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Abstract
Smart devices have become more complex and powerful, increasing in both
computational power, storage capacities, and battery longevity. Currently available
online facial recognition databases do not offer training datasets with enough
contextually descriptive metadata for novel scenarios such as using machine vision to
detect if people in a video like each other based on their facial expressions. The aim of
this research is to design and implement a software tool to enable researchers to collect
videos from a large pool of people through crowdsourcing means for machine vision
analysis. We are particularly interested in the tagging of the videos with the
demographic data of study participants as well as data from custom post hoc survey.
This study has demonstrated that smart devices and their embedded technologies can be
utilized to collect videos as well as self-evaluated metadata through crowdsourcing
means. The application makes use of sensors embedded within smart devices such as
the camera and GPS sensors to collect videos, survey data, and geographical data. User
engagement is encouraged using periodic push notifications. The collected videos and
metadata using the application will be used in the future for machine vision analysis of
various phenomena such as investigating if machine vision could be used to detect
people’s fondness for each other based on their facial expressions and self-evaluated
post-task survey data.
Keywords
Crowdsourcing, machine vision, design science research, Android, smartphones, public
displays, situated technologies, mobile sourcing
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Abbreviations
API

Application Programming Interface

APK

Application Package Kit

CW

Cognitive Walkthrough

DS

Design Science

DSR

Design Science Research

GPS

Global Positioning System

HCI

Human-Computer Interaction

HE

Heuristic Evaluation

IBM

International Business Machines

PC

Personal Computer

RQ

Research Question

SDK

Software Development Kit

UI

User Interface

URL

Unified Resource Locator
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1.

Introduction

The growth in collaborative technologies has made it easy for tasks traditionally
performed by internally employed individuals to be outsourced to an often ‘undefined’
group of people popularly referenced as the “crowd” (Garcia Martinez, 2017).
According to Brabham (2008), the crowd represents a collective of people who are
engaged in a problem-solving process. Contributions from the crowd, which is also
known as crowdsourcing, has become a major technique for use by both academicians
and industrial experts for diverse purposes. It has been a means of distributing large
volumes of work into sizeable chunks to a large pool of people, most often remote
(Hosio et al., 2018). Online communities are being used for innovation with respect to
projects related to ideation and exploration (Garcia Martinez, 2017) while the statistical
phenomenon popularly known as the ‘Wisdom of the Crowd’ has also been successfully
used to collect and aggregate opinions from a pool of individuals (Hosio, Goncalves, &
Kostakos, 2016). Various other applications harnessing the power of the ‘crowd’ exist
as crowdsourcing has been discovered as a labor-saving way of accumulating and
evaluating possible solutions to a given problem (Hosio et al., 2018). Mobile devices
have in recent years become a go-to means of capturing and disseminating information
(Goncalves, Hosio, Vukovic, & Konomi, 2017). The advancement in technology has
made the boundaries of location placed on the desktop computer invisible as mobile
devices (smartphones and tablets) have become powerful enough to perform desktop
computer-related tasks on the go. This boundlessness of mobile devices has made them
a suitable choice when it comes to crowdsourcing tasks to people irrespective of their
location. Geographical location, as well as time constraints, are no longer an issue when
it comes to crowd contributions as modern technologies such as public displays and
smartphones have made it fairly easy for people to partake in crowdsourcing activities
(Goncalves et al., 2017).
While the introduction of the personal computer (PC) brought about a revolution in the
technology industry, spawning diverse uses and developments, the birth of the
smartphone has brought about significant innovation, making it possible to perform
different forms of tasks. The mobility of smartphones has made them uniquely
positioned to fill in the vacuum left by desktop web applications in situations where
such desktop web applications are not ideal (Goncalves et al., 2017). According to
Wilska (2003), mobile phone users feel an urge to have their phones in hand, thus users
begin to feel uncomfortable without their phones, frequently checking for calls and
messages. This consistent use of mobile devices, particularly smartphones, has made the
gathering of near real-time data more accessible as people always have their devices on
them and hence can quickly respond to a message, contribute to a discussion, or capture
some real-time data for crowdsourcing activities (Goncalves et al., 2017). With the
growth of the smartphone industry, there is huge potential for research through
crowdsourcing applications to reach more audience in a much simpler way.
The ubiquity of mobile devices gives them an additional advantage in terms of targeting
specific people in specific geographical environments based on some contextual data.
This according to (Goncalves et al., 2017; Hosio, Goncalves, Kostakos, & Riekki, 2015)
could help in tapping into people’s local knowledge while reaching a pool of untapped
human resources. This view is echoed by Garcia Martinez (2017) and Ye and
Kankanhalli (2017) who both expressed the belief that collaborative web-technologies
have made it possible to gather ideas from people with different forms of expertise,
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knowledge and skill sets for organizations to tap into for decision making, generation of
ideas and finding solutions to problems the organizations may be facing. International
Business Machines (IBM), one of the largest technology companies in the world first
used crowdsourcing as an internal tool for ideation in 2001, in a parallel conference they
termed as “Jam” in which 52000 posts were recorded. Subsequent Jams were organized
for various other projects due to the success of the initial one, giving workers a sense of
being heard and their contributions being taken seriously (Bjelland & Wood, 2008).
Large organizations such as IBM are using the diversity in terms of knowledge,
expertise, geographical locations, and culture embedded in their large pool of
employees to mobilize creative ideas using collaborative creative processes such as
crowdsourcing (Bjelland & Wood, 2008; Garcia Martinez, 2017). The collectiveness of
the efforts of bits of intelligence of diverse individuals could have a significant impact
on the quality of the output derived from such interactions while the time to completion
of such innovative tasks could be significantly reduced. While organizations may
become “one-way thinkers” over a long period of doing things the same way,
crowdsourcing can lead to the generation of brilliant ideas some of which may even be
outside the scope of the organization’s operations, thus spurring innovation and
enhancing sustainable competitive advantage.
It is worth knowing that, harnessing the power of crowdsourcing for performing tasks
(ideation, innovation, etc.) results in cheaper costs compared to using the internal
workforce of an organization in most cases (Brabham, 2008). Crowdsourcing makes it
possible for people who are willing and believe in themselves to be able to solve a task
or provide a good opinion to a discussion to respond to a crowdsourcing task. Thus,
crowdsourcing relies on an individual participant’s self-selection procedure where the
individual evaluates himself/herself prior to participating in the contest (Garcia
Martinez, 2017). It has presented a great opportunity for organizations and researchers
to gain external knowledge and expertise at a much lower cost (Ye & Kankanhalli,
2017). Although able to significantly reduce cost, it is worth knowing that maintaining
user participation in crowdsourcing activities is difficult.
The purpose of this study is to design and implement a software tool (mobile
application) for the Android platform that would be used to collect videos as well as
metadata of a large pool of crowdsourcing participants to build a crowdsourced video
database for future evaluation and analysis. The study is focused on the use of
crowdsourcing techniques and resources together with modern mobile technologies
embedded in Android smartphones and tablets to collect self-evaluated metadata and
perform video recordings of participants performing variously assigned tasks. By
collecting metadata as well as video recordings of users performing tasks, it would be
possible to study various phenomena regarding micro expressions within a
crowdsourcing framework. The results of this pilot study would be used to improve the
data collection application, streamline the data collection process, and finally evaluate
the possibility of conducting a more detailed study. For the purpose of this thesis, two
research questions are considered.
RQ1: How can mobile technologies be used to collect a large pool of videos and
metadata?
RQ2. What are the perceived obstacles and challenges in crowdsourcing video datasets
in the public?
To answer these research questions, Design Science Research (DSR), a research
methodology is used.
This thesis is structured in the following way: background knowledge about the artifact,
related concepts, and state of the art research work are discussed in chapter 2. Chapter 3
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focusses on the research methods used, discussing the approach and the questions the
research seeks to answer. A thorough description of the artifact is presented in chapter 4
followed by the design and implementation of the design in code in chapter 5 and 6
respectively. Evaluation of the artifact is done in chapter 7 followed by a discussion of
the results, and the outlining of limitations and possible work for the future in chapter 8
and finally the conclusion is provided in chapter 9.
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2.

Background and Related Work

This chapter explains the nature of crowdsourcing using mobile and situated public
displays based on existing literature. In this chapter, an overview of research conducted
within the contexts of the subject is considered in order to give a broader understanding
of this research.

2.1 Crowdsourcing
The term crowdsourcing has been used ecumenically in reference to the process by
which a complicated task is broken down in smaller simpler pieces to be solved by
users, and the results combined to form one solution to the initially assigned problem
(Goncalves et al., 2013). Crowdsourcing has outgrown a number of purpose-built
initiatives with online crowdsourcing still the most widely used way of gathering crowd
contributions. However, the growth in the use of mobile devices for the capture and
sharing of information is increasing. In the same light, situated public display
technologies have recently become a promising way to conduct crowdsourcing research
activities (Goncalves et al., 2017). With the advancement of technologies coupled with
decreasing cost of digital devices, the capacities of public display technologies which
are being embedded with cultural, social, as well as physical contexts, can be leveraged
for crowdsourcing research.
According to Goncalves et al. (2013), crowdsourcing participants often need to be
motivated in order for them to dedicate their time to participate in a study. To
participate in a crowdsourcing activity, users need to be motivated. Motivation to
participate in a crowdsourced study can be related to the enjoyment of participation that
the participant experience. It could also be due to the rewards that come with
participation. However, motivation must be maintained throughout the performance of
the task as the difficulty of the task could significantly affect motivation and the zeal to
continue. The tendency for users to quit performing a task or simply to guess the answer
to a task is high when the task difficult is very high as less difficult tasks are more likely
to be completed than difficult ones (Horton & Chilton, 2010).

2.1.1 Mobile sourcing
The growth in the use of smartphones and the continuous availability of internet
services for use on mobile devices has made it possible for people to perform various
tasks using their mobile devices in what Chang, Paruthi, Wu, Lin, and Newman (2017)
labeled as the mobile environment. With most smartphones well equipped with sensors
of all kinds, applications and platforms have been developed for the purpose of
collecting sensor data from smartphone users using a method referred to as mobile
crowdsensing (Ganti, Fan, & Hui, 2011; Khan, Xiang, Aalsalem, & Arshad, 2013).
Participants of mobile crowdsensing projects are tasked with using their mobile devices
to capture some sensor data of interest to researchers based on the task assigned.
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Online crowdsourcing has limited the performance of tasks to the desktop computer.
Mobile crowdsourcing, also known as mobile sourcing, as well as situated
crowdsourcing, have become a go-to means of overcoming this limitation (Goncalves
et al., 2017). Chang et al. (2017) cites several examples of the use of mobile and
situated crowdsourcing means to collect data including Goncalves, Hosio, Ferreira, and
Kostakos (2014) who used public displays for the collection of keywords to describe
locations through crowdsourcing, and Hosio, Goncalves, Lehdonvirta, Ferreira, and
Kostakos (2014) also used a kiosk to offer crowdsourcing tasks of all kinds. While
mobile crowdsourcing applications may require a little effort from users in terms of
deployment (installation), situated crowdsourcing technologies do not pose this object
of limitation and hence have a lower barrier to participation (Goncalves et al., 2017).
Identifying the right moment to ask users to perform a given task through mobile
crowdsourcing is a critical factor for the collection of data. With mobile crowdsourcing,
the locations of participants may be largely distributed, resulting in users being
positioned in different time zones depending on the scale of the study. It is of great
importance to consider the location and time of day when sending notifications to users.
Waking a user up late at night to perform a task or answer a questionnaire may not be
the right moment. User’s attitude and attention to mobile push notifications have been a
major subject of research in recent years (Y. J. Chang et al., 2017). To a large extent,
mobile users are quite attentive to mobile notifications and users are more likely to
attend to messages within the space of one minute if their phones are not on silent mode
(Y.-J. Chang & Tang, 2015; Y. J. Chang et al., 2017). It is important to send
notifications only at opportune moments that users are likely to engage with the
notification.
Although mobile crowdsourcing provides researchers with the ability to push tasks to
users irrespective of location, and time zones, mobile crowdsourcing does not come
without limitations. According to Goncalves et al. (2013), gathering a convenient
schedule of tasks for users can be problematic. Another is the need for users to own
devices that are compatible with the mobile application in use for the crowdsourcing
task. The battery, as well as device resource limitations, are also issues that are often
faced. The need for users to sign up often discourages users especially when there are
no monetary rewards involved (Brabham, 2008; Ye & Kankanhalli, 2017).

2.1.2 Situated public displays
Public displays are situated technologies that are used mostly for information purpose
within the environment. The visibility of modern public displays have made them a
good choice when creating awareness regarding an issue as well as considered as an
invitation for contributions and as such public displays are becoming a transformational
tool within our environments (Ludwig, Kotthaus, Reuter, Dongen, & Pipek, 2017). The
locality within which a public display is positioned establishes a connection with that
locality (Alt et al., 2011) and as such, public displays must be designed to fit the context
of the locality in which it is positioned both social and cultural (Alt et al., 2011; Ludwig
et al., 2017). When a public display is positioned in a locality of lawyers, the culture of
the law community must be put into perspective in its design. This cultural or social
context will be different if the display is meant to be used in a farming community
where the majority of users will be farmers.
In recent years, digital public displays have imbued public spaces due to decreasing
costs of display hardware and the transformation shift from paper-based to digital
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advertising and information provision. These displays have additional animations and
interactivity that makes them visible and attractive to users. Crowdsourcing on public
displays makes them available to everyone without any restrictions or the need for
supervision (Goncalves et al., 2014). While it is impossible to predict human behavior
during the use of the public displays such as users doing completely different things
from what has been asked of them, Goncalves et al. (2013) has shown that using public
displays for crowdsourcing has become appealing in recent years especially when the
task is simple, straightforward, and fairly requires less effort to complete.
People see it a responsibility to contribute to the social good when encountered with
crowdsourcing tasks that act as a form of incentive as deployed by Goncalves et al.
(2013). However, a study by Goncalves et al. (2014) showed that tasks that may be
considered less useful to the public good could still attract a lot of attention. This
indicates a lot of interest in the use of public displays by people. Goncalves et al. (2014)
stated with emphasis that providing tasks that are contextually localized to the users can
increase the motivation of the people to participate by spurring their interest. In such
situations where the tasks to be performed are very localized, online crowdsourcing
means, as well as mobile crowdsourcing tools, are less suitable as finding such users
with the contextual information needed to perform the task may be challenging.
It is worth knowing that public displays are a focus of competition as in the case of
multi-purpose displays, several applications could be running on these displays at the
same time hence the ability to attract users to participate in crowdsourcing activities can
be quite difficult. However, research by Goncalves et al. (2014) shows that even with
multiple applications and services competing for the attention of users on public
displays, crowdsourcing possesses the ability to work reliably and still draw the
attention of users. In another regard, public displays, due to their situated nature, can be
instrumental in the accumulation of local knowledge and expertise in crowdsourcing
research.
While public displays may be a good choice in the collection of localized opinions from
users, creating and maintaining a public display has its challenges. Finding the right
content that is unambiguous often requires a lot of creativity and craft. The easier it is to
understand a task, the easier it would be for users to participate and complete it. More
importantly, simple and straightforward tasks lead to a higher quality of data since it
could potentially lead to a reduction in “noisy” results (Goncalves et al., 2014).

2.2 Video collection
The growth of mobile technologies has enabled the development of a variety of
crowdsourcing video applications. For crowdsourced videos to be useful for computer
vision analysis, additional information about the video, also known as metadata, is
needed to provide a more detailed information about the video and also to provide some
geometrical as well as geographical information (Wu & Cao, 2017). Based on the
metadata, various queries and analysis could be performed on the video. Camcorders
and digital cameras, innovations that were ground-breaking a few years back have been
replaced by smaller and lighter smart devices capable of recording high-quality videos.
The growth in the number of mobile videos captured and shared online is expected to
increase significantly.
While videos are captured and shared, they often do not have enough metadata to give
contextual information about the videos. According to Wu and Cao (2017), a mobile

15
video can be characterized by its metadata which includes when and where a video was
taking. With the advancement of mobile technologies, modern smart devices have
different sensors embedded in them that can be harnessed to collect a lot more data.
GPS, microphone, as well as camera among others, are some of the sensors embedded
in smart mobile devices (Khan et al., 2013).

2.3 Usability inspection
Usability has been a pivotal issue within the field of Human-Computer Interaction
(HCI) since the early 1990s with several usability testing methods becoming abundant.
As conducting full usability testing become expensive, usability inspection methods
were adopted due to their rather low costs and reliance on expert reviews and user
interface analysis rather than observing real users (Hollingsed & Novick, 2007).
Usability inspection consists of different approaches including formal inspections,
heuristic evaluations, cognitive walkthrough, and pluralistic walkthrough. While these
approaches are less expensive, they are also quick and easy to perform and hence
according to Nielsen (1995), ordinary developers could assume the roles of evaluators
although using an expert will yield better results. Usability inspection according to
Nielsen (1994), is a generic name for a group of methods that are used to inspect an
interface using evaluators rather than users. It is primarily aimed at identifying usability
problems as well as addressing the severity of usability problems.

2.3.1 Heuristic evaluation
Heuristic evaluation (HE) is the most informal of all usability inspection methods
(Nielsen, 1995) as well as the most common among them (Chattratichart & Lindgaard,
2008). It is simple, cheap, and a fast way to evaluate interfaces using one or a few
evaluators. Its simplicity can, however, lead to chaos due to its open-ended nature as it
could result in different evaluators reporting different problems about an interface while
also potentially missing a high number of problems. In HE, evaluators assess an
interface following a set of guidelines and identifying where usability problems occur
and their severity. Despite the problems HE poses, it is widely used by both experts and
non-experts for usability evaluation.

2.3.2 Cognitive Walkthrough
Cognitive Walkthrough (CW) is a usability inspection method that simulates a user’s
process of solving a task step by step in order to establish if the user’s goals can be
assumed to lead to the next correct action (Nielsen, 1994). CW is based on the model of
learning and use and can be performed on an interface at any point of the development
cycle. CW is divided into two phases primarily; first, a preparatory phase where
experimenters determine the interfaces to be used, the possible users, the task(s) to be
performed, as well as the actions to perform during the task, and second, an analysis
phase where evaluators work through the assigned tasks by thinking as the identified
users. Though cognitive walkthrough does not come without its challenges, it has been
found to be learnable by amateurs (Hollingsed & Novick, 2007).
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2.3.3 Formal usability inspections
This is a combination of a rather simplified version of cognitive walkthrough and
heuristic evaluation methods using a six-step procedure (Nielsen, 1994, 1995). It
involves the use of task scenarios and user profiles as done in CW with the goal of
identifying the maximum number of defects in an interface with as much efficiency as
possible by stepping through the user’s tasks. A number of companies have used this
method in the past including Hewlett Packard and Digital Equipment Corporation which
resulted in both companies identifying an average of 76 and 66 usability problems
respectively (Hollingsed & Novick, 2007). According to Hollingsed and Novick (2007),
there is no recent publication of the current use of this method or of its comparison to
other methods.

2.4 Demographic data
Demographics constitutes an array of information including the breakdown of a given
population by age, gender, ethnicity, marital status, etc. (French, 2014). Demographics
gives an idea of the composition of a given population. Demographic data has been used
for various studies and has played a huge role in crowdsourcing research as well
(Bright, De Sabbata, & Lee, 2018; Chakraborty et al., 2017; Yank, Agarwal, Loftus,
Asch, & Rehkopf, 2017).
Crowdsourcing as a method of collecting data has grown in use. However, its ability to
represent the population (groups) under study is not very reliable as it has been found to
either overly represent some groups or underrepresents them (Yank et al., 2017).
According to Yank et al. (2017), it is important to consider the population which is
targeted by a crowdsourcing research and creates a means of reaching unreachable
populations through the application of remote and other electronic platforms. A core
concern is with paid tasks where participants who may not be qualified or may not even
fall into the category of users needed for the study opt-in due to financial rewards. In
cases such as this, the generated data may not fit the target population.
While crowdsourcing data collection may be cheaper and potentially reach more
participants, it may not necessarily represent the target population under study. The bias
could be attributed to the need to be able to use modern day internet technologies such
as mobile devices and public displays. According to Yank et al. (2017), crowdsourcing
participants are relatively younger and hence crowdsourced data within the 20-39 age
range are likely to be overrepresented. Research by Chakraborty et al. (2017) found that
a large percentage of topics trending on Twitter is promoted by crowds whose
demographics are significantly different from the overall user population on the social
platform while also identifying some underrepresentation of certain minorities. Bright,
De Sabbata and Lee (2018) argue that the more affluent and educated among a
population overshadow the rest of the population in crowdsourced data gathering
activities using instances of contributions on Wikipedia and OpenStreetMap, two very
popular crowdsourced knowledge websites.
When conducting crowdsourced research, it is very important to take into perspective
the possibility of such biases and take appropriate measures to reduce this bias at the
least. While Bright et al. (2018) accept the existence of this bias, they expressed concern
that there is not enough information with regards to the extent to which this bias which
they labeled “geodemographic”, truly makes a difference in the outcome of
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crowdsourced websites. It is unknown if bias in contributors amounts to bias in the
outcome of their contributions. While crowdsourced knowledge websites such as
Wikipedia have a lot of contributors from Africa, it also has a lot of articles about
African and the African people contributed by people living elsewhere who may not be
African (Bright et al., 2018; Ellis, Holloway, Wright, & Fowler, 2012).
The collection of user demographic data has many advantages to providing an
understanding of who the participants in a study are, not necessarily about identifying
them, but about knowing how they fall within the group or population under study.
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3.

Research Methodology

This study is aimed at designing and implementing a mobile software data collection
tool (referred to as the “artifact”) to collect videos and metadata using crowdsourcing
techniques. The research methodology used for the study is Design Science Research
(DSR). While Design Science (DS) is primarily the major methodology used, other
methods such as the Qualitative method will be employed during the evaluation of the
designed artifact. Moreover, a literature review on related work regarding
crowdsourcing, and usability evaluation was conducted. In this chapter, we discuss the
research problem, research questions, and how the chosen research methodology is
applied to the study.

3.1 Research problem
Research problems are in two forms: practical problems and knowledge problems
(Wieringa, 2009). According to Wieringa (2009), practical problems are focused on
investigating, designing, and improving an artifact or at the least, certain aspects of it
while knowledge problems are focused on the usefulness of the current knowledge of an
artifact to its stakeholders. Often, people are biased in their expression of emotions
when they need to put it in writing. People’s account of situations often changes, and
sometimes in the case of surveys and interviews, due to an expression of empathy for
the researcher. Participants of researches, in a bid not to make the researcher feel ‘bad’,
offer responses that they naturally would not provide. Is it possible to detect if two
people sitting by each other, eating together, taking a picture or video together to like or
not like each other? In this research, we are interested in novel scenarios such as
investigating if machine vision could be used to detect whether people like each other
based on their facial expressions. For this, available online facial recognition databases
do not offer any training data set. The need for the collection of such data currently
exists as it possesses a huge potential for future studies considering various phenomena.

3.2 Research objective
The goal of the research is to design and implement a software tool to enable
researchers to collect videos from a large pool of people through crowdsourcing means
for machine vision analysis. We are particularly interested in the tagging of the videos
with anonymous demographic information of the participants as well as data from
custom post hoc surveys.

3.3 Research questions
RQ1: How can mobile technologies be used to collect a large pool of videos and
metadata?
This research question is considered to provide an in-depth understanding of how
modern mobile technologies can be harnessed to collect videos and metadata from
crowdsourcing participants. An answer to this research question will provide the needed
fundamental knowledge to understand the purpose and discussion of the study, in
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particular, by designing, building, evaluating and putting into use an application that
will use crowdsourcing to collect videos and metadata from the public. The research
question is focused on the technologies that have been made available through various
advancements within the mobile technological industry. While indeed technologies are
constantly being developed and improved, this research question is concerned with how
such existing technologies could be harnessed for the purpose of recording and
collecting videos and metadata for research purposes using crowdsourcing techniques
and approaches.
RQ2. What are the perceived obstacles and challenges in crowdsourcing video datasets
in the public?
The second research question concerns the difficulties and potential problems
surrounding the collection of videos using crowdsourcing means. This question will
reveal the difficulties in conducting mobile and situated crowdsourcing activities as well
as approaches to avoiding such difficulties. While this is not the first mobile
crowdsourcing project to be conducted, we hope to uncover issues that may have been
missed by other researches. The answer to this research question is mainly through
literature review of related work regarding video recording, crowdsourcing and usability
of these type of applications.

3.3.1 Engineering cycle
The research questions related to this study are of the practical problems type. To
answer these questions, we make use of the engineering cycle proposed by Wieringa
(2014) as a research methodology for tackling and answering practical problems. The
steps involved in the engineering cycle are presented in Figure 1.

Figure 1. Engineering and design cycle (Wieringa, 2014)
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These steps provide guidance throughout the course of this research. The engineering
cycle includes both the design cycle and the implementation phase of the design. While
the design cycle does not constitute the final implementation phase of the engineering
cycle, we go a step further by implementing the design in software code. An explanation
of the chosen design cycle for this research is outlined in the following paragraphs.
Problem Investigation
The first step in the engineering cycle as depicted in Figure 1 is the investigation of the
problem at stake and the reasons for the problem are outlined. Here, a lot of learning is
made with regards to the problem to be solved. Researchers in the Machine Vision
industry are finding it difficult to get access to video datasets with well-tagged metadata
that could be useful for the study of phenomena including how likely it is two people in
a video like each other. While micro expressions have been studied extensively, having
a well-tagged video with appropriate self-evaluated metadata of the people in the video
stands to provide a good ground for machine vision analysis. Collecting this selfevaluated metadata along with the videos of participants has been done using various
ad-hoc means. In order to have a deep understanding of the underlying issues, an indepth study will be conducted targeted at data collection through crowdsourcing.
Treatment Design
In this step, we design a number of artifacts that could treat the identified problem. It is
worth knowing that some artifacts may only solve the problem partially and others may
not solve it at all. However, a number of possible solutions must be identified and
considered. While attempting to solve a problem, an artifact could rather introduce new
problems. The word “treatment” is adopted here as used in the field of health-care
according to Wieringa (2014) is explained in the following manner, “An artifact
(medicine) interacts with a problem context (the human body) to treat a real-world
problem (contribute to healing)”. Thus, treatment is the interaction between the artifact
and the problem context. In essence, in this step, we design the desired interaction
between the artifact and the problem context with the intention of finding a solution to
the problem by considering various designs.
Design Validation
In this step, the selected design will be evaluated through client demonstration and
feedback. Validation is the justification that an artifact would contribute and deliver on
the goals of its stakeholders when implemented. Cognitive walkthrough, a usability
evaluation method in which an evaluator works through a series of tasks, asking a set of
questions from the end user's perspective, will be used to evaluate the proposed design
treatment with the evaluators. This process will provide great insights into
understanding the system’s learnability for new users in a much quicker way. It would
also provide insights into the practical usefulness of the artifact. More importantly,
feedback from the evaluators can provide a basis for the initiation of another research
cycle if need be. In this step, we investigate the effects of the interaction between the
designed artifact and the problem context with regards to the requirements of the
system.
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Treatment Implementation
In this step, we transfer the validated design into a software product that can be used in
real-world contexts of the problem domain to tackle the defined problem. While DSR is
often restricted to the design cycle, which is focused on the first three tasks of the
engineering cycle: the investigation of the problem, the treatment design, and the
treatment validation, in this research, we go a step further, by transferring the approved
(validated) design into a technological tool (software product) that can be transferred to
the market as a ready product capable of solving the identified problem. With respect to
this research, we transfer the approved validated designs into software code using
various software development techniques, approaches, and tools.
Implementation Evaluation
This step is concerned with investigating and understanding how the designed artifact
faired when applied by stakeholders in the problem domain context. Following the
engineering cycle, the evaluation of the artifact will be conducted after the
implementation phase. The experience and feedback of stakeholders in the use of the
implemented artifact can be used to improve the design based on the benefit of
hindsight. Evaluation in this stage is thus focused on how the implemented artifact
interacts within real-world contexts.

3.4 Research approach
This thesis follows strictly the Design Science Research (DSR) as its fundamental
methodological approach. In this section, we provide some explanation regarding the
use of the DSR framework and the DSR guidelines within the context of this study. The
DSR guidelines are listed in Table 2.
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Table 1. Design

Science Research Guidelines (Hevner, March, Park, & Ram, 2004)

The design guidelines as proposed by Hevner et al. (2004), are seven in number and
have often been used as a guide by when conducting design science research studies.

3.4.1 Design science research guidelines
The fundamental principle upon which DSR is based is that the knowledge and
understanding of a design problem and its corresponding solution, are required in the
building and application of an artifact (Hevner et al., 2004). Since DSR is inherently a
problem-solving process, it requires specificity in the problem domain as well as the
creation of an artifact that is purposeful and innovative, and able to yield effective
results for the specified problem. In doing so, there lies the need for a thorough
evaluation of the artifact as the innovation inherent in the artifact may likely lead to
some form of novelty in its application to the problem domain. Rigor in terms of
definition and formal representation of the coherent and consistent process by which the
artifact is created incorporates a search process by which a problem space is
constructed, and a mechanism enacted to find an effective solution. The final output of
the research must be communicable in an effective way to both technical and nontechnical audience alike. The above reasons according to Hevner et al., (2004) are the
basis for the establishment of the seven guidelines for DSR research which are briefly
considered within the context of our study.
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Design as an artifact
An artifact is a created item by people for some practical purpose (Wieringa, 2014).
Artifacts could be in the form of algorithms, methods, notations, techniques, among
others. In the context of this thesis, the artifact is an Android Operating System based
mobile application called “VideoSourcing”. VideoSourcing is created specifically for
the purpose of data collection from crowdsourcing participants from around the globe.
The application relies on a number of inbuilt mobile technologies to provide a
simplified interface for the two core features of the application: video data collection,
and self-evaluated metadata collection. The application captures a video of the user
performing a task. Upon completion of the task, the video is uploaded to a cloud-based
database for storage. The user is then presented with the second most important
component of the application and the data collection process, the customizable post-task
survey where the user provides some form of feedback as well as providing other forms
of data for the purposes of tagging the video.
Problem relevance
The currently available online facial recognition databases do not offer any training
dataset for novel scenarios such as using machine vision to detect if people in a video
like each other. In this research, we seek to develop a software tool that would lead the
way for the collection of facial video recordings of people performing different tasks in
different contexts along with self-evaluated data which will then be used to tag the
video, providing enough data for machine vision analysis to be conducted for scenarios
such as the determinacy of the tendency of two people in a video liking or hating each
other. The VideoSourcing application which can be used for both remote studies within
the crowdsourcing environment can be installed by participants from the official
Android app store, Android Play. Upon installation, tasks will be assigned via a push
notification system integrated into the application. A modified version of the application
will be mounted on public displays for other studies. Although remote in themselves,
public displays are often restricted in terms of mobility as they can only be stationed at
one point at a time. Each notification received contains a new task that the participant
could perform if he/she is interested in doing so. The artifact also provides geographical
information as part of the metadata, in this case, the Global Positioning System (GPS)
coordinates of the location of performing the task. This will provide some context for
the analysis later.
Design evaluation
An evaluation of the design concepts will be performed on a continuous basis using
Cognitive Walkthrough, a task-specific approach to usability (“How to Conduct a
Cognitive Walkthrough,” 2017) with the primary stakeholder who happens to be a
usability expert. The outcome of the design evaluation would lead to appropriate design
changes based on the ability of a new user to use the system to perform specific tasks.
The factors that would be considered during the Cognitive Walkthrough include ease of
use, understandability, functionality, accuracy, accessibility, and perceived usefulness.
The focus at this stage is about the design options available and their ability to meet the
required specifications. The design evaluation phase will provide quality feedback with
regards to the quality of the design process as well as the artifact itself. It is at this stage
that the aesthetics of the proposed designed artifact are also considered, and it is widely
expected that the artifact would be aesthetically pleasing to both the designer and the
user of the artifact. According to Hevner et al. (2004), the evaluation of designed
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artifacts uses one or more of the following methodologies present in the pre-existing
body of knowledge as can be seen in Table 2.
Table 2. Design Evaluation Methods (Hevner et al., 2004)

DSR studies must be evaluated and Table 2 provides some evaluation methods and in
which capacity they can be used. The artifact is considered complete when it satisfies
the set requirements of the problem it was set to solve.
Communication of research
The artifact needs to be presented to its users, both technology-oriented and nontechnology-oriented audiences insufficiently detailed form. This depth of
communication will enable users to take advantage of the benefits offered by the
artifact. It is also important to make it simple for the audience to understand the process
by which the artifact was constructed and evaluated for the purposes of extensibility of
the artifact and also for the repeatability of the study by other researchers. In the
conduct of this thesis, we have attempted to provide an in-depth explanation of the
importance of the problem the designed artifact attempts to solve and its novelty to the
research community. It is also important to note that, the ability of other researchers to
customize the designed artifact by making little to no change to it in order to run very
different data collection studies is clearly communicated throughout this thesis. Thus,
the VideoSourcing application is completely reusable in other contexts as well.
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3.5 Design science research frameworks
Design Science is a generally accepted research perspective aimed at producing and
assessing groundbreaking artifacts to address organizational problems and challenges
(Adikari, McDonald, & Campbell, 2011). While essentially generating and contributing
to the scientific body of knowledge, DS focusses foremostly on the creation and
evaluation of improved artifacts as solutions to organizational problems. Hevner (2007)
presents a well-documented process for conducting design science research by means of
three design science research cycles namely: Relevance Cycle, Design Cycle, and Rigor
Cycle (see Figure 2).

Figure 2. Design science research cycles (Hevner, 2007)

The existence of these three cycles in any design science research project as shown in
Figure 2, is necessary according to Adikari et al. (2011).
In Figure 2, the relevance cycle establishes a connection between the Environment and
the DSR activities upon capturing the problem that needs to be addressed. According to
Hevner et al. (2004), as depicted in Figure 3 below, the environment defines the
problem domain in which there exists an object that we are interested in. This
environment constitutes people, organizations, and the organizations’ technologies, both
existing as well as future ones. It encompasses all items related to the study, primarily
the goals, problems, opportunities, and tasks that exist as a result of the assessment and
contextual evaluation of organizational strategies, structure, culture, and current
business processes, which together define the business need for the desired artifact. The
relevance cycle operates as the source of input of requirements for the research study.
Relating to this thesis, the relevance cycle provides the requirements of the system
(artifact) to be built by identifying the existing problem of finding a dataset fit for
conducting novel research. The acceptance criteria are also clearly defined for the
artifact which is then produced as output from the DSR back to the Environment for
implementation purposes. In order to know if an iteration is enough, we test the
suitability of the artifact in the Environment. If the artifact falls short of expectation or
performance, another iteration of the relevance cycle is performed. Taking a more
critical view at the framework itself as depicted in Figure 3 and its application to this
research, it is important to note the three main constituents of the environment: people,
organizations, and technology. We provide a brief explanation of each below.
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People: This relates to the people who will be involved in the use of the designed
artifact “VideoSourcing” for data collection purposes. This artifact will be used by any
individual who opts to join the study. There are two means by which study participants
could use the VideoSourcing application. One way is to download the VideoSourcing
application from the official Google store known as “Google Play” onto their phones
and with it perform tasks as assigned. The other means is the use of public display
devices for taking the tests. In this case, the application will be preinstalled on the
public display devices. All that the user needs to do is to start the test by pressing a
button. This will ensure we are able to reach as many people as possible and to allow
people who may not be interested in downloading and installing the application on their
phones to be able to participate in the study.
Organizations: The design, development, and testing of the artifact is done at the
University of Oulu. However, a number of organizations come into play during the
running of the study, including locations (business locations) where the public displays
will be mounted for easy access to people. An organization such as Valkea Oy in the
central part of the City of Oulu as well as the office of the City of Oulu, among others
will be hosting the public displays. This is due to the presence of often large groups of
people at these places.
Technology: The artifact is built specifically for the Android Operating System and
would run on Android devices including mobile phones and tablets that run on version 5
and above. The application is built with the use of a number of technologies. The
official IDE (Integrated Development Environment) for building Android applications
Android Studio (“The Official IDE for Android,” 2018), will be used for the
implementation phase. Other technologies that are used include: Amazon S3, a cloud
computing web service will be used for storing the videos of participants (“Amazon
S3,” 2018); mLab, an online NoSQL database will be used for storing post-task survey
metadata as well as demographic data of participants (“mLab: Database-as-a-Service,”
2018); OneSignal, a near real-time push notification service will be used for sending
tasks to test participants through push notifications (“OneSignal: Push Notification
Delivery Service,” 2018); and Git, a version control system for versioning software
code will be used during development using Atlassian’s Bitbucket online repository
hosting service (“Bitbucket Git Code Management Tool for Teams,” 2018).
The knowledge base is fundamentally made up of scientific theories, methods,
experience, expertise, and foundations. DSR activities are connected to the Knowledge
Base by the rigor cycle as shown in Figure 2 to facilitate the receipt of foundations for
rigorous DS research that would ensure innovation. While doing so, the rigor cycle also
plays an additional role of feeding back new knowledge into the knowledge base to
update and improve it. As stated earlier, the knowledge base is the source of resources
through which research is accomplished. Previous research provides the foundational
theories and frameworks while the methodologies provide the guidelines for the
evaluation of the artifacts. In rightly applying these existing theories and methodologies,
rigor is attained. In this study, we made use of existing literature on running
crowdsourcing research, existing knowledge of mobile technologies and the possibilities
they bring, as well as data collection techniques.
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Figure 3. Information Systems Research Framework (Hevner et al., 2004)

The design cycle plays a central role in the DSR process as it stands out as the main
focus of carrying out DS research. The inputs to the DSR comes from two sources:
requirements from the relevance cycle, and the design and evaluation theories,
foundations, and methods from the rigor cycle (Adikari et al., 2011). We iterate the
design cycle multiple times by building and evaluating design artifacts, leading to the
creation of alternatives that are also tested against requirements set from the very
beginning. This iteration goes on until an acceptable design artifact is attained. The
artifact and contributions of the research are then fed back to the environment for
implementation while the knowledge base is further updated. From Figure 3, we see that
IS Research is divided into two separate components that depend on each other:
development and justification. During the design and development of the artifact, there
will be continuous refinement based on inputs from the evaluation component. This will
ensure the artifact will meet both designer and end-user satisfaction in terms of usability
and aesthetics. This interdependence will continue until the final acceptable artifact is
completed.
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4.

The Artifact

The artifact being designed for this study is an Android-based mobile application that
runs on a minimum Android version of 5.0 (Marshmallow). The application is designed
for the capture and collection of self-reported metadata. It comprises the recording of
short videos of people performing some task and the filling of a post hoc survey upon
completing the task.
The artifact, named as “VideoSourcing” is a mobile application that runs on the Android
platform designed to be used for data collection in crowdsourcing studies. In harnessing
the power of crowdsourcing, we hope to collect as many videos as possible from as
many different contexts as possible. Though the study could be carried out in both
controlled and uncontrolled environments, it is important to note that user behavior is
often affected when participants are aware, they are being observed. This could to an
extent affect their reactions during the performance of their tasks.
The vast dataset of videos and metadata about the videos that will be collected can be
analyzed using computer vision techniques to study different phenomena through
further analysis although that aspect does not fall under this thesis. This thesis is only
focused on the building of the mobile application for the collection of the videos and
metadata.
The application has several features embedded within it that provide a simple but
intuitive interface for use. Push notifications, post-task survey, and video recording are
some of the features within the application. In the following sections, we provide some
more details about the artifact, its purpose, and requirements.

4.1 Purpose of the artifact
The artifact is a data collection tool for capturing self-reported metadata. It is part of a
larger academic project aimed at building a large configurable video database of
crowdsourced videos and self-reported data by the study participants. The artifact will
be used in the early phase of the project to collect data (video, metadata, post-survey
data, etc.) for future analysis using machine vision for the study of various phenomena.

4.2 Requirements of the artifact
The requirements set out for the VideoSourcing application are quite straightforward
and are discussed in the following sub-sections.

4.2.1 Ease of use
Due to the wide diversity of possible end users, there is a need for the application to be
easy to use. The simplicity of the user interface (UI) and informative cues within the
application make it easy for a first-time user to navigate the interface without the need
for help. There is a help feature that users can access for assistance when needed.
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Buttons are clearly labeled; the flow of the application is well structured and easy to
follow.

4.2.2 Collect location data
To provide contextual information about the location of the user while taking the video,
the location data of the participant needs to be collected. This information is not meant
to track the individual in any way but to provide information about the location (city) by
means of Android’s geocoding feature. Thus, with the GPS coordinates of the
participant, we save the city from which the video is saved. This will allow us to be able
to perform analysis based on geographic locations in the future. It would also allow us
to compare results across various geographic locations. As the experiment will be
conducted by posting it on various platforms, it is possible for people from different
continents to participate. It would be a good thing to know the geographical source of
the data.

4.2.3 Anonymity
The application is built to anonymously collect data from participants. No information
about the participant is stored except information they willingly provide in the post-task
surveys and their location which is reverse geocoded in order to hide the actual location
of the participant rather than the city from which the task was performed in. No names
of the participants are collected. Rather, participants are encouraged to provide a
nickname during the registration process. Other metadata such as age, gender,
educational level, etc. are collected.

4.2.4 Allow push notifications
The application makes use of push notifications to assign tasks to participants. Upon
tapping on a notification, the participant is provided with a more detailed information
regarding the task to be performed. If the participant misses the push notification, the
assigned task is not lost. It is still available to the participant once s(he) opens the
application on his/her mobile device. In so doing, we are guaranteed that the participant
gets a second opportunity to partake in the study. While push notifications can be pretty
annoying, measures will be taken to ensure that participants do not necessarily receive
push notifications which could ultimately lead them to uninstall the application before
the study is over.

4.2.5 Allow interaction during video recording
The primary data collected using the application is a video recording of a participant
performing a task assigned via a push notification to the application. While performing
the task, the user is able to interact with the recording screen. The application invites the
user to perform these interactions (e.g. short quizzes), among other things. Such microinteractions are embedded to trigger the exhibition of expressions, that the user would
not have exhibited.

4.2.6 Post-task survey
Post-task surveys are a good way to collect data about the task performed by the
participant. Questions posed are often reflections regarding the task performed and to
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ascertain the ease or difficulty involved in the performance of the task. Since each posttask survey is dependent on the task assigned, the questions to be answered need to be
different. They must be tailored towards the task performed. Since the application can
be used to conduct any form of tests as long as it involves recording a short video, it
would be inappropriate to predefine questions within the application. Although
questions could be dynamically inserted into the application at runtime, the choice of an
appropriate Android element that would suit the needed response would be problematic
to be generated dynamically. In view of this, the post-task survey needed to be very
simple, easy to answer, and yet, provide the needed metadata for later analysis. Each
post-task questionnaire response is tagged to the video recorded; providing a good way
to perform analysis on both the emotions and expressions within the video and the selfevaluated data provided by the participants in the post-task survey.
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5.

Architecture and Design

The VideoSourcing application centers around two core themes; collecting short video
recordings of users performing a simple task, as well as self-reported metadata through
the user of post-task surveys. The application is designed to be used in different
contexts and for different tasks. Thus, no single individual will perform the same a task
twice with the same device. The tasks are short and simple, aimed at encouraging user
participation but could also be longer depending on the focus of the study determined by
the researcher. Since the focus of this application is to be used within a crowd-sourcing
environment, it is estimated that a large number of people will use the application to
perform various tasks relating to video recording and post-task surveys. Data collected
during the performance of a task by a user as well as metadata collected during the
performance of the assigned task are uploaded to a web server to be stored in a database
as depicted in Figure 4.

Figure 4. Data flow from different mobile devices to the cloud storage

The data includes anonymized information about the user, including the user’s
nickname, age, gender, among others. Location information is collected, the video
recording itself; which is the primary focus of the study as well as data from the survey
at the end of the task. All these are uploaded and stored for later retrieval and analysis.
The data can be uploaded to the server at different moments in time in no particular
order. The VideoSourcing application which currently only runs on the Android
platform is built primarily in the Java programming language with a few snippets of
code in the Kotlin language while technologies such as Amazon S3 and mLab are used
for data storage purposes. The components of the artifact are explained in detail in the
following paragraphs.
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5.1 Video recording
Video recording is the central focus of the artifact being designed. The aim is to create a
huge database of crowdsourced videos that can be used for different kinds of study. The
application leverages the in-built camera and microphone of Android devices. Since the
application is focused on recording the user performing a task, the front-camera feature
of the Android phones is used. To be able to run the application, therefore, one is
required to possess a phone that has the front-camera feature. While harnessing the
power of the in-built Android camera, the application uses its custom-built camera view
that provides a means to display several overlays on the screen during recordings.
The most obvious element visible on the recording screen is the count-up timer. While
the app is aimed at recording videos of up to 30 seconds, strictly restricting the timer
may lead to the participant racing against time to perform a task. Since the speed of
completion of a task is not of interest to the study, it was decided to use a count-up
timer instead, to serve the purpose of informing the user of the time spent in performing
the given task.
The video recorder interface consists of a button for starting and stopping the video
recording, a timer overlay which becomes visible when recording begins, and other
overlays that may be shown during the course of the recording. Depending on the task
and the interest of the researcher, these overlays may be interactive. During the
recording period, the user is expected to perform the task that was assigned while
ensuring that his or her actions are captured by the video. Thus, if the task includes
waving at a friend, the video must show the waving action performed by the user.
Prior to the video recording session, data, in the form of short interactive questions may
be collected from the user as a form of pre-task survey although this may not always be
the case. The input to such pre-survey questionnaire, should they be, would be stored
and used to compare the inputs of the user in the post-task survey. This could be used to
check if the performance of the test-task had an influence on the participant or not.

5.2 Structure of the artifact
The VideoSourcing application is a mobile application that can be operated on handheld mobile devices built for the Android operating system and has a front camera. The
mobile application typically receives a task through a push notification, displays the
task to the user, records a video of the user performing the assigned task, uploads the
data to a cloud storage for later retrieval and displays a post-task survey to the user to
complete. The mobile application makes use of the high-level architecture shown in
Figure 5.
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Figure 5. Structural components of the artifact

The VideoSourcing mobile application is made up of 3 major layers, a user interface
(UI) layer through which the user interacts with the application, a business logic layer
where the functionalities of the application are implemented, a service component, and a
storage layer where data is stored as shown in Figure 5.

5.2.1 Presentation layer
The presentation layer of the application comprises of components that implement and
display the user interface that is presented to the end-user through which the user
interacts with the VideoSourcing application. It is responsible for user input and display
as well as other controls that aid interaction. This is where data is rendered and
formatted while also serving as a point of data input validation by the end-user. This
layer is in charge of everything the end-user sees or considers as part of the application
based on interaction.

5.2.2 Business Layer
This is the central part of the VideoSourcing application that encompasses the core
business logic. It mainly comprises of the business logic components that are
responsible for the retrieval, recording, processing, and transformation of data through
the application of business rules. This layer collects data from the server by means of
push notifications and stores that information in a local database for later retrieval and
display on the UI. It is also responsible for the recording of the video activities, the
processing of interactions between the user and the application, and the uploading of the
data to the server. The video recording makes use of several business processes that
involve several multiple steps that are executed in order, with various processes
communicating between themselves. Due to the long-running operations of most of the
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tasks, they are executed asynchronously to free up the main thread (UI thread) for
further use of the application while the long operations are performed.

5.2.3 Services
Although not a layer on its own, the services component aids the work done in the
business layer. The Android platform is single-threaded, that is the Main thread is in
charge of everything one sees on the Android screen. To make things faster and less
processing intensive, long-standing operations are shifted to other threads to handle, and
in our case various services that run independently of the main thread. This frees up the
main thread to perform other tasks. When uploading data e.g. the recorded videos to the
cloud storage, it is important to move such a long-standing task to the service so that the
user can continue using the application while the upload is done in the background. This
improves the overall usability of the application. Figure 6 depicts how data is saved to
the cloud storage using a service.

Figure 6. Connection to cloud storage using a service

Figure 6 illustrates how the VideoSourcing application connects to the cloud storage,
both Amazon S3 and mLab database through a service.

5.2.4 Data storage
Data storage plays a significant role in any multi-layered architecture. Although the
VideoSourcing application is intended to save recorded videos as well as metadata
directly to the server, the need for local data storage is of immense relevance. Videos
are stored locally using file storage before being sent to the server. In situations such as
network connectivity unavailability, the videos could be saved to the server later when
an internet connection becomes available. Asynchronously uploading the video to the
server ensures the application is available for further interaction by the user. Local
storage is used significantly within the application through the use of Room Persistence
Library, a library that provides a layer of abstraction over SQLite, the default local
database for Android devices. It is used to save tasks assigned through push
notifications. This is to ensure that if an end-user dismisses the push notification, the
task is still available in the application for him/her to see and perform at a convenient
time. Amazon S3, an online data storage service is used as storage for the video files
(“Amazon S3,” 2018). Links to the video files and other metadata are then saved in an
online database using mLab’s Database as a Service (DaaS) platform (“mLab:
Database-as-a-Service,” 2018). In storing data, we make use of file storage, local
database, Amazon S3, as well as mLab’s online database platform.
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5.3 Other issues
Other components and issues, mostly device related, that could have an impact on the
successful use of the application for its intended purpose are discussed in the sections
that follow.

5.3.1 Front camera
The mobile devices that can run the VideoSourcing application must have a front
camera. As the focus is on capturing the user’s reaction while performing a task, it is a
necessity for the mobile device used by the user to possess a front camera with which
the video can be captured. To ensure mobile devices that do not have a front camera do
not install the app in the first place, the front camera is required as a feature, thus mobile
devices that do not have a front camera would not be able to install the application.

5.3.2 Memory & CPU performance
In order to save the video files locally first, before being uploaded to the server, it is
important to consider the memory requirement of the VideoSourcing application.
However, due to the expected length of the task videos, thus not more than 60 seconds,
a storage capacity of up to 500 megabytes (500MB) of storage capacity is enough to
store videos. A minimum Android version 5.0 is required to run the VideoSourcing
application due to the need for high CPU performance as well as the handling of
complex processes during video recording.

5.3.3 Battery life
One major concern is the availability of battery life of the mobile device being used. In
order not to lose data during the performance of the task, it is required that the mobile
device’s battery should be well charged and in cases where the mobile device has
problems with its battery, a power supply should be readily available to sustain the
mobile device through the entire task performance process.
The VideoSourcing application does four (4) things primarily:
(i)

It retrieves task details from push notifications and saves them in a local
database for display when the app is run.

(ii)

It captures the video recording of the user performing a specific task.

(iii)

It collects data from the user in the form of a short survey after the video
recording session is completed.

(iv)

It uploads the video, survey data, and other relevant information regarding the
assigned task to a cloud storage to be stored for later retrieval and analysis.

5.4 Design process
The design of the artifact was done using an iterative process starting with less detailed
designs to high-fidelity prototypes. The design solution was constantly refined as a
deeper understanding of the artifact was gained. Design reviews were often conducted
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with the stakeholder, and the feedback received was incorporated into the revised
design.

5.4.1 Conceptual model
Conceptual modeling is a design process that makes the designer take the position of an
end user’s viewpoint of the concepts, workflows, and features of a product design
(Pabini, 2010). It is an attempt aimed at creating the mental view of how users visualize
a task or design in their minds. Mental models are psychological representations of real,
abstract or imaginary situations (“What are mental models?” n.d.). Johnson (2013)
considered conceptual models in a different light. According to Johnson, a conceptual
model is the model of a product that the designer wants the end-user to understand, thus
the model is the understanding that exists in the mind of the user regarding what a
particular product is and how to use it. An illustration is presented in Figure 7.

Figure 7. How designers and users identify with an artifact (“Mental models,” n.d.)

The goal therefore of a conceptual model is to resonate with the mental pictures the endusers of a product have about that product. Thus, if the mental models created in the
minds of the end-users match the user interface made by the designer, a connection is
established between the end-user and the designer as they both possess a similar image
of what the product is and what it could do or be used for. As shown in Figure 7, the
“system image” is the model through which the communication between the end-user
and the designer takes place. Maintaining a conceptual model that is simple and
functionality-focused is key.
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Figure 8 is a conceptual map of the flow of data in the VideoSourcing application.
Concepts are enclosed in circles with relationships between them illustrated by a
connecting line linking the concepts.

Figure 8. Conceptual map of the flow of data in the VideoSourcing application

The relationships are named. This concept map shows how the various components of
the VideoSourcing application are interconnected. A more coarse-grained design
depicting a high-level illustration of the application was designed. This design formed
the basis on which the conceptual map above was designed. (See Figure 9)

Figure 9. Data flow view showing how data flows from the user to the cloud storage
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Figure 9 provides a high-level view of the VideoSourcing application which constitutes
local storage (local database, shared preferences, application folder), and an external
cloud storage. The entity’s (participant’s) role in the use of the tool is shown, using the
VideoSourcing mobile application to perform assigned tasks. Based on the models
created and the understanding of the models, UI mockups were designed to enable the
interaction between end-users and the artifact.
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6.

Implementation

The purpose of this thesis is the development of a data collection tool that would be
used within a crowdsourcing environment to collect data from people to build a video
database for future analysis. The tool, also called “VideoSourcing” will run on the
Android Operating System, making it suitable to be used in very mobile environments.
The development of the application follows conditions that will enhance the usability of
the artifact and provides channels for future improvement and customization. The
artifact was implemented using the Java programming language, the most popular
language for the development of Android applications with some parts of the code
implemented in Kotlin programming language. The source code was versioned using
Git and stored in a repository on BitBucket, an online Git repository.

6.1 Artifact features
The artifact, VideoSourcing application, runs on Android devices with versions 5.0 and
higher. Thus, according to the official documentation by Android Studio, the application
would be able to run on 85.0% of all mobile devices that run on the Android Operating
System (“The Official IDE for Android,” 2018). This includes both smartphones and
tablets. To leverage the power of mobile devices for the collection of videos and
metadata (RQ1), we implemented a video recording feature of the VideoSourcing
application, for capturing the users performing assigned tasks. While doing so, we
collect some metadata such as geolocation coordinates in a background service which
can then be tagged to the video afterward for analysis purposes. This thesis only focuses
on the data collection stage and does not include the analysis of the videos using
machine vision. However, the functionality of this artifact is critical for subsequent
stages of the project to continue. Other features of the artifact include push notification,
task description, and post-task survey.

6.1.1 Task description
The first point of call of the application is the task description. Due to the nature of
crowdsourcing, it is important not to waste a participant’s time. To ensure that test
participants’ motivation stays high, they are quickly presented with the task to be
performed. A thorough but simple enough description of the task is provided and a
button to start the test. Figure 10 shows the task description feature of the artifact. A
simple screen informs the user when no task is available. When a task is received, it is
displayed with a task title, a customizable icon specific to a task as well as a detailed
description of what the participant should do as can be seen from Figure 10. All
elements on this screen are customizable for the conduct of different tasks and
experiments. In order not to bore participants, we maintain this simple screen and
subsequent tasks via push notifications replace the current task on display.
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Figure 10. Task description feature without a task (left) and with an assigned task (right)

Android requires user consent when data about the user will be captured in some form.
The consent comes in the form of permissions. Users are asked to grant third-party
applications permissions to access security features such as storage, camera,
microphone, location, among others. The functionality of the designed artifact requires
the use of the device’s camera, storage, as well as location. Permissions are thus
required from the user. Permissions are granted once and usually required during
runtime. We have implemented permission requests for access to the user’s device’s
storage where we store the video files before moving them to the cloud storage on
Amazon. We also request access to the device’s camera in order to capture the user.
And finally, we request user permission to grant access to their location so that we could
capture geographic data using GPS. These permissions are necessary for the artifact to
function. In the case of the public display, since the researchers will be placing their
own devices in these public places, all permissions needed for the smooth running of the
artifact are put in place before the displays are deployed. Figure 11 shows permission
for access to a user’s location being requested.
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Figure 11. Location permission being requested

6.1.2 Video recording
The video recording is a critical part of the artifact design. The interface as shown in
Figure 12, consists of a button, and a timer. There is a TextureView component (an
internal android user interface component) that displays the image of the user captured
through the camera. The button at the bottom right corner of the screen allows the
participant control over the session. On tap of the button, the video recording session
begins. This is indicated by two things: the timer becomes visible and counting begins.
The button which is persistent changes icon from the “play” icon to the “stop” icon.
These give a cue to the user of the recording being in session. On completing the task,
the user taps on the button again, this time with the “stop” icon. The video recording is
named dynamically with a unique naming system implemented in the code and saved
locally. It is then assigned to a background service to upload to Amazon S3 storage
using APIs (Application Programming Interface) provided by Amazon. While the task
description often states the time duration of the task, we decided not to restrict
participants by programmatically terminating the recording when the set time is up. This
is due to the fact that some people may take a longer time to perform a task while others
may take a shorter time. We, however, estimate that 30 seconds would be on average,
an appropriate time frame for the performance of such simple tasks for the purposes of
this study. This may, however, be different depending on the study being conducted.
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Figure 12. Video recording screen before (left) and during (right) recording session

The user has complete control over when the recording should begin. Once the user taps
on the record button, the recording begins immediately.

6.1.3 Post-task survey
To provide enough metadata to tag the video, we employ the use of a post-task survey
that follows immediately after the video recording session has ended. This feature is
implemented with the purpose of collecting self-evaluated data from task participants.
The survey requires the user to provide some demographic information about
himself/herself as well as answer a few questions regarding the task performed. Initially,
Google Forms was used for the collection of survey data. Due to the usability issues
encountered during the Cognitive Walkthrough assessment, changes were made to the
design of the post-task survey. Hence for the purposes of this thesis, based on feedback
from the evaluation process discussed in Section 7, we focused on a very simplified
survey interface that is both easy to use and yet provides all the necessary metadata
needed for post analysis with machine vision using Android’s native design elements.
The redesigned interface of the survey feature is shown in Figure 13. It has a number of
input fields, customizable open-ended question and a slider for a short review of the
task performed.
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Figure 13. The interface of the survey feature

6.2 Push notifications
Due to the remote use of the artifact and the dynamic way in which tasks will be
assigned, we employed the use of push notifications powered by OneSignal to provide
near real-time updates of tasks to the artifact. The artifact listens for such push
notification events and reads its content. The content is then saved to a local database.
This is to ensure that if the push notification is dismissed by the user, the task will still
be available to the user once (s)he opens the app. Figure 14 shows an example of the
push notification containing information for a new task. The notifications can be
customized to have interactive buttons. For the purposes of this thesis, there was no
need for such interactive buttons. Tapping on the notification, however, opens the task
description view of the artifact, from which the user can perform the assigned task.
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Figure 14. Push notification displaying some task information

6.3 Data collection
Data is collected from participants during the video recording session and afterward
through the answering of the questionnaire at the end of the recording. The data is
initially saved locally and then uploaded to the cloud for storage. The recorded video is
first uploaded to Amazon S3. The Unified Resource Locator (URL) to the file in the
Amazon S3 storage is then retrieved and added to the rest of the metadata (questionnaire
responses and GPS data) and saved to the mLab database. The data sent to mLab is
encoded in JSON format. Figure 15 shows a snippet of a task encoded in JSON format
saved in the database on mLab.

Figure 15. Task data snapshot in JSON format

As can be seen from Figure 15, the object contains a link to the video on Amazon S3 as
well as other information as provided by the user while answering the questionnaire.
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Figure 16 also shows a snapshot of the content of the Amazon S3 folder where the video
files are stored.

Figure 16. Snapshot of Amazon S3 folder containing video files

The application is currently designed for English-speaking people only. This may be
extended into other languages in later stages of the project if need be.
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7.

Evaluation

To evaluate the designed artifact, we used a usability evaluation method called
Cognitive Walkthrough (CW) where (an) evaluator(s) navigate through a user interface
using their expertise to recognize and critique potential problems for users. In relation to
this thesis, CW focuses on the ease of use of the artifact to a first-time user. In the
conduct of CW, there is a need to define the typical potential users and their assumed
technical background. A series of tasks are then determined for the identified potential
users to perform. On completion of the identification of users and tasks, the evaluator(s)
(the usability expert who will play the role of the identified users) start going through
and performing the tasks, asking themselves how the user would perceive a task and be
able to perform it. In doing so, it is possible to identify usability flaws and to understand
how the artifact helps users know what they are supposed to do and how to do it.
According to Wharton et al. (1994), during this assessment four questions must be
asked:
1.
2.
3.
4.

Will the user try to achieve the right effect?
Will the user notice if the correct action is available?
Will the user associate the correct action with the effect trying to be achieved?
If the correct action is performed, will the user see that progress is being made?

In conducting a CW, discrepancies in the different mental models of both users and
designers would be made evident (“How to Conduct a Cognitive Walkthrough,” 2017;
Wharton et al., 1994). The evaluation of the artifact as conducted was performed on the
mobile version of the artifact only. The public display version (tablet mode) was not
included in this evaluation process.
For the purposes of this thesis, two evaluators, both usability experts from the Ubicomp
Lab of the University of Oulu, who are familiar with a variety of digital interfaces,
usability evaluations, Human-Computer Interaction (HCI) and crowdsourcing
techniques and research were consulted to perform the Cognitive Walkthrough for the
designed artifact.

7.1 Target user
The target user of the application is a young person, with age higher than 18. Typically,
in mobile crowdsourcing studies the age of participants ranges from 18 to 65. This
could be lower depending on the target population as well as the laws of the land. In the
following, a persona is described for which the evaluation is targeted.
Anna is a bachelor level student of the University of Oulu who loves taking part in
research studies, mostly due to the rewards that come with it; free lunch, movie, and
coffee tickets. She has however never contributed to a crowdsourced study before.
During one lunch break, a notice asking for crowdsourcing participants captures her
attention and she quickly opts to partake.
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7.2 Task and correct action sequence
The task scenario that will be evaluated is as follows. Anna follows the link on the
notice to download the APK (Android Package Kit) of the application onto her phone.
After installing, she receives a push notification. Tapping on the notification, the
application opens to the task description view with a task to take a short video of oneself
reacting to the news of winning the lottery. The steps are involved in the performance of
this task include:
1.
2.
3.
4.
5.
6.
7.
8.
9.

Read task instruction
Check the accept privacy agreement checkbox
Tap on the “Start” button
Tap on the record button
Record reaction
Tap on the stop button
Complete the post-task questionnaire
Submit the answers
Return to the main screen

7.3 Findings and Recommendations
For most parts of the application, the evaluator ranked the ease of use high as the
elements were well arranged and provided a simple straightforward flow. There were
three usability problems that were revealed by the CW process:
1. The use of Google Forms for collecting the post-task survey caused confusion,
2. Some users did not understand they had to click on the video icon to start the
recording,
3. The stop button was sometimes missed.
What follows in subsequent sections is a description of the problems identified as well
as suggestions to improve the artifact based on the analysis of the CW.

7.3.1 Problem 1: Remove Google Forms
One major usability issue encountered by both evaluators is based on step 6 (complete
the short post-task questionnaire). The issue encountered resulted from the consistency
of the navigation design. During the discussion, it was made clear that the design of the
Google Form as displayed by the artifact, was embedded within the application as a web
view which did not meet the design consistency of the artifact. It, therefore, created the
impression that the user was in a different application. The second observation almost
echoes this same voice but with a slightly different tense. Since Google Forms are web
pages, the artifact cannot display web content unless it uses the web view component
which often runs a mobile browser and displays the Google Forms in it. This created a
real issue regarding navigating back to the application. After submitting the
questionnaire, returning to the artifact’s main interface was problematic. The screen was
stuck on the response page of the Google Forms and requires the manual interaction of
the user to move to an appropriate screen. Worse of it all, it was unclear what action one
needed to take to return to the main interface. The confusion surrounded whether one
needed to tap on the native “back” button or tap on an “x” button at the top-left corner
of the embedded browser. It was also unclear whether leaving the Google Forms screen
will return the user to the application or it would close the application completely.
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7.3.2 Problems 2 and 3: Remove the start and stop buttons
Another major problem that was identified was the presence of the “start recording” and
“stop recording” buttons on the surface of the video capturing screen. The evaluators
agreed it created some form of confusion. One evaluator simply started performing the
task right when the video screen was displayed without recognizing that he had to tap
on the record button first. While the other evaluator got this right, after performing the
task for the set duration, he did not realize he had to tap on the stop button but rather
was expecting the video to end on its own.

7.4 Results
The results of the CW process led to changes in the final design of the artifact. In the
following sections, we provide an explanation of the usability issues encountered, an
assessment of success or failure and a short description of what contributed to the
applied assessment.

7.4.1 Cognitive Walkthrough assessment
Step 1: Read task instruction
Success
The instructions are clearly visible to the eyes and positioned where users can clearly
and easily find it.
Step 2: Check the accept privacy agreement checkbox
Success
The instruction was clearly visible to all evaluators. It was easy to locate and identify as
it was positioned before the button. Without it being checked, the “start” button does not
work.
Step 3: Tap on the “Start” button
Success
The button with the text “Start” clearly written on it is big enough to be recognized by
anyone. The evaluator quickly clicked on the button without hesitation. The button label
is descriptive enough and the evaluator quickly recognized that tapping on the button
would start the task.
Step 4: Tap on the record button
Failure
The record button is clearly visible on the screen and the button was located at the
bottom right corner of the screen, a location where users have come to expect such
buttons. The video recorder icon on the button is also a clear affordance of the button’s
purpose. It also informs the user that the video recording has not yet started. While these
affordances were visible, evaluators simply expected the video to begin once the
recording screen comes on. Although one evaluator did tap on the button, upon further
discussions, it was realized that prior to tapping on the button, he expected the recording
to begin instantly. More so due to the label on the button on the previous screen which
indicated the task was starting.
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Step 5: Record reaction
Success
The evaluators performed this task successfully, clearly remembering the task
description from the main screen. The timer provided an indication of the start of
recording as well as served as a means of informing users of how much time they have
spent on the task.
Step 6: Tap on the stop button
Failure
The stop button was visible, and the task was clearly mapped to the action. One
evaluator recognized that clicking on this button would stop the recording and move to
the next screen. The other evaluator did not understand this and expected the video to
end after a period of time. When prompted for an answer, he stated that based on the
description of the task and the timer, he expected the video recording to end after the set
time. The first evaluator who got it right however also expressed a similar sentiment,
stating that he had to think twice before clicking on the “stop” button as he was
momentarily confused about what action to take.
Step 7: Complete the short post-task questionnaire
Success
The evaluators quickly answered the questionnaire. Visual cues were available when the
evaluator missed providing answers where answers were required.
Step 8: Submit the answers
Success
The evaluators clearly located the submit button. The task was clearly mapped to the
action and the descriptive text provided enough information for the right action to be
taken.
Step 9: Return to the main screen
Failure - Will the user notice if the correct action is available?
The evaluators were quite confused regarding how to return to the main interface of the
application. They were torn between closing the application altogether, tapping on the
close (x) button at the top left corner of the embedded browser, or tapping on the native
back button on the Android device. It is not clear how the user will be able to return to
the main interface. The form on which the user is stuck provides an alternative to retake
the survey and make another submission. This text also brought about a lot of
confusion.

7.4.2 Recommendations
It was recommended to substitute the use of Google Forms with a much simpler
custom-made form that maintains the look-and-feel of the artifact’s Google Material
Design theme. Substituting the use of Google Forms also solved some other issues:
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Navigation
Designing a custom survey form using Android’s native elements ensured that
navigation through the app was consistent. Users are constantly aware of which
application they are in and are able to move back to the previous screen where possible,
improving the overall experience of the application. Upon submission of the survey, the
user returns to the main interface of the application.
Data storage
Substituting the use of Google Forms for a custom one also more than simplified the
data aggregation process. Initially, the path of survey responses had to be attached to the
metadata that was saved in the mLab database. Thus, the mLab database only contained
demographic data, location data, a link to the video file on Amazon S3, and a link to
survey responses on Google Forms. Retrieving the various responses and aggregating
them for later analysis would have been more complicated. Making the survey form
dynamically customizable such that different questions could be asked for different
tasks makes the data collection simple and provides a similar use case as using the
Google Forms. All data (demographic as well as answers to survey questions) related to
the performance of a task is now saved in a single location.
Video tagging
Ensuring data is saved in one single location as an object (mLab saves data as an object)
has significantly contributed to the process of tagging the videos. Since all data related
to a particular video recording are saved as a single object in the database, each of the
objects is directly connected to the recorded video, essentially tagging the videos. Thus,
when the videos are retrieved from Amazon S3 later for analysis, the metadata related to
those videos can easily be retrieved from the mLab database using the video link as a
parameter.
Others
Recommendations were also made to remove both the start and stop buttons from the
video recording screen. In doing so, the user needs to be provided with some visual
cues. Upon discussion, it was suggested that a 3-second countdown timer is introduced
at the start of the recording session. This countdown timer should be big enough to
inform the user of the impending start of the recording session. Three seconds, it was
agreed, is enough time for a user to get ready to perform a task. Upon reaching the set
time deadline for the task, the application automatically stops the recording session and
moves the user to the next screen for collecting data. This would prevent the continuous
recording even if a user decides to move away without finishing the recording task and
thus save storage space.
The suggested recommendations were quickly incorporated into the design and
implemented in code. The final output of the artifact has these modifications, and as a
result, improved the user experience of the artifact.
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8.

Discussion

In this chapter, we take a second look at the research questions posed earlier in chapter
1 and highlight how they were answered. Further, we discuss the benefits and some
limitations of the designed artifact are also outlined. Possible areas of improvement are
also considered and clearly stated. The designed artifact, VideoSourcing, is a data
collection tool built for the purposes of collecting videos and self-evaluated metadata
for the building of a crowdsourced video database for future analysis using machine
vision.

8.1 Revisiting the research questions
RQ1: How can mobile technologies be used to collect a large pool of videos and
metadata?
Smartphones have become more complex and powerful, increasing in both
computational power and storage capacities. The Android-based VideoSourcing
application, designed and implemented as the output of this thesis study, takes
advantage of the internal components of the Android OS such as the location sensor for
GPS data, device camera for capturing user image and interaction, storage capabilities
powered by SQLite and internet access capabilities. The application is designed in a
way to make the data collection process simple and straightforward, eliminating any
form of boredom in the process. We made us of the Android device’s front-camera
capabilities to capture the recording of the user’s interaction which is then encoded and
saved in MP4 format. The location capabilities of mobile devices have made it possible
to acquire the location of the user as a metadata while providing the ability to send
targeted tasks to users within a specified geographical location or exclude users from a
specific location from participating in a task, possibly to avoid bias or adhere to the law
of the land. The availability of smartphones in the everyday lives of people (Wilska,
2003) provides us with the ability to use mobile devices to collect videos within a
crowdsourced framework. With the mobile devices, the limitations placed on
crowdsourcing activities like the need to be in the geographical area of a public display,
or access to a desktop computer is reduced. The simplicity in the collection of data
during the post-task survey and the ability of users to self-evaluate their actions
provides a rich metadata for the future analysis of the videos.
RQ2. What are the perceived obstacles and challenges in crowdsourcing video datasets
in the public?
Hosio et al. (2012) have shown that users often use crowdsourcing technologies in
playful ways especially in situations where users are aware they will not acquire any
financial benefit from participating in the study. This is one major obstacle to the
collection of the videos. Since there are no monetary rewards, some participants are
likely to take things into their own hands and produce videos that may be completely off
the assigned task, and/or provide information in the survey that may be untrue or
unrelated to the project. While it will be difficult to identify such erroneous inputs, a
huge number of them could significantly affect the machine vision analysis phase of the
study. To pay participants for participating in the study will require several
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modifications to the application. This, however, falls outside the scope of this thesis but
could be considered for future research.
Maintaining user motivation in the use of the VideoSourcing application is another
challenge. While we do not provide any form of gamification that could potentially
draw users back into the application, we expect that the periodic push notifications will
engage the user’s attention to the application. To encourage users, motivational texts
should be provided to the users through push notifications and task assignments as
proposed by (Goncalves, 2015).
The concern of the public about the collection of their data, especially facial data poses
a discouraging threat to the success of the project. Users require a high volume of
assurance of their data being kept safe and only shared with others upon their consent.
While people may be willing to participate in crowdsourcing experiments, they also
care about their security. Agreeing to perform a task does not mean agreeing to have a
video of them circulating the internet, or being used as GIFs, etc. It is important to
consider the security of the participants, as well as the security of data about them.
Conducting remote crowdsourcing studies can be quite cheap since the infrastructure
needed must already be available and accessible by the participants wherever they are.
With regards to VideoSourcing, the availability of the application on the Android Play
Store will make it accessible to all participants wherever they are as long as they have
access to internet connection. The use of various cloud technologies and services makes
it possible to conduct such studies with low costs. To increase participation, a lot of
effort is put in place to ensure that potential barriers to contribution to the study are
avoided. However, a lot of advertisement is required to raise awareness about the study
among potential participants. Gupta et al. (2012) as cited by Goncalves (2015) outlined
the difficulties in the acquisition of participants for mobile crowdsourcing activities
especially in studies where there is no compensation.
When specific expert knowledge is required, mobile crowdsourcing hangs in a balance.
It cannot be verified whether participants are truly experts within the required field or
not. A lot of effort would need to be made to reach such experts. In a case like this, a
situated crowdsourcing approach may be more beneficial as the researchers could
situate the study close to where the experts are located in order to engage them better.
Situating an experiment about law close to the courts will invite more lawyers to
participate than using a web or mobile crowdsourcing approach.

8.2 Application of the design guidelines
We also considered how this thesis satisfies the framework and guidelines of DSR
described in Section 3 as proposed by Hevner et al. (2004).

8.2.1 Guideline 1: Design as an artifact
The designed artifact, the result of this thesis, is VideoSourcing, a data collection tool
based on the Android platform. The application satisfied the outlined requirements, is
functional, operates only on Android devices with a front camera, and has the capacity
to capture and upload captured videos to the cloud storage.
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8.2.2 Guideline 2: Problem relevance
As outlined in Section 3, the relevance of the problem cannot be understated as it
provides insights into crowdsourcing, mobile technologies, and outlines the need for
gathering such data (videos and associated self-evaluated metadata). The design and
implementation of the artifact, VideoSourcing, was our solution to the outlined problem.

8.2.3 Guideline 3: Design evaluation
We evaluated the artifact using Cognitive Walkthrough, a usability inspection method
where a usability expert walks through an application based on a given scenario to
identify usability problems that a potential first-time user could face when using the
system. The expert evaluators in our case were usability experts with the Ubicomp
Research unit of the University of Oulu.

8.2.4 Guideline 4: Research contributions
The primary contribution of this study is the design and implementation of the Androidbased data collection tool, known as VideoSourcing. The feasibility of the tool was
tested using Cognitive Walkthrough as well as iterative testing during development.

8.2.5 Guideline 5: Research rigor
Design science research was the research methodology used, applying the engineering
cycle as well as the DSR framework and guidelines proposed by Hevner et al. (2004).
We applied rigorous methods during the construction of the artifact and its evaluation,
applying knowledge from Android programming, related work on crowdsourcing and
usability evaluation, and applying the design cycle to turn the business needs into
artifacts that would provide solutions to the business problem as well as update the
knowledge base.

8.2.6 Guideline 6: Design as a search process
The search for an effective and efficient VideoSourcing application will extend beyond
the scope of this thesis. We utilized available tools and means to design and implement
the artifact to solve the problem by taking into considering the environmental context in
which the application will be used.

8.2.7 Guideline 7: Communication of research
The documentation of the thesis was made for the readership of both technical and nontechnical audiences. We avoided the use of very technical words, and where used, we
provided enough explanation for the terms. The purpose of the thesis was introduced in
each chapter to keep the audience on track and also to provide some context to those
who would have jumped some chapters to read others. The presentation of this text
should be readable and understandable to all audiences.
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8.3 Limitations and future work
Some limitations were identified regarding this thesis and are discussed in the
paragraphs below.
First, the development of the artifact for this thesis was focused on Android-based
devices only. There is the need to consider other mobile devices such as iOS devices.
The focus on Android-based devices was primarily due to the availability of Androidbased devices for conducting the study in the future. Another reason was due to the lack
of iOS development skill as well as devices for development purposes. Attempts were
made in the early stages of the development process to use Flutter, an open-source
mobile application development SDK created by Google to be used to develop apps for
both Android and iOS devices (“Flutter Documentation - Flutter,” 2018). However, an
iOS compatible device is still needed to run and test the developed application
successfully hence the focus on Android-only devices. In the future, the focus could be
given to iOS development following the same architecture and programming concepts
when the tools and skillset are available.
Second, the use of Cognitive Walkthrough (CW) as an evaluation method does not
involve real users testing the application. Although CW did identify usability problems,
they are still experts’ opinion and not based on results from a real-world use of the
application. Although several tests were conducted during the implementation phase of
the application, a real-world study of the use of the application could have provided a
better understanding on how the artifact will be used by users and perhaps would have
yielded other previously unidentified usability problems. If the application was tested
with real users, it is possible that more insights into the obstacles and challenges of
motivating users to participate in a study would be revealed, thus answering the second
research question would have been enriched by this type of evaluation.
Third, the quality of videos cannot be guaranteed as users will have different mobile
devices with different capacities and front-camera quality. The location from which
users perform tasks could also impact the quality of the video in terms of lighting or
effects. As the requirement of the application is that the mobile device should have a
front-camera and should run on Android version 5.0 or above, we expect at least quality
videos considering the standard of videos from the front-camera of devices running on
Android 5.0 and above.
This study was done as part of a larger project and thus further research will be
conducted that is beyond the scope of this thesis. The preliminary work of the entire
project which was done as part of this master thesis will be submitted to some scientific
conferences for publication. The rest of the project will continue based on the project
schedule.
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9.

Conclusion

This thesis focused on the development of an Android-based mobile application called
“VideoSourcing” for the collection of crowdsourced videos and user’s self-evaluated
metadata. The application makes use of sensors embedded within smart devices such as
the camera and GPS sensors to collect videos and geographical data. User engagement
is encouraged using periodic push notifications. Each push notification contains a new
task. The application was developed to be as generic as possible.
This study has demonstrated that smartphones and their embedded technologies can be
utilized to collect videos as well as self-evaluated metadata through crowdsourcing
means. With the aid of the device’s front camera, users can take videos of themselves
performing various forms of tasks. The device’s GPS also collects geographical data
while the customizable post-task survey provides a means to collect self-evaluated
metadata regarding the task performed by the participant as well as collect some
demographic data about the participant.
This study mainly focused on the development of the video recording and data
collection tool and was evaluated with usability experts using Cognitive Walkthrough, a
usability inspection method. The work on this project will be continued with the use of
the developed tool for the collection of videos in a detailed study with real participants
later on. After that, with a large pool of data and metadata collected, the videos will be
analyzed using machine vision to study various phenomena.

56

References
Adikari, S., McDonald, C., & Campbell, J. (2011). A Design Science Framework for
Designing and Assessing User Experience. In In International Conference on
Human-Computer Interaction (pp. 25–34). Berlin Heidelberg: Springer-Verlag.
https://doi.org/10.1007/978-3-642-21602-2
Alt, F., Memarovic, N., Elhart, I., Bial, D., Schmidt, A., Langheinrich, M., … Scipioni,
M. P. (2011). Designing Shared Public Display Networks – Implications from
Today’s Paper-Based Notice Areas. In In International Conference on Pervasive
Computing
(pp.
258–275).
Berlin,
Heidelberg:
Springer.
https://doi.org/10.1007/978-3-642-21726-5
Amazon S3. (2018). Retrieved November 13, 2018, from https://aws.amazon.com/s3/
Bitbucket Git Code Management Tool for Teams. (2018). Retrieved November 13,
2018, from https://www.atlassian.com/software/bitbucket
Bjelland, O. M., & Wood, R. C. (2008). An Inside View of IBM’s “Innovation Jam.”
MIT Sloan Management Review, 50(1), 32–40. https://doi.org/10.1088/09574484/18/7/075301
Brabham, D. C. (2008). Moving the crowd at iStockphoto: The composition of the
crowd and motivations for participation in a crowdsourcing application. First
Monday, 13(6), 1–19.
Bright, J., De Sabbata, S., & Lee, S. (2018). Geodemographic biases in crowdsourced
knowledge websites: Do neighbours fill in the blanks? GeoJournal, 83(3), 427–
440. https://doi.org/10.1007/s10708-017-9778-7
Chakraborty, A., Messias, J., Benevenuto, F., Ghosh, S., Ganguly, N., & Gummadi, K.
P. (2017). Who Makes Trends? Understanding Demographic Biases in
Crowdsourced Recommendations. Retrieved from www.aaai.org
Chang, Y.-J., & Tang, J. C. (2015). Investigating Mobile Users’ Ringer Mode Usage
and Attentiveness and Responsiveness to Communication. In In Proceedings of the
17th International Conference on Human-Computer Interaction with Mobile
Devices and Services (pp. 6–15). Copenhagen: ACM.
Chang, Y. J., Paruthi, G., Wu, H. Y., Lin, H. Y., & Newman, M. W. (2017). An
investigation of using mobile and situated crowdsourcing to collect annotated
travel activity data in real-word settings. International Journal of Human
Computer
Studies,
102
(November
2016),
81–102.
https://doi.org/10.1016/j.ijhcs.2016.11.001
Chattratichart, J., & Lindgaard, G. (2008). A Comparative Evaluation of HeuristicBased Usability Inspection Methods. In In CHI’08 extended abstracts on Human
factors in computing systems (pp. 2213–2220). Florence: ACM.
Ellis, M., Holloway, S. R., Wright, R., & Fowler, C. S. (2012). Uneven geographies of

57
user-generated information: Patterns of increasing informational poverty. Annals of
the Association of American Geographers, 102(3), 549–570.
Flutter Documentation - Flutter. (2018). Retrieved November 26, 2018, from
https://flutter.io/docs#new-to-flutter
French, C. (2014). Why Demographic Data Matters What’s the Big Deal about
Demographics? New Hampshire. Retrieved from http://www.granit.sr.unh.edu/
Ganti, R. K., Fan, Y., & Hui, L. (2011). Mobile Crowdsensing: Current State and Future
Challenges.
IEEE
Communications
Magazine,
49(11),
32–39.
https://doi.org/10.1109/MCOM.2011.6069707
Garcia Martinez, M. (2017). Inspiring crowdsourcing communities to create novel
solutions: Competition design and the mediating role of trust. Technological
Forecasting
and
Social
Change,
117,
296–304.
https://doi.org/10.1016/j.techfore.2016.11.015
Goncalves, J. (2015). Situated crowdsourcing: feasibility, performance and behaviours.
University
of
Oulu.
Retrieved
from
http://jultika.oulu.fi/files/isbn9789526208503.pdf
Goncalves, J., Ferreira, D., Hosio, S., Liu, Y., Rogstadius, J., Kukka, H., & Kostakos,
V. (2013). Crowdsourcing on the Spot: Altruistic Use of Public Displays,
Feasibility, Performance, and Behaviours. In Proceedings of the 2013 ACM
international joint conference on Pervasive and ubiquitous computing (pp. 753–
762). Zurich: ACM. https://doi.org/10.1145/2493432.2493481
Goncalves, J., Hosio, S., Ferreira, D., & Kostakos, V. (2014). Game of Words: Tagging
Places through Crowdsourcing on Public Displays. In Proceedings of the 2014
conference on Designing interactive systems (pp. 705–714). Vancouver: ACM.
https://doi.org/10.1145/2598510.2598514
Goncalves, J., Hosio, S., Vukovic, M., & Konomi, S. (2017). Mobile and situated
crowdsourcing. International Journal of Human Computer Studies, 102(December
2016), 1–3. https://doi.org/10.1016/j.ijhcs.2016.12.001
Gupta, A., Thies, W., Cutrell, E., & Balakrishnan, R. (2012). mClerk: Enabling Mobile
Crowdsourcing in Developing Regions. In Proceedings of the SIGCHI Conference
on Human Factors in Computing Systems (pp. 1843–1852). Austin: ACM.
Hevner, A. R. (2007). A Three Cycle View of Design Science Research. Scandinavian
Journal of Information Systems, 19(2), 87–92.
Hevner, A. R., March, S. T., Park, J., & Ram, S. (2004). Design Science In Information
Systems Research. MIS Quarterly, 28(1), 75.
Hollingsed, T., & Novick, D. G. (2007). Usability Inspection Methods after 15 Years of
Research and Practice. In Proceedings of the 25th annual ACM international
conference on Design of communication (pp. 249–255). El Paso: ACM.
Horton, J. J., & Chilton, L. B. (2010). The Labor Economics of Paid Crowdsourcing. In
Proceedings of the 11th ACM conference on Electronic commerce (pp. 209–218).
ACM.
Hosio, S., Goncalves, J., & Kostakos, V. (2016). Leveraging Wisdom of the Crowd for

58
Decision Support. 30th International BCS Human Computer Interaction
Conference: Fusion! (p. 38). Bournemouth: BCS Learning and Development Ltd.
Hosio, S., Goncalves, J., Kostakos, V., & Riekki, J. (2015). Crowdsourcing public
opinion using urban pervasive technologies: Lessons from real-life experiments in
Oulu. Policy and Internet, 7(2), 203–222. https://doi.org/10.1002/poi3.90
Hosio, S., Goncalves, J., Lehdonvirta, V., Ferreira, D., & Kostakos, V. (2014). Situated
Crowdsourcing Using a Market Model. In Proceedings of the 27th annual ACM
symposium on User interface software and technology (pp. 55–64). Honolulu:
ACM. https://doi.org/10.1145/2642918.2647362
Hosio, S., Karppinen, J., Takala, E.-P., Takatalo, J., Goncalves, J., van Berkel, N., …
Kostakos, V. (2018). Crowdsourcing Treatments for Low Back Pain. 2018 CHI
Conference on Human Factors in Computing Systems (p. 276). Montreal: ACM.
https://doi.org/10.1145/3173574.3173850
How to Conduct a Cognitive Walkthrough. (2017). Retrieved November 12, 2018, from
https://www.interaction-design.org/literature/article/how-to-conduct-a-cognitivewalkthrough
Johnson, J. (2013). Conceptual Models in a Nutshell. Retrieved October 10, 2018, from
http://boxesandarrows.com/conceptual-models-in-a-nutshell/
Khan, W. Z., Xiang, Y., Aalsalem, M. Y., & Arshad, Q. (2013). Mobile phone sensing
systems: A survey. IEEE Communications Surveys and Tutorials, 15(1), 402–427.
https://doi.org/10.1109/SURV.2012.031412.00077
Ludwig, T., Kotthaus, C., Reuter, C., Dongen, S. van, & Pipek, V. (2017). Situated
crowdsourcing during disasters: Managing the tasks of spontaneous volunteers
through public displays. International Journal of Human Computer Studies, 102,
103–121. https://doi.org/10.1016/j.ijhcs.2016.09.008
Mental models. (n.d.). Retrieved November 16, 2018, from https://www.interactiondesign.org/literature/book/the-glossary-of-human-computer-interaction/mentalmodels
mLab: Database-as-a-Service.
https://mlab.com/

(2018).

Retrieved

November

13,

2018,

from

Nielsen, J. (1994). Usability Inspection Methods. In Conference companion on Human
factors in computing systems (pp. 413–414). Boston: ACM.
Nielsen, J. (1995). Usability Inspection Methods. In Conference companion on Human
factors in computing systems (pp. 377–378). ACM.
OneSignal: Push Notification Delivery Service. (2018). Retrieved November 13, 2018,
from https://onesignal.com/
Pabini, G.-P. (2010). Design Is a Process, Not a Methodology. Retrieved October 10,
2018, from https://www.uxmatters.com/mt/archives/2010/07/design-is-a-processnot-a-methodology.php
The Official IDE for Android. (2018). Retrieved November 13, 2018, from
https://developer.android.com/studio/

59
Wharton, C., Rieman, J., Lewis, C., & Polson, P. (1994). The cognitive walkthrough
method: a practitioner’s guide. In Usability inspection methods (pp. 105–140).
New York: John Wiley & Sons, Inc.
What are mental models? (n.d.). Retrieved October 10,
http://mentalmodels.princeton.edu/about/what-are-mental-models/

2018,

from

Wieringa, R. (2009). Design Science as Nested Problem Solving. DESRIST’09 4th
International Conference on Design Science Research in Information Systems and
Technology. Philadelphia, Pennsylvania: ACM.
Wieringa, R. J. (2014). Design Science Methodology for Information Systems and
Software Engineering. Springer.
Wilska, T. (2003). Mobile Phone Use as Part of Young People’s Consumption Styles.
Journal of Consumer Policy, 26, 441–463.
Wu, Y., & Cao, G. (2017). VideoMec: A Metadata-Enhanced Crowdsourcing System
for Mobile Videos. In Proceedings of Še 16th ACM/IEEE International Conference
on Information Processing in Sensor Networks (pp. 143–155). Pittsburgh: ACM.
Yank, V., Agarwal, S., Loftus, P., Asch, S., & Rehkopf, D. (2017). Crowdsourced
Health Data: Comparability to a US National Survey, 2013–2015. American
Journal
of
Public
Health,
107(8),
1283–1289.
https://doi.org/10.2105/AJPH.2017.303824
Ye, H. J., & Kankanhalli, A. (2017). Solvers’ participation in crowdsourcing platforms:
Examining the impacts of trust, and benefit and cost factors. Journal of Strategic
Information Systems, 26(2), 101–117. https://doi.org/10.1016/j.jsis.2017.02.001

