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ABSTRACT
Customer value is essential for successful customer relationship
management. Although growing evidence suggests that customers’
purchase decisions can be influenced by social relationships, so-
cial influence is largely overlooked in previous research. In this
work, we fill this gap with a novel framework — Motif-based Multi-
view Graph Attention Networks with Gated Fusion (MAG), which
jointly considers customer demographics, past behaviors, and so-
cial network structures. Specifically, (1) to make the best use of
higher-order information in complex social networks, we design a
motif-based multi-view graph attention module, which explicitly
captures different higher-order structures, along with the atten-
tion mechanism auto-assigning high weights to informative ones.
(2) To model the complex effects of customer attributes and social
influence, we propose a gated fusion module with two gates: one
depicts the susceptibility to social influence and the other depicts
the dependency of the two factors. Extensive experiments on two
large-scale datasets show superior performance of our model over
the state-of-the-art baselines. Further, we discover that the increase
of motifs does not guarantee better performances and identify how
motifs play different roles. These findings shed light on how to
understand socio-economic relationships among customers and
find high-value customers.
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1 INTRODUCTION
As economics becomes predominantly service-based, companies
are increasingly concentrating on managing good relationships
with their customers and deriving sustainable revenue from these
relationships [15]. Defined as forecasting the profits that each cus-
tomer brings to the company in a future period, predicting customer
value is essential and fundamental to customer relationship man-
agement (CRM) [11]. The ability to accurately predict customer
value enables companies to build relationships with their customers
based on their future worth rather than their past behaviors, and
has been proven to be the key to developing effective personalized
marketing campaigns [58].

Existing solutions adopt two mainstream approaches to predict-
ing customer value, through qualitative models or quantitative
models. The qualitative models usually base on marketing theo-
ries, and primarily focus on the behaviors of customers themselves.
For example, the widely-accepted model RFM segments customer
value based on recency, frequency, and monetary values [11]. As for
quantitative models, Kumar et al. [33] utilize Markov processes to
predict customer value, which demonstrates the importance of mod-
eling the fine-grained customer historical behavior data. Further,
researchers propose more complicated models, including traditional
machine learning models [17, 56] and deep learning models [19].
All these models only consider individuals’ behaviors, and do not
take social relationships into account. However, recent research
has demonstrated the significance of social relationships on cus-
tomers’ purchase decisions, and in turn, on customer value [61].
Thus, the lack of consideration on the effects of social influence
arouses concerns on prior customer value prediction models.

To bridge this gap, in this paper, we aim to incorporate social
network information to customer value prediction. To achieve this,
key challenges as follows can emerge:

• Unclear predictive signal of network structures. Grow-
ing evidence suggests the influence propagated in social net-
works orients people’s decision-making processes [2, 47, 61].
However, it is unclear whether and which social network
structures contain useful signals for the customer value pre-
diction task. As such, it is challenging to extract useful signals
from social network structures.

• Limited knowledge of higher-order information. Prior
work has demonstrated that social networks involve not only
lower-order features at the node level, but also substantial
non-trivial higher-order features at the level of small sub-
graphs [7, 41]. However, it is challenging to capture and
utilize higher-order information in complex social networks,
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and it is even harder to distinguish informative higher-order
structures related to customer value.

• Complex effects of customer attributes and social in-
fluence. The effects of customer attributes and social influ-
ence on customer value can be dependent and entangled.
For example, customer attributes, such as personality and
occupations, can determine one’s power to influence friends’
purchase behaviors and susceptibility to friends’ influence.
Therefore, it is challenging to model such complex effects of
customer attributes and social influence.

To address the above challenges, we propose a novel framework—
Motif-based Multi-view Graph Attention Networks with Gated
Fusion (MAG), where we jointly model the effects of customer
attributes and friends’ influence on customer value. Specifically, (1)
to capture and utilize network information, especially higher-order
information in complex social networks, we design a motif-based
multi-view graph attention module. We leveragemotif, the building
block of complex networks, to construct motif-based multi-view
graphs, and adopt attention mechanisms to fuse multi-view graph
embeddings. (2) To model the complex effects of customer attributes
and social influence, we design a gated fusion module, where we
adopt two gate structures: one to model customers’ susceptibility to
social influence, and the other to model the dependency of customer
attributes and social influence on customer value.

We evaluate our proposed framework on a large-scale real-world
dataset collected from a leading social e-commerce platform in
China, Beidian, along with an open dataset collected from a product
review site, Epinions. On both platforms, customer value prediction
is regarded as vital. Extensive experiments show that our model
superiorly surpasses the state-of-the-art baselines on both datasets.

Furthermore, to better unleash the roles of higher-order informa-
tion, we investigate the significance of different motifs. We discover
that (1) even though more motifs contain diverse higher-order in-
formation, the increase of motifs does not guarantee better perfor-
mances, and (2) in customer value prediction, effective information
contained in different motifs varies significantly. Especially, it is
observed that the “fully-connected” and the “down-linked mutual
dyad” motifs are essential. The “fully-connected” motif indicates
a close relationship and shows the capability to detect high-value
communities. Besides, we observe that different from other social
edges, the two unidirectional edges in the “down-linked mutual
dyad” motif are mostly attributed to marketing behaviors, which
uncovers the interplay between social influence and marketing
efforts.

The contributions of this work can be summarized as follows:

• To the best of our knowledge, we are the first to leverage
social network structures to model the social influence in cus-
tomer value prediction. We demonstrate the importance of
modeling network structures, especially higher-order struc-
tures, in customer value prediction.

• To predict customer value using social relationship informa-
tion, we propose a framework — MAG, which jointly models
customer attributes and social influence. Extensive exper-
iments have demonstrated our proposed model’s superior
performance compared with the state-of-the-art baselines.

• Through an in-depth analysis of motifs, we discover that
the “fully-connected” motif possesses the ability to detect
high-value customers and the “down-linked mutual dyad”
motif reveals communities’ formation under the interplay be-
tween marketing efforts and social influence. These findings
provide new insights into understanding socio-economic
relationships among customers and excavating high-value
customers.

2 PROBLEM FORMULATION AND
MOTIVATION

To better explain our task and solution, we first introduce some
necessary notations, and formally formulate the customer value
prediction problem. Thereafter, we discuss our motivation to incor-
porate social relationships into the long-standing problem.

2.1 Problem Formulation
To properly formalize the task of incorporating social networks
into customer value prediction, we first give a definition of social
network G: given = customers with : customer relations, we define
a social network as a directed graph G = (V� E), whereV is the set
of customers with |V| = =, and E is the set of customer relations
with |E | = : . We denote the adjacent matrix of G as G ∈ R=×= .

Therefore, our task can be formulated as follows: given customer
attributes and social networks, predict her/his customer value. Here
we use the total amount of money or efforts that the customer will
spend on the platform over the next period to measure customer
value, which can reflect the value of the relationship with the cus-
tomer. Moreover, customer attributes are extracted from customers’
demographics and transaction history. Specifically, customers’ de-
mographics represent customers’ basic personal information, in-
cluding gender, age, zodiac, register time, and et al. Transaction
history contains customers’ total purchase value, frequency and
intervals, along with return behaviors, such as total returned pur-
chase value, times, and et al. The features extracted from customers’
demographics and transaction history make up customer attributes.
In addition, social networks are constructed based on social re-
lations between customers, including friendship, trust relations,
follower-followee relations, and et al.

2.2 Motivation
Many researchers are devoted to analyzing the complex structures
of social networks [2, 4]. They discover that the social network
structure is one of the strongest predictors for user behaviors [2, 4],
leadership success [63], and future development [10]. In the area
of CRM, social network structures have also been proved effective
in predicting user engagement [42] and churn [36]. In this work,
before considering incorporating social relationships into the task to
facilitate the accurate customer value prediction, one fundamental
hypothesis is that customer value is correlated with the customer’s
social network structures.

Thus, to validate this hypothesis, we conduct empirical data
analyses on a large-scale dataset covering 44,995 customers with
their social networks. To quantify social network structures, we
adopt widely-accepted attributes describing the network properties
in view of nodes, e.g., degree, coreness [6], pagerank score [43],
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Figure 1: The correlations between customer value and net-
work structures.

Model Score Feature Set Importance

RF 38.02

Demographics 0.0856
Recency 0.4920
Frequency 0.0899
Monetary Value 0.1967
Return History 0.0165

RF-Network 33.79 Network Attributes 0.1193

Table 1: Comparison of performances between RF and RF-
Network. Note that we use MAE to measure model perfor-
mances.

hub and authority score (HITS) [31]. We analyze the relationships
between these network attributes and customer value, where Fig-
ure 1 shows the correlations between customer value and (a) degree,
(b) pagerank score, (c) hub score, and (d) coreness. From the �gure,
we can observe positive correlations between customer value and
these network attributes. This indicates that customers with more
friends (higher degree), higher popularity (higher pagerank score),
higher hub scores, or higher corenesses, are more likely to have
high customer value. These �ndings con�rm our primary hypothe-
sis that customer value is strongly correlated with social network
structures and lay as the premise of the rest of this work.

To further examine whether these network attributes are bene-
�cial for prediction, we incorporate them into the set of features
in Random Forest model that is a traditional machine learning
model widely-adopted in prior works on customer value predic-
tion [17, 56]. Therefore, we obtain two models: one trained on cus-
tomer attributes (RF) and the other trained on customer attributes
and network attributes (RF-Network). As shown in Table 1, we
discover that network attributes can improve the performances by
11.13% in terms of MAE. It indicates that social network structures
are of great help to the prediction task. Meanwhile, the right two
columns in Table 1 show features' importance scores generated
by Random Forest model, which indicates that network attributes
play a non-trivial role in prediction. To better utilize social network

Figure 2: Illustration of higher-order structures captured by
motifs in complex social networks.

Figure 3: Illustration of thirteen three-node motifs.

information, we follow Qiu et al. [47], which �nds that compared
with these network attributes, graph neural networks (GNNs) show
a superior ability to graph-structured modeling. This motivates us
to consider leveraging GNNs, instead of mere network attributes, to
exploit the potential of social networks. Besides, we further discuss
the e�ectiveness of GNNs in Section 4.

Most researches on GNNs are devoted to modeling nodes' local
connectivity [60]. However, considering the complex nature of so-
cial networks [28], it is insu�cient to only consider lower-order
structures, at the level of nodes, in complex social networks [7, 38].
Higher-order structures of complex networks, at the level of small
subgraphs, provide a peek into the fundamental structures that con-
trol and mediate the behaviors of many complex systems [38, 46].
One approach to retaining higher-order structures in complex net-
works is introducingmotifsinto the framework. Motifs are special
small subgraphs, and regarded as the building blocks of complex
networks [38]. Motifs can capture high-order structures explicitly
and e�ectively [34, 40, 49]. For example, as shown in Figure 2, we
randomly sample one customer, i.e., the central node in the deep
color, and her social networks. She has multiple friends, and these
friends form small close groups. Motifs can easily capture higher-
order structures, i.e., small groups in complex social networks.

To sum up, we validate our primary hypothesis: customer value
correlates with social network structures. Moreover, we �nd out
that motifs are able to capture higher-order structures and disen-
tangle complex relationships in complex social networks. These
observations motivate us to leverage social network structures,
especially higher-order structures, to predict customer value.

3 METHOD
In order to incorporate social network structures, especially higher-
order structures, into customer value prediction, we propose MAG,
which jointly models the e�ects of customer attributes and their
social network structures on customer value. Figure 4 shows the
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