spanners. We used Breadth First Search (BFS) to crawl a
subset of 9,299,408 Foursquare users during Apr. 28, 2019 - May
1 A user’s ego network is the sub-network formed by the user (ego) and all her connected

neighbors (alters) in a selected OSN.
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CONCLUSION

In this paper, we study the problem of identifying SH spanners in
OSNs without referring to the entire social graph. Our solution
introduces a new angle of uncovering SH spanners, and reveals
the relationship between SH spanners and the users’ profiles and
UGCs. The cross-site linking function and the ego networks can be
further leveraged to enhance the identification performance. Our
solution is very helpful for third-party social application providers
to find SH spanners accurately.
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