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Abstract—Given the set of social interactions of a user, how can
we detect changes in interaction patterns over time? While most
previous work has focused on studying network-wide properties
and spotting outlier users, the dynamics of individual user
interactions remain largely unexplored. This work sets out to
explore those dynamics in a way that is minimally invasive
to privacy, thus, avoids to rely on the textual content of user
posts—except for validation. Our contributions are two-fold.
First, in contrast to previous studies, we challenge the use of
a fixed interval of observation. We introduce and empirically
validate the “Temporal Asymmetry Hypothesis”, which states
that appropriate observation intervals should vary both among
users and over time for the same user. We validate this hypothesis
using eight different datasets, including email, messaging, and
social networks data. Second, we propose iN ET, a comprehensive
analytic and visualization framework which provides personalized insights into user behavior and operates in a streaming
fashion. iN ET learns personalized baseline behaviors of users and
uses them to identify events that signify changes in user behavior.
We evaluate the effectiveness of iN ET by analyzing more than
half a million interactions from Facebook users. Labeling of the
identified changes in user behavior showed that iN ET is able to
capture a wide spectrum of exogenous and endogenous events,
while the baselines are less diverse in nature and capture only
66% of that spectrum. Furthermore, iN ET exhibited the highest
precision (95%) compared to all competing approaches.

I. I NTRODUCTION
User behavior modeling in social networks mostly focuses
on the network-wide properties of the group behavior within a
fixed time interval and aims at spotting users who are outliers
[1], [2]. Some studies have focused on identifying networkwide or other static properties of users, such as graph patterns
in the friendship graph [3], [4]. However, there is also need
to focus on individual users who may deviate from their
usual patterns of behaviors in social media. Few studies have
used social media to identify postpartum depression in new
mothers [5] or how quitting an addictive habit (e.g., smoking)
is reflected on the social media behavior [6]. We discuss
previous work in more detail in Section VI.
In this paper, we focus on the automatic and personalized
identification of transitions in online user behaviors without
accessing textual information and when the information arrives
in a streaming fashion. The identified changes in social media
behavior may point to real events and changes, some of
which can benefit from intervention. Although exploring the
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Fig. 1. iN ET detects variable-duration periods of activity that deviates from
the expected, across multiple streaming features of the user interaction (showing for Left: top: weighted in-degree, middle: self posts, bottom: keywords).
In this particular example, the time period where the user’s behavior deviates
from the expected pattern appears to be related to a product release or
announcement by Apple. Right: Empirical validation of Temporal Asymmetry
Hypothesis that states - different users have different time granularity and it
varies over time.

correlation between online user behavior and real life events
is an important next step, it is beyond the scope of this paper.
So far, most research involving time-evolving graphs consider fixed intervals of observation (e.g., a day or week) when
they build the user interaction graphs. However, selecting the
right interval of observation is challenging since different
intervals may lead to different inferences from the data, observations and interventions. Instead, we propose a streaming
method to detect changes in the online behaviors of the users
with a user-centric approach.
Our work makes two main contributions. First, we challenge
the widely adopted fixed interval of observation in favor of a
variable interval of observation. An obvious challenge is how
to adaptively determine these intervals. Second, we develop
iN ET, an analytic framework, to detect and visualize changes
in online behaviors of individual users without using their text
based interactions.
We use eight different real datasets to validate our ideas and
techniques. These datasets include social media, email, and
online forums and span multiple years of observation and up
to more than a million interactions. We describe our datasets

