Crowdsourcing System Management for Activity
Data with Mobile Sensors

Abstract—In this paper, we propose crowdsourcing system
management for activity data with mobile sensor devices such as
smartphones and accelerometers in human activity recognition.
We describe the design rationale of the systems and proposed
crowdsourcing approach, analyze the collected data through
statistics, and application of an activity recognition method. We
developed the systems to efficiently collect activity data with
mobile sensors from workers in crowdsourcing services. By using
the systems, we gathered 1,749 activity data from 32 participants
through Amazon Mechanical Turk. We show a reference accuracy
of recognition of activity using the obtained data, the performance
of activity recognition attained the balanced accuracy score of
0.55, the F-measure of 0.96, the precision of 0.83, and the recall
of 0.76 on average by exploiting a random forest classifier for
classification study. We found still a challenging field for activity
data collection in crowdsourcing services, including activity
classes, timing, and activity recognition performance.
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I. INTRODUCTION

Human activity recognition, which identifies the activity
(e.g., walking, standing, jogging, upstairs, downstairs, and
sitting) that a user performs, has generated a great deal of
interest within ubiquitous and mobile computing. If human
activity can be objectively measured, we can expect various
applications. For example, lifestyle aspects can be quantified
and used for the prevention of lifestyle-related diseases. One
challenge specific to supervised human activity recognition
tasks is the collection of annotated or ‘ground truth labeled’
training data. Ground truth annotation is a tedious and expen-
sive task, as the annotator has to perform the annotation in real
time, it takes huge times. This challenge is intensified because
data collection may focus on quite diverse requirements,
such as high data quality, large numbers of sensors, or large
amounts of participants [4]. Especially in specific domains
such as nursing, we can only source them to experts, which
makes them costly than normal crowd workers [2]. Recently,
crowdsourcing through services such as Amazon’s Mechanical
Turk (MTurk) has emerged as a promising alternative for
annotating such data, offer a potential paradigm for engaging a
large number of users for low time and monetary costs. Also,
offers feature ‘qualifications’ which can refine the cohort of
worker customers that are eligible to complete the requirement
based on any number of factors such as workers country,
previous MTurk experience, behavioral and demographic at-
tributes [10], [11]. Here we investigate the utility of MTurk
for collecting activity data using mobile sensor devices.

In this paper, we introduce crowdsourcing system man-
agement for activity data with mobile sensor devices such

as smartphones and accelerometers for human activity recog-
nition. We demonstrated activity recognition using the most
standard activity recognition method based on Bao et al. [4].
The goal of this paper is not to improve the accuracy of
activity recognition, but to show the nature of gathered data by
crowdsourcing services using a standard activity recognition
way. We developed the systems to collect activity data from
workers in crowdsourcing services consist of a mobile app
and server system. The systems have important and required
features to collect activity data efficiently, namely, collecting
sensor data, selecting and recording activity targets, user
registration and login system, sensor and labeled data storage,
labeled data count, and a notification system. By using the
systems, we collected 1,749 activity data from 32 participants
through the crowdsourcing service MTurk. We exhibited that
the developed systems can be used to collect activity data in
the crowdsourcing service Mturk and can be the utilized for
activity recognition. The performance of activity recognition
using a random forest classifier attained the balanced accuracy
score of 0.55, the F-measure of 0.96, the precision of 0.83,
and the recall of 0.76 on average. The results are not different
from without crowdsourcing, preferably the number of data
collected was higher than we expected. So it is applicable
for collecting activity data with mobile sensors. Even so, we
discovered the truth that the BCR was slightly lower than we
anticipated and we encountered the limitations and challenges.
The limitations and challenges should be considered, including
activity classes, timing, and activity recognition performance.
These will be discussed in Section. VII.

In the following sections, we first examine the possibility
of crowdsourcing for activity data collection in human activity
recognition. Then, we describe the requirements analysis and
system design to collect activity data efficiently and build it.
After that, we talk about the proposed crowdsourcing system.
Based on these systems, we show the experiments in order to
collect activity data with mobile sensors using MTurk. Finally,
we discuss and conclude.

II. RELATED WORK

The term crowdsourcing has its origin in an article by
Howe, J. (2006) [17], who described it as a job outsourced
to undefined (and generally large) network of people in the
form of an open call. Originally, MTurk is a crowdsourcing
internet marketplace, was specifically built for human com-
putation tasks. Prior work [10], [11] has represented that
MTurk can give samples as diverse as many much more
expensive professional survey platforms and is suitable for



research. The idea behind its design was to create a platform
for humans to do tasks that are very difficult or computers are
currently unable to do, such as filtering adult content, audio
transcription, and extracting data from images. In its essence,
however, MTurk supports so-called microtasks. Microtasks
usually do not require any special training and typically take
no longer than minutes to finish; although in some cases, tasks
can require up to hours to complete [18]. MTurk enables
anyone to come to be a ‘requester’ and create and submits
small tasks to MTurk for workers to perform, called ‘Human-
Intelligence Tasks (HITs)’. A HIT represents a single, self-
contained task, which range between a few dollars and a few
cents in pay. The people who performs the tasks specified
by a requester in a HIT are called ‘worker, and they are
mostly from the US or India [10]. MTurk has been previously
used by others in order to collect data from smartphones.
Early work focused on conducting a mixed-methods study of
200 diverse participants from across the US, in which they
analyzed phonebook entries, call log data, and SMS history
metadata for the phonebook data collection study [7], while
more recent work recruits MTurk users with 100 participants
for the mobile web history study [8]. For this reason, it
also serves as an ideal platform for recruiting subjects for
activity data collection with mobile sensors in human activity
recognition. Although MTurk has great potential for rapidly
collecting data collection at low costs, we found that special
care is needed in formulating tasks in order to harness the
capabilities of the approach and even if MTurk provides a
simple framework for task management, it is often insufficient
for more complex labeling tasks. Furthermore, we could not
find an example of a paper that deeply explored the use
of Mturk in human activity recognition with mobile sensors
context. Thus we set out to develop the systems for collecting
activity data with crowdsourcing and do a preliminary study
on MTurk to collect enough data of mobile sensors and activity
labeled from a broad audience of participants so that we can
exploit crowdsourcing for activity data with mobile sensor
devices in human activity recognition for the future work.

III. SYSTEMS IMPLEMENTATION

To enable us to perform evaluations in realistic settings
and collect activity data efficiently, we implement the systems
consist of a mobile app and server system. In the following
sections, we describe the requirements analysis and system
design.

1) A Mobile App: In order to collect accelerometer sensor
data from smartphone and activity labeled data from the
crowd, we modify our Android application [1] that users could
install to input their activities, as shown in Figure. 1. The
functions of the mobile app are modified as follows:

Collecting sensor data: accelerometer sensor data of
smartphone is uploaded to the server by the HTTPS
protocol every minute, but even if the network connection
is interrupted, also if the mobile app unexpectedly stops,
the data should not be lost.

Login to the server site: a user is requested to login to the
server site by inputting the account created at the time of
registering to experiment.

Selecting activity: in order to execute activity recognition
supervised machine learning, it is required to collect
correct answers (activity labels) of activities along with
sensor data. So a user can choose the activities they
want to perform from a set of activities in the left
column as shown in Figure. 1-(a). The activity classes
are designed to be short-term and straightforward since
each participant is asked to perform their task for fewer
hours, and the target audience is not an expert.

Activity recording: the activity label is time-series data,
and it is essential to record the start time and end time.
When a user selects the activity, the labels for each
activity class will be put into the right column as shown
in Figure. 1-(d). Then a user has to record it by pushing
the button to start and stop recording while they are
carrying out the activity by following the steps as shown
in Figure. 1-(d)(c)(b). Each time a user taps an activity
label box, it will transition to before start (1) ¥ doing
activity () ¥ finish (X) so a user can record the start
and end of the activity. Since another activity may be
performed while performing one activity, multiple activity
labels can be started and ended in parallel. The activity
labeled data can then be uploaded to the server when it is
connected to the network. Otherwise, data will be stored
on the smartphone until there is an internet connection.

Notification on a mobile device: in order to notify the
participants, we add a notification feature to the mobile
app. A notification will show a message that Android
displays outside the mobile app’s user interface (UI) to
provide the user with information. The message consists
of a number of collected labels as shown in Figure. 2-(e)
and a verification code used to submit the assignment and
as shown in Figure. 2-(f).

Fig. 1. A mobile app for collecting sensor and labeled data.

Fig. 2. A notification of the proposed method for a mobile device.

2) A Server System: In order to store mobile sensors and
activity data, we modify our the Web-based server system [3]
that could store the sensor, labeled data, and estimates ac-
tivities. The functions of the server system are modified as
follows:



