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Abstract

Faults and incidents can occur in building facilities and detecting and reporting them is
considered a challenge. Building managers need to have real-time condition updates about
the facility or potential incidents (e.g., loose door handles, sensors not working affecting
lights and temperature) that might lead to safety and security losses if they are not detected
and fixed. As buildings become smarter, technological solutions can help, but can equally be
the source of faults and incidents. Human participation is still needed to help have adequate
awareness of the situation in the building environment, but building occupants may not
always spontaneously report faults as quickly and reliably as needed.

Crowdsourcing is the practice of obtaining information by recruiting people’s knowledge.
Previous studies have shown that crowdsourced contributions, which are created by non-
expert observations and interpretations, are fairly similar to the experts’ outputs, especially
for nonsensitive data, and therefore be an alternative to hiring experts or dedicated inspectors.
Crowdsourcing, however, requires suitable motivational mechanisms and an appropriate
design, and its applicability as a viable solution to detect and report faults in smart buildings
has not been studied. To study that, I used a form of crowdsourcing known as human sensing
which includes individuals contributing their observations within their local area like their
neighbourhoods, workplaces, and often visited places.

This thesis provides three contributions to the application of crowdsourcing for smart
buildings. First, perceptions and motivations that drive occupants to engage with smart
building crowdsourcing, are informed by conducting semi-structured interviews. Second,
human sensing feasibility is obtained by running a real-world experiment. Third, a framework
describing a set of guidelines covering the main dimensions known in the crowdsourcing
process: platform, requesters, workers, incentives, task, and environmental preparation. It
was done by synthesising the results and observations discovered from the two previous
studies and related research. These contributions enabled me to conclude that crowdsourcing
can be a good option for reporting faults in smart buildings if a set of guidelines are followed
to deploy the initiative successfully.
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Chapter 1

Introduction

1.1 Introduction

Faults and incidents can occur in smart building facilities, and detecting and reporting them
is considered a challenge [1, 2]. Their effect can be in the form of energy waste, decreased
performance, and safety issues. Faults and malfunctions of energy equipment in smart
buildings can excess from 15-30% of energy [3]. Research shows that facility faults can
cause about 25-45% of energy waste from HVAC energy consumption [4]. Failure may also
cause a decrease in the performance of the system and its functionality [5]. Other types of
incidents can be caused by cyber-attacks that can compromise the building facilities as well,
by exploiting the connection between the cyber, physical, and social components in smart
buildings. With this combination, not only the data is at risk, but the amount of information
about the building structure can lead to other forms of attacks and physical control of the
facilities [6]. For example, the German steel mill prevented the furnace from shutting down
and damaging other systems like the alarm and safety systems. The collective effect may
have caused the loss of control of the plant operators and caused other physical damage [7].
In the same way, a Ukrainian power grid suffered from an electricity outage that affected
about 200,000 customers in 2015 due to malware on multiple devices [8]. Therefore, it is
important to detect incidents and faults and recognise their sources, severity, and impact in a
timely and cost-efficient manner.

Building managers need to have real-time condition updates about the facility or potential
incidents (e.g., water dripping, loose door handles, trip hazards, sensors not working affecting
lights and temperature) that might lead to safety and security losses if they are not detected
and fixed. This falls under the umbrella of situational awareness (SA) which was defined by
Endsley et al.in 1988, as “The perception of the elements in the environment within a volume
of time and space, the comprehension of their meaning and a projection of their status in the
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near future” [9]. The definition outlines the three levels of SA [10]: (1) Perception, which
means actively observing and collecting information about the environment or situation. This
stage includes machines (sensors and cameras), human awareness (reports), and human-
machine collaboration [11]. (2) Comprehension, refers to the understanding of the meaning
and implication of the information gathered. (3) Projection, refers to the ability to use the
perceived information to plan future events such as planning for best and worst scenarios.
Therefore, being able to perceive the surroundings and detect potential faults and incidents
helps in better SA which can decrease the impact and damage from occurring incidents.

As buildings become smarter, technological solutions can help, but can equally be the
source of faults and incidents or not provide enough data. IoT intelligence is commonly used
to capture the condition of the smart environment by the automated collection of data [12,
13]. There is a rising dependence on technologies such as passive infrared (PIR) sensors [14]
and magnetic reed switches [15] to sense door movements. Still, those sensors are limited to
only delivering binary information associated with noise, hence are not suitable for precise
reading. Noise represents the irrelevant variation in the sensor readings that do not represent
the true state of the phenomenon being measured where the output changes over time due
to temperature or humidity [16]. Other fault detection and diagnostics technologies depend
on AI methods like machine learning algorithms which require high computational load as
well as dependency on the quality of collected data [5]. Other methods like modelling have
their challenges in scalability, portability, cost, and simplicity of building the models [17].
CCTV cameras are useful to some extent; however, they can be considered intrusive [18].
Although they are accurate in detecting human movement [19], facilities defects may not
be detected by current systems. Also, they cannot provide alerts for potential incidents or
defects before they happen. For example, a loose door handle condition could worsen by
falling off and causing the door to get stuck or locked with people inside the room affecting
their security and safety. Alrimawi et al (2016) pointed out that with the high benefit of
implementing technologies and intelligent systems to improve situational awareness, comes
a raising possibility of subsystems and components failures since where some have not yet
stood the test of time [5]. This means that the complexity of the systems and components may
have failures in the future. Therefore, human participation can provide high-value help to
have adequate awareness of the situation in the building environment, but building occupants
may not always spontaneously report faults as quickly and reliably as needed.

Crowdsourcing is the practice of obtaining information by recruiting the knowledge of
people. The term was first coined by Howe (2006) as “the act of a company or institution
taking a function once performed by employees and outsourcing it to an undefined (and
generally large) network of people in the form of an open call” [20]. Numerous studies have
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previously shown that crowdsourced contributions created by non-expert observations and
interpretations are fairly similar to the experts’ outputs. For instance, a study conducted by
Warby et al. (2014) demonstrated their practical benefit that can be added together with the
experts’ efforts [21]. Other work compared the report interpretation of a semi-skilled cohort
and the crowd and described the similarities between them, suggesting the indication to use
it as an alternative to the estimates of experts [22, 23]. Researchers found the same usability
issues reported on content and quality by non-expert guided groups, providing minimal
cost and time to employ experts [24]. Additionally, study findings pointed out the learning
potential of the crowd suggesting the possibility of using their assessments in situations
where they were provided basic training or guidelines [25]. Therefore, the preceding research
shows that crowdsourcing is useful in several situations and can be used with non-sensitive
data that is difficult to handle automatically [26], yet simple and does not require expertise
by a human. From that, this research will start on the premise that crowdsourcing can also
help with situations of occupied or lack of employed expert inspectors.

The ’Human as a Sensor’ concept is an application of crowdsourcing and the term
was first used by Lewis by examining the role of humans as "perceptual sensors" [27].
that provides an attractive solution by utilising individuals’ knowledge and observations to
benefit situational awareness via monitoring, event/incident detection, reporting potential
issues or emergency response [28–32]. In this paradigm, the building occupants voluntarily
select and respond to a few location-specific tasks requested by the system to provide their
updates without a required high level of expertise. Wang et al. (2017) stated that the human
sensing approach is one of the crowdsourcing applications [26]. Studies demonstrate that
effective crowdsourcing can lessen administrative expenses, enhance service effectiveness,
and improve the relationship between the government/organisation and the public [33–39].

1.2 Research Problem

Internal crowdsourcing performed within organisations is often used as a way to collect
ideas or solutions from people within these organisations and did not include utilising
human sensing to check facility status in smart buildings. Previous studies investigated
how occupants engage and include their evaluations and negotiating perspectives to building
management around their comfort and preferences during interaction with the building. For
example, the authors in [40] examine how environmental data can facilitate interactions
between building managers and occupants and propose ways to influence more inclusive and
bottom-up building management. Another study explored the dimensions of comfort around
shared places, using a device created to conduct thermal comfort surveys of the occupants
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and imaging the outcomes to them, they highlight the significant role of occupant discussion
and agency in decreasing tensions [41]. The study is set to focus on the comfort and opinions
of the occupants instead of being active members in reporting incidents and observations of
the smart building facilities. Prior to this PhD thesis, it was unknown how smart building
occupants perceive reporting incidents and observations when actively prompted by the
building management to check the working condition of a facility, and whether it is feasible
in terms of time, quality, and efficiency.

To understand this, I describe the human perception of reporting incidents and faults in the
smart building and explore the motivations that encourage them to participate in the reporting
process of facility conditions and facility-related incidents. Secondly, I show the feasibility of
the suggested human-sensing reporting system inside the smart building. Thirdly, I provide a
framework for future implementations of the internal crowdsourced human sensing facility
reports to contribute to improving situational awareness.

The selected case study was a smart building named the Urban Sciences Building (USB)
at Newcastle University in the UK. The selection of smart buildings as a case study lies
in several elements. Previous work has shown that the presence of technology in smart
commercial buildings affects their occupants. For example, occupants may have some
privacy concerns due to not being fully aware of the type of data that is being captured [42,
43]. Additionally, Harper et al. (2020) mentioned people’s concerns about not having enough
control over their collected data [44]. This may lead to occupants changing their behaviour
when they learn about the existence of monitoring and tracking devices such as surveillance
cameras.

1.3 Research Questions

To address the research problem, this thesis explores the following research questions:
Question 1
What are the perceptions and motivations that smart building occupants have towards
reporting incidents and observations in smart buildings?
It provides answers about user perceptions towards incident reporting, and whether the
presence of technology affects their reporting decision. It also identifies the motivations
of the occupant’s reporting decision of faults and incidents, and whether these motivations
change when being asked by the system to perform the checking task. Chapter 3 discusses
this question.
Question 2
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How feasible is using human sensing to improve situational awareness by reporting
facility conditions in a smart building?
It provides answers about the feasibility of running the human sensing reporting system
and receiving accurate and sufficient replies promptly. Participants are requested to perform
checks on the facilities of the smart building including the distributed IoT devices. Chapter 4
discusses this question.
Question 3
How can we design an internal crowdsourcing framework for human sensing facility
conditions in the context of smart buildings?
The answer to this question is provided by synthesising the results to provide a framework
with a set of steps and guidelines to perform when creating a human sensing reporting system
that requests individuals to perform facility checks in smart buildings. Chapter 5 discusses
this question.

1.4 Contributions

The most significant contribution of this thesis is the proposal of a human sensing framework
that provides a set of guidelines to implement an internal crowdsourcing practice within a
smart building. It aims to include the people in the process of reporting their observations on
facility conditions by responding to a received check task. The contributions of this research
can be summarised as follows:

• To answer the first research question, an investigation is conducted using semi-
structured interviews with 17 occupants of a smart building regarding their perceptions
and motivations towards reporting facility conditions in the smart building they work
in. The study also presents a comparison between the motivations of reporting detected
facility faults or incidents and being a participant responding to a task asking to check a
facility in the building. Altruism and enjoyment elements were found to be the leading
motivations for the smart building occupants. This study uses a qualitative thematic
analysis of data from open-ended question interviews by counting the emergence of
different themes mentioned by participants. The extracted themes were found to match
some crowdsourcing dimensions (problem, platform, crowd, environment). It was
found that people expect smart buildings to be "smart" and able to regulate themselves
in terms of tracking and surveillance to support their reports.

• To answer the second question, a mock system was designed to test the feasibility
of running the human sensing reporting system. An experiment was conducted for 4
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weeks with 21 participants inside the USB building. The experiment aims to check
the quality of replies, the number of replies, and their completion time as metrics
of success. The chapter presents quantitative and qualitative results that explain the
benefit of including several features such as having supporting data and rating task
difficulty. Finally, participants were interviewed to provide their feedback on their
experience in reporting their observations on the facility conditions when receiving a
check request task from the reporting system. The results showed that the system is
feasible with enough accurate responses received in an acceptable time. Precisely, to
improve the quality of the received responses, a clear description of the task and the
facility location is recommended.

• To answer the third question, I went through a process of synthesising the previous
results of Chapters 3 and 4 along with the available literature to draw out actionable
insights to feed forward into creating a framework for designing internal crowdsourcing
reporting systems for human sensing smart building facilities for any organisation with
different demographics, characteristics, culture, and needs. The framework consists
of a set of steps that can be followed as general guidelines for the implementation
of the system. It covers the key dimensions of the crowdsourcing process: platform,
requesters, workers, incentives, and tasks. It also highlights the importance of environ-
mental preparation in smart buildings in particular.

1.5 Publications

Conference Paper: N. A. Abah, N. Taylor, C. Morisset and M. Mehrnezhad, "U-Sense:
Feasibility Study of “Human as a Sensor” in Incident Reporting Systems in a Smart Campus,"
2023 IEEE European Symposium on Security and Privacy Workshops (EuroS&PW), Delft,
Netherlands, 2023, pp. 641-652, doi: 10.1109/EuroSPW59978.2023.00075. A version of
this paper is presented in Chapter 4.

1.6 Thesis Structure

• Chapter 2 Background, related work, and methodology: The chapter provides
background information about smart environments, crowdsourcing and human sensing.
Followed by a list of related work in human-building interaction, and incident reporting.
Finally, it describes the research methods used in this thesis.
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• Chapter 3 User perceptions, practice, and motivations: This chapter answers
the first research question and presents the first contribution. It explores the user
perceptions towards incident reporting, environmental and technology impact, and
motivations.

• Chapter 4 Feasibility study of human sensing facility conditions in smart buildings:
This chapter answers the second research question and presents the second contribution.
It tests the human sensing concept by assessing several aspects.

• Chapter 5 Human sensing framework for smart buildings facilities: This chapter
answers the third research question and presents the third contribution. It presents
a framework that outlines general guidelines for the management to implement the
system. It then discusses different challenges associated with the framework.

• Chapter 6 Conclusion: This chapter summarises the contributions and results of this
research, the limitations, and finally the future work of the research.
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Chapter 2

Background, Related Work and
Methodology

Overview This chapter provides background information on the concepts, methods, and
technologies related to the research carried out in this thesis. Section 2.1 provides a general
overview and background information on the definition of smart buildings, crowdsourcing,
and human sensing, as well as a description of the case study. Section 2.2 provides an
overview of related work on smart building-occupants interaction, incident reporting, and the
utilisation of the human sensing method. Section 2.3 summarises the data collection methods
followed to complete this research. Lastly, Section 2.4 concludes the chapter.
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2.1 Background Information

This section provides background information on smart buildings, crowdsourcing and its
two types internal and external crowdsourcing, terminology, and motivations. In addition,
details about the case study, Urban Science Building, are presented in this section. Finally,
this section describes human sensing, one of the crowdsourcing applications that will be
followed in this thesis.

2.1.1 Smart Buildings

Smart buildings are expected to be intelligent and sustainable due to the use of a range of tech-
nologies to attain occupant comfort and energy consumption [45]. Automation is a desired
goal in smart buildings and is achieved by the installation of various interconnected devices
and sensors in the building [46]. The level of knowledge and awareness of the environment
is associated with smart buildings; McGlinn et al. (2010) define smart buildings as "a subset
of intelligent environments that are capable of maintaining and using knowledge about the
environment and its occupants to enhance their overall experience in that environment" [47].
Similarly, Kiliccote et al. (2011) mentioned awareness of smart buildings along with the
response to real-time mandates to meet requirements such as responsiveness, adaptability,
and flexibility [48].

The main characteristics of smart buildings are the presence of sensors, systems, au-
tomation, and data analysis that provide effectiveness, and sustainability, and improve the
living experience of their occupants. This “smartness” is not specific to a certain field; in
fact, it expanded to cover various activities such as healthcare, vendors, airports, universities,
headquarters and offices, or manufacturing [49–56]. All these buildings have their own
occupants’ demographics based on the purpose of the building. For example, a smart campus
can contain a diverse group of staff and students.

Building management systems (BMS) are cyber-physical systems that are commonly
used in smart buildings to monitor and control the performance of the building and its
devices [57]. Generally, BMS is a set of sensors and IoT devices, software systems, and
microprocessor-based controllers to manage the smart building areas and zones. BMS
range in their complexity and consists of ventilation, lights, and temperature adjustment.
Building management systems serve the smart building by performing tasks such as: sensing
environmental changes and occupant presence, scheduling and adjustment of temperature
and lighting, controlling access in and out of the building its zones, etc. As BMS supports
the integration of various objects with dissimilar natures, they are considered highly complex.
This indicates that they are susceptible to errors and faults that are unexpected. Also, because
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they are used in critical buildings, this indicates the importance of fault detection in a timely
and precise manner to perceive the energy and safety of the building occupants and devices
[58].

2.1.2 Case Study - Urban Science Building

The research study was conducted in the Urban Sciences Building (USB) at Newcastle Uni-
versity, Newcastle upon Tyne, UK. A smart university building was built in 2017, comprising
around 134,500 sq ft. Its residents are diverse, including academic and professional support
staff, research staff and undergraduate and postgraduate students. The building has around
1,200 students, 55 academic staff and 120 postdoctoral researchers as well as other visitors
from academia, business and government. Large parts of the USB are also accessible to the
public. Furthermore, building occupants typically receive a short overview of the building
features throughout general induction sessions. No signs or informational brochures show
the existence and functionality of sensors that serve building purposes. Moreover, staff and
students do not receive induction sessions about the sensors within the building. Nevertheless,
more detailed information is available online for those who want to learn more about the
subject (http://newcastlehelix.com/about/urban-sciences-building).

It consists of six floors designed for teaching, laboratory research, events and testing
real-time smart technologies for urban sustainability. Its spaces include individual and
open-plan offices, computer labs, seminar rooms, and lecture theatres [59]. The building is
considered to be “smart” due to its data gathering system used by facilities supervisors to
support problem analysis and to regulate energy consumption, joined with a BMS (Building
Management System) that adjusts comfort settings, such as the temperature and lighting. It is
a suitable environment for research in several fields like HCI and HBI. Several experiments
and workshops were conducted to study the building users and how they perceive and
interact with the building. For example, Mitchell et al. (2020) explored how HCI and
HBI practitioners can design interactions that adopt activity and contribution to facilities
management processes [59]. Margariti et al. (2023) focused on the human experience
pointing out grey zones and concerns regarding data collection [60].

Designed as a Building as-a-Lab, the USB differs from other smart buildings by offering
an operational test bed for recognising the relationship between buildings and their interior
and exterior surroundings. The Building-as-a-Lab concept enables controlled experiments,
by including around 20 plant rooms with differing configurations, and 3 building units with
their own circuits and supplies. The USB includes more than 4,000 sensors and 15,000 data
networks, all integrated in the open places of the building. This makes it one of the most
highly monitored buildings in the world, where the huge count of sensors allows a nonstop
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collection and analysis of large amounts of data (over 1 million data points on average per
day). In addition, it also provides basic environmental data for the workspace such as CO2
levels, temperature, humidity, brightness, and occupancy. These sensors gather digital or
analogue data associated with temperature, noise, and attendance [61].

2.1.3 Crowdsourcing

Increasing citizen connectivity and digitalisation of government and business information
systems have opened new ways of sourcing knowledge from residents through the internet-
based approach, for example, mobile apps [38, 62]. The term "crowdsourcing" was coined by
Howe in 2006 and defined it as defined as: "the act of taking a job traditionally performed by
a designated agent (usually an employee) and outsourcing it to an undefined, generally large
group of people in an open call” [20]. Other terms were also used describing similar ideas
such as peer production, user-generated content, and smart mobs [63–65]. Estellés-Arolas
et. al in [66] provided a definition which stated that it is an online participation activity
by a group of people varying in knowledge and number who volunteer to complete a task
sent by a requester that can be a person, private or governmental organisation. Tasks can be
in different complexity levels that require contributions of diverse types of forms such as
work, knowledge, money, or experience. The crowdsourcer then will benefit and utilise what
the crowd provided and reward them with a benefit for accomplishing a task like monetary,
social recognition, self-esteem or skill improvement.

Blohm et al. (2018) have distinguished four types of crowdsourcing based on the diversity
and aggregation of the contributions: micro-tasking, information pooling, broadcast search,
and open collaboration [67].

• Microtasking is where people perform microtasks that result in benefiting a larger
project. It is better suited to the need for scalability and time-saving of vastly repetitive
tasks like categorizing data or labelling images. Amazon Mechanical Turk is a case of
micro-tasking.

• Information pooling is useful for cumulative distributed contributions such as votes,
opinions, assessments, and forecasts. Examples of this approach are platforms gather-
ing location-based information like GoogleMaps.

• Broadcast search accumulates contributions to receive alternative perceptions and
solutions to a problem from individuals outside the organization. It fits the most in
projects that require problem-solving, technical and analytical challenges, and scientific
or inventive tasks. One example is Applause for software testing. Also, Netflix Prize
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asked contributors to propose algorithms for customer preference prediction that are
more accurate than the existing Netflix algorithm.

• Open collaboration platforms call participants to team up to cooperatively solve a
complex task where the result requires the combination of different knowledge and the
skills of several individuals. OpenIDEO platform of the agency IDEO has requested
people to openly team up to provide shared solutions to universal problems like
maternal health or urbanization.

Crowdsourcing platforms can include several traits. For example, the Netflix Prize has the
attributes of both broadcast search and open collaboration [67].

2.1.4 Internal and External Crowdsourcing

A main advantage of crowdsourcing relies on the size and diversity of the contributors, which
allows requesters to attract more and various knowledge and skills. Therefore, two types of
crowdsourcing have emerged based on the size of the crowd. External crowdsourcing aims to
reach a wide range of external people as a source of ideas and contributions. On the other hand,
internal crowdsourcing focuses on a large and diverse population of participants inside an
organisation leveraging the skills and experience differences of employees distributed across
several locations, job roles, and positions within the organisational hierarchy [68]. Many
organisations across the industry domain have their attention towards internal crowdsourcing.
The majority of prior work on internal crowdsourcing emphasises on exploring design
and implementation decisions companies need to make if they plan to use these platforms
internally [69].

Several organisations started moving from external crowdsourcing to internal crowd-
sourcing to mitigate the risks and limitations attached to the former like issues with the
leakage of sensitive information of the organisation and the intellectual rights dispute [12].
Internal crowdsourcing, on the other hand, provides the same advantage of having a large
and diverse crowd (employees from different levels and business departments) but at the
same time keeping the process focused and internal [70, 71]. Despite the extensive research
in crowdsourcing motivation, no all-purpose model has been decided on regarding what
motivates workers there. For example, there are opposing views on the usefulness of financial
incentives [72, 73]. Some work recommends financial rewards as they work best [26, 74],
while others propose that non-financial rewards are more effective [72, 73, 75]. Therefore,
this contradiction points to the fact that each internal crowdsourcing enterprise situation is
unique and thus does not fall under a simple generalisation [76]. This observation informs
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Fig. 2.1 Human sensing as an application of crowdsourcing and used for environmental
monitoring [26]

the first research question of this thesis regarding understanding human sensor perception
and motivations in the context of smart buildings.

2.1.5 Human Sensing

Human sensing or sometimes called the ‘Human as a Sensor’, is a form of crowdsourcing
to collect data using mobile sensors and human observations. It is similar to spatial crowd-
sourcing, but with the discrepancy that individuals would focus on contributing within their
local area like their neighbourhoods, workplaces and often visited places [77, 78]. User
intervention in crowdsensing platforms can be either implicit or explicit. The implicit way
depends on the sensors in the mobile devices to collect data where they have specific apps
that run in the background and the only contribution a person makes is open the app [79],
or it can be by using web 2.0 services (e.g., social networks) where they unintentionally
contribute valuable data [80]. The explicit sensing does not essentially include sensors in
the conventional technical sense, as people can contribute by sending their observations
themselves, with slight or no support from technology. As this requires labour-intensive
involvement, it often includes providing incentives for them [79, 81]. This method is the one
I am investigating in this thesis where participants will contribute willingly their environment
observations to the requester. This may fall into a self-selection bias where participants
choose themselves into a group causing a biased sample [82].

Human sensing has been utilised in a wide variety of contexts to collect data on a larger
scale than would be achievable through other approaches. It is mainly suitable for settings in
which task requesters wish to comprehend the experiences of people in a certain place or
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environment or to extract feedback from them [83]. Crowdsourcing and human sensing have
several applications, such as environmental monitoring [84–86], event/incident detection and
response [28–32], traffic forecasting [87, 88], healthcare monitoring [89, 90] and location
services [91, 92]. Figure 2.1 illustrates the several applications of crowdsourcing. Human
intelligence is where the system can benefit from the human by several methods like natural
language processing, knowledge sharing, or image processing. The other application is
human sensing where humans can move around to provide observations. For instance, smart
transformation and environmental monitoring. The figure shows that human sensing is a part
of crowdsourcing applications as Wang et. al presented in their taxonomy [26].

2.1.6 Motivations

One of the main reasons of success in any internal crowdsourcing initiative in an organisation
is subject to the motivating system selected to encourage their employees to participate in
distributed tasks [93, 94]. Therefore, organizations that apply crowdsourcing should convince
their staff to engage with their tasks and contribute to the intended solutions by assigning the
task to be resolved through a suitable platform [95]. Accordingly, the organisation and the
internal crowd involve in an exchange process— the participants put effort into performing
the tasks and submitting answers and expect to obtain rewards for their efforts [95]. There
are several definitions of motivation, yet the definitions fundamentally focus on the reasons
that influence a person to perform a task [93]. Parashar defined motivation as the underlying
reason influencing a person to act in a certain way [96]. A motivated individual is derived to
perform certain actions, while an unmotivated person does not obtain the energy to participate
or be involved [97]. Motivation mechanisms commonly have two goals: stimulate workers to
actively join and input accurate data, and encourage requesters to deliver honest comments
about the quality of the received answers. Based on their activities, it may reward/penalize
workers and requesters with financial, ethical, entertainment, and priority [26].

Ryan and Deci divided the motivation into two different groups: intrinsic and extrinsic
motivations that impact a person’s purpose to contribute and affect their engaging behaviour
to different levels [97]. The variance is that intrinsic motivation is determined by internal
stimulus, and individuals do not expect personal benefit from doing any actions whereas
extrinsic drives include a gain of personal benefit [98]. However, motives may differ signifi-
cantly based on the user type, the situational context, and the system itself. This is one of the
reasons that such studies are important before implementing a crowdsourcing initiative in an
organisation.

Katmada et al. (2016) have identified 7 motives: learning/personal achievement, altruism,
enjoyment,social motives, self-marketing, implicit work,and direct compensation [99]. The
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first four can be considered as intrinsic motives that align with the Maslow hierarchy of
needs [66]. Motivations can also be triggered by applying some incentive mechanisms in
the platform designs. Katmada et al. also presented four basic incentive mechanisms that
motivate people to participate:

• Reputational systems: The engagement level and quality can be improved by adding a
rating feature among participants.

• Social mechanisms: Social image is highly appreciated among participants in online
communities, who want to be seen as “good” overall. Some incentives are like adding
them to a special mailing list, delivered feedback, praise features, and event invitations
[100].

• Gamification: is the use of game-design elements in a non-game context [101], such as
earning points, badges and levels, and leaderboards.

• Financial rewards: cause extrinsic motives like vouchers and token rewards. For exam-
ple, the app Waze - used for traffic monitoring and accident reporting by users’ phones-
utilises the gamification mechanism by providing avatars for the users, collecting
points and badges.

2.1.7 Crowdsourcing Terminology

It is important to clarify some of the terminology being used in the context of crowdsourcing
applications. These terms are used, as well as the ones specified for this research project
inside a university smart building:

• Human as a sensor: Is the process of utilising human observations by having them as
participants in providing updates on facility conditions and incidents in the buildings.
Lewis (2009) started using this term by examining the role of humans as "perceptual
sensors" [27].

• Task, check task, check request: Is any task that is sent by the system to the building
occupant to check a facility’s condition.

• Requester, administrator: Is the person who sets up the task and its requirement and
sends it to the building occupant through the system.

• Responder, occupant, participant, worker, crowd: Is the person who receives the
task through the system and decides to delay, cancel, or respond. When deciding to
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respond, they go to the facility location to check its condition and then respond to the
system.

• Received data, responses, answers, replies: data submitted from the responder to the
task request.

2.2 Related Work

This section presents the related work that has been conducted to improve situational aware-
ness in several contexts like smart buildings, cyber security, and human sensing. It lists
some of the contributions that were offered as steps towards better situational awareness
like technical solutions and software, frameworks, qualitative research, etc. This section
also lists some of the studies conducted in smart buildings on human-building interaction
and occupancy detection. Finally, the section presents a description of the current state of
incident reporting systems user studies and sharing the knowledge in several contexts in
environment observation and crisis management.

2.2.1 Human-Building Interaction (HBI)

When it comes to the “smart agenda” for any environment, research has focused on improving
efficiency, sustainability and reducing costs. HBI emphasizes human values, requests, and
preferences to understand occupants’ interactions with such environments. Different building
type has their own purposes, needing a number of contextual requirements demanding the
expansion of attentive research where the outcomes may have differences and similarities
with other contexts [59, 102].

Describing HBI in Space is the Machine [103], Bill Hillier said that: “Built environments
are a construction of physical elements that create and protect a space. Each of these two
aspects, the physical and the spatial, carry a social value: the former by the shaping and
decoration of elements (with functional or cultural significance), and the latter by providing
spatial patterning of activities and relationships. Designing Human–Building Interaction,
in that perspective, consists of providing interactive opportunities for the people to shape
the physical, spatial, and social impacts of their built environment.” Thus, HBI focuses
on the multi-functional concepts of the building, comprising three interconnected features:
physical-material, spatial-configurational, and social-cultural [102].

Research conducted by Verma et al. (2017) who analysed the use of building space
based on sensor data [104]. Finnigan et al. (2017) also used sensor data (proposing a
wireless sensor toolkit) in the auditing routine of building managers to assess building
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performance and monitoring standards compliance [105]. Other studies involved occupant
complaints as an approach for facility supervisors to evaluate their satisfaction with the indoor
environment [59]. Clear et al. (2018) set their attention on occupant contribution in building
assessment and administration [40, 41]. They examine how environmental data can facilitate
interactions between building managers and occupants, and propose ways to influence more
inclusive and bottom-up building management [40]. Other studies explored the dimensions
of comfort around shared places, using a device created to conduct thermal comfort surveys
of the occupants and imaging the outcomes to them, they highlight the significant role of
occupant discussion and agency in decreasing tensions [41]. The observation that occupants
are involved in the incessant making [106] and appropriation [107] of place informed the
research questions mentioned in section (1.3) on how can occupants engage with management
in terms of maintenance and facility conditions.

2.2.2 Occupant detection

When it comes to smart buildings, occupant and vacancy detection has been a research focus
in the last decade for its benefit in different applications such as situational awareness and
energy consumption. One of its challenges is how to receive a high-accuracy estimation
without using camera data and image processing methods [108] due to privacy concerns.
Therefore, leveraging sensor data for enclosed residence detection is a present trend in the
ambient sensing research field [108]. Below, is a list of the used methods for occupancy
count and detection:

• Simulation-based Indoor Human Occupancy Detection Creating simulation models
for estimating occupant count inside enclosed areas is a known method that can be used
for several reasons including situational awareness and studying residents’ behaviour
for the objective of energy consumption. Research papers like [109–111] present this
type of solution.

• Radio-based Indoor Human Occupancy Detection Radio-based Indoor Human
Occupancy Detection refers to using devices such as WiFi, Bluetooth, electromagnetic
waves and gamma rays. A research paper proposed a model that only uses WIFI power
for human detection [112].

• Indoor Human Occupancy Detection with Homogeneous Sensors This type of
research depends on only one sensor type to count and detect occupants. Multiple
research used some algorithms in this direction like [113, 114]. One of the most
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utilised sensor types is the passive infrared (PIR) sensor to detect people’s movement
[113, 115]

• Indoor Human Occupancy Detection with Heterogeneous Sensors This type of
research depends on several sensor types to count and detect occupants. A project from
the University of Southern California has a collection of sensors (light, sound, motion,
CO2, temperature, and humidity sensors) to produce a model to expect people’s pres-
ence. Moreover, a study result attained an accuracy of over 80% with 45 participants
using mobile crowd sensing where they managed to leverage a set of smartphone
sensors (microphone, Bluetooth and WiFi) [116].

• CO2-based Indoor Human Occupancy Detection The benefit of this method is that
CO2 sensors do not raise the operational cost because they are already installed and
integrated into the building management systems (BMS). Some papers used machine
learning algorithms with sensors deployed in and out of the room [117]. Another
work utilised the carbon dioxide sensor in their solution (CD-HOC) to help estimate
the number of occupants inside a room [108].

2.2.3 Incident Reporting and Response Systems

Incident response is the process of detecting alarming events that could affect resources
(digital or physical) and then taking the proper planned steps to assess and fix the situation as
necessary [118]. Governments and organisations set guidelines, policies and rules to prevent
incidents from happening [118]. One of the important aspects of handling incidents is how
early they are detected. There are different ways of detecting alarming events, such as having
monitoring systems, human reports, and combined methods. Incident reporting is considered
the first step in this chain. In this context, there is a difference between an ‘incident’ and
an ‘accident’ [119]. An accident is defined as an unexpected action ending with serious
injury, illness, or property damage [119]. An incident is an occurrence that does not result in
harmful damage yet has the potential to cause harm. In the context of a workplace, incidents
are more likely to happen [119]. According to the Australian risk management consultancy
IPM, accidents cover only 2 % of the incidents in the workplace [119].

User studies on incident reporting systems

Several studies have focused on analysing the existing reporting systems. For instance,
Bach et al. (2011) focused on the user side of the reporting tools and analysed 23 incident
reporting systems [120]. They studied urban contexts to understand users’ insights into
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incident reporting applications and aspects affecting the user experience [121]. They found
that UX dimensions that can be utilised to trigger and motivate users to report incidents in
urban places. Likewise, Winckler et al. (2016) explored the user experience of a reporting
system app [122]. They reported certain requirements such as presenting reportable items
in the app menu to avoid non-specific forms, identification for avoiding fake reports and
features for uploading evidence such as pictures and videos. Grant et al.(2015) conducted a
study to assess the usability of an incident reporting tool by recruiting users to conduct tasks
using the prototype tool and then filling Ravden and Johnson’s Human-Computer Interaction
(HCI) checklist [123].

Human sensing in reporting information security incidents and attacks

In several cyber security scenarios, people can outperform technical security procedures
in noticing threats. This is mainly in the deception-based attacks (e.g., spear-phishing)
rather than exploitation of a precise technical fault [124]. Heartfeild et al. (2017) had a
series of experiments on human sensors in the field of cyber security semantic attacks in
social media. Their focus was specifically on the attacks that involved human deception
of the individuals more than the technical flaws. They started with assessing the human
sensor’s ability to detect cyber-attacks by asking a large sample of users with different profiles
to answer a questionnaire asking if the provided scenarios are attacks [125]. They have
demonstrated that it is possible to predict to a certain level people’s capability as sensors of
such attacks. Then they followed this with another study where they designed a human-as-a-
security-sensor framework and a real-world implementation in the form of a prototype named
(Cogni-Sense) that is designed to help and reassure users to actively spot and report semantic
social engineering attacks [126]. Related to that, Rahman et al (2017) introduced a method
for evaluating reports in regards to their cyber-trustworthiness based on characteristics of the
mobile devices [127].

Related to that, Vielberth et. al., claimed that the security awareness campaigns for
employees did not achieve the full potential of the raised awareness in terms of leveraging the
type of contextual information about incidents reported by the human factor. Therefore, they
propose an approach to enable people to systematically report found anomalies or incidents in
a structured manner. They also considered the collected data analysis part by the integration
of the Security Information and Event Management system (SIEM) [128].
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2.2.4 Incident reporting and sharing knowledge in smart spaces

The combination of processes, software, and devices in smart buildings empowers interactions
between cyber and physical elements within. This connection means that in some cases, an
event triggered by a cyber element can affect physical ones, and vice-versa. For example,
in a smart building, an increase in the temperature of a room can activate a start cooling
command to the air conditioning system. Based on that, previous work focused on dealing
with incidents in smart buildings. Alrimawi et al, (2020) work set the focus on incident
reporting and sharing the knowledge of incidents in smart spaces. They contributed with
two meta-models to show incident patterns and the smart spaces. They also developed an
automated method to share incident knowledge across diverse organizations [6, 129]. Another
solution to improve incident reporting and monitoring in smart spaces is the study conducted
by Scheuermann et al. (2015) [130]. They developed a Cyber-Physical Human System, that
provides simultaneous incident monitoring and management via peoples’ wearables shared
with smartphones and Bluetooth tracking technology.

The work presented by Eckhart et al. (2019) is one of the papers that contributed to
the area of situational awareness enhancement, the authors utilised the concept of digital
twins to improve cyber situational awareness [131]. They used the virtual copies of systems
that work as equivalents to their physical counterparts and offered a thorough examination
of their performance avoiding the risk of affecting operational technology services. Their
contribution is to create a cyber situational awareness framework built on digital twins
that delivers a deep, complete, and up-to-date assessment of the cyber condition of smart
buildings. They delivered a prototype presenting simultaneous visualization elements such
as the program variables of devices.

Moreover, other papers were concerned with the improvement of the monitoring software
to benefit physical security and work on the development and integration of the Security
Information and Event Management system (SIEM). Frattini et al (2019) tried to merge the
well-known IBM SIEM (QRadar) with another physical protection system. This integration
aims to assist physical security employees in finding unseen threats, and the cyber-security
team to be aware of the potential threats related to the physical system [132].

On the other hand, some studies cover the risk assessment guidance in smart infrastruc-
ture such as IoT [133], smart grid [134], and smart homes [135]. Mace et al, (2020) handled
the lack of standardised risk assessment methodology for smart buildings. In their paper,
the authors state about a risk assessment conducted in 2018 on a real-life high-tech smart
building, holding more than 1300 people. Specifically, they highlight the challenges faced,
such as the absence of risk ownership and change monitoring, and they also provide some
recommendations for evaluation and supervision of risk [61].
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2.2.5 Human sensing in crises management and environmental obser-
vations

In times of crises, people have generally been considered as individuals to be rescued
rather than active contributors [136]. As stated by Fraustino et al. “oftentimes, individuals
experiencing the event first-hand are on the scene of the disaster and can provide updates
more quickly than traditional news sources and disaster response organization”. Preceding
research papers have found that socio-mobile applications in emergency circumstances can
be valuable to enable the collection of information, as well as keeping the sense of belonging
and human connection between society members [137]. Nevertheless, extracting information
from social media posts involves some peculiarities like noise, briefness, and conversational
types (e.g., hashtags, shortened URLs, wrong grammar, absence of context) [138].

Web 2.0 technologies accompanied by the digitalisation of the information systems of
governments and businesses have opened ways for the interaction between authorities and
residents via an Internet-based approach, e.g., a mobile app designed for people to share their
knowledge [38, 62]. Some authorities and organisational entities have utilised the concept
of crowdsourcing and human sensing to gain access to collective insights, skills, and ideas
from the virtual crowd [139]. Human sensing is used in smart cities to utilise individuals’
observations for the authorities to broaden their situational awareness among several fields
such as event/incident detection and monitoring and emergency response to natural catastro-
phes [28–32]. Bennett used this concept to reduce crimes inside neighbourhoods [140]. He
et al. (2013) used the tweet semantics to predict traffic [141]. Alkhatib et al. (2018) applied
text mining techniques to Twitter feeds in Arabic to extract reports from the public to help
manage incidents and events in smart cities [142].

Some reporting systems do not focus exclusively on incidents, but instead on people’s
observations. Therefore, incidents are not happening to trigger the user to engage and report.
For example, citizens can be observers monitor the environment and report potential incidents.
Hence it is considered an efficient method for administration for monitoring ecological data
with less resources and costs [143, 144]. In citizen science, Preece mentioned various ap-
proaches used for gathering and monitoring data [145]. Such approaches include mobile apps,
drones, webcams and gamification. Salfinger et al. (2013) surveyed situational awareness
systems for improving ecological monitoring responsibilities [146]. Stavrakantonakis et al.
(2012) offered an assessment framework for social media monitoring software, concentrating
on ideas, user interfaces, and technology [147]. An example of an app that uses human
reports and observations is FixMyStreet in the United Kingdom for reporting unlit streetlamps
in the street.
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2.3 Research Methods

This section describes the approaches and studies that I used to answer the research questions
asked in Chapter 1. Two comprehensive studies were conducted to understand the perception
of the building occupant in reporting to a crowdsourcing system and the readiness of the
prototype to be applied in a smart building (smart campus in particular). These two studies
discussed in Chapters 3 and 4 helped design a framework that sets guidelines to plan and
implement a human sensing system for smart building facilities in Chapter 5.

As mentioned in Chapter 1, to formulate the research problem and explore how a smart
building environment can affect occupants’ participation in human sensing reporting systems,
a qualitative research method was followed to gather data through interviews to understand
in-depth occupants’ perceptions of incident reporting in smart buildings and the motivations
behind it to extract the requirements and components of the proposed solution. The interview
approach allows researchers to gain comprehensive data directly from the interviewees,
capturing their feelings, drives, and interpretations through their terms and expressions. This
stage of the study delivers details of smart building users’ perceptions of reporting incidents,
the effect of technology on their reporting decisions, and the motivations to participate
in human sensing reports of the smart building facilities. Next, based on the analysis of
the results of the study conducted above and mapping them to the main dimensions of
crowdsourcing systems, the main points and guidelines of the proposed solution are initiated.

Moving to the empirical approach, the next step was to explore the feasibility of leveraging
human sensor observations to improve situational awareness in a smart building. To test
the feasibility, a mock human sensing system was designed to run for a month in the Urban
Science Building at Newcastle University. The system was sending tasks to participants
to check facilities’ conditions for occurring or potential defects. Quantitative data was
collected throughout the experiment such as task completion rate and number of replies.
This data was used for the success criteria of the proposed system. After completing the
trial, I extracted qualitative data by interviewing the participants to collect their feedback
about their experience as contributors to the human sensing system in the building. Both
Quantitative and qualitative results provided several key implications that were used as an
extended base to design the proposed human sensing framework of smart buildings. The
strategies mentioned above are outlined and defined in more detail below:

2.3.1 Qualitative Analysis

Data analysis can be performed by three methods: qualitative, quantitative, and a blend of both
known as mixed-methods [148]. The qualitative analysis approach relies on interpretivism
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way which includes probing the social reality by using their understanding and subjective
interpretation of the studied phenomenon [149, 150]. Aspers defined qualitative research
as "an iterative process in which improved understanding for the scientific community
is achieved by making new significant distinctions resulting from getting closer to the
phenomenon studied" [151].

Qualitative research uses a multi-method style, emphasising interpretation and a natu-
ralistic investigation of the topic. This style involves learning about the phenomena in real
settings, to grasp and interpret the importance attributed to them by the people involved
[152]. Qualitative research covers the utilisation and assembling of various experimental
resources, such as case studies, interviews, observations, historical records, interactive data,
visual texts, personal experiences, introspection, and life stories. These resources help to
show both regular and challenging moments as well as the importance attributed to them in
people’s lives [153]. Moreover, there has been considerable advance in the use of quantitative
methods in the last five decades [152].

Qualitative research often produces conceptual frameworks that are applied through a
variety of methods for data collection and analysis. It does not follow a set of pre-defined
questions or structured steps, allowing for the appearance of unexpected discoveries [154].
Main data collection practices often used in qualitative research cover narratives, case studies,
ethnographies, and grounded theories [155]. This method was used in chapter 3 when
interviewing the participants.

2.3.2 Quantitative Analysis

Creswell briefly defined quantitative research as a research method to describe a phenomenon
by collecting numerical data and analysing them via mathematical procedures, particularly
statistics [156]. Quantitative research comprises the numerical illustration and manipulation
of observations to clarify and explain the phenomena they present. This approach is widely
used in natural and social sciences and fields such as physics, biology, psychology, and
sociology. Also, Cohen described quantitative research, as social research that applies
experiential methods and makes experiential declarations [157]. According to Cohen, an
empirical declaration is considered as a descriptive declaration that refers to what is found in
the "real world" instead of articulating prescriptive decisions about what should be [157].
Quantitative research usually describes empirical reports in numerical terms. Another
characteristic of quantitative research is the application of empirical assessments, which
comprise evaluating the level to which a certain program or policy successfully matches or
fails to match a certain standard or norm through empirical observation [157].
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The quantitative method differs from qualitative research with its strict objectivity, which
is regularly connected to the positivist model [158, 159]. Quantitative research intends to
extract knowledge by hypothesis testing to find variable correlations. Therefore, the analysis
emphasises numeric and measurable data to evaluate these relationships and correlations
[152]. The analysed data is put through different statistical methods, which go together with
the evaluation steps that contain performing reliability and validity tests. Common methods
of data collection in quantitative research cover experiments, cross-sectional studies, and
longitudinal strategies [160]. Moreover, quantitative experiments tend to have more validity
due to the possibility of introducing control conditions [161, 162]. This method was used
in chapter 4 during the real-world experiment by collecting some numeric data such as the
number of replies.

2.3.3 Mixed-method

Mixed-method research includes features of both quantitative and qualitative methods, joining
aspects from both. This form of method does not adhere firmly to either the interpretive or
positivist research models. In a way, the method takes a pragmatic style, where the selection
of research methods depends on the context. The investigator has the liberty to apply the
technique that is most appropriate for a certain situation to study the research problem
efficiently [156]. The motivation for mixing research approaches must be sufficiently
justified [154]. There are several reasons behind choosing to follow the mixed method
approach, one is the need to complement conclusions, get a profound understanding of the
phenomenon under study, or present a transformative outline to the investigation [163].

Mixed-method research techniques can differ based on how two opposing methodologies
are joined. The integration can be partial, meaning it happens within the same phases. On
the contrary, it can be full integration, meaning the integration of the approaches happens
at different phases [164, 165]. Moreover, qualitative and quantitative research approaches
can be used simultaneously, meaning they can be applied at a single stage, or consecutively,
applied at different stages [154]. This was represented in chapter 4 when analysing the
experiment numeric data collected during the experiment and qualitative data by interviewing
the participants.

2.3.4 Thematic Analysis

Thematic analysis (TA) is a commonly used approach for analysing data and creating insights
in psychology and other disciplines [166]. In this approach, themes and content analyses are
recognised [167] for qualitative [168] and quantitative data [169]. Regarding qualitative data,
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a lot of information is mostly collected through different ways like interviews, observations,
and document analysis. The reason behind that is that qualitative data comes in the form of
texts or visual data which requires interpretation. This is contrary to the form of quantitative
data, where numeric forms can be measured and analysed via statistical procedures without
difficulty.

Thematic analysis is often used for data interpretation, deductive and inductive analysis
in two different phases of the data and coding and classification. Interpretation is significant
in the process of qualitative data analysis as it results in making sense of the given material,
detecting emerging themes, and patterns, how they are connected, and concluding meaningful
perceptions from the data. The thematic analysis includes a step of coding, classifying, and
organizing the data to reveal any meanings and themes [157, 170]. Usually, the first step
is to conduct a descriptive level of coding by classifying and labelling different parts or
pieces of data based on their subject or properties. This initial coding supports organizing the
content and providing a primary structure for analysis. This comprises making links between
codes, discovering the underlying meanings, and producing a conceptual knowledge of the
data. After that, in the later steps of the analysis, researchers may revisit the codes and their
groups to improve or review, combine similar codes, or produce new codes or groups to find
emerging themes. This iterative process of coding and analysis benefits in finding hidden
perceptions about the data [171].

Additionally, the flexibility of thematic analysis provides an opportunity to perform
inductive and deductive approaches [172]. The inductive method begins with particular
content then transfers to wider generalisations and ends with theories. On the contrary, the
deductive technique intends to test present theories. To study the matched observational data
in regards to the created perception that occurred from participants’ views or feedback during
the study, a thorough analysis can be performed with a focus on the viewpoints of people
[160].

Dealing with data during preparation and analysis can be performed in different ways.
Researchers can select manual or automated methods like using NVIVO software. NVIVO
and similar tools are advantageous for the analysis process of qualitative data as they facilitate
the collection and classifying of the context into themes or concepts. It improves the accuracy
of the process by creating an organised framework for analysis and validating conclusions
that may exceed the researcher’s subjective opinion of the data. Furthermore, tools support
the analysis at a more detailed level, allowing deeper investigation of the data [173].
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2.3.5 Data Collection Method

This section discusses the data collection methods conducted in this research to identify
occupants’ perceptions and motivations towards human sensing in smart building facilities,
to test the feasibility of the proposed solution, and then finally synthesise the results to the
internal human sensing framework for smart buildings.

Interviews

Researchers broadly use interviews as principal approaches for collecting qualitative data.
One reason for that is that they help as resources to probe into the perspectives, practises,
views and motivations of the interviewees [174]. Interviews have their drawbacks such as
being time-consuming and resource-intensive for the researcher. There is also a cultural and
language barrier that might arise during the interviews. Another drawback that the researcher
should be aware of is the social desirability bias. People may be affected by the interviewer’s
presence and questions and feel pressured to answer with socially acceptable responses
instead of expressing their actual opinions and thoughts. [174]

Semi structure Interview

The importance of performing qualitative research is in offering a holistic view of the
phenomenon under analysis using principally subjective qualitative data, where the findings
are determined based on observational and other quantitative data [175, 176]. One example of
qualitative research methods is the interviews, which serve as a valuable source for scholars
to directly collect data. From the interview questions, the participant answers the question
and provides information, that is analysed and studied to build an understanding of the subject
study [177]. Interviews are conducted via conversation between two parties, the interviewer
and the interviewee. However, the interviewee can be one person or a group. Both forms
provide a purposeful interaction that is designed to reach precise goals [178].

There are three types of interviews, structured, unstructured, and semi-structured. The
main difference between the three is to what extent the interview is structured and questions
are prepared. In this research, I performed the structured and semi-structured interviews. The
semi-structured interview comes in between the two other interview types. This means that
the researcher needs to prepare a set of predefined questions or topics to direct the dialogue,
yet there is still space to explore new concepts and probe deeper into some places based
on the participant’s replies. Unlike structured interviews where there is the least amount
of flexibility in exploring other topics in the conversation. Semi-structured interviews are
as they are a precise style in the wider spectrum of interview styles. They offer a balance
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between the firm construct of an entirely structured interview and the open-ended style of
an unstructured interview. This method allows for both homogenous data collection and the
chance for participants to deliver more nuanced and related information about emotional
state, views, and perceptions on specific matters [179, 180].

2.4 Conclusion

This chapter presents a comprehensive background to the main subjects relevant to the
research performed in this thesis. Its goals are to offer thorough background information and
review related work about studies on smart buildings and human sensing incident reporting
solutions and identify the research gaps that the research questions are answering. The
chapter showed that crowdsourcing is a well-employed technique that has been applied in
several applications and contexts. The chapter presented a research gap regarding participants’
motivations. Despite the extensive research in crowdsourcing motivation, no all-purpose
model has been decided regarding what motivates workers there. For example, there are
opposing views on the usefulness of financial incentives. Some work recommends financial
rewards as they work best, while others propose that non-financial rewards are more effective.
Therefore, this contradiction points to the fact that each internal crowdsourcing enterprise
situation is unique and thus does not fall under a simple generalisation. This observation
informs the first research question of this thesis to investigate the human sensor perception
and motivations towards contributing to human sensing in the context of smart buildings.

In the context of smart buildings, the chapter presented that current research is directed to
improving situational awareness by providing technical solutions and integration discarding
the human assistant. Although technical solutions are a crucial part, the importance of human
contribution to be included in the loop is vital as well. It also showed that human observation
and contextual knowledge tend to be used in occupant preferences and satisfaction like
the adjustments of shared places by studying their complaints. The interactions between
building managers and occupants can influence a more inclusive and bottom-up building
management process. These observations regarding occupants being involved in the making
and appropriation of places inspire the research question on the feasibility of occupants
engaging with management via human sensing regarding maintenance and facility conditions.
From the related work listed before, there is a lack of studies on applying human sensing for
the use of reporting facility conditions that may lead to safety incidents in smart buildings.
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Chapter 3

User Perception, Practice, and
Motivations

Overview
The first step in employing the human sensor concept in any organisation is understanding

the human factor involved. Since every environment has its own characteristics and dynamics,
its occupants may have differences as well in terms of their demographics and motives.
Based on that, I decided to understand the occupants’ perceptions and motivations to input
the findings into the smart buildings’ human-sensing framework design. To build this
understanding, I employed an in-depth qualitative research method. In this chapter, I present
some work in which I used semi-structured interviews to ask occupants of different ages and
job positions about their perception of incident reporting and their motives behind reporting
incidents. I found a set of themes related to reporting factors and the surrounding environment.
I discovered that people expect Smart buildings to be "smart" and able to regulate themselves
in terms of tracking and surveillance to support their reports. My main observation was
the shift between the motives driving people to participate in typical reporting systems and
acting as a human sensor to perform check tasks received by the system. The change was
represented in the rise of enjoyment and financial incentive as main drivers when participating
as human sensors. On the other hand, altruism was the only high drive when people report
incidents without being asked to do it. Finally, at the end of the chapter, I tried to map the
themes to the crowdsourcing dimensions.
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3.1 Introduction

Chapter 2, section 2.1.6 demonstrated that one of the main reasons of success in any internal
crowdsourcing initiative in an organisation is subject to the motivating system selected to
encourage their employees to participate in distributed tasks [93, 94]. Despite the extensive
research in crowdsourcing motivation, no all-purpose model has been decided on regarding
what motivates workers there. For example, there are opposing views on the usefulness of
financial incentives [72, 73]. Some work recommends financial rewards as they work best
[26, 74], while others propose that non-financial rewards are more effective [72, 73, 75].
Therefore, this contradiction points to the fact that each internal crowdsourcing enterprise
situation is unique and thus does not fall under a simple generalisation [76]. Workers’ drive
and commitment level in internal crowdsourcing differs from that in external crowdsourcing.
This is because the employees do not choose to self-select to contribute to distributed tasks to
the same degree as the external crowds [181]. This means that employees may participate in a
strategic act (e.g., promotion) [76]. From a managerial perspective, finding proper motivation
structures is significant for the success of crowdsourcing projects. Therefore, organisations
must consider the nature of the work environment, the complexity of the task, and the diverse
intrinsic and extrinsic stimuli when designing incentives [95].

This chapter is dedicated to answering the first question of this thesis: What are the
perceptions and motivations that smart building occupants have towards reporting
incidents and observations in smart buildings? To answer this question, three points were
addressed in this study on the smart building. (1) the perception of reporting faults and
incidents and factors influencing the reporting decision. (2) The impact of the technology on
the smart building occupants’ reporting decisions. (3) Smart building occupants’ motivations
to participate in the human sensing process to check the condition of the facilities.

To answer these questions, I adopt a qualitative research approach [182] to conduct
semi-structured interviews with 17 participants. The study was conducted with the occupants
of the Urban Sciences Building (USB) to ensure that the questions were relevant to the
context. The study found several themes affecting the reporting decisions of smart building
occupants. Precisely, when looking at smart buildings, people expect them to be "smart"
and able to regulate themselves in terms of tracking and surveillance to support their reports.
The main observation was the shift between the motives driving people to participate in
typical reporting systems and acting as a human sensor to perform check tasks received
by the system. Finally, the extracted themes were found to be aligned with the known
crowdsourcing dimensions: Problem/task, platform, crowd, motivations, and environment.
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3.2 Related Work

Numerous preceding studies have investigated motivations (Chapter 2, section 2.1.6) and
what influences people to participate in crowdsourcing groups [183–186]. Wang et. al. cate-
gorised incentives generally into three types [26]: Possibly, the most prominent motivational
mechanism in the current crowdsourcing market is the monetary rewards [26]. The second
type is entertainment-based incentives. The system may offer a form of fun in the distributed
task (e.g., design a game around the requested problem) [26]. The third way of incentivising
people is social recognition. Some people may join and solve a crowdsourced activity to gain
reputation or public credit [187].

Görzen argued that a meaningful task can be considered as an indirect motivator where it
stimulates a positive attitude among responders [188]. For example, Pee et al. (2918) showed
that members who are driven to develop competence put their attention on high-commitment
activities, while others who are moved by the “love of the community” concentrate on requests
that involve communication between workers [184]. Correspondingly, administrators ought
to find ways to reward intrinsically driven workers to develop skills and learn from experience.
Learning and competence motives are incentivised by expert feedback [189]. Therefore,
including feedback incentives can be useful to adopt learning and competence growth. It is
found that constructive feedback and helping others increase a sense of identity in society
and can affect participation and retention [190]. These intrinsic drives demonstrate that
crowdsourcing is not exclusively a monetary relationship and exchange method [191]. On the
other hand, some research considers the financial rewards as an essential extrinsic incentive,
positively influences the number and quality of the response [74]. Likewise, studies on crowd
motivation on TaskRabbit and GigWalk displayed that monetary reward and the ability to set
task lists were key motivators for users [192].

Even though the preceding work recommends the use of intrinsic and extrinsic incentives
especially in crowdsourcing competitions [193], crowdsourcing organisations need to con-
sider the nature and complexity of the task when preparing rewards. Because a complex task
involves more time and effort, monetary compensations are mostly important [67, 193–195].
Similarly, another research paper showed that only 10% of the crowd responders complete
80 % of tasks for reasons related to the task complexity and its corresponding rewards [196].
Another study has shown that closeness and task location with the socio-economic level of
the task zone impact users’ inclination to help [197]. They found that the socioeconomic
status of a task area is linked with the willingness of crowd workers to perform a task.
Lower socioeconomic status leads to fewer people willing to respond. In addition, they
showed how far the task is, impacts both the willingness of a participant to conduct a task
and the monetary incentive at which the participant is willing to conduct it [197]. From a
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Fig. 3.1 Study Design

managerial perspective, providing proper motivation structures is significant for the success
of crowdsourcing projects. organisations must consider the nature and complexity of the task,
and the diverse intrinsic and extrinsic stimuli when designing incentives. [95].

3.3 Method

This section contains the interview design, data analysis, participant recruitment, and re-
search ethics. The user studies were conducted via semi-structured interviews. Figure 3.1
summarizes the study design.

3.3.1 Interview Design

A semi-structured interview template was designed to find answers to the research questions
Additionally, the study was stationed in the university building (USB) assuring that the
questions are relevant to the context (section 2.1.2). For more details, refer to Appendix
A to view the interview questions. The interview had three parts and was expanded in the
questions based on the user responses to this set of questions accordingly. Below, are the
three main topics covered in the semi-structured interviews:

User perception

The first part was aimed at setting up the scene. It included questions about incident reporting
and experiences that relate to the interview topic. The talk in this part included probing
questions to understand perception, blockers, and concerns affecting reporting decision.
This was beneficial to extracting related themes that can be linked to the crowdsourcing
dimensions such as the problem definition of what to report and the complications faced by
the reporting platforms. Also, this part sets the focus on the importance of understanding the
occupant (crowd) demographics and their differences.
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Environmental aspects

The next set of questions discussed different aspects of the environment with the participants.
For example, the difference between reporting observations in work environments where they
have specific job roles and responsibilities to any other public area. This led to probing the
online(cyber) incidents people may encounter in their online work accounts. Finally, I ask
about the effect of the technology embedded in the smart campus on dealing with incidents
and reporting them.

Motives driving user engagement

In this part, participants were asked about what motivates them to report any observed
facility fault or issue in the smart building they work/study in. Then they were introduced
to the crowdsourcing concept and the human sensing application role in contributing their
observations as an answer to the requested task. This part of the interview aims to see what
would change if the occupants were considered as "crowd", and requested to check facilities
instead of waiting for incidents to happen. As previous research shows [94], motivations are
key factors in crowdsourcing success, and studying demographic characteristics adds to that.
Therefore, the next step was to explore the incentives that the building occupants wanted for
future implementations.

Table 3.1 Participants’ demographic data

Gender Age Occupation Employment Nationality

Female 9 20-30 6 PhD students 5 Staff 8 UK 7
Male 8 30-40 7 Masters student 1 Student 9 EU 4
40-50 3 40-50 3 Bachelor students 3 Other 6

50+ 1 Lecturer 3
Research Assistant 3
Professional support 2

3.3.2 Participants

All interviews were conducted in English via online video calls. The interviews lasted around
45-60 minutes. Two pilot interviews with colleagues were conducted to assess the clarity
of the questions and the flow and time of the interviews. The participants were given space
to elaborate, express their ideas, opinions, and feelings, and interact with the conversation.
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Some participants shared stories about a previous smart university in which they used to
work. Their responses were accepted.

The recruiting procedure was to contact the USB occupants via email or in person asking if
they were interested in the study and offered a compensation of £20 worth Amazon voucher.
I followed the convenience sampling method to select the participants. It is a sampling
approach where participants are chosen based on their approachability and availability to
the researcher [198]. This method has its drawbacks in terms of limited representativeness.
Because the sample is a close and small group of people who are available instead of a random
large population. This can lead to an increased risk of bias where researchers unconsciously
choose participants who appear most interested in participating. Such biases may affect the
reliability and validity of the research results [198].

During the interviews, I asked the participants if they had any incident that happened at
the building and reported it. Overall, 10 participants reported an incident in the building. 5
of them reported an issue with the automatic doors being locked and preventing access, 2
reported a trip hazard. 3 reported a cyber-incident that may affect the building,1 witnessed an
incident of a stuck elevator but did not report it (others did before them). From their answers,
I was able to extract some of the challenges and blockers that impacted the reporting process
for them. Regarding the participants’ experiences in human sensing, none had an experience
in reporting facility conditions. However, some have their tries in some other crowdsourcing
apps like the NHS Volunteer Responders.

The focus was to recruit a diverse set of participants and a balanced number of males and
females, student and staff participants. Those who accepted to contribute had to complete an
online questionnaire for collecting demographic data (age, gender, employment, role, and
nationality). Most of the participants had a technological background as occupants of the
USB. The USB is where the School of Computing is located, and all lectures, offices, and
labs are conducted in this building. Leading to the majority of the participants being educated
about technology. Therefore, they might have some knowledge and understanding of the
research idea and smart buildings.

Table 3.1 presents the demographic data of the participants. It shows that there were 9
females and 8 males in the study. 6 of them were between the ages of 20-30, 7 participants
were aged between (30-40), 3 of them were between (40-50), and one participant was 50+.
In terms of occupation, 6 participants were postgraduates (5 PhD, 1 MSc), 3 undergraduate
students, 3 lecturers, 3 research assistants, and 2 professional support. Professional support
means any administrative office job such as a receptionist. In total 8 of the participants
were hired staff and 9 were students. There were 7 participants from the UK, 4 from the
EU, and 6 from other countries. Finally, 4 participants had administrative/managerial roles:
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one was a department head, and the other participant was in charge of a research group and
other administrative tasks. The other 2 were receptionists responsible for several student and
department jobs.

3.3.3 Data Collection and Analysis

Interviews were recorded by a voice recorder (Zoom recorded meetings), and transcribed
into a password-protected file (using Nvivo 12). Each interview was manually coded and
analysed using thematic analysis [199, 200]. This method is used to identify, analyse, and
detect patterns within data to recognise themes embedded throughout qualitative data. The
saturation [201] was detected around the 13th and 17th participants. It means that when
reaching these interviews, no new themes appeared and I stopped recruiting.

3.3.4 Ethics

The research project was approved by the Ethics Board at Newcastle University in the UK.
Before each interview, every participant was provided with an information sheet about the
purpose of the research and signed a consent form explaining that the interviews would
be anonymised and that the data would be confidential (Appendix A). Participants were
informed that they could withdraw during the research without the need to provide reasons.
No participant was withdrawn.

3.4 Analysis

This section presents an example of the analysis process performed on the interviews. I
conducted a content analysis on the transcripts that aims to systematically convert a large
transcript into a highly organised and brief summary of key findings [202]. The analysis
approach was inspired by method done by Erlingsson and Brysiewicz (2017) "A hands-on
guide to doing content analysis". In content analysis, it is common to begin with transcribing
the interview texts [202]. I used Nvivo to produce the transcripts only and managed to
perform the analysis manually (no codes were extracted). It is worth mentioning that the
analysis was conducted several times. The first time was done in a period around 3-4 months.
Then it was re-done after being submitted to two peer-review venues and receiving the
feedback, adding 2 extra months of revision.

Below, I present an excerpt from an interview and the process of extracting condensed
meaning units, and then extracting codes from the condensed meaning units. After that, the
codes are collected under categories. Finally, the categories are grouped into main themes.
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Fig. 3.2 Excerpt from interview text exploring participant’s experience in a work incident

1- Familiarising oneself with the data and understanding the interviews: The first
step was to read and re-read the interviews to gain a general understanding of what the
interviewees were talking about. Fig 3.2 shows an excerpt from an interview transcript and I
explain the process in each step.

2- Dividing up the text into meaning units and condensing meaning units: After reading
the interview several times. The following step is to divide up the text into meaning units.
This is done by breaking the text into short sentences where each sentence has a meaning
without any changes to the original text. The formulated meaning units are then condensed
further while keeping the original meaning intact. Condensation is a shortened form of the
same sentence that still carries the main message of the meaning unit. Fig 3.3 presents the
process of locating meaning units and shortening them into condensed meaning units. For
example, the sentance "That’s why I keep emphasizing on the effect of training, training the
staff to be able to protect them" can be shortened to "emphasizing on training staff to protect
them".
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Fig. 3.3 Text divided into meaning units and condensed meaning units (examples of coding)

3- Formulating codes: Codes that are descriptive labels for the condensed meaning units.
They briefly describe the condensed meaning unit and are used to simplify the recognised
relations between meaning units. Fig 3.4 presents the formulation of codes about each
condensed meaning unit. An example of that is turning the text "It’s an observation, to see
how scammers’ behaviour changes" into a code (Observing behaviour)

4- Developing categories and themes: The next step is to sort codes into categories.
This is performed by comparing codes and reviewing them to find which codes appear to fit
together and deal with the same issue, thus creating a category. After that, categories can join
together to create themes. A theme expresses underlying meaning, i.e., latent content, and
is created by grouping two or more categories. As Fig 3.5 shows, the code “Cyber security
expert” can be in the same category as the code “Recognising the language”. They both fit
into the category “Experience and familiarity”. Additionally, the analysis can continue further
into grouping categories into a theme i.e., Experience and familiarity which corresponds to
the theme Reporter.
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Fig. 3.4 examples of coding of condensed meaning units

3.4.1 Extracted themes from analysis:

This process was performed on all of the interviews and I was able to extract codes, categories,
themes and sub-themes related to the topic. It is worth mentioning that the founded themes
were grouped as sub-themes within wider themes. For example, the sub-themes of reporting
platform, reporter, and incident type were grouped together to formulate a more general
theme called: factors affecting reporting decisions.

• Theme 1: factors affecting reporting decisions and its sub-themes: reporting plat-
form, reporter, and incident type. Fig 3.6 demonstrates the extracted themes and their
occurrences.

• Theme 2: Environmental impacts and its sub-themes: smart buildings and technology,
work and public places, and online and offline incidents. Fig 3.7 demonstrates the
extracted themes and their occurrences.
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Fig. 3.5 organisation of codes into categories and themes

• Theme 3: Motivations and its sub-themes: Motivations for reporting occurring
incidents, and motivations to respond to a check task. Fig 3.8 demonstrates the
extracted themes and their occurrences.

3.5 Results

This section presents the main emerging themes extracted from the interviews. A high-level
presentation of the main themes is provided in Table 3.2. Throughout the results, participants’
answers were quoted and each participant was assigned a code from P1 to P17. In addition,
the number of occurrences of each theme is presented to provide an idea of the density and
distribution of the themes within their respective sections.

39



Fig. 3.6 Sample codes, categories, and sub-themes for the theme of factors affecting the
reporting decisions

Fig. 3.7 Sample codes, categories, and sub-themes for the theme of environmental Impacts
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Fig. 3.8 Sample codes, categories, and sub-themes for the theme of motivations

3.5.1 Factors Affecting Reporting Decision

Figure 3.9 summarises the reporting factors theme and the related sub-themes. It includes
reporting platform, reporter, and incident type.

Reporting platform

One of the main reasons that people choose to report incidents happening in their building
is the process availability and accessibility. Occupants see that reporting should not be
complicated and require more effort and time to do so. For example, finding a suitable
reporting form, email, personnel, etc. P1 expressed her experience in reporting an online
stalking incident at her workplace “It took me two days! all my time to find the right person
and to find the right procedure to report it”. This also raises the aspect of having a simple and
structured interface. P9 mentioned "It’s nice to have one official form, that is automatically
structured form". These points raise a sign of the importance of having a user-friendly
platform that users find non-complex, with a clear structure allowing them to add additional
information that may be helpful. This also can improve the accuracy of the received reports.
Moreover, awareness of the reporting platform and procedures themwas found as well.
Having orientation sessions and training were raised in the interviews: "In the induction for
the building, they were saying: .. you should report these odd situations and explaining the
security measures and the badges". Additionally, older participants (over 60) have stressed
the importance of receiving training on electronic reporting systems if they are required to use
them like an app on their phones. Participants also mentioned the need for communication
and feedback with those who are responsible for dealing with the issue. P17 exclaimed: "It
would be a great insight for me to know that it’s been fixed, and what I reported has been
acknowledged". It shows that occupants prefer receiving feedback as a motivation to engage
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Table 3.2 Summary of recurring themes

Theme 1: Reporting factors Theme 2: Environmental Impacts

Reporting platform Smart building technology
Reporter Online and offline incidents
Incident type Work and public places

Theme 3: Motivations
Motivations of reporting occurring incidents
Motivations of responding to a check task

in such tasks and assist if there is more information that needs to be clarified from the other
side. Figure 3.6 demonstrates the extracted themes and their occurrences.

Reporter

The analysis extracted the reporter aspect impacting the reporting decision (presented in
Figure 3.6). Some individuals expressed that their personal preferences or attributes plays
a role in their reporting decision “It’s because of my personality, I provide feedback to
systems and people even when I’m not asked” P1. Another reason was described as being
less vocal and preferring to only talk to friends instead of reporting directly. As P11 and P4
expressed respectively: "I would tell my friends, as everybody knew about it", "I wait for
others to agree". Extraversion and talkativeness were found to have a role in employee voice
behaviour, with extraverts more willing to speak up irrespective of job attitudes [203]. With
the goal of creating a safer workplace, organizations not only need to reduce interpersonal
mistreatment and shape more positive attitudes towards reporting but also take into account
individual differences in traits and effectiveness of voice behaviour in doing so [203, 204].
The experience and familiarity theme was found especially when it comes to situations
that are frequent, common, or require technical skills to be resolved. It can prominently
influence the reporting decision and response among individuals. Employees with more
job experience and familiarity with the place demonstrate higher levels of perceived safety
skills, such as better hazard identification [205]. This was presented when a receptionist
who worked in the building for a long time recalled several reports she made in the building,
saying that she knew what would happen if it was left unfixed. Another participant also
mentioned that they already know how to deal with some issues as they already have the
experience, and it happened a couple of times when they did not feel the need to ask for help.
Additionally, those who come to work more frequently and are more involved and familiar
with their work environment (staff and PhD students vs undergrad students) tend to report
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more due to the high possibility of being affected. "It’s more likely to affect me, I stay a
long time here" P10 (PhD student). The familiarity of the place and its surroundings drives
them to take action as well "You’re in a work environment, you’re in familiar surroundings,
familiar people around you" P16 (professional staff). P9 mentioned the difference between
his reporting attitude between his new and old job: “I was there a very long time I knew who
to contact, everybody knew me. I was very relaxed about speaking my mind.” Furthermore,
some negative feelings such as shame are associated with reporting incidents which could be
due to the lack of user knowledge or skills. For instance, P8 expressed their embarrassment
on an online data breach saying: "I was embarrassed, I would say, because I should have
known better". This aligns with the literature that fears of punitive action and concerns about
loss of prestige can discourage reporting [206]. Organisations should promote a supportive
culture that encourages reporting and offers guarantee to individuals by implementing a
no-blame system to lessen concerns about punishment if someone caused an incident at work
involved in incidents [207, 208]. This leads to the question of privacy and how it can be
managed in the internal crowdsourcing system. P8 had some doubts about perceiving her
identity "and there is a chance of maybe other people knowing about it besides who I report
it to"

Participants who have some authority and managing responsibilities tend to report poten-
tial risks and minor incidents more than others. Reasoning that for the responsibility they
have: "I feel more responsible, I am responsible for more than seven hundred students" P17.
Four participants answered the questionnaire that they have managerial or administrative
roles giving them more authority and responsibilities in the building: one was a department
head, and the other participant was in charge of a research group and other administrative
tasks. The other 2 were receptionists who are responsible for several student and department
jobs. Another noticeable point was that more than half of the demographics are from outside
the EU, this highlighted the impact of the cultural backgrounds when it comes to selecting
a reporting method. P3 shared his experience and confusion when reporting issues at his
workplace "most people assume that you already know". Overall, these sub-themes show the
benefit of understanding the internal crowd in terms of their characteristics and demographics.
For example, having some experienced long-term occupants with specific responsibilities
can help improve the report quality in some complicated tasks.

Privacy is a challenge in reporting. The level of required information about the reporter
may lead to a decision not to be reported. P2 mentioned her refusal to report a bug to a certain
organisation when asking about her information "When I realized that they want my I.D. and
they want my address and that kind of information, I just said, no". On the other hand. P7
faced difficulties in knowing the minimum requirements of information to report someone,
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Fig. 3.9 Factors affecting reporting decision (theme1)

causing hesitation in invading that person’s privacy by adding unnecessary information to
the report. “I think guidance about what information is necessary. I think this is one of the
big issues I had with the report on ‘AUTHORITY NAME’ was GDPR and guidance about
what you need to know. The minimum that you need to know because they were so vague
with what they needed to know. I had this ethical GDPR dilemma about how much do I give
you because you might not take this forward.”

Incident Type

The analysis revealed that the severity of the incident plays a significant role in the decision
to report as safety was their main concern. Similarly, other concerns like cost and energy
waste were related to the impact level of the incident affecting user response and reporting.
For instance, participants mentioned that they would report incidents that may impact their
daily life "if it affected me personally" P14. Also, people may report if the impact extends to
other people or the organisation. Quoted by participants P8 and P4 respectively. "It means
risks to others as well. It’s not just a personal risk”, "Wasting energy, and that costs money.
And at the end of the year, it’s not just a couple of pounds, it’s a bit more then". This indicates
that occupants are motivated to engage with the system if they feel it can make an impact
on them, the organisation community, and the building environment. Therefore, since the
impact affects occupants’ reporting decisions, it can leverage the process of task allocation
where occupants are asked to check the facilities close to them. Figure 3.6 demonstrates the
extracted themes and their occurrences.
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Fig. 3.10 Environmental Impacts (theme2)

3.5.2 Environmental Impacts

Figure 3.10 summarises the environmental impacts theme and the related sub-themes. It
includes smart buildings, work, and public places, online and offline incidents. The following
presents the emerging themes in the three environments and their occurrences.

Smart Buildings

This part explored the level of impact of technology on the reporting process especially
in smart buildings. The first task for me was to explore the occupants’ expectations of
what should and should not be in the smart buildings. Figure 3.7 demonstrates the extracted
themes and their occurrences. As mentioned before, since it is a newly built building some
interviewees see the importance of including occupants’ observations and reports regarding
the building facilities and smart equipment. As pointed out by P10 "It’s like a test sort of
building, people should be involved ". Several participants agreed on the necessity of having
a maintenance team responsible for these systems (sensors, CCTV cameras, monitoring, and
tracking systems) "There should be a team looking for maintenance and just keeping an eye
on these devices" P8. Also, it was noticed that participants have raised some insights that
smart building should have a higher ability to control and regulate itself than a traditional
one "what’s the point of a smart building if it cannot manage itself and regulate itself " P1.

Participants were specifically asked about how embedding their workplace with modern
technologies may affect their response and reporting decisions. Both positive and negative
themes found in the participants’ responses regarding smart buildings. On one hand, CCTV
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cameras and smart cards were considered as proof and evidence of claims, as P12 expressed:
"they would be more likely to report something if they know that there’s evidence". The
additional sense of feeling more secure and safe was raised specifically among female
participants "would help to have a safer workplace" P1, "I feel safer with cameras around"
P6. Monitoring systems also were perceived beneficial to situational awareness by helping
responders assess the incident "It says there are people in the room by the sensor" P8. For
example, P9 mentioned the use of having a monitoring system during an incident of an
elevator that was stuck for several hours with a person with a heart condition: “When the
camera was there, the operator can assess the situation, provide help".

On the other hand, such technologies in smart buildings were also considered as potential
causes of incidents. For example, some doors are set on timers to lock for reasons such as
safety and security. This may cause people to get locked in if they do not know about these
rules. P10 commented on that "Set to a timer, after a certain time and I know two people are
out there and the doors lock on them", P17 had the same problem when the fire alarm went
off in the building “One time I got locked, locked up in our university. When the alarm goes
off, the doors shut” P17. Building on that, P2 focused on the importance of having manual
alternatives in such situations: "We should consider all the situations, all the scenarios that
could happen". These themes support the main argument of this thesis as it aims to improve
situational awareness by not depending on smart building technologies alone.

Another angle is that people may respond differently towards an incident knowing that
they are recorded by cameras raises some privacy concerns and they may become more
conscious about their actions in general, e.g., P9 said: “Not because you are doing anything
bad, just because you’re more conscious of what you’re doing”. Another interesting point
that participants raised was to have signs and visual guidance to lead those who want to
report. P6 who was talking about a printer problem in the campus "Having a QR code leading
to a report webpage for printers". P9 mentioned a time when he benefited from a sign to
report a problem that happened on the campus. Environmental adjustments such as signs and
directions can help improve reporting issues in the building as well.

Work place Vs public place

As illustrated in Figure 3.7, the analysis results with two aspects related to the work and
public places. Overall, people consider workplaces more organised with policies compared
to public places “in a workplace, when there’s guidance and boundaries and policies” P7.
This can be presented in the availability of a first point of contact like having a reception
desk, mentors, or colleagues with more experience. Participants mentioned repeatedly that
having clarity and direct contact encourages them to report. "I just report it because I’m
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familiar with the building, with the receptionist. I know what floors: One, two, three. I
could easily just go in and be like this happened, and just walk away" P16. This points to
a requirement from the crowd side, which is that confusion and vagueness are blockers for
reporting incidents. Additionally, work relationships play a role in reporting. If an incident
is caused by a friend or a colleague, people tend to show more hesitation or delay in reporting
e.g., “End up in living in a war zone” P1, P15, "I don’t want to create tensions between
people” P8, “don’t assign blame”, the blame game was not mentioned in relation to work
relationship category where the work environment can affect the behaviour of people.

Online and offline incidents

This part sheds light on the incident mode (e.g., online vs offline). The answers pointed to
the differences people experience in both modes. The interview contained some exploration
points regarding personal and work-related online accounts as well (presented in Figure 3.7).
Indeed, it was found that incident mode informs people’s decisions. Some think that they are
more susceptible to online incidents “you are susceptible to other kinds of problems in the
virtual world other than the physical” P15.

Answers have pointed to an advantage of reporting an online issue is the ability to
provide proof easily by taking a screenshot where this is not completely available in offline
incidents, “take a screenshot” P15,“It’s hard to just be your word against theirs without
eyewitness or CCTV” P14. I found that work-related online incidents can be communicated
to other colleagues in terms of spreading news quickly to warn others since it is perceived as
a smaller community with work-related accounts "I reported to my colleagues because I
don’t want them to send information" P2. Therefore, this indicates that people may prefer
spreading requests to others that can be utilised. Crowdsourcing adopts multiple techniques
to distribute a task, one of the methods is word of mouth (WOM) in which participants, use
their mobile social encounters and online social networks to ask other suitable persons to
work on the task [209].

3.5.3 User Motivations for Reporting Facility Conditions in Smart
Buildings

This section presents the findings on the user drives for reporting facility faults and issues
and then compares them with the crowdsourced approach where occupants engage in human
sensing tasks to check and report the facility condition.
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Motivations of reporting facility conditions

In the second half of the interview, the participants were asked about their main drives for
reporting facility incidents or observations in their smart campus.

Altruism was the leading motivation. Themes such as being responsible, having a sense
of community, and perceiving a better environment were found in this analysis. Noticeably,
these terms were more expressed by older participants (age 30+) and those who are more
involved in the building (i.e. have offices and spend longer time e.g., staff and PhD students
vs. undergraduates). Additionally, the participants stated a significant incentive that drives
them to report a facility problem that aligns with other studies is receiving feedback about
fixing the problem. This gives them a positive feeling of making a difference and that their
voice is heard [26, 190]. An emphasis on the human touch is expressed in different ways
between the reporter and the responsible personnel instead of receiving an automatic reply.

Awareness and learning motivations were the second to drive occupants to report issues
such as building facility problems. “Awareness is an incentive itself” P15, by providing
information on how and why reporting is imperative in the work environment. Reminders,
posters, and orientation sessions were mentioned as an effective approach to raising occupants’
awareness of their surroundings. In the context of smart buildings, as many equipment and
IoT devices are connected, reporting an issue can be a reason for solving the other. For
example, a broken window lock can allow the air inside the room, this impacts the sensor and
how it reads the room temperature, therefore, not adjusting the temperature to the desired
level or closing the heater/cooling system. As Participant P4 mentioned, this was an important
level of understanding of the building. Another aspect that encourages people to report a
problem is the availability of signs and reminders that facilitate the reporting process where
there is the least required time and effort.

Recognition, external rewards, and enjoyment were mentioned as well, though they
were not popular. Some participants prefer being acknowledged when reporting or receiving
some compensation as a reward. However, some expressed their concerns about their time
commitment and how over-reporting might create misuse opportunities such as “taking a
revenge from a colleague or teacher by reporting a fake incident" P1. Having fun was raised
in the context of online work situations. For instance, some spam emails were reported after
engaging with them for fun and exploration.

Motivations to engage in human sensing crowdsourced facility checks

At this stage of the interview, I explained the concept of crowdsourcing definition and human
sensing and mentioned some examples of mobile apps such as FixMyCity. Followed by
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Fig. 3.11 Incentives compared between typical reporting and human sensing reporting in
smart building

describing the proposed crowdsourcing reporting system and its functionalities inside their
smart campus: (1) The system will send a task request for occupants to check a certain
facility in the building. (2) The task should be done by observation only with no need to fix
it. (3) Occupants have a choice to accept or decline the request.

This part presents the preferred incentives for participants to engage in the human sensing
request tasks compared to just reporting facility faults ( 3.5.3). After analysing the answers
and calculating the results, Figure 3.11 illustrates a clear shift in occupants’ motives to
contribute to completing requests in the human sensing system compared to the typical way
of incident reporting. As it shows, there is a decrease in the altruism and learning motives
and an increase in enjoyment and external rewards motives.

Altruism motive: Although it decreased in count, some participants did not change their
opinion and it was present in their answers repeatedly. For instance, P7 said: “I suppose
it’s nice to know that you’re helping your colleagues because I think it’s like it’s part of the
compassion, isn’t it? It’s like I care enough about was in a building that I do this.” It is worth
mentioning that altruism was the first self-reported reason in both reporting approaches might
be a providing of a socially accepted answer which can be a social desirability bias [210].

Enjoyment motives have raised significantly especially from the participants describing
their selves as competitive; more repeated in the younger participants. For example, earning
stars/points and being first in a ranking list/leaderboard were terms that was used among
such participants. P6 stated that the idea of competing by itself is worth participating “If I’m
getting more points than that person next to me, I’m doing it, you know what I mean? It gives
me more of an incentive than like a voucher.” However, the majority preferred receiving a

49



simple reward for the winner eventually. The reason for this raise is probably impacted by
the participants’ demographics being university students.

External rewards were found to be attached to the competition factor, where winners
receive a form of rewards or vouchers (e.g. coffee discounts and Amazon vouchers). Some
rewards in the form of credits were valued. Such as 5 pounds printing credit. This amount
can be encouraging and adds fun to the process. Simple rewards like pins and badges, mugs
or hoodies were mentioned by younger participants too “adding to the fun" P6.

Participants valued the reminders and posters and orientation as forms of awareness and
learning motives. However, it was not mentioned as much as it was for solely reporting
an issue. This may be because participants depend on the requests specifying what is
requested from them. Regarding the recognition and acknowledgments incentives, it was
not found to be common. This finding does not align with other research that investigated
the motivations of employees in internal crowdsourcing initiatives where recognition is
considered an important drive. The reason for that is probably the university context and its
demographics. For example, an employee may consider his/her engagement as a strategic
act (e.g., for promotion [76]) whereas the occupants and their relations are different in
a university. For example, 9 of the participants are students (BSc,MSc,PhD) who will
eventually graduate and leave the campus. Therefore, they do not have the objective of
building a reputation with the upper management.

3.6 Discussion

This section will discuss the following points:

3.6.1 Reporting themes

Reporting platform: The findings align with the literature on the impact of availability and
accessibility, awareness and training regarding reporting systems can significantly impact
reporting rates. Research demonstrates that electronic systems that are easily accessible,
safe, and easy to use increase reporting [211]. Availability and perceived security of the
system also promotes reporting [211]. Nevertheless, the reporting can be hindered by poor
workplace safety culture and lack of feedback on reported events [211, 212]. Management
support, as well as timely feedback, promotes the reporting process [213, 214]. Regarding
people’s awareness of incident reporting systems, the findings align with its noticeable effect
on reporting rates in several settings. Braithwaite et al. (2010) reported that training on
system use and positive evaluations of such training is associated with increased reporting
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[211]. Moreover, including clear procedures on how and what to report is a key motivational
factor for staff engagement [214].

Reporter: The interview analysis and results raised a similar aspect regarding the impact
on a person’s traits when deciding to report an incident. In particular, Extraversion and
talkativeness were found to have a role in employee voice behaviour, with extraverts more
willing to speak up irrespective of job attitudes [203]. With the goal of creating a safer
workplace, organizations not only need to reduce interpersonal mistreatment and shape more
positive attitudes towards reporting but also take into account individual differences in traits
and effectiveness of voice behaviour in doing so [203, 204]. Another sub-theme extracted
from the interviews was that privacy and anonymity can be a reporting blocker. It aligns with
the literature that privacy and anonymity play crucial roles in encouraging incident reporting
in the workplace. It was found that anonymity is important especially for critical incidents,
as people may fear punitive action which prevents them from reporting [215].

Incident type: Some conditions and environments in the workplace may have a negative
impact on employee productivity, health, and morale. Conditions such as unsuitable furniture,
poor ventilation, excessive noise, and poor lighting have all been shown to impact workplace
productivity and health [216]. Therefore, front-line staff views on operational failures (such as
equipment/supplies and facility problems) can help uncover safety risks that are overlooked
in national priorities [217]. This was raised by the professional support participants in
the interviews, emphasising the importance of reporting facility issues that may have a
high impact on others, as well as the other participants mentioning their reporting decision
depending highly on the severity and impact of the issue.

Smart buildings and technology Studies show that occupants value having CCTV cam-
eras deployed in the smart building for reasons such as occupancy detection and localisation,
which can provide valuable information on energy management and building performance
[218]. The findings are consistent with the literature on the effect of CCTV on crime preven-
tion in commercial buildings whilst safety was one of their primary concerns [219]. CCTV
technology in smart buildings can be integrated with other technologies to enhance overall
safety and comfort in the smart domains. One example is their integration with fire safety
systems to detect smoke and help lead individuals to safe exits. Furthermore, in the case of
critical situations, if CCTV cameras are integrated with the public addressing systems, they
can assist the communication in such a way that the overall safety of building occupants is
achieved [220]. This was raised in the participants’ answers as well.

Work and public places: The results show how workplace relations have an influence on
the reporting decision. While some showed reluctance in doing it, some presented a choice of
talking to either a supervisor or a colleague about it. This relates to some studies that indicated
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that perceptions of supervisory or organisational support have a positive relationship with
high-involvement responses such as formal reporting, whereas perceptions of collegiality may
give rise to low-involvement responses such as talking to colleagues about incidents [221].
Regarding the existence of clear policies sub-theme found in the analysis of the interviews, it
relates to the recommendation of Hertzog et al. (2008) that having policies in place alone is
not enough; the organisational culture supports the environment that encourages reporting
[222]. Reporting blockers can include fear of blame, lack of support, and uncertain reporting
procedures [223].

3.6.2 Motivations

The study outcomes display the shift of motivations from a typical reporting process to an
interactive human sensing facility check. There is a high presence of intrinsic motivations
like altruism, a sense of community, and perceiving a better environment in both ways.
This aligns with studies that support the use of intrinsic incentives [26, 190]. It is worth
mentioning that altruism was the first self-reported reason in both reporting approaches might
be a providing of a socially accepted answer which can be a social desirability bias [210].
From a psychological perspective, intrinsic motivation relates to self-determination theory,
which asserts that humans have inherent psychological needs for autonomy, competence,
and relatedness. [224]. Within the context of crowdsourcing, intrinsic motivation can arise
from a desire to help serve a greater Good. A lot of people are driven by altruism, the desire
to contribute to a cause or benefit society [225]. People are looking for a connection much
deeper than that of the reiterative nature of business concepts to be shared and borrowed by
those who are seeking to self-actualise their ideas. Moreover, feedback may create a sense of
community and motivate people to work together [226]. It encourages belongingness and
social support, which are key factors in human motivation [226].

However, this slightly changes if the system involves the occupants interactively re-
sponding to facility-check tasks. People also prefer another intrinsic motive in the form of
enjoyment and fun properties. A detected rise of extrinsic motivation in the form of rewards
was found. This aligns with the other research supporting that workers do need extrinsic
motivations to keep participating [26, 192]. The study findings show that occupants are
inclined to compete in finishing the tasks. This links to the need of competence, as people
want to learn new things and grow their skills. A study conducted by Hidi and Renninger
(2000) found that feeling challenged and experiencing a state of flow is intrinsic motivation
for individuals [227]. Contests are also quite effective in encouraging people to strive for
their best and come up with quality work [228]. This uses principles in social psychology
of competition and the need to achieve [228]. Thus, integrating game elements like points,
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badges and leaderboards into crowdsourcing actually makes the experience more engaging,
fun to participate in, and motivates people to do work. Gamification also makes use of inner
drives like challenge, curiosity, and being "in the zone".

The findings indicate that external rewards are increasing, whether through rewards or
monetary gain. Positive reinforcement is a valid technique that may be used, as a means to
encourage further participation. For example, Eisenberger and Cameron (1996) conducted
a study that suggests that extrinsic rewards can potentially undermine intrinsic motivation
when: the rewards are controlling/perceived as contingent with the participation stopping if
the rewards are stopped [229]. Another motive which did not show a high intreset among
the particpants is the recignition. However, for the particpants that prefer it, it taps into the
human need for esteem and self-actualization within Maslow’s hierarchy of needs. Fehr and
Falk (2002) demonstrated that social recognition can be a stronger motivator than monetary
rewards in some circumstances [230]. Finally, the motives provided in the results and
outcomes of the chapter are answers from participants theoretically in an interview. At the
time of the study, the answers still need practical proof that the selected motives indeed
drive occupants to participate and engage in the interactive reporting system. Nevertheless,
this will be solved in the next chapter with a real-life experiment for a month to answer the
motives questions again.

3.6.3 Limitations

Conducting a qualitative study may include some limitations of the work in terms of the
generalisation of the results to be transferred to another environment with different settings
[231–233]. The study was conducted with the USB occupants only, it did not cover a
wide range of cultural backgrounds of people in different smart buildings. However, the
interview protocol stages were documented making it possible to repeat the study again
by other researchers in different contexts. In addition, like other qualitative methods, the
quality of the work depends on the researcher’s skills and hence might present a personal
bias. However, I learned how to lead and conduct all 17 interviews by reading and practising
before conducting the interviews, using open-ended and non-leading questions to exclude
any influence on the participants’ replies during the interview.

3.7 Conclusion

This chapter is dedicated to understanding the smart building user’s perception of incident
reporting. To answer this question, three points were covered: Firstly, incident reporting
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influencing factors, which were found to be the problem type, the way people will deliver
their report, and reporter’s aspects like their job position and personal preferences or at-
tributes. Secondly, the impact of the technology on the smart building occupants’ perception.
Occupants expect the buildings to be smart by utilising sensors’ data to regulate themselves
regarding tracking and surveillance to support their reports. Additionally, occupants are not
fully aware of the fault condition or how it affects the building. Thirdly, the study found
a shift between the motives driving people to participate in typical reporting systems and
acting as a human sensor to perform check tasks received by the system. Finally, at the end of
the chapter, the discussion section presented a mapping of the themes to the crowdsourcing
dimensions.
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Chapter 4

Feasibility Study Of Human Sensing
Facility Conditions in Smart Buildings

Overview
The previous chapter focused on understanding the perception and motivations of people

toward incident reporting systems. This chapter explores the feasibility of applying human
sensing to provide facility condition updates via an internal crowdsourcing mock-up system
to improve situational awareness in a smart campus. Specifically, the chapter focuses on
testing the response quality and time required to complete the requested task. To test that,
a real-world experiment was conducted for one month by sending tasks to participants
to check the conditions of the facilities for potential incidents. 21 occupants of a smart
campus participated in this study. To reduce the number of ignored tasks, participants
were asked to fill in their day and time preferences to receive their check tasks. After
completing the experiment, I interviewed the participants to collect their feedback about
their experience as contributors to the system. The results showed that the system is feasible
and has benefits for the building facilities and the community. Precisely, I found that the
quality of the received responses requires a clear description of the task and the facility
location (especially IoT devices such as sensors) since this may confuse the participant if not
provided clearly. Additionally, the analysis found that contributing to such systems raised
occupants’ awareness of their environment and they became more observant of the resources
and their functionality. Accordingly, this study has an important input influencing several key
implications for the human sensing framework including task-related aspects, human sensor
availability preferences, and participation motives that is discussed in detail in Chapter 5.

A version of this chapter was published with the title: "U-Sense: Feasibility Study of
“Human as a Sensor” in Incident Reporting Systems in a Smart Campus," in the European
Symposium on Security and Privacy Workshops (EuroSPW), Delft, Netherlands.
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4.1 Introduction

Crowdsourcing has several applications in environmental monitoring [84–86] and incident
detection and response [28, 29]. Human sensing is also used to utilise individuals’ obser-
vations for the authorities to broaden their situational awareness among several fields such
as event or incident detection, monitoring, and emergency response to natural catastrophes
[28–32]. However, crowdsourcing has a common challenge among its practices regarding
the quality of the responses sent by the crowd. It can be challenging for different reasons;
one of them is that the crowd is not necessarily experienced or motivated [234].

The previous chapter contributed to the knowledge by providing the perceptions and
motivations of smart building occupants towards participating in crowdsourcing initiatives
for their building facilities. However, the outcomes were based on theoretical scenarios
and that does not necessarily apply in practice [235]. Numerous research studies that
investigated crowd motivations are conducted theoretically or by agent-based models. This
approach misses to capture the real-world behaviour of the crowd in internal and external
crowdsourcing [235]. In this particular case, the semi-structured interviews conducted in
Chapter 3 provided hypothetical answers without actually living the experience. For this
reason, this chapter fills the gap of extracting real-world data to empirically test the feasibility
of human sensing facility conditions in smart buildings.

The chapter is dedicated to answering the second research question of this thesis: How
feasible to use human sensing to improve situational awareness by reporting facility
conditions in a smart building? To answer this question, I focus on three aspects: (1)
Whether the motivations are the same as the ones found in the previous chapter after partici-
pating in human sensing in a real-world setting. This means that altruism, enjoyment, and
external rewards are the main motivations driving smart building occupants to participate
in human sensing facility checks. (2) The second aspect to address is the quality (accuracy)
of the user responses for the human sensing tasks that are received by the requester (e.g.,
facility manager or maintenance staff). (3) The third aspect to consider is the time duration
to receive a useful reply from the participants. Therefore, addressing these three aspects
together can answer the main research question of this chapter regarding the feasibility of the
human sensing system in the smart building.

In this chapter, I present a feasibility study of the internal human sensing concept by
using a mock-up system named “U-Sense”. I conducted a month-long experiment with
21 occupants of the Urban Sciences Building (USB) as participants in a real-world setting.
Participants received a check request task every day based on their selected time and day
preferences to provide their observations and updates on the specific facility conditions.
Qualitative and quantitative data were collected and analysed to investigate the feasibility of
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the proposed concept. I analysed the response quality, task completion time, and number of
responses per task as basic success factors. Finally, I followed that with interviews to ask the
participants about their feedback.

The results show that participants who experimented with the mock-up system in a
real-world setting within their regular working days reported the same motivations as those
who answered to the hypothetical scenarios provided in Chapter 3. Having altruism as the
main drive, followed by the enjoyment factor in the form of competitions and also receiving
external rewards. The trial also discovered some points about the accuracy of the data.
Although most of the responses were accurate, some were not. The reason behind that is
the lack of details and guidance for the participants. This was useful input to add important
insights and implications for the human sensing framework designed in Chapter 5. Finally,
the last aspect was to consider the time duration of the results. As the study did not ask for
quick replies from the participants and conditioned it in one work day, most tasks received
replies in less than one hour, the quickest taking only two minutes. This was expected due to
the available data on user preference and availability which provided an indicator of the time
and number of received replies. Overall, the findings show that the system is feasible to be
implemented in smart buildings.

4.2 Related Work

Kandappu et al. (2016) conducted their research in testing the feasibility of crowdsourcing
systems [235]. They developed a crowdsourcing system named TaSker and empirically tested
it in a real-world setting. Their research was focused on understanding the worker responses
to the two approaches of task allocation and selection. In the push approach, the requesting
engine suggests tasks that are based on a specific worker’s predicted movement route. This
usually comes with a more limited list of choices. The pull-based approach is where the user
selects a task from a list of available tasks from the system based on their choice; usually,
the selection is based on the closeness of the task location. The analysis also included the
’super agents’ who complete many of the tasks compared to other users. They found that
the crowd seemed to favour simple tasks that easy to complete (e.g., choosing one from
a pre-defined set of answers) over more complex tasks. Also, workers tend to prefer the
push-based approach instead of outperforming the pull-based approach.

Moreover, Kandappu et al. (2018) followed with another research to understand the
preferences and the concerns that people have towards using their mobile devices to partici-
pate in location-specific tasks via conducting a survey to extract the citizens’ opinions [13].
Then they followed that with an empirical study to test task allocation, user location and
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routes, privacy, and variable pricing. They found that the success of urban measure smart
city implementation is subject to behavioural preferences and user concerns. They proposed
a civic resource monitoring system that leverages the citizens while integrating features such
as task recommendations based on a person’s mobility patterns.

Another study was conducted by Hara et al. (2012) to test the feasibility of using
individuals as crowd workers to assess sidewalk problems [236]. To achieve that, they
built a database of 100 Google Street View images. They aimed to observe the changes
in task correctness and completion time that occur when users are provided with different
interactive labelling interfaces (Point, Rectangle, and Outline) to use when solving the task.
In another research [236], authors focused on the design and the user experience of incident
reporting systems to understand what factors influence the user experience of the reporting
systems. The authors conducted an experiment in which people reported incidents they
noticed in a designed path for them. They found that user experience dimensions such as
emotions, social relatedness, and values can be successfully utilised as triggers to encourage
individuals to report incidents in urban places. They also reported that people tend to talk
about incidents rather than report them [236]. The study relied on people reporting incidents
without receiving a request to check for them.

The quality of the responses is one of the most common challenges in crowdsourcing
initiatives [237]. It can be challenging for different reasons; one of them is that the crowd is
not necessarily experienced or motivated [234]. For this reason, multiple research projects
focused on controlling and ensuring the quality of responses to crowd-sourced tasks. Daniel
et al. (2018) proposed a comprehensive survey of the crowd-sourcing quality control literature
in [238]. Other work has focused on specific contexts like the one conducted by Othman
[237], where the author investigated the issues of response quality and completion time. He
presented a quality control method depending on the user’s self-verification with a specific
focus on two types of data: eye tracking and speech data (impaired speech).

4.3 Methodology

The study includes designing an incident reporting form (U-Sense) to use the concept of
’Human as a Sensor’, testing it in a real-world setting with the occupants (n=21) of a smart
university building (Urban Sciences Building in Newcastle University) and interviewing the
participants for more feedback. Figure 4.1 illustrates the steps of the study starting from the
design phase to the analysis.
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Fig. 4.1 Experiments’ steps and flow.

4.3.1 Form Design

Prior to the experiment, a mock-up system was set to test the feasibility of the proposed
idea which is to send several ’check requests’ to the participating occupants, to check the
condition of the facility in the building. The participants receive an electronic form with
a task they need to perform, then they send their observations back as a response to this
task. A Microsoft Office form was designed, where each form represents a ’check request’
dedicated to one task. Figure 4.2 shows a sample task containing one required question and
four optional ones. The questions are structured as follows:

1. The main question asks the participant to check the condition of a certain facility. The
answers are always multiple choices of: yes, no, not sure, or I can’t check it. It also
contained a photo of the facility for clarification.

2. A question that allows users to upload media, such as photos or videos, as supporting
evidence for their answers.

3. A text box to add comments related to the task.

4. A 3-star rating question for the user to rate the difficulty of the task.

5. An extra comment box for participants to add any information regarding the experiment
or their availability (e.g. being busy or not in the building).

4.3.2 Participants

The experiment was conducted in the Urban Sciences Building (USB) at Newcastle Uni-
versity, Newcastle upon Tyne, UK (Chapter 2, section 2.1.2. Table1 4.1 describes the
demographic data of the 21 recruited participants as occupants in the smart building where
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Fig. 4.2 Experiment Task Sample
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the trial system was running. The participants were 8 male, 12 female, and 1 non-binary. 6
of them were under the age of 20, while 8 of them were between 20-30 years old. there were
4 participants aged between 30-40 and 2 participants were between 40-50 years old, and 1
participant was above the age of 50. The majority (around 14) were from the UK, while 2
were from the European Union and 4 were from different parts of the world. Regarding their
locations, 2 participants had their offices on the 1st floor while the 2nd floor had 4 participant
offices. The majority stayed and studied on the 3rd floor (10 people), 1 person on the 4th floor
and 2 people located on the 6th floor. When asked about anonymity preference, 14 of the
participants did not care about their identity reveal whereas 7 of them preferred anonymity.
In terms of their role in the building, 5 of them had the position of professional support
with administrative roles while 7 other people were PhD students and 9 were undergraduate
students that do not have administrative responsibilities.

A recruiting email was sent to all occupants to invite them to this study. Those who
accepted signed a consent form and received an information sheet describing the experiment
and requirements (provided in Appendix B) and filled out a pre-screening questionnaire for
demographic data collection as well as some questions about their preferences, including
available days and times, and preferred platform for contact like using email or Microsoft
Teams (Provided in Appendix B). Each participant had a minimum of two weeks to partici-
pate in the testing of the mock-up system. Each participant was compensated with £20 for
their participation and £10 for the final feedback interview.

Table 4.1 Participants’ demographic data

Gender Age Nationality Available in

Male 8 Under 20 years 6 Outside of the UK/EU 5 1st floor 2
Female 12 20-30 years 8 EU 2 2nd floor 4
Non binary 1 30-40 years 4 UK 14 3rd floor 10

40-50 years 2 4th floor 2
50+ 1 5th floor 1

6th floor 2
Anonymity Role Administrative roles

Yes 7 Professional support 5 Yes 5
No 14 PhD student 7 No 16

Undergraduate 9
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4.3.3 Experiment Design

The experiment was conducted in the wild for one month in the Urban Science Building, a
smart campus in the UK. The participants received a link to a task called a “check request”,
asking them to check a facility condition in the building (e.g., light is not working, or motion
sensors not detecting motion). Participants had a full day to respond to these requests and
the choice of whether to respond to the request or ignore it for any reason. Before the
experiment, an orientation session was set explaining the mock-up system to the participants.
The orientation session included:

1. Display of the task form and the required/optional questions included.

2. The duration of participation in the experiment (2-4 weeks).

3. The time and method to receive their tasks.

4. Time to respond to each task (full work day).

5. How to contact the researcher when having any questions about the task/experiment.

6. For safety reasons, the participants were advised not to try to fix any of the defects
they were asked to check and only respond based on their observations.

7. All defects were sent directly to the building maintenance team to be fixed by responsi-
ble personnel.

8. The feedback interview at the end of the experiment.

As the experiment was conducted in the Urban Sciences Building (USB) at Newcastle
University, I checked the reporting procedure that exist in the building and being used at
the time. The building has three reporting channels, the first one is for building defects and
issues which is included in the scope of this research, the second is related to security and is
being reported to the security department of the university. The third channel is dedicated
for IT and cyber incidents. In terms of the channels, there are some contact numbers on the
walls for reaching out after work hours. In general, the reception and school offices are the
first point of contact when it comes to facility incidents.

4.3.4 Incident Selection

To make the experiment realistic, a specific procedure for selecting incidents was followed.
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• The first step was to analyse a defect log file provided by the building reception
and maintenance of all the reported incidents and defects in the years 2017-2020. I
analysed the 1161 logs to calculate the most occurring and reported incidents. Details
of collected incidents keywords are available in Appendix B. This approach was used
in previous research (such as [121, 239]) when examining the user experience and
usability of their proposed incident reporting system.

• A second method of choosing incidents was using live incidents reported to the
researcher by the building reception, who are the first point of contact used to receive
reports. Live incidents refer to any incident or defect that is currently happening in the
building and was not handled or fixed yet.

The tasks used in this experiment met the following criteria:

1. Tasks should be based on most reported incidents and defects in the building or recent
occurring incidents.

2. Priority is for live incidents (received directly from the reception defect log)

3. Tasks should be safe and secure for both occupants and facilities.

4. Some tasks are related to specific characteristics of USB as an example of a smart
building.

5. Some restrictions were applied for privacy reasons, for example, all incidents were
issues in public places excluding personal offices or any other access-restricted areas.

Table 4.2 shows the facilities included in the trial ( Door handle(2), wet floor (1), window
(2), computer cable (1), screen display (2), lifts (1), lights/motion sensors (2), temperature
(2), smart card readers (2), intermittent noise (2), table (1), sink (1), dripping water fountain
(1)). The full tasks used are shown in Figure 4.3. In this thesis, I decided to make the task
questions specific and not general as some other systems do. For example, some systems
(mostly external crowdsourcing systems, see 2.1.4) tend to ask a general question such
as (If you see something, report it!). However, I am studying the feasibility of it inside
smart buildings and focusing on other aspects that will be mentioned in detail in section
4.3.6. Generally, organisations can select the format that suits their needs. Another aspect
to consider is the differences when depending on human sensing to respond to a certain
task compared to typical incident reporting where people reporting current incidents without
requests. Although they are both important and useful, some individuals create false reports
or creating issues in order to receive prizes. This is important part to consider when setting
incentives.
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Fig. 4.3 Check requests sent throughout the experiment
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Table 4.2 Facilities included in the mock-up system trial

Facility Type Number of requests
Door handle 2
Wet floor 1
Window 2
Computer cable 1
Screen display 2
Lifts 1
Lights/motion sensors 2
Temperature 2
Smartcard readers 2
Intermittent noise 2
Table 1
Sink 1
Dripping water fountain 1

4.3.5 Data Collection and Analysis

The trial ended by gathering both quantitative and qualitative data (see section 2.3). Quan-
titative results related to the responses such as correctness, duration, number of replies,
comments, and difficulty ranking of the task. The qualitative results were obtained by two
approaches. The first approach was inspired by the Experience Sampling Method (ESM). In
ESM studies, participants are instructed to report some information about their actions, emo-
tions, or other elements related to the study during the day. These self-reports are delivered by
responding to some short questions when receiving a notification (i.e., the task request from
the reporting system) [240]. The optional questions added to the task form described above
were used for this reason. Although the questions were optional in the task, they helped
me understand the underlying issues with each task and any other situation. The second
approach was post-trial interviews (see section 2.3.5) that lasted around 30 minutes asking
users about their experience in acting as a human sensor while recording these interviews for
analysis. The interview answers are described in five parts: experience, feelings, motives,
and tasks.

4.3.6 Feasibility Assessment

It is known that one of the main challenges that task requesters face when sending their tasks
through any crowdsourcing platform is the quality of the answers [237], especially because
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they are coming from responders who are not necessarily skilled or experts in the matter.
Therefore, one of the introduced solutions to control this problem is response redundancy.
Requesters tend to ask for more than one response for a task as a quality control method to
compare answers. This works well with a structured response format (e.g., multiple-choice
questions) where requesters can conduct statistical means to accumulate multiple responses
[234, 241]. It also indicates the task’s complexity level where participants decide to complete
the requested task [234, 241]. Another challenge is to receive responses in a reasonable time.
This means that the task completion time is acceptable to the requester and is not considered
late or useless to get the best use of the reporting system [242]. Based on the arguments
above, I decided to measure the three aspects of the human sensor engagement in the system
as a criterion for measuring feasibility of U-Sense:

1. Quality of task replies.

2. Number of replies per task

3. Task completion time to receive a useful reply

4.3.7 Ethics

This study has received ethical approval from the Ethics Committee of Newcastle University,
UK. Participants consented to participate in this study and could withdraw at any time.
Interviews were recorded and saved anonymously on a password-protected file.

4.4 Results

This section presents the engagement level of the participants working with the trial system,
as well as their feedback through interviews and self-reporting forms. The feasibility of
(U-Sense) is reported by measuring three aspects of human sensor engagement in the system:
the accuracy of the results, duration, and number of replies. In addition, user comments,
other supporting data, and their reported difficulty in responding to the assigned tasks.

4.4.1 Quality of Replies

Across the one-month experiment, a total of 143 responses were received through the
system. It is crucial to evaluate the quality of the information received. This is an important
characteristic to decide the trustworthiness of the human sensor concept when utilised in
an incident reporting system. To evaluate the response quality, I performed a check on the
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facility condition before and after the request was sent for each request. Accordingly, I talked
to the participants about any inaccurate answers during the feedback interview to understand
the reasons behind them.

Among 143 responses, there were only 8 inaccurate responses, split across 4 tasks (shown
in Table 4.3). Each of these answers has been revisited to see whether the participants were
confident about their responses or not. When looking at the replies, it was noticed that
6 responses were based on a lack of understanding of the task and may have been more
successful if there had been a more detailed description (as suggested by participants in the
feedback interviews). For example, a request to check the temperature in a room was not
clear to some of the participants who did not notice the placement of the thermostat in the
room. In another case, participants were asked to check a broken lock on a window, the
participants thought that if it closed that meant it was fine, despite the handle not locking.
When asking the participants, we noticed that three of the inaccurate responses to the tasks
could have been avoided by providing more details. Only two responses out of 143 were
inaccurate due to misreading or misinterpretation from the participant side (i.e., tasks 2 and 4
in Table 4.3).

Two tasks received a “not sure” answer about an intermittent noise and a wobbly table.
Although participants did not select a yes or no answer, they provided a clear explanation
of the facility condition in the comment section and the evidence section. The first task
was expected since the noise was intermittent and not clear all the time. The wobbly table
received an explanation that it was wobbly to some extent, but it was not a problem to report.
We can see here the ability of the human sensors to understand and provide insights into
subjective situations.

Table 4.3 Inaccurate responses during the study

Task Response Reason Inaccurate Responses
Temperature Thermometer placement Description 2
Motion sensor/ sink Checked lights instead 1
Window Closes but not lock Description 3
Window Checked wrong window 1
Smart card / door Wrong door Description 1

4.4.2 Number of Replies

During the month of the experiment, 20 task requests were sent and all of them received
replies. Figure 4.4 shows that around 70% of the tasks received responses from more than
half of the participants, regardless of the place or type of task. One interpretation for that
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Fig. 4.4 Tasks received replies from participants

is that the workers are participants in the study, therefore completion rates are expected to
be high. Furthermore, it is worth mentioning that the number of replies was predicted in
some way due to the day preferences provided by the occupants before participating. This
provided a general idea of what to expect for the task. For example, task number 4.2 which
was the second day in the third week. I -the requester- already know that this day had the
highest number of available responders, hence expecting many replies. In contrast, the last
task in the experiment had the least available responders (as it was close to exams week).
The requester expected that the task would not receive as much as replies compared to other
tasks. Additionally, the number of replies and completed tasks may be affected by the nature
of the task itself. For example, a simple task may have a higher number of replies compared
to a more complex task that may seem more complicated and require more time and effort.
This means that the level of complexity and the solving effort during the design of the task
should be considered [243, 244]. Afuah and Tucci suggest that highly complex tasks can be
challenging to describe, leading to a higher misinterpretation rate [194].

4.4.3 Task Completion Time

In this trial, the participants were told that they had a full workday to respond to the
check requests. To test the duration of each response, the procedure was to calculate the
duration between the task sending time for each participant and the time of receiving the
response. Any declined responses were excluded. I performed these calculations on the first
accurate responses received by the system, as this would be the point at which the system
administrators received useful data.

As illustrated in Figure 4.5, most tasks received responses in less than an hour, the
quickest taking only two minutes. The average of receiving a useful reply throughout the
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Fig. 4.5 Time to receive one response for each task request

experiment was found to be around an hour and 9 minutes. However, there were some
exceptions, with two tasks taking longer than expected and reaching 4 and 8 hours. This
was expected given that these tasks took place on Thursday and Friday, which were the
days when the fewest participants were available based on the pre-experiment data about
their preferences and availability. For example, there were only 4 participants on Friday (2
replied they were not in the USB, and the other 2 responded). This shows the importance of
understanding the availability of human sensors to predict if replies will be rapid. In addition,
it is important to note that the job role and culture of the work building may have a significant
effect on the human sensor collaboration and availability. For instance, the case study was a
university building comprising professional staff with offices, teaching staff with lectures,
and students with lectures and exams. The timing of the experiment may have influenced the
duration and number of responses in which students were preparing for their exams and did
not attend every day.

4.4.4 Further Responses

Apart from assessing the incident, The form had questions asking the participants to report
further comments, provide more information (e.g., a photo), and rate the difficulty level that
they experienced with each assigned task.
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User Comments

Each task had two optional text boxes available for occupants to add any comments regarding
the task or their ability to do it. During the month trial, around 117 responses included
additional information.

41 comments contained explanatory content. These descriptions could be as simple as
reiterating their main answer to the response (e.g., stating that a window is closing well or
that it could not close). The other 13 comments included clarifying difficulties such as sensor
placement, finding room location, access restrictions, and room availability/occupation.
Furthermore, 17 notes included participants providing their points of view. Expressions
of subjective opinions as noticed, such as describing the level of the defect (e.g. “slightly
wobbly", “slight noise won’t consider it banging", “might drip intermittently", “long time to
wait for drips", “placement of sensor might affect the defect report", “temperature shows 20
but it feels cold"). Other useful answers included raising further information (e.g., “another
door handle is loose as well", “noise related to another separate room", “lights turned on by
the control panel but not by sensor", “I am sure it is working"). Also, there were around 33
notes of occupants cancelling the task because they were not inside the building for different
reasons such as working from home, illness, travel, or simply being busy and forgetting
to reply. Based on that, the comments section can be used as an additional method to
assess the quality of the responses along with redundant replies.

Task Difficulty Rating

The participants had an option to rank the difficulty of the tasks received. As presented in
Figure 4.6, most votes stated that the tasks were simple. Around eight tasks were ranked
as moderate by one or two participants, and around six tasks received a complex rating
describing some challenges while checking the place. To understand the causes of difficulty, I
investigated the participants’ difficulty ratings by asking them about this during the interviews.
Answers associated with the temperature, intermittent noise, and motion sensors were the
most rated as difficult. This might be affected by the number of participants available on the
days that I distributed these tasks. However, the analysis was able to find common aspects of
some tasks that make them more difficult than others as stated in participants’ comments:

1. Lack of familiarity with facilities and devices

(“I wasn’t sure where the temperature meter was”, “I don’t know what is meant by
‘does it show 17 degrees’ Does what show 17 degrees?”).

2. Difficulty reaching the location
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Fig. 4.6 Task difficulty rating

(“It was hard to find the door as the room takes up half of the first floor and there are
many entrances”).

3. Subjective possibilities of answers (“Thermostat shows 20.8 but the room does feel
cold”, “Definite temperature drop when I went into 2.022 compared to other rooms on
the floor”).

4. Access control over the facility

(“doors won’t unlock for me”, “The room is occupied”).

5. Time spent to perform the task

(“I kept waiting for the right lift to arrive to be able to check it”, “took me a while to
find the correct desk").

6. Intermittent defects that cannot be easily detected

(“stayed in 3.032 for 5 minutes, heard nothing”, “it might be dripping slightly inter-
mittently, but I was by it for like a minute and didn’t notice any dripping").
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Fig. 4.7 Received supporting files corresponding to each task type

Providing Supporting Data

Participants had the option of providing supportive information that benefits their reports.
They could upload any media file, whether it is photo, audio, or video. During the experiment,
the system received a total of 46 supportive files, which were both photos and videos. Overall,
of the 20 tasks, 14 tasks (in 14 days) received evidence supporting their responses while 6
others did not. It can be observed that the number of available participants in a day influences
the quantity of received evidence: for example, weeks 3 and 4 had more available participants
than weeks 1 and 2, hence receiving more supporting data in those weeks. Figure 4.7
illustrates the percentage of received supporting files for each task type.

Another observation was that the highest number of supportive files submitted to the
system was associated with the tasks with the highest complexity rank. By observing these
photos, the temperature check task was supported with proof of a thermostat photo (to remove
any subjective opinion on the temperature). The second task was associated with motion
detection sensors. Although the participants’ comments contained some explanations of the
situation, they also tried to support their claims with the video recordings. Figure 4.8 shows
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Fig. 4.8 Received supporting files corresponding to each task type.

a screenshot of a person moving their hand to test the motion detection of the sensors, the
other photo is sent by a participant to show the temperature in the thermostat.

Another point to mention is the type of supportive media files. Many tasks received
photos taken by users. In some tasks, such as the ones requiring human interaction to check
the condition, participants decided to support their answers with recordings of their attempts.
This was evident in tasks including checking a loose door handle, testing motion sensors on a
sink, a dripping water fountain, and smart card access to a room. The analysis recommends
that this type of supportive data can improve the quality of responses, as descriptive
recordings of the situation can clarify the condition of the facility. In some cases, it might
be beneficial to make supportive media compulsory.

4.4.5 Feedback Interviews

I conducted structured post-study interviews with the participants for around 30 minutes
each to talk about their experience in human sensing actions. This included asking about
their experience, task types and task design (full questions are available in Appendix B).
The interview answers helped provide results for this chapter regarding the human sensor
experience, motives, and tasks specifically in a smart building and the rest of the results are
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used as input for Chapter 5 to design the suggested human sensing framework for facility
checks in smart buildings.

Human Sensing Experience

When asking participants about their experience during the study, simplicity was found as
one of the most common themes.

14 participants described the simplicity of the proposed reporting system as one of its
main positive features. They mentioned the ease of task requests, the way of receiving the
tasks, and that it did not require a long time. 12 answers emphasised on the points of no
urgency or stress “Because it is based on preferences, I feel free to decline" P17.

The flexibility of the requests also appeared to be a positive factor, as highlighted by 12
interviewees who said that there was no urgency or pressure to do the task in a certain time.
The option to opt out and set their own preferences to receive requests was highly appreciated
by participants. Another theme emerging from the interviews was obligation. Participants
described feelings such as “I liked being included to help maintain the new building" P19,
while another answer explained “when I received the tasks, it felt like a manager’s order"P4.

Five occupants of the building enjoyed the excitement in the human sensing work where
they see it as a chance to break the routine. Some expressions were found among the answers
like “It was fun walking around, like a treasure hunt!"P4 . Concerns from participants
included duplicate responses “what about people performing duplicate tasks?" P7. Also,
Finding and accessing a room or facility was a concern, especially for those unfamiliar with
the building. Few explained their concerns by mentioning: "What if I am not granted access
to the place?"P10. This suggests that similar systems might add an alert or disable the task
when it is already fulfilled correctly and no further help is needed. Regarding restricted
access, some solutions can be implemented such as cluster occupant groups based on their
access rights, or providing the volunteers with a special pass.

A significant positive theme was raised among the answers where interviewees reported
increasing levels of awareness and familiarity with the building and its facilities. Fifteen
participants pointed to improvements in their knowledge: “I became more observant"P12, “I
explored new places in the building and noticed new features like thermometers” P17, “I
paid attention to issues I’ve never noticed before, I guess I’m used to issues being there!"
P16, “I knew my way around” P13. However, five of the participants did not report any
difference, as their job role already required that they deal with facility defect reports.
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Participants Feelings

The second question explored how it feels to act as a human sensor when receiving check
requests. A sense of feeling helpful and belonging was raised by 7 participants, mentioning:
"I felt important and involved by adding value to the community"P19. Some liked the feeling
of being helpful: "It is a rewarding feeling to collaborate preserving better environment"
P1. At the same time, participating as a human sensor brought a sense of obligation and
responsibility “I had this sense of obligation because I signed up for it, so I had to” P20, “it
is similar to my job” P6.

While performing human sensing tasks for the first time, participants reported feelings of
vigilance and prudence by doing things that they are not used to doing. In the beginning,
some participants described feelings of discomfort “I felt strange when checking things" P5,

“I felt weird doing something, not my responsibility” P11. However, participants felt more
neutral once the requests became anticipated “well, it was expected” P14, “it was fine, I did
not feel pushed" P15. Some mentioned that they felt interrupted sometimes: "I did not mind,
however sometimes it feels inconvenient and interrupting, especially when I am busy" P2.

Motivations to participate in a Human Sensing Reporting System

This part explored the intrinsic or extrinsic [245] motivations for participating in the internal
crowdsourcing human sensing mock-up system (U-sense). Starting with a general question,
participants were asked if they would continue working with the new system. 12 of them
agreed they would continue using it with no external incentives. 4 agreed with some
conditions such as assigning tasks to places close to their offices. The remaining 4 required
external incentives.

Regarding incentives and motivations, occupants were asked again about the drives after
trying the system in real-time. Overall, the findings are aligned with the results mentioned
in (Chapter3, Figure 3.11). Figure 4.9 shows the types of motives that were apparent in the
answers. Altruism and intrinsic motives presented in the concepts of “helping the community,
having a better environment” were found to be the highest with 10 participants. Followed
by the desire to add a factor of enjoyment and competition, around 5 occupants suggested
having a point system such as scores or ranking lists with winner announcements. Related to
that, participants recommended that if winners were to be given rewards or compensation, it
should be a simple amount like vouchers or university credits for long-term users. Finally,
some participants preferred to be recognised and counted as members of a specified group at
work.
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Fig. 4.9 Preferred incentives after the trial

Tasks Related to Smart Buildings

One of the key objectives of this chapter is to see how occupants deal with tasks that are
associated with the smartness of the building (i.e., smart campus). Therefore, it was inevitable
to include check requests for the smart features associated with it that require interaction and
observation. As shown in Table 4.3, some check requests asked the users to check if sensors
for lights, temperature, or sinks were operating correctly, or if smart cards and smart card
readers were providing proper access.

Occupants were asked if they found any differences in checking tasks related to smart
buildings or traditional ones. Around 12 responders raised some differences in some aspects.
One aspect of this was complexity of performing checks “technology is always harder to
check, interaction is not like observing"P10, “Tasks were simple and basic but it’s about
not knowing how it meant to work"P17. This was also linked to them seeing it as an
interconnected system where the defect of something might affect the other. Participants
explained that to check/report a smart feature problem, there are several related variables to
consider affecting the quality of the response such as the way of interaction, sensor placement,
and a person’s level of knowledge and familiarity with the building.

Similarly, the background and level of experience theme was raised as an important
factor affecting the quality of the report. Factors including the amount of time spent in the
building and the role such as being a maintenance staff or field researcher of smart buildings
may affect the level of observation and quality of reports where others were unaware of
sensors in the building. “It depends on user experience; others might need more time. . . it is
not complex or technical for me"P8. Occupants who had no experience mentioned that it
was new and interesting to explore these aspects of the building. Some professional support
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staff who have experience in receiving these types of reports mentioned that the building’s
smart features can be temperamental “goes on and off occasionally” P6.

Other interviewees noticed that some tasks could have two answers in terms of a facility
working either automatically or manually. This was raised in requests to check lights where
they could be switched on manually yet not automatically when entering the room. This can
also be attributed to the movement and sensor placement in the room. On the other hand, 8
participants did not find it different due to the simple observation requests they were required
to do, mentioning that they did not require any technical understanding.

4.5 Discussion

4.5.1 Design implications of human sensing framework

The experiment interviews resulted in some design implications for designing the human
sensing framework which is presented in Chapter 5. Smart building occupants showed
interest in the task type that impacted their decision to perform the checks. Attributes like
safety, impact, or damage that might affect the building. Others highlighted their preference
for simple and tangible tasks with minimum effort. Related to that, the close location of the
facility and if they are regular users of it. This was related to their preferences of being
available in the building and being able to fit the tasks into their schedule and plan their day.
This indicates a solution of classifying users into zones based on their preferred places and
times. Also, giving them the option to update their preferences whenever needed. Regarding
the task difficulty rating, it was viewed by the users as useful or managers especially at
the first stage of the process to be able to classify tasks and set incentives based on their
difficulty. This also can help divide tasks into groups for maintenance that require more work
and another group can be for building occupants.

Consistency of the task descriptions and clarity is a required aspect in listing the tasks.
Having a clear and specific request of what is expected from the workers is a good way of
receiving high-quality and useful replies. Workers prefer having specific guidance that is not
open to interpretation. Moreover, providing directions to the facility may have an impact on
the response decision, especially for those who are less familiar with the building. Presenting
a photo of the facility may assist the participants as a visual reference of the facility and it
speeds up the process.

In terms of the wording of the task and providing some context about the task, some
participants prefer direct questions that are more friendly and informal and save time, while
others consider having more information about the tasks to provide a story and make them
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feel responsible and part of the system. Additionally, some preferred having their name
mentioned in each task request where it gets their attention of being specifically selected.
On the other hand, it may cause pressure on participants. Some details were preferred in
the notification part as well. For example, providing the floor number of the task can help
occupants instantly decide whether they can do it or not.

Other design implications such as adding more attributes for the task such as time stamps
and reporting date, and the importance and urgency of the task by setting a specific timeframe,
adding delay and reminder options for those who cannot perform the task instantly, saving a
list of unsolved pending tasks. Moreover, adding statistical data to track user engagement
and points if associated with incentives. Finally, there were some notes from dyslexic users
who pointed out the importance of simplifying the text and fonts. This aspect is open for
future work and usability studies.

Most of the participants preferred not knowing the identity of the personnel behind the
request to avoid biased replies. However, a few participants preferred knowing the requester’s
name to keep human contact and have the feeling to help others. Participant anonymity:
The experiment questionnaire shows that most of the participants did not mind showing their
identity in responses because the presented information is not considered personal (name
and work email), especially in a work environment. Another reason is being responsible
and accountable for their response, therefore available when asked any further questions
about the task and facility. Besides, participants see it as a constructive contribution where
their image and reputation are presented positively. This relates to the recognition incentive.
Finally, users prefer their identity to be shown to system administrators especially when
incentives are provided (competition points, lists and external rewards). On the other hand,
the rest favoured anonymous replies to provide more genuine responses and have the freedom
to decline.

4.5.2 Trustworthiness and credibility

To assess the success of the idea, it must meet three criteria to prove its feasibility: The
responses need to be correct, on time, and sufficient. The experiment also evaluates this by
two other methods of data collection, one is where the participants provide supportive data,
and additional comments on the task. The other method was the post-experiment interviews.
Having more than one way of data collection increases the confidence of the findings. In
qualitative research, collecting different types of data and running different approaches in
research is called triangulation [246, 247]. Triangulation supports the credibility of the
study where the weaknesses in some data/method can be compensated by the other provided
data/method [246, 247].
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4.5.3 Motives and sample size

The study conducted in Chapter 3 showed the main desired motives to participate in the
system based on the interview answers. This was seen as theoretical findings and required
experimental proof. Therefore, during the experiment design phase, it was planned to
have two groups of participants where one group will not have any external incentive, and
participants of this sample will respond to the task based on the idea of improving the
university system and the building environment (presenting altruism motive). The other
group should have tasks assigned in points where participants’ answers are rated every time
they respond to a task (presenting the enjoyment motive). However, when the recruitment
email was sent, accepting participants were considered not enough to execute the first plan.
The reason behind this might be that the experiment started after the COVID-19 pandemic
when the university -especially the USB- started depending on working from home. This
may have affected the number of occupants available at that time. This led to running
the experiment and focusing on the length of the experiment, then asking them about the
incentive mechanism that would have maintained their participation for a longer time if the
system had been deployed in the building.

4.5.4 Mock-up system design

Although the experiment could have been executed with a running system built specifically
for this reason, using a web form provided a simple available, and easy-to-access method.
The study aims to test the feasibility in terms of response quality, completion time, and
number of replies, and the web form seems to answer the question. Another reason for
choosing not to design a specific tool or mobile app at this stage is that not all occupants have
smartphones and will not be able to participate in the tasks (specifically some participants
from the professional support teams made it clear when asked about their preferred approach
of receiving requests). Lastly, both interviews in Chapter 3 and 4 had questions exploring
what are the most recommended characteristics that should be in the designed tool in the
future. This is discussed in Chapter 5 of designing the framework using the users’ feedback
as a data source.

4.6 Conclusion

The chapter explored the feasibility of leveraging the knowledge and observations of the
smart building occupants in reporting facility condition updates to a requester to improve
situational awareness. A real-world experiment was conducted for one month by sending
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tasks to participants to check facility conditions for potential incidents. 21 occupants of the
Urban Sciences Building (USB) participated in this study. The concept proved effective in
gathering reports on the state of facilities in the building, suggesting the possibility of more
permanent use in a wide range of places. The findings showed positive data in terms of the
number of responses, the quality of provided information, and the time duration of receiving
responses. Responses’ quality results indicate the importance of stating tasks consistently
and clearly, describing the location and the placement of the facility and how to reach it
(especially smart devices such as sensors). Moreover, the study outcomes were aligned with
the ones described in Chapter 3. It raised interest in altruistic motives in terms of being in a
community and having a newly constructed building also elevated the participants’ interest
in maintaining their campus in the best condition. Another desired incentive was the fun
factor, where participants expressed their enjoyment of the “treasure hunt” and of moving
around. Being in a work/study place, people may like to get out of their offices and walk
around nearby places. Additionally, the analysis found that contributing to such systems
raised occupants’ awareness of their environment and they became more observant of the
resources and their functionality. Finally, the month-long experiment helped extracting a set
of design implications and future recommendations for the system based on the participants’
experience. The next chapter presents a solution in the form of a human sensing framework
designed for smart buildings.
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Chapter 5

Human Sensing Framework for Smart
Buildings Facilities

Overview
This chapter presents the final contribution of this PhD research: a conceptual framework
to implement an internal crowdsourcing initiative for human-sensing facility conditions in
smart buildings. To create this framework, I synthesised the results extracted from the two
previously conducted studies in addition to the previous literature. The framework discusses
the main steps that organization management (building facility managers specifically) should
implement to take advantage of the use of human sensing of smart building facilities. It covers
the main dimensions known in the crowdsourcing process: platform, requesters, workers,
incentives, and tasks. It also adds another element that is particular for smart buildings, like
environmental preparation. Each dimension contains some elements and their attributes
that the management should consider. Finally, the chapter lists some of the challenges to
reflect throughout the process of implementing the human sensing system and discusses the
trade-offs associated with the delivered framework and its limitations.
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5.1 Introduction

Chapter 3 and 4 demonstrated that smart building occupants are willing to engage in the
human sensing of facility checks in theory and practice when provided with the right in-
centives. In addition, previous studies investigated several crowdsourcing aspects such as
motivations and incentives of the workers [189, 193], task design and allocation [235, 248,
249], communications and feedback methods [250–252]. Some researchers explored the
crowdsourcing initiatives in smart environments on technical or investigating specific aspects
(e.g., crowd behaviour) [13, 235, 253]. These studies focus on precise design aspects and
techniques without developing comprehensive guidelines and standard framework to under-
stand and manage crowdsourcing initiatives [95, 254, 255]. Frameworks offer a roadmap for
researchers, decision-makers, or administrators assisting them in navigating complex data
and its analysis. This structured path is essential for preserving a clear and logical progression
in the process. It aids in organising the study, ensuring that every phase is methodically
planned and implemented. Frameworks significantly speed up the process and enable more
efficient progress [256].

Smart buildings have their unique structure of service automation, occupants may find it
challenging to complete some tasks. To the best of my knowledge, no found work contributes
a guided framework dedicated to smart building environments that uses human sensing to
obtain updates about the condition of its facilities. This chapter is dedicated to designing a
general framework for smart buildings that considers the tasks related to its facility equipment
and IOT devices and their functionality. This chapter is dedicated to answering the research
question:

RQ: Can we design an internal crowdsourcing framework for human sensing facility
conditions in the context of smart buildings?

This chapter is structured as follow: The second section is about the related work, the
third describes the methodology of designing the framework. The fourth section presents
the human sensing of the smart building facilities framework, followed by the addressed
challenges in section five. The sixth section discusses the contribution and its underlying
trade-offs and limitations. Finally, a conclusion section that summarizes the chapter.

5.2 Related Work

Some papers conducted systematic literature reviews and eventually presented frameworks
like the work by Zuchowski et al in 2016 [76]. Others focused on specific contexts where
the authors created a theoretical framework for designing innovation contests for the crowd
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[95]. Such frameworks were used in other research papers such as [257–261]. For instance,
Phuttharak et al. (2018) presented a survey of the research conducted on mobile crowd-
sourcing, pointing out some implementation concerns, designs, and main reflections for their
development [259]. They relied on the recommendations of Wang et al. (2017), in their work
on the dimension and architecture of mobile crowdsourcing systems, on the importance of
addressing the challenges such as quality control, task administration, motivations, security,
and privacy [26]. Campos et al. (2023), studied the influence of internal crowdsourcing on
the growth of an innovation culture [257]. They relied on the differential aspects between
corporate internal and external crowdsourcing mentioned by Zuchowski in [76].

To the best of my knowledge, no found work contributes a guided framework dedicated
to smart building environments as they have their unique structure of service automation,
occupants may find it challenging to complete some tasks.

5.3 Methodology

Consider the case of an organisation in a smart building that aims to improve situational
awareness and smart building monitoring by implementing the human as a sensor solution to
receive facility updates and incident reports in their smart buildings. This chapter provides a
framework with execution guidelines for management to be used as a blueprint to follow and
use the suggested dimensions, design parameters, and their attributes as a checklist to select
from (e.g., incentives, distribution modes, duration, etc.). The guidelines also provide some
example attributes for the manager to choose from. It also raises the question of possible
trade-offs that the managers need to take in some situations. The framework then lists some
of the challenges that may face the implementing process and options on how to deal with
them. However, this study did not examine the management perspective on receiving facility
updates via human sensing. It focused on the workers’ side and their perception and practice
of reporting and responding to requests from requesters. Different levels of stakeholders
(e.g., upper management, reception, maintenance) were not included in this study.

The guidelines were set to be clear, coherent, and consistent to keep the framework
clear and easy to follow. The terms and concept are similar to those used in the related
literature [26, 76, 95, 235], and each crowdsourcing term and dimension is defined for the
reader. The framework aligns with other crowdsourcing frameworks in the general structure,
including dimensions such as the crowdsourced problem, platform, stakeholders (requesters,
and crowd), and incentives. The key difference is that this framework specifies the smart
building context and sets the light on the tasks related to its technology and devices. It
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considers the environmental setup regarding the occupants’ navigation and guidance in
identifying the facility under investigation.

This chapter is built as a result of two sources: Findings in Chapter 3 and 4 and previous
work and investigation in crowdsourcing literature. Regarding the information extraction of
the existing literature, this work did not follow the precise protocol of a systematic literature
review [262]. The research process started with a keyword-based search to extract papers
that were self-identified as being concerned with crowdsourcing. This included work on
internal crowdsourcing, mobile crowdsourcing, innovation-based crowdsourcing, and human
sensing. The framework design was inspired by the work in: [26, 76, 95].

5.4 Human Sensing Framework for Smart Buildings

This section presents the designed framework for implementing an internal crowdsourcing
system for human sensing to report facility conditions in smart buildings. The framework is
presented in three levels:

• Figure 5.1 presents a high-level overview of the main steps that need to be covered
before implementing the crowdsourced reporting system. The bottom of it lists the
challenges that need to be addressed throughout the process. Figure 5.2 illustrates the
interactions between the main dimensions of the framework.

• Each dimension is discussed separately in the following sections and summarised in
the tables in Figure. 5.4 and 5.5

• A representation of the design implementation by presenting some sample interfaces
(See Appendix C).

5.4.1 Crowd sourced problem and scope

Problem type:

One of the main reasons for deciding to apply crowdsourcing in the organisation is to get
a solution for a problem. The scope of this framework is human sensing within a smart
building. It is dedicated to the specific problem of getting updates on facility conditions in
smart buildings. So, deciding the type of problems and tasks that will be asked is a major
aspect in which identifying a problem type from the beginning influences other dimensions
of the task design [95].
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Fig. 5.1 Framework for human sensing facility condition in smart buildings

Level of interaction and engagement:

Setting the level of engagement with the facilities for the occupants to perform the task is
under the scope of the problem. Unlike other crowd-sourced tasks, human-sensed tasks are
not performed only on their devices, they require reaching a specific location to check a
facility. As observed in the conducted experiment mentioned in Chapter 4, section 4.4.4, the
checking process occasionally needs a level of interaction with some facilities to complete
the task (i.e., moving hands to check the motion sensor for the sink faucet). Some tasks
may require fixing a facility and some may not for safety reasons. So, addressing that helps
understand what is expected of the workers. Another requirement is to specify the open and
available facilities for occupants’ checks. This may exclude some critical equipment for
complexity, safety, or being in access-controlled places. This step of planning and defining
the problem has its time cost from the managers’ side. However, if prepared properly, it can
lead to a successful internal crowdsourcing initiative.
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Fig. 5.2 Main interactions between human sensing framework dimensions in smart buildings
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5.4.2 Requesters

Assign roles:

When it comes to organisations, requesters of the internal crowdsourcing are mainly from the
management, and are responsible for arranging and handling the crowdsourcing process [263].
Upper and lower management can have different roles. For instance, the building facility
manager is responsible for the preparation phase of implementing the human sensing solution
and assigning roles. In contrast, the officers and lower management can be concerned about
the detailed parts of the process like sending the tasks and setting the incentives. Additionally,
if there are any task-related responsibilities such as clarifying to the workers by answering
their inquiries and comparing the number of redundant answers to ensure response quality,
they need clarification. Employee training can be conducted in this step as well. Additionally,
building managers may consider integration with the regular reporting process that is used in
the building. For example, some organisations assign the reporting process to the receptionists
since they are the first point of contact when something is not right regarding the facility’s
status. Likewise, the role of dealing with or fixing the equipment needs to be assigned.
Based on that, managers need to assess and assign the responsibilities to fit best within the
organisation’s workflow.

5.4.3 Crowd/Workers

Internal crowdsourcing differs from external crowdsourcing in the scale of the crowd. In
the former, the crowd is employees in the organisation with job contracts and reporting
relationships. Some studies indicated that requesters and responders share some similarities
in their aims regarding the organisation [181].

Internal crowd perception and practice:

As the two previous studies show, people have high expectations of what smart buildings
can do in terms of detecting issues (Section 3.5.2). Another finding was that the occupants
are not fully aware of the devices installed in the building that typically play a role in
their comfort, such as temperature sensors (Section 4.5.1). This was clear during the
experiment where some participants were confused about some device’s locations. Therefore,
conducting similar studies and surveys to assess the level of knowledge of the workers and
their perceptions, expectations, concerns, culture and motivations can help provide some
training and orientation sessions to raise awareness of building resources before running the
system (More in section 5.5). Moreover, Denyer et al. (2011) raised the importance of the
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cultural settings of the organisations that administrators need to consider to use a guide on
how to implement the crowdsourcing system [264]. Contrary to external crowdsourcing,
enterprise members can have a long-term affiliation between them and the enterprise. And,
as expressed by Prpic et al. (2015), it can be a positive ground for continuing collaboration
[265].

Internal crowd demographics:

Understanding the participants’ demographics and social attributes helps assign suitable
workers. For example, some tasks may be more complex than others, so the requester
can select a group of workers with specific job positions and experience to complete the
tasks. Plentiful studies examined several aspects of the worker’s skills and abilities. Some
focused on their demographic profile such as participants’ place or education level to identify
their skill sets [237]. The results of the system trial (Section 4.4.4 have shown that some
demographics complete the task differently than others). As the university building includes
different types of occupants (students, academic staff, and professional support) who spend
varied amounts of time in the building, different levels of access, and use of facilities. To
utilise this difference, occupants can be classified based on means that benefit the organisation
[266]. For example, it can be helpful to set a group based on the closeness and level of use
of a facility (i.e., a defect of a water fountain on the 4th floor can be sent to the occupants
of the fourth floor). Correspondingly, a group can be created based on the job title (i.e., the
receptionist group could receive a different task than the students who mostly attend one
classroom/lab every time). There are different ways to set these groups, one is by calculating
the occupants’ data in the subscription process with the assigned preferences of suitable times
and places (as followed in section 4.5.1). However, human sensing tasks are typically not
complex and require high skills. In a university context, not all occupants stay for a long time
in the university (they graduate and leave). So, the skills or personalities clustering may not
be the best choice here. Another important aspect to explore is the motivations of the workers.
Although there are lots of studies on crowd motivation incentives, the demographic of the
occupants in the organisation may suggest otherwise (more in section 5.4.8). Understanding
the crowd is an important step before implementing the system. However, it requires time
and resources to conduct the research to understand the participants.
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5.4.4 Environment/infrastructure

As human sensing is in a smart building, occupants may not be fully aware of all available
facilities and their locations. Therefore, working on preparing the environment may help in
having fast and accurate responses.

Equipment labelling guidance:

In the preparation phase, an important factor that can eliminate occupant confusion and
decrease the error rate is the equipment label. One of the reasons that led to answer inaccuracy
during the mock system test (Chapter 4 section 4.4.4), is the nonexistence of the labelling
guidance, and participants were confused between multiple similar equipment (e.g., checking
the wrong windows or the wrong sensor). This raises a question of the importance of having
a labelling system in the building. Today, most newly built buildings (especially smart
ones) have their labelling system included in their building specification plan. Accordingly,
management can select to create a new labelling system or use and improve the existing one
(i.e., the labelling system used in the building management system (BMS)).

Environment risk management:

Labelling is required for safety reasons as well for both occupants and those who will
fix the problem. This leads to the next question regarding environmental risk management.
Management needs to study and deal with the uncertainties of crowdsourcing implementation.
Although many former studies have focused on presenting the benefits of crowdsourcing, it is
similarly significant for organisations to consider the possible risks related to crowdsourcing
initiatives [95]. Management needs to identify what tasks to send, equipment to be checked
and fixed, and zones opened for access. For example, server rooms can be excluded from
the requests because they are restricted, critical, and should be under specialised employee
checks. These three points are vital to agree on before implementing the system for the safety
of participants, good condition of the facilities, and to maintain the security and privacy of
the other building occupants in different places of the building. This was applied in the trial
where occupants were informed that they should not try and fix any faults in the orientation
session and the information sheet of the participation (sections 4.3.3, 4.3.4).

Building navigation guidance:

The ability to reach the requested place can be challenging for occupants. Although some
may expect that occupants should know their way inside the building, this is not always the
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case. As observed in the trial in Chapter 4 section 4.4.4, some participants were not able
to find the place or spent more time navigating the building. This made the task seem more
complex than it was because of the absence of a guidance system within the building. This is
for the management to decide whether they can use an existing system such as the one used
in some buildings: zones that are colour-coded, rooms have a numbering system, and each
floor has a map. The alternative way is to create a human-sensing customised navigation
guide, such as installing signs, providing a QR code, and installing several iBeacons into
the building as an indoor positioning system, which can assist in determining the place
automatically for the responder as used in [267].

Facility photos database:

As it was found in the post-trial interviews in Chapter 4 section 4.5.1, including a facility
photo in the requested task page can act as a visual reference for the participants. To apply
this, managers may need to have a prepared set of photos of the facilities that are available
for human observation. It does not have to be the exact item, yet the device photo can be
useful. This may be required in smart buildings in particular, where occupants are not aware
of some of the IoT devices or controls in the building. (e.g., thermometer controller). All
these methods can help simplify the process of human sensing which in turn can improve the
engagement level and response quality. Finally, there is a trade-off regarding the preparation
of the building infrastructure/environment where it has its implementation cost to gain
high-quality responses and engagement.

5.4.5 Platform

Platform Type:

The platform refers to the interface through which an organisation sends the task to be
answered by workers. In the crowdsourcing preparation phase, the organisation needs to
decide what type of platform will be used. In external crowdsourcing where the public can
be workers, some social network platforms can be utilised for that [76]. The other type
of platforms are the purpose-specific platforms that are designed explicitly for that reason.
This type is typically preferred by enterprises for several reasons. One, it enables repeatable
and clearly defined tasks that have similar fixed features [268]. In addition, it can be well
integrated into the current system and the business processes of the organisations to minimise
the blockers of members’ participation like using single-sign-on (SSO) [269]. The work
in [270], was about an intranet forum used for collective propositions and ideas. Other
organisations can use other tools for crowdsourcing initiatives such as Yammer (an internal
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micro-blogging tool). Several well-known enterprises (including Dell, Google, and LEGO)
have positively established their own crowdsourcing platforms [95], however, it is central to
consider the implementation and management costs of such systems [271, 272].

User interface:

User interface refers to the interface which the participants access and read and respond to
the task request. It can be a Web UI, an API, or any other kind of UI [26]. Although there
is no one best UI, the experiment results showed the importance of using mobile phones
to access the task interface. This helps the participants with mobility and moving around
the building to perform the tasks and take pictures if needed. In contrast, others prefer a
web-based interface to receive task notifications on their office PCs. To ensure increased
participation, having both interfaces can be helpful.

The visual component is the main entry point for the responders to interact and respond
to a task. Previous work found a positive correlation between the task design and the quality
of crowd replies. [273, 274] reported that a user-friendly interface with clear instructions
improves the quality of people’s replies. They also reported their findings in having the
same task presented in different interface designs, where one was clear and simple with a
structured layout and the other was complex with a patterned background and unstructured
layout. They found that the overall outcomes were more accurate for those who engaged
with the simple GUI. [275] focused on understanding the reasons behind low engagement
and refusal of tasks. It reported several reasons one of them being the poorly designed task
interfaces, vague task directions and technical issues.

Tasks notification messages:

The first step to connect with the occupant is by receiving a notification message asking them
to check a certain facility. When a request is sent, a notification message will appear on their
devices. The type of notification depends on what platform is being used. The message text
can be customised and contain the name or username of the participant or a generic message.
An example of a generic notification text can be:"Hi there! There is a check request waiting
for your reply on floor 3!". Additionally, providing more information about the task such
as the floor it is on can speed up the decision of accepting or rejecting the task. The other
option is to include the participant name in the text: “Hi @ParticipantName! There is a
check request waiting for your reply on floor 3!”. These suggestions were proposed by the
participants during the post-trial interviews in Chapter 4 section 4.5.1. An example of a task
notification message is illustrated in Figure 5.3.
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Fig. 5.3 Example of a notification message

5.4.6 Task Design

A central dimension of the crowdsourcing is the task. The way that a task is designed helps
clarify the task goal, the selected suitable workers, and the incentives policies [26]. Three
important elements were found to be affected in my research and supported by the previous
literature [273]. A sample of a task design is presented in Figure 5.6.

Task Description:

Task description means how the task content and questions are formulated [194]. Well-
articulated task is one of the most essential steps in crowdsourcing. As some research found,
a clear problem statement improves the responder’s understanding of the task requirement
and therefore the response quality [243, 273, 276–279]. In contrast, poorly delineated tasks
can raise the likelihood of being misinterpreted [194, 280–282]. The following part lists
some characteristics that are preferably considered when designing a task.

Maintaining question consistency is a useful feature to simplify the process for users.
As mentioned by the participants in the last experiment the consistency raised the familiarity
and understanding of the requests (section 4.5.1). Clarifying what is expected from the
participants can help them provide the required answers. In addition, since the tasks are
mainly observation checks, the question layout can be consistent. For example, it can be a
deterministic yes/no question or a multiple-choice question (Section 4.3.1). This form of
question accepts one correct answer [237]. Wu and Quinn showed the impact of having
concise guidelines and considering a reasonable length for task instructions on the outcome
[283]. Regarding the text style and how the tasks are written, the trial presented two ways.
The first way was by providing a preamble introducing the task: "The system received a
report that. . . ”. The second way was to lay the task directly by saying: “Can you check. . . ”.
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Fig. 5.4 Main dimensions and their sub-elements (1)
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Fig. 5.5 Main dimensions and their elements (2)
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I found that some participants prefer direct questions that are more friendly and informal and
save time, while others consider having more information about the tasks to provide a story
and make them feel responsible and part of the system (Section 4.3.4).

Task granularity:

Task granularity refers to the task’s level of simplicity, which can be divided into two types:
simple tasks that are short and do not require specific knowledge to be solved (e.g., tagging)
[284]. Complex tasks had to be decomposed into simpler sub-tasks to be solved and required
more time, effort, and cost from the responders which means that the incentives should be
according to the task complexity [26]. The level of complexity and the solving effort during
the design of the task is considered [243, 244]. Afuah and Tucci suggest that highly complex
tasks can be challenging to describe, leading to a higher misinterpretation rate [194].

Task duration variable: Hossfeld et al. (2014) mentioned that the task duration should
not be long and is correlated with the provided incentive to attract more committed workers
[285]. In the case of human sensing applications, the tasks mainly contain extra steps of
moving and navigating the buildings before being able to respond and complete the task.
Unlike other crowdsourced applications where participants can complete their tasks in the
same location. This adds extra time for the main task for the responder to consider when
accepting a task. Therefore, the check task should be simple and contain the least number of
steps.

Required Knowledge: Tasks relying on human sensing and observation usually do not
require a high level of technical knowledge. Being in a smart building may lead to dealing
with different IoT devices installed in the building, and occupants can find it challenging to
respond to the task, leading to inaccurate responses or quick rejection. In this way, complex
tasks that require more time and more knowledge can be delivered to those with more
specialised knowledge (section 4.4.5).

Rate task complexity: Asking users to rate the task complexity (e.g., 3-star rating
question) as designed in the experiment conducted in Chapter4 section 4.4.4 was found
to be a valuable source to collect users’ feedback to measure task complexity, especially
for a newly deployed system. This may help improve the system by classifying tasks and
distributing them among occupants and maintenance based on difficulty when having a clear
measure of task complexity. Furthermore, if the system includes incentives, it can set higher
points for more difficult tasks.
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Fig. 5.6 Example of a check task interface
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Task specificity:

Task specificity is about the scope of the requested task. A crowdsourced task can be either
broad and formulated using open-ended questions, or specific tasks that have definite answers
[286]. Choosing the scope of the task depends on the type of problem. Jespersen et al. (2018)
state that unstructured questions can foster creativity and could lead to new information
[278]. It also requires more effort from the organisation side to evaluate the received answers
[287]. Specific tasks, on the other hand, tend to increase the task completion rate [278]. In
both cases, the tasks should contain all the essential information to be solved [249, 282, 288].
In the context of this research, the questions were set to be specific to describe the required
problem. The answers are set to be determined with specific selections (yes, no, not sure,
I cannot do it in Figure 4.2). Results showed that participants found it to be helpful and
simple, especially with the presence of an optional free-text box for adding any information
that they find important to the quality of the response (Section 4.4.5).

Facility condition photo: In the case of users with smart devices who can take photos,
requesters can ask workers to upload a photo or video of the facility as a task completion
condition (if needed). This was found to be beneficial for supporting evidence to improve the
response quality and to explain their answers (Chapter 4 section 4.4.4).

Available communication: Numerous studies confirm that communication and feedback
to workers can positively impact the accuracy of the answers [189, 250–252, 289–292].
Similarly, the participants needed more clarification about some tasks in the smart building
experiment. In this case, I was responsible for answering the participants’ questions about
the check tasks. So, adding a communication option to allow this may have significant
improvement in terms of clarity and live communication. This has its requirements from the
requester’s side to answer the participant’s questions (see Appendix C).

5.4.7 Task allocation

Task allocation means the distribution of the task to a particular group of people in the crowd,
conditioned on different criteria such as the skills required [95]. Some aspects that may
influence task allocation were studied in related work, including temporal and geographic
conditions [26]. Some research took into account user movement routes for crowdsourcing
applications [293]. There are some aspects to consider in this framework:

Task distribution mode: There are two modes for task selection. The first mode is pull-
based mode enables users to access a list of available (pending) tasks. The user’s selection
decision depends on several elements their time, location, and interest. The second mode
is the push-based mode, where the system sends a limited set of tasks based on the user’s
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preference and predicted availability [235]. The prediction of availability can be performed
either by using some tracking systems like GPS, or available sensors in the building to detect
people’s presence in a certain place. This can be useful, yet has some users’ privacy concerns
and is not necessarily required giving the building space. An alternative way is to ask the
residents about their preferences in time and location similar to the way done in Chapter 4,
section 4.3.2.

User engagement preferences: One of the important factors to keep the occupants
contributing is that the system should not be perceived as intrusive or annoying to them.This
was considered in the trial and participants were asked to fill out their preferences before
receiving any check tasks in section 4.3.2. The importance of this is to minimise the number
of occupants declining requests. Another reason is to minimise user interruption in times
they would not like to perform the tasks at that time. An example of a preferences page is
provided in Appendix C. The occupant can select the days and times of their availability
based on the organisation’s dynamic and culture. For instance, other designs can contain a
complete schedule of the week that provides time preference selections for each day. Another
design component can be the inclusion of a suspend property to suspend their participation
and not receive any requests for a specific assigned period. This is useful as well when
participants are on leave and unavailable for a long time. Additionally, allowing preferred
building zones selection that they would like to check. However, the selection of zones
should not depend only on their office location only. The reason for that is people may prefer
walking or visiting other places where they have some other tasks to do. Some people may
have different workplaces such as offices, laboratories, and classrooms. Another suggestion
to consider is the number of tasks sent per day. Lastly, keeping this information open for
editing at any time in the future can be beneficial due to the dynamic of the educational
environment where staff and students have different schedules every term or less. Finally,
when receiving the check request, users can have an additional option of delaying the task
(with the other two options: accept and reject). The system can have a reminder option
to resend the task at another suitable time. Figure 5.3 shows the options of accepting and
opening the task, rejecting and ignoring, and reminding the user at another time. Figure 5.7
illustrates the option of selecting another time to get notified for the task.

The user preference and zone allocation are presented to prevent the system from obligat-
ing users or sending them lots of requests. From the participant’s perspective, it provides a
sense of scheduling and expectancy. From the system and requesters’ perspective, this may
affect getting fewer or late responses. This also could happen when limiting the number of
responders by specifying specific people to specific places or zones. The number of responses
may decrease and the response duration may increase as well.
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Fig. 5.7 Example of setting a task reminder

Urgency and level of importance: People reported in the post-trial interviews that they
like to prioritise their day tasks and complete them in order. Therefore, including a feature
that highlights the level of importance and urgency for the received task may assist users in
arranging their tasks. For example, adding a clock icon presenting the expected time to have
a reply (e.g., by 1:00 PM). It can emphasize the importance visually by colour coding the text
(e.g., red, orange, and green) to represent high, medium, and low respectively. Participants
raised that such information can help to commit to the system and being able to respond to
the requests (Section 4.4.5) [237, 294].

5.4.8 Incentives

The motivation of employees to contribute to distributed tasks had more attention in research
[266, 295, 296]. One reason might be data availability (e.g., survey data). Nevertheless,
despite extensive research, no all-purpose model has been decided on regarding what moti-
vates workers there. For example, there are opposing views on the usefulness of financial
incentives [72, 73, 263, 297]. Therefore, this contradiction points to the fact that each internal
crowdsourcing enterprise situation is unique and thus does not fall under a simple generalisa-
tion [76]. This shows the need for a more profound examination of the relationship between
the various purposes of tasks in the organisations and workers’ motivation. Additionally, the
drive and commitment level of workers in internal crowdsourcing differs from that in external
crowdsourcing. This is because the company’s employees do not choose to self-select to
contribute to distributed tasks to the same degree as the external crowds [181]. Participants
can become discouraged if their work is not properly acknowledged [298]. Furthermore, the
crowdsourcing model differs from the enterprise hierarchy structure in relying on voluntary
participation. This may lead employees to participate in a strategic act (e.g. promotion). [76].
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From a managerial perspective, providing proper motivation structures is significant for the
success of crowdsourcing projects. Organisations must consider the nature and complexity
of the task, and the diverse intrinsic and extrinsic stimuli when designing incentives. [95].

Numerous previous studies have examined the motivation part of crowdsourcing [183–
186, 189, 249, 299, 300]. Motivation mechanisms commonly have two goals: stimulate
workers to actively join and input accurate data, and encourage requesters to deliver honest
comments about the quality of the received answers. Based on their activities, it can
reward/penalise workers and requesters with financial, ethical, entertainment, and priority
[26].

Even though preceding work recommends the use of intrinsic and extrinsic incentives es-
pecially in crowdsourcing competitions [193], crowdsourcing organisations need to consider
some aspects related to the organisation culture or process such as annual leaves holidays
and special circumstances within times with fewer available employees. Also, the nature and
complexity of the task should be considered when preparing rewards. Because a complex
task involves more time and effort, monetary compensation is mainly important [67, 193–195,
282]. On the other hand, this can raise the cost of providing some incentives such as monetary
rewards. Other incentives may require some design efforts such as points and competitions.

So, when it comes to reporting incidents via human sensing in smart buildings motivations,
my first study results showed an interest in altruistic motives, especially in being in a
university community. Then it was followed by the need for enjoyment and competition
such as having scores for each completed task, followed by a small prize for the winner (See
section 3.5.3). In the second study, after testing the concept in real environments for a longer
time, the results remained the same in this population. Altruism and enjoyment are the main
drivers of the occupants of the building (See section 4.4.5). The following suggest some
motivational mechanisms and design techniques that may improve engagement based on the
results obtained:

Motivational mechanisms

a. Altruistic motives: Being in a community and having a newly constructed building also
elevated the participants’ interest in maintaining their campus in the best condition. This
aligns with the results stating that helping others and receiving positive feedback increases a
sense of identity in society and can affect participation and retention [190, 296].

Some suggestions were extracted from the participant’s interview responses when trying
the system. Therefore, organisations can consider implementing some mechanisms that
fulfil this need such as: (1) Acknowledging workers’ contribution by displaying a message
ensuring that the report has been sent by thanking the responder: “Thank you for being a
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valuable member of the USB!”. Appendix C displays an example of a message appearing
to the user after submission. (2) Track completed tasks, by allowing participants to check
back their accomplished tasks throughout the period which may influence them to engage
more with the system. (3) Providing feedback on facility status to occupants when they
complete the task makes them feel useful to know that their input has made a change. So, a
simple feedback message could be sent for them or a notification of a task status changed as
“fixed.” However, some may not need continuous updates of their tasks and just want to have
the ability to check. (4) Keep a list of pending tasks for participants who have some free
time to move around the building and complete any unsolved tasks. Based on the urgency
and importance of the situation. Providing access for unresolved tasks (with no responses)
to allow them to perform the check. (5) Statistical data on the contributions and reports
that have been received from all occupants in the building that benefit the building and its
facilities. (See Appendix C for sample interfaces of pending and completed tasks)

b. Enjoyment motives Enjoyment and fun factors have a popular use in crowdsourcing
platforms to keep users’ participation. In this research, enjoyment can include participants
having fun while doing the task, competing with other participants or collecting points. The
fun factor was mentioned in the reflection of some participants on U-sense. Being in a
work/study place, people may like to get out of their offices and walk around nearby places.
This can be leveraged by providing a routine break that includes doing something useful
at the same time. Some mechanisms can be (1) Pointfication and competitions by setting
different points for each check task based on its location, complexity, urgency, etc. A lot
of the interview answers encouraged having a points system (See Appendix C for sample
motivation messages). On the other hand, point collection should consider the quality of the
response to avoid random responses to accumulate more points [301]. (2) Ranking/winners
list is another way to incentivise occupants. However, as it was suggested by [99], ranking
lists can have a deterrent demotivating effect on new users when they see others’ high points.
Therefore, lists can be updated weekly/monthly to encourage new users to participate and
rank top. (3) Prizes and rewards, managers can announce yearly/monthly winners via open
channels like banners or emails. However, prizes can be simple organisation prizes such as
coupons, credits, mugs, or badges.

c. Monetary rewards: Some work advice for financial rewards as they work best [26,
74, 263, 297], while others propose that non-financial rewards are more effective [72, 73,
75]. Others, however, propose that concrete incentives are as vital as they are in other
forms of crowdsourcing to attain and sustain staff engagement [302] meaning that internal
crowdsourcing ought to be paid for [263]. Lopez et al. (2010) demonstrated that performances
and salary bonuses can be used in some organizations [295]. Meloche et al. (2009) see that a
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‘crowdsourced task’ in an organization is still work; however, it should be mentioned in the
job description and the workload of staff [303]. Regarding the monetary amount, Katmada et
al. (2016) stated that prizes should not be very valuable to avoid free-riders who contribute
for the sake of the award with no quality responses [99]. Another counter concern is that high
prizes may lure people and distract them from their actual jobs Therefore, finding a suitable
measuring and rewarding system that suits each environment differently can be beneficial.
The compensations in the form of vouchers and credits (for example, for printing or buying a
coffee) were considered as financial rewards in this research.

d. Recognition Finally, as the findings in both studies are aligned with [187, 189, 249,
266] that being recognised is a common motivation for some occupants to engage with
the system like being a member of a known team, or getting acknowledged by managers.
Therefore, visibly including administrators and other directors in the crowdsourcing events
may have a positive power on the motivation of employees to participate [304]. However,
managers should be careful that reward design should not be about comparing workers’
answers due to its counterproductive impact on corporate culture [263]. In the case of smart
campus, the results showed a preference for compensation over recognition. This can be
reasoned that the population is different. Having several younger students can increase the
desire for enjoyment and prizes associated with it.

5.4.9 Evaluation

Success metrics

Success metrics are central to assessing the total performance and effectiveness of crowd-
sourcing processes. Organisations can have specific metrics to check the results [271, 289].
Even though not all task answers are expected to be high-quality answers, creating suc-
cess measures can be useful for organizations to identify failures and encourage learning
[271]. This project tests the success of the U-sense mock system by measuring three aspects:
Number of responses, quality of responses, and duration of completing a task.

Responses quality:

As human sensing is not meant to provide creative ideas, but it requires correct observation
and judgment on a facility condition. So, having a dedicated group of requesters that evaluate
occupant responses on-site may not be the best option. However, there are other aspects to
consider to help evaluate the participants’ input (more in section 5.5).
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Task acceptance and completion rates:

Other ways to evaluate the success of the system is to observe the task acceptance and
completion rates. This can indicate whether enough participants are accepting the tasks or
not. Also, it may point out the task complexity level that made users not complete it.

System joining and leaving rates:

After a while, an analysis of the joining and leaving rates among the building occupants
is recommended. This may be impacted by the organisation’s culture (i.e., participating
students who have graduated and no longer visit the building, annual leaves, holidays, etc.).
This can help to understand if there is any aspect that needs to be improved or modified.

5.5 Human Sensing Challenges

This section describes the challenges that need to be addressed when considering human
sensing of the facility’s condition. Four aspects were extracted: Response quality, responder
training and awareness, the anonymity of requesters and responders, and the privacy of the
building occupant (participating or not). Figure 5.8 summarises the four challenges.

Responses quality

For the human sensing system to be beneficial, the responses of the participants should
be accurate. Quality is an important measure of success in crowdsourcing [237]. Various
research studies have included quality assurance as a primary mechanism for crowdsourcing
platforms. To improve and maintain response quality, the crowdsourcing process can have
some design implementations and answer evaluation methods to achieve that goal [76].

For answers evaluation, (1) Some work presented that the accuracy of contributions is
grounded by the crowd’s collective judgement and votes at least for a primary evaluation like
[268, 297, 305]. This model can be applied here where requesters can collect several answers
that support the one they received. (2) Another form of evaluation is based on a preset
specific criterion [297]. However, this model cannot be implemented for human sensing tasks
where the requesters can assess the answer on-site. However, requesting supportive data (e.g.,
defect photo) can be helpful here. (3) An alternative technique is the one developed by [237]
to weigh workers’ reliability. High-weighted users provide more accurate results and have a
high self-rated confidence level after each submitted response. This approach improves the
accuracy of opting for the true responses by 15% when compared to the “majority decision”
presented in [306], where the responses with maximum votes are approved.
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Fig. 5.8 Four challenges of when implementing human sensing in smart buildings

Regarding design implementation, organisations need to consider the quality control
methods and other impacting aspects such as motives, user demographic profiles, task design,
allocation, and privacy [26, 237]. Designing tasks with a friendly and simple user interface
[307], acceptable granularity, and allocating tasks to suitable participants (e.g., based on time
and space preferences) are the grounds for high-quality responses. The incentives stimulate
occupants to willingly contribute and focus on the tasks [26]. Additionally, assessing system
testability quality can be applied to improve quality [308]. It was found in the trial conducted
in Chapter 4 section 4.4.4, that there are some design features that support presenting clear
and accurate data to the requesters. To mention a few, adding a section for supportive data can
help occupants strengthen their answers even if not completely sure. Features like uploading
facility photos or writing a comment describing the situation were effective in the experiment.
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Anonymity

Anonymity in both requesters and responders is a considerable aspect of crowdsourcing.
Numerous research reported that anonymity in such platforms does not have a good impact.
Prior to this work, a study reported a possibility of forming a mistrust between the two sides
with anonymity leading to dehumanising their relationship [275]. In addition, Marlow et
al. (2014) described that workers can become discouraged from participating [309]. Other
studies mentioned that requesters could use and justify lowering the effort to work and paying
workers less [310, 311].

Requester’s identity: In internal crowdsourcing the situation may be different since the
requesters are from a known group (e.g., building managers) sending relatively similar tasks
to a group of participants. In the context of human sensing in smart buildings, the interview
results indicate that the identity of the requester can be anonymised to avoid biased decisions
and replies if the requester is someone the occupant knows, they may give a different level of
attention to the task compared to a name they do not know (section 4.5.1). In such cases, the
task request can be formed to be coming out from the system itself. Phrases such as: “There
is a system request to check . . . .” are suitable for a request preamble.

Responder’s anonymity: Regarding the responder’s anonymity, it can be in three levels:

• Visible: the responder’s identity can be visible showing their clear names and registered
emails for the requester.

• Partially concealed: where the responder’s identity is not visible to the requester (e.g.,
username) but can be tracked and found in the system (e.g., registered workers database
with access restrictions). This can be useful for those who are concerned about their
relationship with the requester. But at the same time, their responses can be scored if
there are incentives for winners.

• Anonymous: Full anonymity can be applied in some systems that do not have a specific
platform registration or an option to hide the identity, and present the tasks publicly.
i.e., tasks are presented on an electronic billboard in the organisation and any person
can respond directly without revealing their identity.

Participants awareness

Doroudi et al. (2016) found that training workers for the tasks before starting can positively
affect performance. Their study provided different types of training such as presenting
instructions (e.g., 20 minutes video) before showing the task, allowing workers to validate
each other’s responses, or providing a set of tasks with the same nature [312].
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Raising awareness: Smart buildings have more devices managing the services for
occupants that may be faulted [313]. Occupants are not fully aware of the available devices’
names, shape, or their placement in the building [313]. This may impact their human sensing
process by spending more time or providing inaccurate responses (e.g., thermostat controls
or motion sensors in the case of the trial). Therefore, providing some awareness sessions on
what type of equipment and IoT devices are in the building and how to interact with them
and read their data can be preferable.

Familiarity of tasks: After the system trial, participants raised such points during the
feedback interviews that it got easier over time because they got used to the ways the questions
are set to ask for a task (Chapter 4, section 4.4.5). They also had a general understanding of
the task types and how they should handle them. This aligns with previous work that supports
having similar examples to increase the accuracy and effectiveness of responses [314, 315].
Another raised point was the familiarity of the human sensing and getting involved in the
check tasks. This aligns with what Shao et al. (2019) proved in their study that conducting a
list of similar tasks enhances workers’ efficiency [316]. Moreover, from another aspect, after
the experiment, occupants raised a noticeable change in their awareness towards two things:
navigating the building and the building facilities and how they work. This can have a future
impact on the duration of task completion, where responders will have less confusion on how
to reach a certain place.

Privacy of building occupants and participants

In terms of privacy, there are two levels of privacy concerns in the human sensing tasks
raised during the experiment conducted in Chapter 4 (section 4.3.3). The first is building
occupants’ privacy, which did not have enough attention in previous research, especially in
the crowdsourced human sensing where places are considered public. However, not all rooms
inside organisations are considered public (e.g., private offices). As current tasks require
participants to move around the building, organisations need to consider the privacy concerns
of the other occupants. For instance, some participants cannot complete the task because the
room was occupied by other people Therefore, in the planning phase, organisations need to
clearly identify which places are allowed to have tasks. Another thing is that workers need
to have clear instructions on what to do if the room is occupied. Another way is to provide
some participants with a tag to allow them to enter the place. If boundaries are not applied,
they can disturb other occupants and negatively impact the success of the proposed system.

The other level of privacy is the privacy of the participant: this is raised especially
when the tracking systems are used to locate their places (e.g., using their mobile phones) to
allocate the tasks near them or calculate the shortest route to reach the facility. Although this
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may be useful in terms of task allocation, it may impact the privacy of the workers, and their
participation enthusiasm, hence impacting the service [26]. For this reason, one way is to
apply the preferred times and zones to mitigate the risks.

5.6 Discussion

The framework is designed to help the building facility manager plan and implement an
internal crowdsourcing system to receive updates on the condition of the facility in their
smart building. I worked on the framework’s validity using the methodology followed to
collect the data. Typically, there are two ways to design the system: designing it, testing
it, and then analysing the data, and evaluating it. The other way is the inductive approach
where the researcher collects the data first, then analyses it, and based on the analysis results,
the system is designed. The second method is the one applied in designing the framework.
The two studies were conducted to collect, analyse, and investigate the data, then used to
design the framework in this chapter. The framework design is logically built and supported
by evidence from previous chapters and related research.

Based on the results of the trial, it can be said that the framework is applicable and can
be used in similar contexts of smart buildings. It indicates that it can work inside smart
buildings that share similar attributes such as size, demographics, and culture with suitable
incentives. However, there is a possibility that other contexts may not have the same results.
For example, buildings with different sizes or different organisational cultures.

Managerial perspective: As presented framework provides execution guidelines for
management when considering a human-sensing crowdsourcing initiative in their smart
building. They can use it as a blueprint to follow and use the suggested dimensions, design
parameters, and their attributes as a checklist to select from (e.g., incentives, distribution
modes, duration, etc.). However, this study did not examine a couple of aspects: First, is the
management perspective on receiving facility updates via human sensing. This study has
focused on the workers’ side and their perception and practice of reporting and responding
to requests from requesters. Different levels of stakeholders (e.g., upper management,
reception, maintenance) were not included in this study. Therefore, it is open for future
investigations. Second, the research did not explore the anticipated value of human sensing
to a specific organisation. It states the general improvement in situational awareness of the
smart environment, yet it did not thoroughly investigate the cost, or effort saved when starting
the initiative.

Implementation cost: As the framework suggests some guidelines to implement the
human sensing initiative, there is a clear implementation cost and effort required in the
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preparation and execution process, such as preparing the building, labelling equipment,
evaluating responses, and setting suitable incentives. As advised by [95, 317], building
management should take an initial step to clearly study the associated costs of resources
and efforts, where it can be challenging for them to control the internal workload related to
leading a crowdsourcing movement.

Workload and crowdsourced tasks: The possibility of prioritising work over tasks or
prioritising tasks over workload should be considered. Having the current system running in a
workplace, some occupants may be busy with their jobs and might find the task notifications
interrupting. This can be mitigated by providing the options of setting places and times of
availability, simply cancelling, or delaying the request to be done at another selected time.
On the other hand, some may use the tasks as a break between jobs. If used wisely, this will
not affect the work and performance. However, if the organisation finds that responding to
tasks is distracting them from their jobs, the incentives and motivational mechanisms should
not be valuable in a way that people over-prioritise it over their actual jobs.

Task decomposition and aggregation of data: In some crowdsourcing platforms, main
tasks are decomposed into crowdsourced sub-tasks to be distributed to the workers to get
solved. After that, the requesters aggregate the subtask solutions to fit in the main task.
However, these two steps were not addressed in the context of the human sensing framework.
The reason for this is that the tasks are simple and do not require decomposition initially. On
the other hand, I propose that aggregation can be used differently. For future use of similar
systems, collecting long-term data and attempting to find noticeable patterns of issues.

5.7 Conclusion

This chapter presents the final contribution of this doctoral study: a framework for deploying
an internal crowdsourcing to monitor conditions within smart building facilities using human
sensing. The framework delineates essential steps that organisational leaders, particularly
building facility managers, need to execute to leverage human sensing in smart buildings.
The guidelines were set to be clear, coherent, and consistent to keep the framework clear and
easy to follow. The terms and concepts are similar to those used in the related literature. The
framework also considers the environmental setup regarding the occupants’ navigation and
guidance in identifying the facility under investigation. Based on my previous study results,
it can be said that the framework is applicable and can be used in similar contexts of smart
buildings. It indicates that it can work inside smart buildings that share similar attributes
such as size, demographics, and culture with suitable incentives.
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Chapter 6

Conclusion and Future Research

Overview In this chapter, I present the answers to the thesis research questions. Then I
present the research limitations and future work.

6.1 Answers to Research Questions

The motivation for this work is that crowdsourcing can lead to better situational awareness
by enhancing the element of perception of the environment. Before this PhD thesis, it was
unknown if internal crowdsourcing (human sensing) could work in smart buildings and
whether it is feasible regarding time, quality, and efficiency because the technology presence
in smart buildings affects their occupants. For instance, having privacy concerns and being
unaware of the type of data being captured may lead to occupants changing their behaviour
when they learn about the existence of monitoring and tracking devices such as surveillance
cameras.

This research demonstrated that it is possible to use human sensing and provided a
framework that helps implement it in different smart buildings by answering three research
questions outlined in Chapter 1. The following sections present the answers to these questions
and point to the limitations of the work and the possibilities of future research.

6.1.1 User Perception, Practice, and Motivations

The first research question was: What are the perceptions and motivations that smart
building occupants have towards reporting incidents and observations in smart build-
ings? To answer this question, three points were covered in Chapter 3: Firstly, incident
reporting influencing factors, which were found to be the problem type, the way people will
deliver their report, and reporter’s aspects like their job position and personality. Secondly,
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the environmental impact such as the technology on the smart building occupants’ perception.
occupants expect the buildings to be smart by utilising sensors’ data to regulate themselves
regarding tracking and surveillance to support their reports. Additionally, occupants are
not fully aware of the fault condition or how it affects the building. Thirdly, smart building
occupants’ motivations do not stay the same when they are prompted to check a facility:
When occupants detect an incident, their reporting decision is motivated by intrinsic drives
of altruism by helping the community and perceiving a better environment in their smart
building. This was followed by the point of being informed on how and what to report in
their campus. The other motives were not as high as the previous ones: direct compensation,
recognition, and enjoyment. On the other hand, if users have participated in a crowdsourcing
work initiative to perform facility checks and submit their responses, they would have differ-
ent motivations. While keeping a good environment in the building and having a sense of
community, altruism remained the first motivation for the building occupants. However, the
incentive of enjoyment and having fun is raised clearly in this situation. Some occupants
preferred the competition factor in ranking the responses. This was associated with the
rewards that can be provided to winners. Finally, awareness of importance and recognition
incentives were not as desired as the enjoyment incentive.

6.1.2 Feasibility Study Of Human Sensing Facility Conditions in Smart
Buildings

The second research question was: Is it feasible to use human sensing to improve situa-
tional awareness by reporting facility condition in a smart building? Chapter 4 explored
the feasibility of leveraging the knowledge and observations of the smart building occupants
in reporting facility condition updates to a requester to improve situational awareness. The
concept proved effective in gathering reports on the state of facilities in the building, suggest-
ing the possibility of more permanent use in a wide range of places. The findings showed
positive data in terms of the number of responses, the quality of provided information, and
the time duration of receiving responses. Responses’ quality results indicate the importance
of stating tasks consistently and clearly, describing the location and the placement of the
facility and how to reach it (especially smart devices such as sensors). Moreover, the study
outcomes were aligned with the ones described in Chapter 3 regarding the motivations. It
raised interest in altruistic motives in terms of being in a community and having a newly
constructed building also elevated the participants’ interest in maintaining their campus in
the best condition. Another desired incentive was the fun factor, where participants expressed
their enjoyment of the “treasure hunt” and of moving around. Being in a work/study place,
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people may like to get out of their offices and walk around nearby places. Additionally, the
chapter found that contributing to such systems raised occupants’ awareness of their environ-
ment and they became more observant of the resources and their functionality. Finally, the
month-long experiment (details in Chapter 4) helped extracting a set of design implications
and future recommendations for the system based on the participants’ experience.

6.1.3 Human Sensing Framework for Smart Buildings Facilities

The third question was: Can we design an internal crowdsourcing framework for human
sensing facility conditions in the context of smart buildings?

This chapter presents the final contribution of this doctoral study: a conceptual framework
for deploying an internal crowdsourcing scheme to monitor conditions within smart building
facilities using human sensing. The framework delineates essential steps that organisational
leaders, particularly building facility managers, need to execute to leverage human sensing
in smart buildings. The guidelines were set to be clear, coherent, and consistent to keep the
framework clear and easy to follow. The terms and concepts are similar to those used in
the related literature. The framework also considers the environmental setup regarding the
occupants’ navigation and guidance in identifying the facility under investigation. Based on
my previous study results, it can be said that the framework is applicable and can be used in
similar contexts of smart buildings. It indicates that it can work inside smart buildings that
share similar attributes such as size, demographics, and culture with suitable incentives.

6.1.4 Impact of my crowdsourcing research on other disciplines

After conducting experiments on internal crowdsourcing within the USB as a smart university
example, it is worth exploring the human sensing in other areas of the building. One of them
is the impact on higher education. It is known that crowdsourcing provides many benefits
such as better performance of students, an optimised teaching process, and increased funding
opportunities. The four most commonly used are crowd wisdom, creation, funding, and
voting [318]. Crowdsourcing can help students work on projects together, exchanging skills
and knowledge supervised by lecturers with crowd learning [319, 320]. The concept behind
this is crowd teaching which allows educators to share lecture materials [320]. Another
benefit is called crowd funding where student tourism and resource procurement costs can be
funded through it [319, 320]. Such approaches can enable institutions to optimize budgets and
enhance learning outcomes [320]. Crowdsourcing creates opportunities to address challenges
in developing countries such as reduced funding and the need to improve graduate quality
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[321]. In conclusion, crowdsourcing enables higher education institutions to remain at the
cutting edge of new ideas and equips students to enter the online sphere [318, 321].

Another benefit that my research can provide is the improvement of policy-making within
smart buildings such as the USB. Some studies have been conducted regarding the privacy of
the smart building occupants and how data collection is being perceived by them. A research
conducted by Taher et al. (2022) where they suggested having a privacy committee addressing
the privacy options in the building with the help of several people from different roles in
the building [322]. Such a concept can be implemented by using internal crowdsourcing
techniques. Generally, crowdsourcing is proving to be an effective tool in the framework of
policy-making, providing democratic, epistemic, and economic benefits [323]. It promotes
citizen participation, transparency, and accountability within governance processes [324].
Accordingly, there are challenges with the effective implementation of crowdsourcing itself
[324]. This approach is gaining traction among governments [325], and therefore it is
important to understand its nuances and implications for the various stages of the policy
process.

6.2 Limitations

Some limitations were present in this research. This section lists the limitations in chapters 3
and 4.

• Limitation 1: Starting with Chapter 3, despite the sample size for a qualitative study,
while the study was conducted with the USB occupants only, it did not cover a wide
range of cultural backgrounds of people in different smart buildings. However, the
interview protocol stages were documented making it possible to repeat the study by
other researchers in different contexts. In addition, like other qualitative methods,
the quality of the work depends on the researcher’s skills and hence might present
personal bias. However, I learned how to lead and conduct all 17 interviews by
reading and practising before conducting the interviews, using open-ended and non-
leading questions to exclude any influence on the participants’ replies during the
interview. Also, there is a possibility of interviewer bias, which impacts interviewees,
leading them to feel less comfortable giving their honest opinions about some topics.
Another limitation is the convenient sampling method in terms of representativeness.
Because the sample is a close and small group of people who are available instead of a
random large population. This can lead to an increased risk of bias where researchers
unconsciously choose participants who appear most interested in participating. Such
biases may affect the reliability and validity of the research results [198].
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• Limitation 2: The system trial in Chapter 4 had some limitations as well. Regarding
the investigation of what incentive will motivate the participants the most, the study
did not actually provide incentives and compared the participation and engagement
rates. The reason behind this is that participants were not in sufficient numbers to
divide the sample into groups of different incentives. As mentioned in Chapter 4, the
time of the experiment was a short period after COVID-19 recovery where number of
the USB occupants were working online. This led to running the experiment with the
available sample and instead, focusing on the length of the experiment to get sufficient
data, and preparing multiple data sources and forms (quantitative and qualitative) to
collect during the experiment such as individual interviews, participants instant notes
about tasks: comments, task difficulty, and media uploads.

6.3 Future Research

This section lists some future research opportunities to explore to enhance and expand the
work presented in this thesis. The following are the opportunities

• Expand the study of motivations and feasibility in related contexts. Chapter 3 ex-
plores occupants’ perceptions of incident reporting and their motivations to participate
in human sensing facility conditions in smart buildings. Also, Chapter 4 tested the
concept feasibility in the Urban Sciences Building at Newcastle University. In future
work, I would like to extend this work to explore the perceptions of smart building
occupants of different universities and countries and analyse the results in comparison
with this study to recognise resemblances and differences between several occupants
of smart environments and to identify aspects that influence their perceptions.

• Managerial perspective: Chapter 5 presented a framework that provides execution
guidelines for management when considering a human-sensing crowdsourcing ini-
tiative in their smart building. It did not examine the management perspective on
receiving facility updates via human sensing. The study has focused on the workers’
side and their perception and practice of reporting and responding to requests from
requesters. Different levels of stakeholders (e.g., upper management, maintenance)
were not included in this study. Therefore, it is open for future investigations. Sec-
ond, the research did not explore the anticipated value of human sensing to a specific
organisation. It states the general improvement in situational awareness of the smart
environment, yet it did not thoroughly investigate the cost, or effort saved when starting
the initiative.
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• Integration of human and machine and collecting long-term data: For future use
of similar systems, collecting long-term data and attempting to find noticeable patterns
of issues can be useful. This will help to build a more resilient and trustworthy incident
response system. For instance, receiving a repetitive reply about a facility defect at
certain times of the year. Despite their limitations, smart buildings rely on technology
and sensor data to improve situational awareness. A rising opportunity is to explore the
integration between machine data and human observations in one system and improve
efficiency.

• Explore the link between crowdsourcing and EAST/MINDSPACE approach of
behavioural economics The MINDSPACE framework has nine behavioural inter-
ventions, which are: Messenger, Incentives, Norms, Defaults, Salience, Priming,
Affect, Commitments and Ego, applicable for choice architecture and design [326].
This approach understands that design better be aligned with human nature and has
a human-based methodology which, if nourished over time, might lead us to better
decisions [326].

Moreover, because people often do not act according to standard economic models,
it is also very critical to consider the role of behavioural economics in designing
incentives because information is expensive, and contracts are not always optimal
in crowdsourcing [327]. In fact, rewards have been found to be a major driver of
motivation among crowdsourcing workers, and the effects of cognitive psychology are
unexplored enough for researchers looking to better drive engagement and performance
[327]. Hence, the studies highlight the value of including behavioural insights into
crowdsourcing design to maximize crowdsourcing outcomes.
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Zeszyty Naukowe Uniwersytetu Szczecińskiego Ekonomiczne Problemy Turystyki,
vol. 36, no. 4, 2016.

[52] C. Le Gal, J. Martin, A. Lux, and J. L. Crowley, “Smart office: Design of an intelligent
environment,” IEEE Intelligent Systems, vol. 16, no. 04, pp. 60–66, 2001.

[53] A. Sutagundar, M. Ettinamani, and A. Attar, “Iot based smart shopping mall,” in
2018 Second International Conference on Green Computing and Internet of Things
(ICGCIoT), IEEE, 2018, pp. 355–360.

[54] P. Torcelini, M. Deru, B. Griffith, K. Benne, M. Halverson, D. Winiarski, and D. B.
Crawley, “Doe commercial building benchmark models,” National Renewable Energy
Lab.(NREL), Golden, CO (United States), Tech. Rep., 2008.

[55] V. L. Uskov, J. P. Bakken, A. Pandey, U. Singh, M. Yalamanchili, and A. Penumatsa,
“Smart university taxonomy: Features, components, systems,” in Smart education
and e-learning 2016, Springer, 2016, pp. 3–14.

118



[56] H. Zhang, J. Li, B. Wen, Y. Xun, and J. Liu, “Connecting intelligent things in smart
hospitals using nb-iot,” IEEE Internet of Things Journal, vol. 5, no. 3, pp. 1550–1560,
2018.

[57] E. J. Knibbe, Building management system, US Patent 5,565,855, Oct. 1996.
[58] S. Lazarova-Molnar and N. Mohamed, “A framework for collaborative cloud-based

fault detection and diagnosis in smart buildings,” in 2017 7th International Confer-
ence on Modeling, Simulation, and Applied Optimization (ICMSAO), IEEE, 2017,
pp. 1–6.

[59] S. Mitchell Finnigan and A. K. Clear, “" no powers, man!": A student perspective on
designing university smart building interactions,” in Proceedings of the 2020 CHI
Conference on Human Factors in Computing Systems, 202 0, pp. 1–14.

[60] E. Margariti, V. Vlachokyriakos, and D. Kirk, “Understanding occupants’ experiences
in quantified buildings: Results from a series of exploratory studies.,” in Proceedings
of the 2023 CHI Conference on Human Factors in Computing Systems, 2023, pp. 1–
15.

[61] J. C. Mace, R. M. Czekster, C. Morisset, and C. Maple, “Smart building risk as-
sessment case study: Challenges, deficiencies and recommendations,” in 2020 16th
European Dependable Computing Conference (EDCC), IEEE, 2020, pp. 59–64.

[62] G. Abu-Tayeh, O. Neumann, and M. Stuermer, “Exploring the motives of citizen
reporting engagement: Self-concern and other-orientation,” Business & information
systems engineering, vol. 60, no. 3, pp. 215–226, 2018.

[63] A. Doan, R. Ramakrishnan, and A. Y. Halevy, “Crowdsourcing systems on the
world-wide web,” Communications of the ACM, vol. 54, no. 4, pp. 86–96, 2011.

[64] C. Haythornthwaite, “Crowds and communities: Light and heavyweight models of
peer production,” in 2009 42nd Hawaii international conference on system sciences,
IEEE, 2009, pp. 1–10.

[65] W. A. Warr, “Social software: Fun and games, or business tools?” Journal of Infor-
mation Science, vol. 34, no. 4, pp. 591–604, 2008.

[66] E. Estellés-Arolas and F. González-Ladrón-de-Guevara, “Towards an integrated
crowdsourcing definition,” Journal of Information science, vol. 38, no. 2, pp. 189–
200, 2012.

[67] I. Blohm, S. Zogaj, U. Bretschneider, and J. M. Leimeister, “How to manage crowd-
sourcing platforms effectively?” California Management Review, vol. 60, no. 2,
pp. 122–149, 2018.

[68] A. Wendelken, F. Danzinger, C. Rau, and K. M. Moeslein, “Innovation without me:
Why employees do (not) participate in organizational innovation communities,” R&D
Management, vol. 44, no. 2, pp. 217–236, 2014.

[69] M. Beretta, L. Frederiksen, M. Wallin, and V. Kulikovskaja, “Why and how firms
implement internal crowdsourcing platforms,” IEEE Transactions on Engineering
Management, vol. 70, no. 9, pp. 3036–3049, 2021.

[70] J. A. Villarroel and F. Reis, “Intra-corporate crowdsourcing (icc): Leveraging upon
rank and site marginality for innovation,” CrowdConf, San Francisco, CA, USA,
vol. 4, 2010.

119



[71] D. C. Brabham, “Crowdsourcing as a model for problem solving: An introduction
and cases,” Convergence, vol. 14, no. 1, pp. 75–90, 2008.

[72] A. Soukhoroukova, M. Spann, and B. Skiera, “Sourcing, filtering, and evaluating
new product ideas: An empirical exploration of the performance of idea markets,”
Journal of product innovation management, vol. 29, no. 1, pp. 100–112, 2012.

[73] N. A. El-Ella, M. Stoetzel, J. Bessant, and A. Pinkwart, “Accelerating high involve-
ment: The role of new technologies in enabling employee participation in innovation,”
International Journal of Innovation Management, vol. 17, no. 6, pp. 1–22, 2013.

[74] P.-Y. Chen, P. Pavlou, S. Wu, and Y. Yang, “Attracting high-quality contestants to
contest in the context of crowdsourcing contest platform,” Production and Operations
Management, vol. 30, no. 6, pp. 1751–1771, 2021.

[75] F. Skopik, D. Schall, and S. Dustdar, “Discovering and managing social composi-
tions in collaborative enterprise crowdsourcing systems,” International Journal of
Cooperative Information Systems, vol. 21, no. 04, pp. 297–341, 2012.

[76] O. Zuchowski, O. Posegga, D. Schlagwein, and K. Fischbach, “Internal crowdsourc-
ing: Conceptual framework, structured review, and research agenda,” Journal of
Information Technology, vol. 31, pp. 166–184, 2016.

[77] L.-D. Ibáñez, N. Reeves, and E. Simperl, “Crowdsourcing and human-in-the-loop
for iot,” The Internet of Things: From Data to Insight, pp. 91–105, 2020.

[78] M. Haklay, S. Mazumdar, and J. Wardlaw, “Citizen science for observing and
understanding the earth,” Earth observation open science and innovation, pp. 69–88,
2018.

[79] B. Lashkari, J. Rezazadeh, R. Farahbakhsh, and K. Sandrasegaran, “Crowdsourcing
and sensing for indoor localization in iot: A review,” IEEE Sensors Journal, vol. 19,
no. 7, pp. 2408–2434, 2018.

[80] D. N. Crowley, E. Curry, and J. G. Breslin, “Closing the loop—from citizen sensing to
citizen actuation,” in 2013 7th IEEE International Conference on Digital Ecosystems
and Technologies (DEST), IEEE, 2013, pp. 108–113.

[81] X. Zhang, Z. Yang, W. Sun, Y. Liu, S. Tang, K. Xing, and X. Mao, “Incentives
for mobile crowd sensing: A survey,” IEEE Communications Surveys & Tutorials,
vol. 18, no. 1, pp. 54–67, 2015.

[82] J. J. Heckman, “Selection bias and self-selection,” in Econometrics, Springer, 1990,
pp. 201–224.

[83] J. Gubbi, R. Buyya, S. Marusic, and M. Palaniswami, “Internet of things (iot): A
vision, architectural elements, and future directions,” Future generation computer
systems, vol. 29, no. 7, pp. 1645–1660, 2013.

[84] F. Montori, L. Bedogni, and L. Bononi, “A collaborative internet of things architecture
for smart cities and environmental monitoring,” IEEE Internet of Things Journal,
vol. 5, no. 2, pp. 592–605, 2017.

[85] J. Dutta, C. Chowdhury, S. Roy, A. I. Middya, and F. Gazi, “Towards smart city:
Sensing air quality in city based on opportunistic crowd-sensing,” in Proceedings of
the 18th international conference on distributed computing and networking, 2017,
pp. 1–6.

120



[86] F. Meier, D. Fenner, T. Grassmann, M. Otto, and D. Scherer, “Crowdsourcing air
temperature from citizen weather stations for urban climate research,” Urban Climate,
vol. 19, pp. 170–191, 2017.

[87] R. Asorey-Cacheda, A.-J. Garcia-Sanchez, C. Zúñiga-Cañón, P. Marco-Jornet, P.
Moreno-Riquelme, and J. García-Haro, “Deployment of air quality monitoring sen-
sors over a delay tolerant mobile ad-hoc network in public transportation systems,”
in 2018 20th International Conference on Transparent Optical Networks (ICTON),
IEEE, 2018, pp. 1–4.

[88] C. Kaptan, B. Kantarci, T. Soyata, and A. Boukerche, “Emulating smart city sensors
using soft sensing and machine intelligence: A case study in public transportation,”
in 2018 IEEE International Conference on Communications (ICC), IEEE, 2018,
pp. 1–7.

[89] S. Reddy, A. Parker, J. Hyman, J. Burke, D. Estrin, and M. Hansen, “Image brows-
ing, processing, and clustering for participatory sensing: Lessons from a dietsense
prototype,” in Proceedings of the 4th workshop on Embedded networked sensors,
2007, pp. 13–17.

[90] Y. Fujiki, K. Kazakos, C. Puri, P. Buddharaju, I. Pavlidis, and J. Levine, “Neat-
o-games: Blending physical activity and fun in the daily routine,” Computers in
Entertainment (CIE), vol. 6, no. 2, pp. 1–22, 2008.

[91] Y. Chon, N. D. Lane, F. Li, H. Cha, and F. Zhao, “Automatically characterizing
places with opportunistic crowdsensing using smartphones,” in Proceedings of the
2012 ACM conference on ubiquitous computing, 2012, pp. 481–490.

[92] Y. Zheng, H. Fu, X. Xie, W.-Y. Ma, and Q. Li, “Geolife gps trajectory dataset-user
guide,” Geolife GPS trajectories, vol. 1, p. 2011, 2011.

[93] T. Y. Suen, S. K. Cheung, F. L. Wang, and J. Y. Hui, “Effects of intrinsic and extrinsic
motivational factors on employee participation in internal crowdsourcing initiatives
in china,” Sustainability, vol. 14, no. 14, p. 8878, 2022.

[94] K. Palin and V. Kaartemo, “Employee motivation to participate in workplace innova-
tion via in-house crowdsourcing,” European Journal of Workplace Innovation, vol. 2,
no. 2, 2016.

[95] R. Karachiwalla and F. Pinkow, “Understanding crowdsourcing projects: A review
on the key design elements of a crowdsourcing initiative,” Creativity and innovation
management, vol. 30, no. 3, pp. 563–584, 2021.

[96] B. K. Parashar, “Significance of theory z in indian scenario,” International Journal
of Management and Social Sciences Research, vol. 5, no. 2, pp. 8–16, 2016.

[97] R. M. Ryan and E. L. Deci, “Intrinsic and extrinsic motivations: Classic definitions
and new directions,” Contemporary educational psychology, vol. 25, no. 1, pp. 54–67,
2000.

[98] G. Von Krogh, S. Haefliger, S. Spaeth, and M. W. Wallin, “Carrots and rainbows:
Motivation and social practice in open source software development,” MIS quarterly,
pp. 649–676, 2012.

[99] A. Katmada, A. Satsiou, and I. Kompatsiaris, “Incentive mechanisms for crowd-
sourcing platforms,” in International conference on internet science, Springer, 2016,
pp. 3–18.

121



[100] Z. Wang, “Anonymity, social image, and the competition for volunteers: A case study
of the online market for reviews,” The BE Journal of Economic Analysis & Policy,
vol. 10, no. 1, 2010.

[101] C. Dellarocas, “Designing reputation systems for the social web,” Boston U. School
of Management Research Paper, vol. 18, 2010.

[102] H. S. Alavi, E. F. Churchill, M. Wiberg, D. Lalanne, P. Dalsgaard, A. Fatah gen
Schieck, and Y. Rogers, Introduction to human-building interaction (hbi) interfacing
hci with architecture and urban design, 2019.

[103] B. Hillier, Space is the machine: a configurational theory of architecture. Space
Syntax, 2007.

[104] H. Verma, H. S. Alavi, and D. Lalanne, “Studying space use: Bringing hci tools
to architectural projects,” in Proceedings of the 2017 CHI Conference on Human
Factors in Computing Systems, 2017, pp. 3856–3866.

[105] S. M. Finnigan, A. K. Clear, G. Farr-Wharton, K. Ladha, and R. Comber, “Augment-
ing audits: Exploring the role of sensor toolkits in sustainable buildings management,”
Proceedings of the ACM on Interactive, Mobile, Wearable and Ubiquitous Technolo-
gies, vol. 1, no. 2, pp. 1–19, 2017.

[106] D. Massey, “Power-geometry and a progressive sense of place,” in Mapping the
futures, Routledge, 2012, pp. 75–85.

[107] P. Dourish, “Re-space-ing place: " place" and" space" ten years on,” in Proceedings
of the 2006 20th anniversary conference on Computer supported cooperative work,
2006, pp. 299–308.

[108] I. B. Arief-Ang, F. D. Salim, and M. Hamilton, “Cd-hoc: Indoor human occupancy
counting using carbon dioxide sensor data,” arXiv preprint arXiv:1706.05286, 2017.

[109] R. Goldstein, A. Tessier, and A. Khan, “Schedule-calibrated occupant behavior
simulation,” in Proceedings of the 2010 Spring Simulation Multiconference, 2010,
pp. 1–8.

[110] J. Page, D. Robinson, N. Morel, and J.-L. Scartezzini, “A generalised stochastic
model for the simulation of occupant presence,” Energy and buildings, vol. 40, no. 2,
pp. 83–98, 2008.

[111] D. Saelens, W. Parys, and R. Baetens, “Energy and comfort performance of thermally
activated building systems including occupant behavior,” Building and environment,
vol. 46, no. 4, pp. 835–848, 2011.

[112] S. Depatla, A. Muralidharan, and Y. Mostofi, “Occupancy estimation using only wifi
power measurements,” IEEE Journal on Selected Areas in Communications, vol. 33,
no. 7, pp. 1381–1393, 2015.

[113] P. X. Gao and S. Keshav, “Optimal personal comfort management using spot+,” in
Proceedings of the 5th ACM Workshop on Embedded Systems For Energy-Efficient
Buildings, 2013, pp. 1–8.

[114] A. Beltran, V. L. Erickson, and A. E. Cerpa, “Thermosense: Occupancy thermal based
sensing for hvac control,” in Proceedings of the 5th ACM Workshop on Embedded
Systems For Energy-Efficient Buildings, 2013, pp. 1–8.

122



[115] J. Howard and W. Hoff, “Forecasting building occupancy using sensor network data,”
in Proceedings of the 2nd international workshop on big data, streams and heteroge-
neous source mining: Algorithms, systems, programming models and applications,
2013, pp. 87–94.

[116] B. Guo, Z. Yu, L. Chen, X. Zhou, and X. Ma, “Mobigroup: Enabling lifecycle support
to social activity organization and suggestion with mobile crowd sensing,” IEEE
Transactions on Human-Machine Systems, vol. 46, no. 3, pp. 390–402, 2015.

[117] K. P. Lam, M. Höynck, B. Dong, B. Andrews, Y.-S. Chiou, R. Zhang, D. Benitez, and
J. Choi, “Occupancy detection through an extensive environmental sensor network in
an open-plan office building,” 2009.

[118] B. K, “Ultimate guide to incident response and management,” Threat Detection &
Response, Tech. Rep., 2021.

[119] Health and Safety Executive, “Investigating accidents and incidents,” Health and
Safety Executive, Tech. Rep., 2004.

[120] C. Bach, R. Bernhaupt, and M. Winckler, “Mobile incident reporting in urban
contexts: Towards the identification of emerging user interface patterns,” PUX 2011
Program Committee, p. 63, 2011.

[121] C. Bach, R. Bernhaupt, C. S. D’Agostini, and M. Winckler, “Mobile applications
for incident reporting systems in urban contexts: Lessons learned from an empirical
study,” in Proceedings of the 31st European Conference on Cognitive Ergonomics,
2013, pp. 1–10.

[122] M. Winckler, R. Bernhaupt, and C. Bach, “Identification of ux dimensions for incident
reporting systems with mobile applications in urban contexts: A longitudinal study,”
Cognition, Technology & Work, vol. 18, no. 4, pp. 673–694, 2016.

[123] E. Grant, N. Goode, P. M. Salmon, M. G. Lenné, B. Scott-Parker, and C. F. Finch,
““how do i save it?” usability evaluation of a systems theory-based incident reporting
software prototype by novice end users,” in International Conference on Engineering
Psychology and Cognitive Ergonomics, Springer, 2015, pp. 226–236.

[124] R. Heartfield, G. Loukas, and D. Gan, “An eye for deception: A case study in utilizing
the human-as-a-security-sensor paradigm to detect zero-day semantic social engineer-
ing attacks,” in 2017 IEEE 15th international conference on software engineering
research, management and applications (SERA), IEEE, 2017, pp. 371–378.

[125] R. Heartfield and G. Loukas, “Evaluating the reliability of users as human sensors of
social media security threats,” in 2016 International Conference On Cyber Situational
Awareness, Data Analytics And Assessment (CyberSA), IEEE, 2016, pp. 1–7.

[126] R. Heartfield and G. Loukas, “Detecting semantic social engineering attacks with
the weakest link: Implementation and empirical evaluation of a human-as-a-security-
sensor framework,” Computers & Security, vol. 76, pp. 101–127, 2018.

[127] S. S. Rahman, R. Heartfield, W. Oliff, G. Loukas, and A. Filippoupolitis, “Assessing
the cyber-trustworthiness of human-as-a-sensor reports from mobile devices,” in 2017
IEEE 15th International Conference on Software Engineering Research, Management
and Applications (SERA), IEEE, 2017, pp. 387–394.

[128] M. Vielberth, F. Menges, and G. Pernul, “Human-as-a-security-sensor for harvesting
threat intelligence,” Cybersecurity, vol. 2, no. 1, p. 23, 2019.

123



[129] F. Alrimawi, L. Pasquale, D. Mehta, N. Yoshioka, and B. Nuseibeh, “Incidents are
meant for learning, not repeating: Sharing knowledge about security incidents in
cyber-physical systems,” IEEE Transactions on Software Engineering, vol. 48, no. 1,
pp. 120–134, 2020.

[130] C. Scheuermann, B. Bruegge, J. Folmer, and S. Verclas, “Incident localization and as-
sistance system: A case study of a cyber-physical human system,” in 2015 IEEE/CIC
International Conference on Communications in China-Workshops (CIC/ICCC),
IEEE, 2015, pp. 57–61.

[131] M. Eckhart, A. Ekelhart, and E. Weippl, “Enhancing cyber situational awareness
for cyber-physical systems through digital twins,” in 2019 24th IEEE International
Conference on Emerging Technologies and Factory Automation (ETFA), IEEE, 2019,
pp. 1222–1225.

[132] F. Frattini, U. Giordano, and V. Conti, “Facing cyber-physical security threats by
psim-siem integration,” in 2019 15th European Dependable Computing Conference
(EDCC), IEEE, 2019, pp. 83–88.

[133] J. R. Nurse, S. Creese, and D. De Roure, “Security risk assessment in internet of
things systems,” IT professional, vol. 19, no. 5, pp. 20–26, 2017.

[134] V. Lamba, N. Šimková, and B. Rossi, “Recommendations for smart grid security risk
management,” Cyber-Physical Systems, vol. 5, no. 2, pp. 92–118, 2019.

[135] B. Ali and A. I. Awad, “Cyber and physical security vulnerability assessment for
iot-based smart homes,” sensors, vol. 18, no. 3, p. 817, 2018.

[136] G. L. Foresti, M. Farinosi, and M. Vernier, “Situational awareness in smart environ-
ments: Socio-mobile and sensor data fusion for emergency response to disasters,”
Journal of Ambient Intelligence and Humanized Computing, vol. 6, pp. 239–257,
2015.

[137] M. Farinosi and A. Micalizzi, Netquake. media digitali e disastri naturali, 2013.
[138] A. Salfinger, S. Girtelschmid, B. Pröll, W. Retschitzegger, and W. Schwinger, “Crowd-

sensing meets situation awareness: A research roadmap for crisis management,” in
2015 48th Hawaii International Conference on System Sciences, IEEE, 2015, pp. 153–
162.

[139] A. Tarrell, N. Tahmasbi, D. Kocsis, A. Tripathi, J. Pedersen, J. Xiong, O. Oh, and
G.-J. de Vreede, “Crowdsourcing: A snapshot of published research,” in AMCIS
2013 Proceedings, End-User Information Systems, Innovation, and Organizational
Change, 2013.

[140] T. Bennett, K. Holloway, and D. P. Farrington, “Does neighborhood watch reduce
crime? a systematic review and meta-analysis,” Journal of Experimental Criminology,
vol. 2, no. 4, pp. 437–458, 2006.

[141] J. He, W. Shen, P. Divakaruni, L. Wynter, and R. Lawrence, “Improving traffic
prediction with tweet semantics,” in Twenty-Third International Joint Conference on
Artificial Intelligence, 2013.

[142] M. Alkhatibl, M. El Barachi, and K. Shaalan, “Using arabic social media feeds for
incident and emergency management in smart cities,” in 2018 3rd International
Conference on Smart and Sustainable Technologies (SpliTech), IEEE, 2018, pp. 1–6.

124



[143] H.-Y. Liu, M. Kobernus, D. Broday, and A. Bartonova, “A conceptual approach to
a citizens’ observatory–supporting community-based environmental governance,”
Environmental Health, vol. 13, no. 1, pp. 1–13, 2014.

[144] C. C. Conrad and K. G. Hilchey, “A review of citizen science and community-based
environmental monitoring: Issues and opportunities,” Environmental monitoring and
assessment, vol. 176, no. 1, pp. 273–291, 2011.

[145] J. Preece, “Citizen science: New research challenges for human–computer interac-
tion,” International Journal of Human-Computer Interaction, vol. 32, no. 8, pp. 585–
612, 2016.

[146] A. Salfinger, W. Retschitzegger, and W. Schwinger, “Maintaining situation awareness
over time–a survey on the evolution support of situation awareness systems,” in 2013
Conference on Technologies and Applications of Artificial Intelligence, IEEE, 2013,
pp. 274–281.

[147] I. Stavrakantonakis, A.-E. Gagiu, H. Kasper, I. Toma, and A. Thalhammer, “An ap-
proach for evaluation of social media monitoring tools,” Common Value Management,
vol. 52, no. 1, pp. 52–64, 2012.

[148] D. L. Morgan, “Paradigms lost and pragmatism regained: Methodological implica-
tions of combining qualitative and quantitative methods,” Journal of mixed methods
research, vol. 1, no. 1, pp. 48–76, 2007.

[149] N. K. Denzin and Y. S. Lincoln, “Introduction: The discipline and practice of qualita-
tive research.,” 2008.

[150] I. Newman, C. R. Benz, and C. S. Ridenour, Qualitative-quantitative research method-
ology: Exploring the interactive continuum. SIU Press, 1998.

[151] P. Aspers and U. Corte, “What is qualitative in qualitative research,” Qualitative
sociology, vol. 42, pp. 139–160, 2019.

[152] P. Aspers and U. Corte, “What is qualitative in research,” Qualitative Sociology,
pp. 1–10, 2021.

[153] N. K. Denzin, Y. S. Lincoln, and M. D. Giardina, “Disciplining qualitative research,”
International journal of qualitative studies in education, vol. 19, no. 6, pp. 769–782,
2006.

[154] J. W. Creswell and V. L. P. Clark, Designing and conducting mixed methods research.
Sage publications, 2017.

[155] J. Brannen, “Combining qualitative and quantitative approaches: An overview,” Mix-
ing methods: Qualitative and quantitative research, pp. 3–37, 2017.

[156] J. W. Creswell, “Mixed-method research: Introduction and application,” in Handbook
of educational policy, Elsevier, 1999, pp. 455–472.

[157] L. Cohen, L. Manion, and K. Morrison, Research methods in education. routledge,
2017.

[158] M. J. Crotty, “The foundations of social research: Meaning and perspective in the
research process,” The foundations of social research, pp. 1–256, 1998.

[159] M. Saunders, P. Lewis, and A. Thornhill, Research methods for business students.
Pearson education, 2009.

125



[160] H. Chih-Pei and Y.-Y. Chang, “John w. creswell, research design: Qualitative, quan-
titative, and mixed methods approaches,” Journal of Social and Administrative
Sciences, vol. 4, no. 2, pp. 205–207, 2017.

[161] C. R. Kothari, Research methodology. 2004.
[162] M. L. Mitchell, J. M. Jolley, and R. P. O’Shea, Writing for psychology. Cengage

Learning, 2012.
[163] J. W. Creswell, V. L. Plano Clark, M. L. Gutmann, and W. E. Hanson, “Advanced

mixed methods research designs,” Handbook of mixed methods in social and behav-
ioral research, vol. 209, no. 240, pp. 209–240, 2003.

[164] B. K. Nastasi, J. H. Hitchcock, and L. M. Brown, “An inclusive framework for
conceptualizing mixed methods design typologies: Moving toward fully integrated
synergistic research models,” Handbook of mixed methods in social & behavioral
research, vol. 2, pp. 305–338, 2010.

[165] A. J. Onwuegbuzie, W. B. Dickinson, N. L. Leech, and A. G. Zoran, “A qualitative
framework for collecting and analyzing data in focus group research,” International
journal of qualitative methods, vol. 8, no. 3, pp. 1–21, 2009.

[166] G. Terry, N. Hayfield, V. Clarke, and V. Braun, “Thematic analysis,” The SAGE
handbook of qualitative research in psychology, vol. 2, pp. 17–37, 2017.

[167] M. A. Dapkus, “A thematic analysis of the experience of time.,” Journal of Personal-
ity and Social Psychology, vol. 49, no. 2, p. 408, 1985.

[168] J. Baxter and J. Eyles, “The utility of in-depth interviews for studying the meaning
of environmental risk,” The Professional Geographer, vol. 51, no. 2, pp. 307–320,
1999.

[169] T. Christ, “A thematic analysis of the american business creed,” Social Forces, vol. 49,
no. 2, pp. 239–245, 1970.

[170] C. Cassell and G. Symon, “Qualitative methods in organizational research: A practical
guide,” 1994.

[171] D. Langdridge and G. Hagger-Johnson, Introduction to research methods and data
analysis in psychology. Pearson Education, 2009.

[172] H. Frith and K. Gleeson, “Clothing and embodiment: Men managing body image
and appearance.,” Psychology of men & masculinity, vol. 5, no. 1, p. 40, 2004.

[173] M. I. Alhojailan and M. Ibrahim, “Thematic analysis: A critical review of its process
and evaluation,” West east journal of social sciences, vol. 1, no. 1, pp. 39–47, 2012.

[174] P. Gill, K. Stewart, E. Treasure, and B. Chadwick, “Methods of data collection in
qualitative research: Interviews and focus groups,” British dental journal, vol. 204,
no. 6, pp. 291–295, 2008.

[175] K. P. Coopamootoo, “Usage patterns of privacy-enhancing technologies,” in Pro-
ceedings of the 2020 ACM SIGSAC Conference on Computer and Communications
Security, 2020, pp. 1371–1390.

[176] Y. Rogers, H. Sharp, and J. Preece, Interaction design: beyond human-computer
interaction. John Wiley & Sons, 2011.

[177] U. Flick, An introduction to qualitative research. sage, 2022.

126



[178] S. B. Merriam, Qualitative Research and Case Study Applications in Education.
Revised and Expanded from" Case Study Research in Education.". ERIC, 1998.

[179] K. L. Barriball and A. While, “Collecting data using a semi-structured interview: A
discussion paper,” Journal of Advanced Nursing-Institutional Subscription, vol. 19,
no. 2, pp. 328–335, 1994.

[180] H. Kallio, A.-M. Pietilä, M. Johnson, and M. Kangasniemi, “Systematic method-
ological review: Developing a framework for a qualitative semi-structured interview
guide,” Journal of advanced nursing, vol. 72, no. 12, pp. 2954–2965, 2016.

[181] H. Simula and T. Ahola, “A network perspective on idea and innovation crowdsourc-
ing in industrial firms,” Industrial Marketing Management, vol. 43, no. 3, pp. 400–
408, 2014.

[182] A. J. Onwuegbuzie and N. L. Leech, “Validity and qualitative research: An oxy-
moron?” Quality & quantity, vol. 41, no. 2, pp. 233–249, 2007.

[183] O. A. Acar, “Motivations and solution appropriateness in crowdsourcing challenges
for innovation,” Research Policy, vol. 48, no. 8, p. 103 716, 2019.

[184] L. G. Pee, E. Koh, and M. Goh, “Trait motivations of crowdsourcing and task choice:
A distal-proximal perspective,” International Journal of Information Management,
vol. 40, pp. 28–41, 2018.

[185] M. G. Martinez, “Inspiring crowdsourcing communities to create novel solutions:
Competition design and the mediating role of trust,” Technological Forecasting and
Social Change, vol. 117, pp. 296–304, 2017.

[186] K. Frey, C. Lüthje, and S. Haag, “Whom should firms attract to open innovation
platforms? the role of knowledge diversity and motivation,” Long range planning,
vol. 44, no. 5-6, pp. 397–420, 2011.

[187] Y. Liu, V. Lehdonvirta, T. Alexandrova, M. Liu, and T. Nakajima, “Engaging social
medias: Case mobile crowdsourcing,” in First International Workshop on Social
Media Engagement, Association for Computing Machinery, 2011.

[188] T. Görzen, ““what’s the point of the task?” exploring the influence of task meaning
on creativity in crowdsourcing,” International Journal of Innovation Management,
vol. 25, no. 01, p. 2 150 007, 2021.

[189] J. M. Leimeister, M. Huber, U. Bretschneider, and H. Krcmar, “Leveraging crowd-
sourcing: Activation-supporting components for it-based ideas competition,” Journal
of management information systems, vol. 26, no. 1, pp. 197–224, 2009.

[190] R. E. Kraut and P. Resnick, Building successful online communities: Evidence-based
social design. Mit Press, 2012.

[191] G. Allon and V. Babich, “Crowdsourcing and crowdfunding in the manufacturing
and services sectors,” Manufacturing & Service Operations Management, vol. 22,
no. 1, pp. 102–112, 2020.

[192] R. Teodoro, P. Ozturk, M. Naaman, W. Mason, and J. Lindqvist, “The motivations
and experiences of the on-demand mobile workforce,” in Proceedings of the 17th
ACM conference on Computer supported cooperative work & social computing, 2014,
pp. 236–247.

127



[193] Y. Chris Zhao and Q. Zhu, “Effects of extrinsic and intrinsic motivation on participa-
tion in crowdsourcing contest: A perspective of self-determination theory,” Online
Information Review, vol. 38, no. 7, pp. 896–917, 2014.

[194] A. Afuah and C. L. Tucci, “Crowdsourcing as a solution to distant search,” Academy
of Management review, vol. 37, no. 3, pp. 355–375, 2012.

[195] L. B. Jeppesen and K. R. Lakhani, “Marginality and problem-solving effectiveness
in broadcast search,” Organization science, vol. 21, no. 5, pp. 1016–1033, 2010.

[196] M. Musthag and D. Ganesan, “Labor dynamics in a mobile micro-task market,” in
Proceedings of the SIGCHI conference on human factors in computing systems, 2013,
pp. 641–650.

[197] J. Thebault-Spieker, L. G. Terveen, and B. Hecht, “Avoiding the south side and
the suburbs: The geography of mobile crowdsourcing markets,” in Proceedings of
the 18th ACM Conference on Computer Supported Cooperative Work & Social
Computing, 2015, pp. 265–275.

[198] R. W. Emerson, “Convenience sampling, random sampling, and snowball sampling:
How does sampling affect the validity of research?” Journal of visual impairment &
blindness, vol. 109, no. 2, pp. 164–168, 2015.

[199] V. Braun and V. Clarke, “Thematic analysis.,” in APA handbook of research methods
in psychology, Vol. 2, American Psychological Association, 2012. DOI: https://doi.
org/10.1037/13620-004.

[200] A. Castleberry and A. Nolen, “Thematic analysis of qualitative research data: Is it
as easy as it sounds?” Currents in pharmacy teaching and learning, vol. 10, no. 6,
pp. 807–815, 2018.

[201] C. Seale, “Quality in qualitative research,” Qualitative inquiry, vol. 5, no. 4, pp. 465–
478, 1999.

[202] C. Erlingsson and P. Brysiewicz, “A hands-on guide to doing content analysis,”
African journal of emergency medicine, vol. 7, no. 3, pp. 93–99, 2017.

[203] A. M. Tedone and V. Bruk-Lee, “Speaking up at work: Personality’s influence on
employee voice behavior,” International Journal of Organizational Analysis, 2021.
[Online]. Available: https://api.semanticscholar.org/CorpusID:233948156.

[204] L. Jiang, T. M. Probst, W. L. Benson, and J. L. Byrd, “Voices carry: Effects of
verbal and physical aggression on injuries and accident reporting.,” Accident; anal-
ysis and prevention, vol. 118, pp. 190–199, 2018. [Online]. Available: https://api.
semanticscholar.org/CorpusID:3792272.

[205] E. J. Haas, B. M. Eiter, C. L. Hoebbel, and M. E. Ryan, “The impact of job, site, and
industry experience on worker health and safety,” Safety (Basel, Switzerland), vol. 5,
2019. [Online]. Available: https://api.semanticscholar.org/CorpusID:115377245.

[206] K. Stewart, R. Harrison, and R. Lawton, “Most doctors have negative experiences
of reporting incidents,” BMJ : British Medical Journal, vol. 347, 2013. [Online].
Available: https://api.semanticscholar.org/CorpusID:33923519.

128

https://doi.org/https://doi.org/10.1037/13620-004
https://doi.org/https://doi.org/10.1037/13620-004
https://api.semanticscholar.org/CorpusID:233948156
https://api.semanticscholar.org/CorpusID:3792272
https://api.semanticscholar.org/CorpusID:3792272
https://api.semanticscholar.org/CorpusID:115377245
https://api.semanticscholar.org/CorpusID:33923519


[207] S. Mahat, A. M. Rafferty, K. Vehviläinen-Julkunen, and M. Härkänen, “Negative
emotions experienced by healthcare staff following medication administration er-
rors: A descriptive study using text-mining and content analysis of incident data,”
BMC Health Services Research, vol. 22, 2022. [Online]. Available: https : / / api .
semanticscholar.org/CorpusID:254152566.

[208] J. Braithwaite, M. T. Westbrook, J. Travaglia, and C. F. Hughes, “Cultural and
associated enablers of, and barriers to, adverse incident reporting,” Quality and
Safety in Health Care, vol. 19, pp. 229–233, 2010. [Online]. Available: https://api.
semanticscholar.org/CorpusID:35850357.

[209] Y. Wang, W. Dai, B. Zhang, J. Ma, and A. V. Vasilakos, “Word of mouth mobile
crowdsourcing: Increasing awareness of physical, cyber, and social interactions,”
IEEE MultiMedia, vol. 24, no. 4, pp. 26–37, 2017.

[210] P. Grimm, “Social desirability bias,” Wiley international encyclopedia of marketing,
2010.

[211] J. Braithwaite, M. T. Westbrook, J. F. Travaglia, and C. Hughes, “Cultural and
associated enablers of, and barriers to, adverse incident reporting,” BMJ Quality &
Safety, vol. 19, no. 3, pp. 229–233, 2010.

[212] S. M. Evans, J. G. Berry, B. J. Smith, A. Esterman, P. Selim, J. O’Shaughnessy, and
M. DeWit, “Attitudes and barriers to incident reporting: A collaborative hospital
study,” BMJ Quality & Safety, vol. 15, no. 1, pp. 39–43, 2006.

[213] A. M. Abu Alrub, Y. S. Amer, M. A. Titi, A. C. A. May, F. Shaikh, M. M. Baksh, and
F. El-Jardali, “Barriers and enablers in implementing an electronic incident reporting
system in a teaching hospital: A case study from saudi arabia,” The International
Journal of Health Planning and Management, vol. 37, no. 2, pp. 854–872, 2022.

[214] Y. Pfeiffer, M. Briner, T. Wehner, and T. Manser, “Motivational antecedents of
incident reporting: Evidence from a survey of nurses and physicians,” Swiss Medical
Weekly, vol. 143, w13881, 2013.

[215] B. Messer and M. K. Weaver, “Anonymity must remain an option for reporters of
critical incidents.,” British journal of anaesthesia, vol. 106 1, 147–8, author reply
148, 2011. [Online]. Available: https://api.semanticscholar.org/CorpusID:38103056.

[216] E. Mj, A. Eu, and P. Nm, “Impact of workplace environment on health workers,”
Occupational medicine and health affairs, vol. 05, pp. 1–5, 2017. [Online]. Available:
https://api.semanticscholar.org/CorpusID:79991904.

[217] A. L. Tucker, S. J. Singer, J. E. Hayes, and A. Falwell, “Front-line staff perspectives
on opportunities for improving the safety and efficiency of hospital work systems.,”
Health services research, vol. 43 5 Pt 2, pp. 1807–29, 2008. [Online]. Available:
https://api.semanticscholar.org/CorpusID:22562850.

[218] S. Hu, P. Wang, C. Hoare, and J. O’Donnell, “Building occupancy detection and
localization using cctv camera and deep learning,” IEEE Internet of Things Journal,
vol. 10, pp. 597–608, 2023. [Online]. Available: https://api.semanticscholar.org/
CorpusID:251871232.

[219] A. S. Al-Zawawi, “The effectiveness of closed-circuit television (cctv)in malaysian
commercial buildings,” 2009. [Online]. Available: https://api.semanticscholar.org/
CorpusID:114246786.

129

https://api.semanticscholar.org/CorpusID:254152566
https://api.semanticscholar.org/CorpusID:254152566
https://api.semanticscholar.org/CorpusID:35850357
https://api.semanticscholar.org/CorpusID:35850357
https://api.semanticscholar.org/CorpusID:38103056
https://api.semanticscholar.org/CorpusID:79991904
https://api.semanticscholar.org/CorpusID:22562850
https://api.semanticscholar.org/CorpusID:251871232
https://api.semanticscholar.org/CorpusID:251871232
https://api.semanticscholar.org/CorpusID:114246786
https://api.semanticscholar.org/CorpusID:114246786


[220] V. S. Prasanna, R. Ramesh, and C. Chidambaram, “Benefits of smart buildings,”
Smart Buildings Digitalization, 2021. [Online]. Available: https://api.semanticscholar.
org/CorpusID:245562946.

[221] S. MacCurtain, C. Murphy, M. O’Sullivan, J. MacMahon, and T. Turner, “To stand
back or step in? exploring the responses of employees who observe workplace
bullying,” Nursing Inquiry, vol. 25, &NA, 2018. [Online]. Available: https://api.
semanticscholar.org/CorpusID:28226523.

[222] J. L. Hertzog, D. W. Wright, and D. Beat, “There’s a policy for that: A comparison
of the organizational culture of workplaces reporting incidents of sexual harassment,”
Behavior and Social Issues, vol. 17, pp. 169–181, 2008. [Online]. Available: https:
//api.semanticscholar.org/CorpusID:145213116.

[223] A. Lambrinos, C. Soulodre, K. Kaulback, A. Mitchell, N. J. Sikich, and I. A. Dhalla,
“Ontario health technology assessment series patient safety learning systems : A
systematic review and qualitative synthesis,” 2017. [Online]. Available: https://api.
semanticscholar.org/CorpusID:3051656.

[224] E. L. Deci and R. M. Ryan, “Self-determination theory and the facilitation of intrinsic
motivation, social development, and well-being,” American Psychologist, vol. 55,
no. 1, pp. 68–78, 2000.

[225] A. Okada, “The evolution of cooperation without reciprocity,” Nature, vol. 428,
no. 6982, pp. 246–250, 2004.

[226] E. L. Deci and R. M. Ryan, Intrinsic motivation and self-determination in human
behavior. Springer Science & Business Media, 2013.

[227] S. Hidi and K. A. Renninger, “The four-phase model of interest development: Impli-
cations for learning, motivation, and teaching,” Educational Psychologist, vol. 35,
no. 2, pp. 119–127, 2000.

[228] D. Ariely, Predictably irrational: The hidden forces that shape our decisions. Harper-
Collins, 2009.

[229] R. Eisenberger and J. Cameron, “Detrimental effects of reward: Reality or myth?”
American Psychologist, vol. 51, no. 11, pp. 1153–1166, 1996.

[230] E. Fehr and A. Falk, “Psychological foundations of incentives,” Annual Review of
Psychology, vol. 53, no. 1, pp. 391–424, 2002.

[231] O. C. Enworo, “Application of guba and lincoln’s parallel criteria to assess trustwor-
thiness of qualitative research on indigenous social protection systems,” Qualitative
Research Journal, 2023.

[232] R. Forero, S. Nahidi, J. De Costa, M. Mohsin, G. Fitzgerald, N. Gibson, S. McCarthy,
and P. Aboagye-Sarfo, “Application of four-dimension criteria to assess rigour of
qualitative research in emergency medicine,” BMC health services research, vol. 18,
no. 1, pp. 1–11, 2018.

[233] P. Liamputtong, “Handbook of research methods in health social sciences,” 2019.
[234] Y. Baba and H. Kashima, “Statistical quality estimation for general crowdsourc-

ing tasks,” in Proceedings of the 19th ACM SIGKDD international conference on
Knowledge discovery and data mining, 2013, pp. 554–562.

130

https://api.semanticscholar.org/CorpusID:245562946
https://api.semanticscholar.org/CorpusID:245562946
https://api.semanticscholar.org/CorpusID:28226523
https://api.semanticscholar.org/CorpusID:28226523
https://api.semanticscholar.org/CorpusID:145213116
https://api.semanticscholar.org/CorpusID:145213116
https://api.semanticscholar.org/CorpusID:3051656
https://api.semanticscholar.org/CorpusID:3051656


[235] K. Thivya, A. Misra, S. Cheng, N. Jaiman, R. Tandriansiyah, C. Chen, H. C. Lau,
D. Chander, and K. Dasgupta, “Campus-scale mobile crowd-tasking: Deployment
& behavioral insights,” in Proceedings of the 19th ACM Conference on Computer-
Supported Cooperative Work & Social Computing-CSCW, vol. 16, 2016.

[236] K. Hara, V. Le, and J. Froehlich, “A feasibility study of crowdsourcing and google
street view to determine sidewalk accessibility,” in Proceedings of the 14th interna-
tional ACM SIGACCESS conference on Computers and accessibility, 2012, pp. 273–
274.

[237] M. T. Othman, “Designing for quality in real-world mobile crowdsourcing systems,”
Ph.D. dissertation, Newcastle University, 2021.

[238] F. Daniel, P. Kucherbaev, C. Cappiello, B. Benatallah, and M. Allahbakhsh, “Quality
control in crowdsourcing: A survey of quality attributes, assessment techniques, and
assurance actions,” ACM Computing Surveys (CSUR), vol. 51, no. 1, pp. 1–40, 2018.

[239] N. Vatanasuk, A. Chomputawat, S. Chomputawat, and W. Chatwiriya, “Mobile crime
incident reporting system using ux dimensions guideline,” in 2015 Asian Conference
on Defence Technology (ACDT), IEEE, 2015, pp. 187–192.

[240] N. Van Berkel, D. Ferreira, and V. Kostakos, “The experience sampling method on
mobile devices,” ACM Computing Surveys (CSUR), vol. 50, no. 6, pp. 1–40, 2017.

[241] J. Wang, S. Faridani, and P. Ipeirotis, “Estimating the completion time of crowd-
sourced tasks using survival analysis models,” Crowdsourcing for search and data
mining (CSDM 2011), vol. 31, pp. 31–38, 2011.

[242] Y. Zeng, Y. Tong, L. Chen, and Z. Zhou, “Latency-oriented task completion via spatial
crowdsourcing,” in 2018 IEEE 34th International Conference on Data Engineering
(ICDE), IEEE, 2018, pp. 317–328.

[243] C. K. Lee, C. Y. Chan, S. Ho, K. L. Choy, and W. Ip, “Explore the feasibility of
adopting crowdsourcing for innovative problem solving,” Industrial Management &
Data Systems, vol. 115, no. 5, pp. 803–832, 2015.

[244] S. Liu, F. Xia, J. Zhang, W. Pan, and Y. Zhang, “Exploring the trends, character-
istic antecedents, and performance consequences of crowdsourcing project risks,”
International Journal of Project Management, vol. 34, no. 8, pp. 1625–1637, 2016.

[245] E. L. Deci and R. M. Ryan, “The general causality orientations scale: Self-determination
in personality,” Journal of research in personality, vol. 19, no. 2, pp. 109–134, 1985.

[246] D. Hales, An Introduction to Triangulation. UNAIDS Monitoring and Evaluation
Fundamentals, 2010.

[247] J. A. Maxwell, Qualitative research design: An interactive approach. Sage publica-
tions, 2012.

[248] R. T. Nakatsu, E. B. Grossman, and C. L. Iacovou, “A taxonomy of crowdsourcing
based on task complexity,” Journal of Information Science, vol. 40, no. 6, pp. 823–
834, 2014.

[249] H. Zheng, D. Li, and W. Hou, “Task design, motivation, and participation in crowd-
sourcing contests,” International Journal of Electronic Commerce, vol. 15, no. 4,
pp. 57–88, 2011.

131



[250] N. Camacho, H. Nam, P. Kannan, and S. Stremersch, “Tournaments to crowdsource
innovation: The role of moderator feedback and participation intensity,” Journal of
Marketing, vol. 83, no. 2, pp. 138–157, 2019.

[251] H. Piezunka and L. Dahlander, “Idea rejected, tie formed: Organizations’ feedback on
crowdsourced ideas,” Academy of Management Journal, vol. 62, no. 2, pp. 503–530,
2019.

[252] S. Schäfer, D. Antons, D. Lüttgens, F. Piller, and T. O. Salge, “Talk to your crowd:
Principles for effective communication in crowdsourcing a few key principles for
communicating with solvers can help contest sponsors maintain and grow their base
of participants.,” Research-Technology Management, vol. 60, no. 4, pp. 33–42, 2017.

[253] T. Kandappu, N. Jaiman, R. Tandriansyah, A. Misra, S.-F. Cheng, C. Chen, H. C.
Lau, D. Chander, and K. Dasgupta, “Tasker: Behavioral insights via campus-based
experimental mobile crowd-sourcing,” in Proceedings of the 2016 ACM International
Joint Conference on Pervasive and Ubiquitous Computing, 2016, pp. 392–402.

[254] A. Amrollahi, “A process model for crowdsourcing: Insights from the literature on
implementation,” arXiv preprint arXiv:1605.04695, 2016.

[255] F. R. A. Neto and C. A. Santos, “Understanding crowdsourcing projects: A systematic
review of tendencies, workflow, and quality management,” Information Processing
& Management, vol. 54, no. 4, pp. 490–506, 2018.

[256] S. French, “Cynefin, statistics and decision analysis,” Journal of the Operational
Research Society, vol. 64, no. 4, pp. 547–561, 2013.

[257] J. R. Campos-Blázquez, L. Rubio-Andrada, and M. S. Celemín-Pedroche, “Voices
from within. to what extent can internal crowdsourcing drive a change in organiza-
tional culture?” Journal of Business Research, vol. 157, p. 113 618, 2023.

[258] X. Kong, X. Liu, B. Jedari, M. Li, L. Wan, and F. Xia, “Mobile crowdsourcing in
smart cities: Technologies, applications, and future challenges,” IEEE Internet of
Things Journal, vol. 6, no. 5, pp. 8095–8113, 2019.

[259] J. Phuttharak and S. W. Loke, “A review of mobile crowdsourcing architectures
and challenges: Toward crowd-empowered internet-of-things,” Ieee access, vol. 7,
pp. 304–324, 2018.

[260] N. M. Ardoin, A. W. Bowers, and M. Wheaton, “Leveraging collective action and
environmental literacy to address complex sustainability challenges,” Ambio, vol. 52,
no. 1, pp. 30–44, 2023.

[261] B. Morschheuser, J. Hamari, J. Koivisto, and A. Maedche, “Gamified crowdsourcing:
Conceptualization, literature review, and future agenda,” International Journal of
Human-Computer Studies, vol. 106, pp. 26–43, 2017.

[262] G. Lame, “Systematic literature reviews: An introduction,” in Proceedings of the de-
sign society: international conference on engineering design, Cambridge University
Press, vol. 1, 2019, pp. 1633–1642.

[263] H. Benbya and M. W. Van Alstyne, “How to find answers within your company,”
Sloan Management Review, vol. 52, N2, 2010.

[264] D. Denyer, E. Parry, and P. Flowers, ““social”,“open” and “participative”? exploring
personal experiences and organisational effects of enterprise2. 0 use,” Long Range
Planning, vol. 44, no. 5-6, pp. 375–396, 2011.

132
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Invitation Email 

 

Dear, 

My name is Naoom Abu Abah, and I am a PhD student in the smart infrastructure group supervised 

by Charles Morisset. We are conducting semi structure interviews as part of a research study to 

develop in depth understanding of user perception and practice regarding incident reporting and 

how to raise their engagement in the reporting process. As an occupant in the university, you are an 

ideal position to give us valuable first hand information from your own perspective.  

The interview will last around 60 minutes, could be split into two sessions if preferred, and is 

informal. We are simply trying to capture your thoughts and perspectives regarding reporting 

incidents. At the beginning you will receive a consent to sign, your response to the questions will be 

kept confidential, and a voice recorder will be used to capture the session for the research study. 

Each interview will be assigned a number code to help ensure that personal identifiers are not 

revealed during the analysis and write up of findings. Also, you can withdraw from this study at any 

time if you decided so. 

As a participant to this study you will receive a voucher worth £20, as a compensation for your time.  

If you are willing to participate please suggest a day and time that suits you and I'll do my best to be 

available. If you have any questions please do not hesitate to ask. 

Thanks, 

Naoom 

 



March  2021  

 

Incident Reporting Perception and Practice  
Naoom Abu Abah 

School of Computing 
 

Information for participants 

 
Thank you for considering participating in this study which will take place in March 2021. This 

information sheet outlines the purpose of the study and provides a description of your involvement and 

rights as a participant, if you agree to take part.  

1. What is the research about? 

To develop in depth understanding of user perception and practice regarding incident reporting in 

different situations, and how to raise their positive engagement in the reporting process.  

2. Do I have to take part? 

It is up to you to decide whether to take part. If you do decide to take part, I will ask you to fill a consent 

form and send it back to me prior to the interview.  

3. What will my involvement be? 

You will be asked to take part in a semi structure interview about reporting incidents, it should take 

around 60 minutes. 

4. How do I withdraw from the study? 

If you wish to withdraw from the study at any point. please contact the researcher at:  

N.A.A.Abu-Abah2@newcastle.ac.uk 

5. What will my information be used for?  

I will use the collected information for a PhD research. 

6. Will me taking part and my data be kept confidential? Will it be anonymised? 

The records from this study will be kept as confidential as possible. Only myself and my supervisors: 

Charles Morisset and Kovila Coopamootoo will have access to the files. During data collection and 

publishing, your data will be anonymised – your name will not be used in any reports or publications 

resulting from the study. All digital files, transcripts and summaries will be given codes and stored 

separately from any names or other direct identification of participants  

7. Who has reviewed this study? 

This study has undergone ethics review in accordance with Newcastle University Research Ethics Policy. 

8. Data Protection Privacy Notice 

The Newcastle University Research Privacy Policy can be found at: 
https://www.ncl.ac.uk/research/researchgovernance/ethics/  
The legal basis used to process your personal data will be Legitimate interests.  

10. What if I have a question or complaint? 

If you have any questions regarding this study please contact the researcher, Naoom Abu Abah on 

N.A.A.Abu-Abah2@newcastle.ac.uk , or supervisor on Charles.Morisset@newcastle.ac.uk. If you have 

any concerns or complaints regarding the conduct of this research, please contact the Newcastle 

university Research Governance via res.policy@ncl.ac.uk. 

 

If you are happy to take part in this study, please sign the consent sheet attached. 
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CONSENT FORM  
Incident Reporting Perception and Practice 

Naoom Abu Abah 

 
Please read the information below and print your name and the date below to demonstrate 
that you have understood taking part in this research.  
1. I have read and understood the study information. I have been able to ask questions about the 
study and my questions have been answered to my satisfaction.  
2. I consent voluntarily to be a participant in this study and understand that I can refuse to answer 
questions and that I can withdraw from the study at any time up until June, without having to give a 
reason.  
3. I understand that the information I provide will be used for research thesis and that the 
information will be anonymised.  
4. I understand that any personal information that can identify me – such as my name, address, will 
be kept confidential and not shared with anyone other than myself  
5. I give permission for the (anonymised) information I provide to be deposited in a data archive so 
that it may be used for future research.  
 
Participant name: ________________  
Date: ________________  
For information please contact: Naoom Abu Abah, N.A.A.Abu-Abah2@newcastle.ac.uk 
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Semi-Structured Interview Questions 

 

 

(A) User perception: 

1 What do you think the term incident reporting mean?  

2 What type of incidents/events you think is worth reporting? 

3 Have you ever experienced an incident that you would like to share? 

4 How did you respond to that? Did you consider reporting it? Why? 

5 Were there any concerns or blockers that prevented you from reporting? 

(B) Environmental aspects: 

6 How does the environment (work/public place) affect your reporting decision?  

7 How do you think your position in general may affect your reporting decision? 

8 How does the presence of technology and working/studying in a smart building) 

affect your reporting decision?  

9 What are the differences between online (incidents occurring on the internet) and 

offline incidents in your perspective? 

(C) Motives driving user engagement: 

10 What motivates you to report an incident or an observation in any facility of the 

building you work/study in? 

11 What motivational incentives would you prefer to contribute to some simple 

investigative tasks requested by the reporting system specifically for the campus 

facilities? 
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Invitation email 

 

My name is Naoom Abu Abah, and I am a PhD student in the smart infrastructure group supervised 

by Charles Morisset. We are conducting an experiment as a part of a PhD research to test the 

feasibility of implementing a collaborative solution to the standard reporting system by engaging 

building occupants (participants) in investigative tasks to check and observe the status of facilities 

inside the Urban Sciences Building. The experiment will be conducted in the wild (field) and take 

around 2-4 weeks.  

During their work day in the USB, participants will receive a “check request” message asking them to 

check a facility in the building (e.g. broken chair, flickering lights ). Participants have a choice whether 

they like to respond to the request or not.  

If you agree to participate, you will be invited to an orientation session for more explanation. An 

information sheet and a consent form will be handled for you to sign. 

As a participant to this study, you will receive a voucher worth £20, as a compensation for your time. 

Another £10 voucher will be provided to you when provide your feedback. If you wish to withdraw 

from the study, you will still have your £20 voucher. 

If you have any questions please do not hesitate to ask. 

Thanks, 

 

Naoom Abu Abah 

School of Computing 
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NEWCASTLE UNIVERSITY 
School of Computing 

Interactive Reporting System  
Naoom Abu Abah 

Information for participants 
 

 

Thank you for considering participating in this study which will take place in March 2022. This 

information sheet outlines the purpose of the study and provides a description of your involvement 

and rights as a participant, if you agree to take part.  

1. What is the research about? 

To test the feasibility of a adding a collaborative feature to the standard reporting system by engaging 

participants (building occupants) in investigative tasks to check a building facility status by observing. 

2. Do I have to take part? 

It is up to you to decide whether to take part. If you do decide to take part, I will ask you to fill a 

consent form and hand it back to me prior to the experiment.  

3. What will my involvement be? 

If you participate, you will be receiving a task request asking you to check a facility status in the Urban 

Sciences Building (e.g., room light check, door locked, etc.) You have the choice whether you like to 

respond to the request (yes, no, not sure, can’t do it) or you can simply ignore the request for any 

reason. The experiment may take 2-3 weeks. Requests will be available for a day, so you have a full 

day to respond to the request. (All participants will be provided a demo and explanation in an orientation 

session). At the end of the experiment, you will meet the researcher to provide your feedback about 

the system. The meeting will be on Zoom and recorded for analysis purposes. All recording will be 

confidential and will not be accessed by others. 
IMPORTANT NOTE:  

For safety reasons, Participants should not try to fix any of the defects they are asked to check. Your 

responses should be based on observation only. All defects are directly sent to the USB reception in 

order to be fixed by responsible personnel. 

 

4. How do I withdraw from the study? 

If you wish to withdraw from the study at any point. please contact the researcher at:  

N.A.A.Abu-Abah2@newcastle.ac.uk 

5. What will my information be used for?  

I will use the collected information for PhD research. 

6. Will me taking part and my data be kept confidential? Will it be anonymised? 

The records from this study will be kept as confidential as possible. Only myself and my supervisors: 

Charles Morisset, Maryam Mehrnezhad will have access to the files. During data collection and 

publishing, your data will be anonymised – your name will not be used in any reports or publications 

resulting from the study. All digital files, records and summaries will be stored separately from any 

names or other direct identification of participants  

7. Who has reviewed this study? 

This study has undergone ethics review in accordance with Newcastle University Research Ethics 

Policy. 

8. Data Protection Privacy Notice The Newcastle University Research Privacy Policy can be found at: 

https://www.ncl.ac.uk/research/researchgovernance/ethics/  

The legal basis used to process your personal data will be Legitimate interests.  
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10. What if I have a question or complaint? 

If you have any questions regarding this study please contact the researcher, Naoom Abu Abah on 

N.A.A.Abu-Abah2@newcastle.ac.uk , or supervisor on Charles.Morisset@newcastle.ac.uk. If you have 

any concerns or complaints regarding the conduct of this research, please contact the Newcastle 

university Research Governance via res.policy@ncl.ac.uk. 

 

If you are happy to take part in this study, please sign the consent below: 

 

-------------------------------------------------------------------------------------------------------------------------------------- 

CONSENT FORM 
Interactive Reporting System  

Naoom Abu Abah 

 
Please read the information below and print your name and the date below to demonstrate that 
you have understood taking part in this research.  
 
1. I have read and understood the study information. I have been able to ask questions about the study 
and my questions have been answered to my satisfaction.  
2. I consent voluntarily to be a participant in this study and understand that I can withdraw from the 
study at any time up until June, without having to give a reason.  
3. I understand that the information I provide will be used for research thesis and that the information 
will be anonymised.  
4. I understand that any personal information that can identify me – such as my name, address, will be 
kept confidential and not shared with anyone other than myself. 
5. I give permission for the (anonymised) information I provide to be deposited in a data archive so 
that it may be used for future research.  
6. I understand that I am not supposed to try and fix any of the facilities I am asked check. 
 
Participant name: ________________  
Date: ________________  
For information please contact: Naoom Abu Abah, N.A.A.Abu-Abah2@newcastle.ac.uk 

 

-------------------------------------------------------------------------------------------------------------------------------------- 
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Keywords of incident reports collected from the defects 

log of the USB building in Newcastle university 

 

 

Keywords # reported 

Doors + lock handle +maglock 267 

WC + toilets + blockage + drain 235 

Water +Sink + tap + puddle + leak + slip, ice 111 

Furniture 102 

Floor box + socket + power + electricity + cable + wire 73 

Control panel + alarm + alert + screen 58 

Lifts 53 

Lights + bulb + sensor 51 

Temperature 22 

Smart cards, cameras 17 

Environmental + pest + dirt + outside building 17 

Filters 32 

 



Post-experiment feedback interview questions 

 

 

 Experience 

1 How can you describe your experience in those 2 weeks? 

2 What did you feel towards receiving these requests?  

3 Can you describe your journey from the start, middle, and end of the experiment? 

4 After participating in this mock system, would you participate in the actual system in the 

future? 

5 Would you like any incentive type to be provided for your participation? 

 Tasks 

6 What was the most difficult task you received? Why?  

7 What was the most time-consuming task you received?  

8 What do you think about each task of these: ……. ? 

9 How does the task type affect your decision to respond?  

10 Were the requests clear in describing the task? If not, can you explain?  

11 What about the wording? Do you prefer “The system received a report….” or “The 

system asks for ….” or “Can you check…”? 

12 How does having pictures of the facility is important for request clarity? 

13 I’ve noticed that you included some evidence in some tasks and others not. Can you 

explain why?  

14 Regarding the smart features of the building, what are the differences that you noticed 

from other tasks? (sensors, temps, smart cards) 

 Form 

15 Would you like to rate each task instantly in the form? 

16 What do you think about the comments section in the REAL form? Required? 

Unnecessary? 

17 Would you like to have a description of the task before opening the link? Or adding a 

location? 

18 Is there anything you would like us to add to the form? Remove? 

19 If it were designed as a system, what would you like the interface be (design)? 
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Engagement Preferences    Requester-user communication 

 

 

 

 

 

 

 

 

Acknowledgement Message 

 

 

 

 

 

 

 

Points and Competition Messages 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

Pending Tasks 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

User Completed Tasks        Statistics  
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