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Abstract—Collecting multimodal data in controlled
experiments is often challenging, especially when there is the
need to record fine observations and experimental data over
multiple input channels. Self-reporting and direct observation,
including video recording, are often employed with good results,
but in many cases user behavior may be elusive or difficult to
quantify and record. This problem is particularly even more
difficult to address in the case of multimodal systems, where
input is elicited from users with various disabilities such as motor
impairments, due to many factors like increased calibration time,
constraints on body postures and limited range of movements,
and interferences occurring at a physiological level, such as
fatigue or involuntary spasms. In this work, we describe VErGE,
a multimodal input system designed to collect voice, gestures, eye
gaze and EEG (electroencephalography) data in experimental
settings. We detail the architecture of our system and discuss a
representative use case for collecting multimodal input from
users with motor impairments.
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L INTRODUCTION

Behavioral experiments and user studies rely on the
acquisition of quantifiable, well defined data. Besides
recording user behavior, the timing between different types of
behaviors must be also considered because of its relevance.
Relevant input modalities frequently considered for
experimental studies on user input are fine motor movements,
such as gesture input [21] [22] [23], eye gaze (relevant to
identify the focus of attention in subjects) [1] [11] [12] [28]
[29], head/body movement [26] [27] and voice input [24] [25]
[30] [31]. Multimodal data requires multiple sensors for
acquisition, which demands specific calibration and
synchronization.

In the last decade, new data acquisition devices have been
developed enabling researchers and practitioners to collect a
wide range of measurements, e.g., pulse, oxygenation, body
heat, etc. Among these, a promising class of devices is
represented by Brain-Computer Interfaces (BCI) [2]. The
advent of affordable electroencephalography (EEG) headsets
enables easy collection and integration of EEG data that can be
synchronized with other input type, such as voice [24] [25],
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gesture [21] [22] [23] or eye gaze tracking [1] [11] [28] [29].
The resulted multimodal dataset can be aggregated in a
reference database for researchers interested in understanding
specific aspects of user behavior. Currently, there are some
systems that allow recording of various parameters from
subjects, such as BIOMET, MylDea or Smartkom [3] [4] [5],
mostly related to biometric operation, but none have integrated
yet the above-mentioned modalities or offers a unified method
of data acquisition.

In this paper, we describe VErGE, a system for collecting
voice, gestures, eye gaze, and EEG (electroencephalography)
data from multiple input devices. Our technical contributions
are as follows:

e A multimodal input data collection system -called
VErGE that enables easy recording and storage of
voice, eye gaze, touch gesture, and EEG data from users
in various experimental settings. We present the
modular software architecture of VErGE and its specific
implementation in terms of input devices and software
middleware.

e A discussion of the VErGE system for a specific
context of use involving participants with motor
impairments, for which we highlight specific features of
our system, such as portability (to accommodate data
collection in challenging contexts of use) and easiness
of use.

VErGE records and stores multimodal measurements in the
XML (Extensible Markup Language) format, ready for further
processing and analysis. VErGE enables easy data connection,
is flexible with respect to the configuration of input modalities,
easy to configure and its design is based on four of the most
frequent input modalities available today. Moreover, assisted
by a touchscreen-capable laptop, VErGE was specifically
designed to be portable, easy to deploy in the field and,
consequently, suitable to collect multimodal data from users
with motor impairments, as we illustrate in the next section of
the paper with a specific context of use. VErGE was field-
tested with several subjects with various types and severities of
motor impairments to ascertain its effectiveness to acquire
multimodal data under a variety of experimental conditions.
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II. THE EXPERIMENTAL SETUP

The experimental setup of the VErGE system is built
around a Windows-based portable computer (Dell Inspiron,
i7@2.7GHz, 16GB RAM) with touchscreen capabilities. All
input devices are connected to the same computer and are time-
synchronized. The latter is an important step in preserving the
system’s capability to offer relevant insights in user behavior.
For a high quality of the recorded data, the laptop is further
synchronized with an external source (i.e., a high-precision
online clock) so that the timestamps can be compatible with the
external devices that are not integrated, such as a professional
video camera that takes footage of the entire experiment.

A. The Architecture of the System

The proposed architecture for the VErGE system is
described in Fig. 1. The relevant data is acquired by the PC
from its peripheral USB ports so that the system can be easily
extended with new types of sensors to collect and process the
recorded data. The file format used (XML) makes this
approach easy to implement.

B. Sofiware Use and Data Packaging

The VErGE system acquires relevant data from peripheral
sensors and pre-processes it by adding timestamps, discarding
unneeded values and filtering erroneous information. The result
is then written on the PCs storage device (a SSD disk for
increased data transfer performance) as XML files (Fig. 2, Fig.
3 and Fig. 4). The system generates one file for each subject,
input channel and experimental trial. This structure makes it
easy to understand and subsequently analyze the recorded data
via dedicated software, such as graphics and/or statistical
analysis packages.
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C. Gesture Data Collection

Touch gesture data collection is achieved via the integrated
touchscreen of the laptop, which can operate in various
configuration modes, such as a tablet. Gestures are represented
as a series of strokes, where each stroke is a time series of (x,))
points with associated timestamp information. Thus, both
single-stroke [32] [33] and multi-stroke gestures [22] [34] can
be acquired.

An important limitation in this setup is the inability of the
recording equipment to detect the pressure level of the gesture
drawn on the screen. This parameter would provide even more
insight in the input characteristics for a given subject
(especially for one with limited or abnormal motor
capabilities).

D. Audio and Video Recording

The system features audio recording capability. Each
subject’s voice utterances can thus be recorded in conjunction
with each gesture performed on the touch-sensitive screen with
synchronized timestamps. The subsequent resulting files can be
processed in terms of recognition, such as with the APIs
provided by the Google Voice Recognition Cloud [35]. For
more advanced analyses (e.g. the analysis of inflection or the
strain on the user), a trained professional can listen to each
recording and rate it with appropriate qualifiers.

The VErGE setup is accompanied by a video recording
device (a professional, high resolution camera) that it is not
directly integrated in the PC-based equipment. The camera is
also synchronized at the beginning of the experiment and will
record the relevant behavior for the entirety of the experiment,
the video file being transferred at the end to the data storage
and named appropriately to make easy identification of the
subject id and the trials performed. This allows a post-facto
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Structured data
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~
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#
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Fig. 1 - The architecture of the VErGE system for voice input, gesture, eye gaze, and EEG data collection.
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Fig. 2 - Data example output from the VErGE application for EEG headset (XML format).
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Fig. 3 - Data example output from the VErGE application for eye gaze (XML format).

analysis of the experiment regarding the correctness of the
acquired data, but also for offering additional insights
regarding the subject’s involvement during the experiment,
such as their movements, gestures, gait, and general behavior.

E. Eye Gaze Tracking

Eye trackers can be either attached to a display (fixed) or
mobile devices worn by users in the form of helmets or glasses
(wearables), sometimes included in head-mounted displays.
Most commonly, eye trackers include two components: a light
source and a camera that captures the corneal reflection of the
light source and some other visible ocular features. Data
processing follows to determine the direction of the eye gaze
[1]. Other information, such as eye blinks, blink frequency, left
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and right winks or modifications of the pupil diameter can be
detected as well [6]. Eye trackers have been used for various
purposes, such as to improve design and layout [7] [8], input
for games [9], or assistive techniques and applications for
people with disabilities [10] [11]. For instance, Eye Draw [10],
is a software application that allows children with motor
impairments to draw using eye movements.

Various eye gaze tracking equipment and software are
available on the market [36] [37] [38] [39]. To implement the
VErGE, we considered the MyGaze eye tracker that features a
frame rate of 30Hz, accuracy for gaze position of 0.5° and
space resolution of 0.1°. The software module for data
acquisition captures screen coordinates for each individual eye
during the user's interaction with the screen.
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Fig. 4 - Data example output from the VErGE application for eye gaze (XML format).

F.  The EEG Monitoring Subsystem

The EEG monitoring system can pick up the brain electrical
activity from various cortical regions, clean it up, and store the
data for further processing. By interpreting the signals
generated by various brain areas, the EEG subsystem can
identify specific mental patterns and allow identification of the
user’s mental state.

The human brain is a complex system with functions that
are distributed in all its volume. However, for many practical
goals, relevant information regarding this activity can be
extracted via direct contact electrodes. The recorded
information is used as input to reconstruct a source model of
the most important regions of the brain. The model obtained
can be queried to obtain various information regarding the
underlaying mental state of the user. The raw data that describe
the brain activity must be subsequently interpreted to assess the
mental state via software algorithms based on empirical
observation of neurological states [13] [14].

In this regard, various devices in use will provide
algorithms to detect the neural patterns or even the emotional
states of the person. This data (e.g., neural waves in various
bands - delta, theta, beta, gamma and the mental states
identified for various periods of time) can be correlated with
the information acquired from other types of sensors, such as
the gyroscopes and accelerometers integrated in the headset to
create a bigger picture and thus infer the general state of the
user more accurately [15] [16]. Given that the raw recorded
data consist of electrical signals in the pV range, myoelectric
activity (i.e., the electrical response of the musculature of the
head in the mV range) is also recorded. Usually, EEG devices
can separate the two types of signals so that an additional class
of data (the muscular response of the head and head organs,
such as eyes and mouth) related to facial expressions can be
integrated in the analysis.

The EEG analysis is used in many fields of research to
understand a person’s subconscious response to various

stimuli. Brain-computer interfaces are also used when the goal
of the study is the control of various devices via mental state
alone (or as assisting control) [17] [18] or in investigating the
cognitive load of various operations [19]. Empirical studies
have validated this approach [2] [20].

Traditionally, EEG analysis is performed with medical-
grade equipment. The high precision of data acquisition for
these kind of devices is offset by their high costs, the expertise
required for applying the electrodes and interpreting the results,
and the general bulkiness of the equipment. In contrast, in the
last decade, a variety of low-cost, consumer-grade EEG
devices have been released, many of them delivering very
accurate results [2]. These devices connect to the PC and many
expose a Software Development Kit (SDK) to allow data
processing and analysis of the raw signals, making them
attractive for researchers and practitioners.

The EEG device used with VErGE is an Emotiv EPOC+
Research Edition. This is a consumer-grade equipment with
very good performance, manevrability and a source model of
EEG activity almost on par with the entry-level medical
devices. The model was validated via empirical tests and offers
access to affective state of the subject via its EmoEngine
subsystem [40] [41].

The Emotiv EPOC+ is a high-resolution, 14 channels
wireless (via Bluetooth) EEG recording device, capable of
acquiring and recording raw electrical data in the pV and mV
range. It is backed up by an emotional detection suite capable
of inferring various affective states, such as user frustration,
meditation, engagement, boredom, and excitement (short term
and long-term). The device records the electrical activity of the
brain in certain predefined zones (from 14 active channels) via
gold-plated electrodes that eliminate electric noise in the
contact area, mediated by wet felt pads (saline solution). The
easiness of use makes the headset ideal for studies with many
participants and in various experimental conditions, such as
outside the laboratory or with people with motor impairments.
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Fig. 5 - The VErGE system employed in a practical experiment for collecting multimodal data (voice, touch gesture, eye gaze, and EEG) from participants with
motor impairments (left) and without impairments (right).

The headset has a software suite that allows verification of
electrodes placement via an electrode contact quality map and
calibration for each user. The data acquired via the EEG
headset for each subject and gesture is the raw EEG wave (for
each of the 14 channels), the 5 emotional states, and the user’s
head movements (with the internal gyroscope).

Nevertheless, EEG devices have certain limitations, such
as:

e The quality of contacts may vary in experimental use,
mostly because the contact pads must be moisturized
with a saline solution and placed directly on the scalp.
The density of solution may vary with time due to
evaporation.

e People with dry skin and/or high amount of head hair
will cause low-quality raw EEG data acquisition.

e Interference with the surrounding equipment can affect
the quality of data (e.g. electromagnetic noise).

e Affective state acquisition is limited in the first few
data frames recorded because the EmoState algorithm
is based on the previous data, i.e. it needs a certain
amount of data frames to infer the emotional state of
the user.

III. CONCLUSION

The VErGE platform was designed to collect, process, and
integrate multimodal input from users, especially from users
with motor impairments. As such, it is a valuable tool and
enabling technology for research purposes, as it can capture
data at multiple levels, helping researchers to understand and
highlight ways to improve traditional user interfaces and make
them more reliable and easy to use — especially for people with
disabilities.

We validated VErGE in a practical experiment involving
several participants with and without motor impairments (Fig.
5). The goal of the experiment was twofold: to test the viability
of the setup (especially in the field, i.e., the system was
transported to accommodate data collection from people with
severe motor impairments) and to acquire relevant data
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regarding multimodal input. The VErGE system was proven to
be quite capable at detecting and acquiring significant
biological parameters regarding multimodal input. Fig. 2, Fig 3
and Fig. 4 illustrate examples of gesture, eye gaze, and EEG
data in our XML format. We believe that the hardware and
software platform presented in this work is a useful research
tool for multimodal data collection in a variety of experimental
conditions.
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