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ABSTRACT
The increasing use of electronic forms of communication presents
new opportunities in the study of mental health, including the
ability to investigate the manifestations of psychiatric diseases unobtrusively and in the setting of patients’ daily lives. A pilot study to
explore the possible connections between bipolar affective disorder
and mobile phone usage was conducted. In this study, participants
were provided a mobile phone to use as their primary phone. This
phone was loaded with a custom keyboard that collected metadata
consisting of keypress entry time and accelerometer movement.
Individual character data with the exceptions of the backspace key
and space bar were not collected due to privacy concerns. We propose an end-to-end deep architecture based on late fusion, named
DeepMood, to model the multi-view metadata for the prediction
of mood scores. Experimental results show that 90.31% prediction
accuracy on the depression score can be achieved based on sessionlevel mobile phone typing dynamics which is typically less than
one minute. It demonstrates the feasibility of using mobile phone
metadata to infer mood disturbance and severity.
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INTRODUCTION

Mobile phones, in particular, “smartphones” have become near ubiquitous with 2 billion smartphone users worldwide. This presents
new opportunities in the study and treatment of psychiatric illness
including the ability to study the manifestations of psychiatric illness in the setting of patients’ daily lives in an unobtrusive manner
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Figure 1: A sample of the collected data in time series.

and at a level of detail that was not previously possible. Continuous real-time monitoring in naturalistic settings and collection of
automatically generated smartphone data that reflect illness activity could facilitate early intervention and have a potential use as
objective outcome measures in efficacy trials [2, 6, 18].
While mobile phones are used for a variety of tasks the most
widely and frequently used feature is text messaging. To the best of
our knowledge, no previous studies [3, 19, 21, 37, 40, 46] have investigated the relationship between mobile phone typing dynamics
and mood states. In this work, we aim to determine the feasibility
of inferring mood disturbance and severity from such data. In particular we seek to investigate the relationship between the digital
footprints and mood in bipolar affective disorder which has been
deemed the most expensive behavioral health care diagnosis [35],
costing more than twice as much as depression per affected individual [29]. For every dollar allocated to outpatient care for people
with bipolar disorder, $1.80 is spent on inpatient care, suggesting
early intervention and improved prevention management could
decrease the financial impact of this illness [35].
We study the mobile phone typing dynamics metadata on a
session-level. A session is defined as beginning with a keypress
which occurs after 5 or more seconds have elapsed since the last
keypress and continuing until 5 or more seconds elapse between
keypresses1 . The duration of a session is typically less than one
minute. In this manner, each participant would contribute many
samples, one per phone usage session, which could benefit data
analysis and model training. Each session is composed of features
that are represented in multiple views or modalities (e.g., alphanumeric characters, special characters, accelerometer values), each of
which has different timestamps and densities, as shown in Figure 1.
Modeling the multi-view time series data on such a fine-grained
session-level brings up several formidable challenges:
1 5-second

is an arbitrary threshold we set which can be changed and tuned easily.

