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Abstract

Energy efficiency improvement is one of the most important targets to be achieved on
every society as a whole and in power system in particular. With the advent of smart
grids, residential end users are expected to shift from their passive role as consumers of
electricity to an active contributor role, referred to as co-provider, a term that reflects
the consumer ability to reduce electricity usage, shift usage from on-peak to off-peak

periods, generate and trade excess electricity.

In order to build a persuasive mobile application intended to encourage electricity
conservation, promote pro-environmental behavior and empower end-users to take up
an active role as co-providers, the thesis starts by investigating the motivations behind
electricity consumption behavior in households, and tries to identify the kinds of
information needed in a mobile environment to motivate behavioral change towards

sustainability.

Based on different environmental behavior change models from behavior science, as
well as a user study with prospective users, a hybrid energy consumption behavioral
change model was proposed, and a set of well-defined requirements were identified and
guided us through the design and development of a mobile cloud application called
Mobile Cloud for Smart Grid Metering (MCSG), a solution that uses different
technologies to encourage pro-environmental behavior, e.g., smart meter, cloud
computing technology, mobile computing technology, persuasive technology and

behavioral change techniques.

The design process was implemented using User-Centered-Design (UCD) approach

and the research work followed the Design Science Research Method.

In comparison to the In-Home Displays (IHD) that solely display instantaneous power
measurements, the MCSG Metering prototype includes the following behavioral change
interventions: real time electricity feedback, historical feedback, self-comparison,
normative-comparison, group and individual goal setting, public commitment through
social media, automation, tailored information, and utility / event driven / demand

response notifications.

In this study, the MCSG Metering prototype is tested in regards to its goals and
usability, which is of a great significance when it comes to build an appealing energy



management tool that is used regularly for a long period, and before time and money
are invested in extended future behavioral change evaluations. The Participants of
usability testing scored our interactive application as 84.6%, according to the ranking
grade of System Usability Scale (SUS) score, our system gets an A, an excellent result

but with potential of improvement.

The thesis will describe the architecture, design and implementation of the MCSG
Metering prototype, in addition to presenting and discussing the evaluations of usability

results.
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CHAPTER ONE

Introduction

1.1 Problem Statement

It is becoming clear that the world's energy usage is not sustainable, and as a result,
reducing energy consumption has been an important objective for many governments

and people.

Today, residential, commercial buildings and offices consume more energy than the
transportation or industry sectors, accounting for nearly 40 percent of total energy
consumption [1] and 36 percent of total carbon dioxide emissions in the European
Union. Corresponding rates in China and USA accounts at similar levels [2], making

them a prime target for the application of energy efficiencies.

Studies have shown that nearly 40% of energy consumption in household can be
contributed to life style factors and behavior of habits. Estimate that 20% of carbon
dioxide emission could be reduced by behavioral changes [3]. However, behavioral
changes are difficult in practice. Enova [4] stated in a 2012 report on energy efficiency
in buildings: "For all types of homes and buildings, the probable main barrier from the
society’s viewpoint is a generally low, partly absent awareness about energy use and

energy-related measures".

Indeed, energy is abstract, invisible and untouchable. It is consumed indirectly via
various energy services; therefore, it is not perceived as a coherent field of action [5].
While people are willing to adjust their behavior in order to conserve energy and reduce
their billing cost, the lack of information about their energy consumption would be a
major burden that prevent people from doing so. It is difficult for consumers to develop
a coherent, comprehensible, and concise cognitive frame of what electricity

conservation means and to make it an element of lifestyle.

Obviously, consumption transparency and timely feedback are considered essentials to
support those people, and without a tangible manifestation, energy usage will remain

abstract, invisible and untouchable. For example, plotted pattern of energy usage enable



consumers to identify and eliminate source of energy waste and anticipate trends and
plan them in advance. As a result, a higher energy efficiency is expected, greener world
approach is anticipated, and high profitability requirement is achieved for all electricity
stakeholders. Generally, awareness calls for action and behavior follows awareness.
Researches have shown that average reduction of household energy consumption is
between 5% - 20% when providing customers different feedback [5] [6] [7] [8].

Nowadays, with the advent of Smart Grids and related technological infrastructure
advances, such as smart meters, Advanced Metering Infrastructure (AMI), and the
integration of different types of distributed power generation sources, provide excellent
potential platform for advanced intelligent home energy management. Residential end
users in Smart Grid are expected to shift from their passive role as consumers of
electricity to an active contributor one, referred to as co-provider!. Nevertheless, to
date, from both academic and practical viewpoints, the development and application of
intelligent home energy management systems in a smart grid infrastructure is still at an

extremely early stage [9].

1.2 Scope of Study

Our aim is to create a household home energy management system that will shape an
active participation of end users as co-providers in smart grids, and increases people
awareness of their electricity consumption and various power supply information (such
as alternative energy, storage energy, main grid), and hopefully as a consequence,
motivates behavioral change, reduces electrical usage, shifts usage from peak demand
to off-peak period. One solution to achieve this, is to use technology to provide
consumers with a detailed information about their electricity consumption, enabling
them to monitor, and even take a smart decision by remotely controlling their home
appliances. The combination of smart meters, cloud computing technology, mobile
computing technology, persuasive technology and behavioral change techniques would
be the perfect tools in this situation.

1 Refer to section 2.3 for more information.



At the same time, effects on energy consumption are strongly dependent on the design
of technology. In order to create a service for co-provider users that will shape an active
home energy management that complements smart grid goals, the following parameters
need to be taken into consideration to ensure an optimum design: the needs, wishes,
abilities of end users and utilities, empirical studies, theoretical means and product
design that affect behavior and ensure end-user engagement. Without this deeper
understanding, we will run the risk of designing and implementing systems that fail to

maximize smart grid goals.

In this aspect, we cooperated with JDECO Company? who provided us with an access
to AMR consumption data to realize a real word mobile cloud application that promotes
pro-environmental behavior® and activates consumers' role as co-providers. Through a
literature review and behavioral change models related to the research field, and
different electricity stakeholders' perspectives, we have identified a set of requirements
that guided us through the design and development of the proposed mobile application.

Thesis work has followed the design science research method.

In this study, we have evaluated the usability parameter for the mobile application,
which we think is essential when it comes to building an appealing energy visualization
tool that is used regularly for a long period, and before time and money are invested in

the extended future behavioral change evaluations®.

1.3 Research Questions

1) What motivates energy consumption behavior? This thesis investigates the motivations
behind how consumers use electricity in their households.

2) What kind of information needed in a mobile environment to motivate behavioral
change towards sustainability? This thesis tries to identify which information a smart

application should present in order to promote pro-environmental behavior.

2 An overview about JDECO Company is presented in the next section.

3 Behavior that consciously seeks to minimize the negative impact of one's actions on the natural and
built world [107].

4 More information about future behavioral change evaluations, please refer to Future Work section.
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1.4 Jerusalem District Electricity Company (JDECO)

This thesis work would not have been possible without the help from and collaboration
with Jerusalem District Electricity Company. JDECO is a joint electricity company that
distributes and supplies electricity to consumers in and around Jerusalem, Bethlehem,
Ramallah and Jericho. The company doesn't own power stations but buys over 95% of
its electricity from the Israel Electric Corporation (IEC) and the remaining electricity

from the Jordanian National Electric Power Company.

At first, they introduced us to their Automatic Meter Reading system (AMR), its
purpose, current state and underlying work of its components (smart meters,
concentrator, and control center). Also, a general overview of their Supervisory Control
and Data Acquisition (SCADA) system's architecture and functionalities was
introduced (Figure 1.1). Finally, they provided us with an access to AMR data,
especially consumer's consumption data, which was essential to build our mobile

application.

Figure 1.1 Operator window of SCADA system (human-machine interfaces)
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1.5 Thesis Outline

The rest of the thesis is structured as follows:

Chapter 2 - Background and Literature Review gives an overview of relevant theory
from the respective research fields. In addition, presents various behavioral change

models and interventions used for concluding the mobile application requirements.

Chapter 3 - Methodology discusses the different methodologies used in the thesis
work, with a detailed description of specific execution followed during the mobile
application evaluation.

Chapter 4 - Requirements suggest a set of functional and non-functional requirements

for the design of mobile application.

Chapter 5 - Architecture and Design describes the architecture and design of the

proposed system; various UML diagrams are presented.

Chapter 6 - Implementation discusses some of the important aspects regarding the

implementation of the mobile application.

Chapter 7 - Evaluation Results presents and discusses the results from the usability
evaluation that has been conducted to our proposed mobile application.

Chapter 8 - Discussion and Conclusion discusses the main findings and achievements

in the thesis work.

Chapter 9 - Further Work proposes directions for future work.



CHAPTER TWO

Background and Literature Review

Literature review is necessary to understand the field to which we aim to contribute to
it, to get an overview of the work previously conducted, and how it has been done. This
chapter starts by reviewing theories and studies related to the research field such as
Smart Grid and Advanced Metering Infrastructure (AMI). It continues by presenting
some models that can create behavior change, in addition to a set of intervention
studies®. The last few sections include a review of newer research field called mobile

cloud computing.

2.1 Today's Power Grid

Historically, electricity grid has been a unidirectional broadcast grid, there is a few
centralized environmentally and unfriendly power generators (i.e. Nuclear Plant, Coal
and Oil Plants) that provide electricity production in a country or a region, and then
broadcast this in one way through transmission and distribution network until received

by consumers. Remote terminals (i.e. loads) are almost or totally passive [10] [11].

In Traditional power grid, supply usually follows demand. Based on Load forecasting
models developed over time, the utility providers generally over-provision for the
demand (considering peak load conditions), if the demand increases above the average,
utility may turn on peaker plants, which uses non-renewable sources of energy (e.g.
coal fired plants or gas turbine) to generate additional supply of energy to cope with
increased demand. The peak load approach is wasteful when the average demand is
much lower than peak (low utilization), because electricity, once produced has to be
consumed as grid storage is very expensive. Secondly, setting up and maintaining
Peaker plants is not only environmentally unfriendly but also very expensive (high cost
to the electricity companies) [10].

> Experiments aimed to encourage households to reduce energy consumption, conducted by providing people
with different strategies, started long before the smart meters were introduced.
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Also, given the ever-changing and increasing demand for energy, perhaps impossible
in longer run, to match the supply to this peak demand, leading to a poor power quality
including blackouts, power cuts, and brownouts. Thus, there is a need for an approach
where we can match demand with the available supply.

While this legacy system has served well our community for the last century, less
efficient aging infrastructure, environmental and social challenges, direction towards
environmentally generating sources, need for reliable, efficient, transparent, greener

power grid has led for a call to smarter power grid deployment.

2.2 Smart Grid (SG)

The need for a clean, safe, secure, reliable, resilient, efficient, scalable, economic,
manageable, flexible, environmentally friendly and sustainable infrastructure bring
forward the necessity for amodernized and intelligent grid for tomorrow, widely known
as Smart Grid [12] [13] [14].

Smart grid also called smart electrical/power grid, is an enhancement of the 20" century
power grid, defined by [14] as "a two-way flow of electricity and information to create
a widely distributed automated energy delivery network". An evolution toward an
electricity grid model able to manage numerous generation and storage devices in an
efficient and decentralized manner determine the core of the Smart Grid concept [15].

A smart grid is a system that uses information, communication, computational
intelligence in an integrated fashion across electricity generation, transmission,
substations, distributions and consumption for effective power management [14], and
pointing the way to a more environmentally friendly energy generation via
incorporation of renewable energy sources into the grid, both at utilities and consumer
sides. Such an infrastructure will stimulate utilities and end user to act together to
establish environmentally sustainable system [16], Table 2.1 compares between the
regular power grid and the Smart Grid.


http://en.wikipedia.org/wiki/Power_quality
http://en.wikipedia.org/wiki/Power_outage
http://en.wikipedia.org/wiki/Brownout_%28electricity%29

Regular Grid

Smart Grid

Electromechanical

Digital

One-way communication

Two-way communication

Centralized generation

Distributed generation

Few sensors

Sensors throughout

Manual monitoring

Self-monitoring

Manual restoration

Self-healing

Failures and blackouts

Adaptive and islanding

Limited control

Pervasive control

Few customer choices

Many customer choices

Table 2.1 Brief comparison between regular grid and smart grid [14]

This transition of the electric power system is stimulated by national and international
policy goals, such as The European union 20-20-20 target. The 20-20-20 goals aspire a
reduction in EU greenhouse gas (GHG) emissions until 2020 of at least 20% below
1990 levels. Furthermore, 20% of EU’s energy consumption is expected to come from
Renewable Energy Sources (RES) in 2020. In addition, a 20% reduction in primary
energy use has to be achieved by improving energy efficiency with respect to 1990

levels.

According to the report from NIST [17], the anticipated benefits and requirements of
the Smart Grid are the following: Improving power reliability and quality; Optimizing
facility utilization and averting construction of back-up (peak load) power plants;
Enhancing capacity and efficiency of existing electric power networks; Improving
resilience to disruption; Enabling predictive maintenance and self-healing responses to
system disturbances; Facilitating expanded deployment of renewable energy sources;
Accommodating distributed power sources; Automating maintenance and operation;
Reducing greenhouse gas emissions by enabling electric vehicles and new power
sources; Reducing oil consumption by reducing the need for inefficient generation
during peak usage periods; Presenting opportunities to improve grid security; Enabling
transition to plug-in electric vehicles and new energy storage options; Increasing

consumer choice; Enabling new products, services, and markets.



Smart grid comprises of four main layers [11]:

1) Energy infrastructure: represents the physical infrastructure for energy
generation, transmission, and distribution.

2) Communication infrastructure: represents the interconnection between all
relevant components in smart grid.

3) Information Technology: provides modeling, analysis, web visualization, and
commercial transaction.

4) Potential Application: responsible for distinguishing the use cases of

infrastructure usage.

Figure 2.1 summarizes components in application, information, energy and

communication layers.
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Figure 2.1 Smart Grid framework depicting the potential applications, information technology, communication,

and energy infrastructure of the overall system [11]

In the following sections, we will discuss two Smart grids' applications related to our
research work, Advanced Metering Infrastructure (AMI) and Demand Side
Management (DSM).



2.2.1 AMI - Advanced Metering Infrastructure

It is regarded as a logical strategy to realize smart grid. Unlike Automatic Meter
Reading (AMR) with one-way communication, AMI is a technology that enables two-
way communication between customer side and utility head end, AMI technology
automatically collects diagnostics, consumption, and status data from energy metering
devices and sent it back to a central database for billing, troubleshooting and analyzing
[14]. Obtaining this data from AMI will eliminate the need for field trips of personnel,
on-site meter reading, incorrect manual reading, manual outage reporting and most
restoration operations [18]. The two-way communication enables utilities to issue
command or price signal to the meter or load controlling devices in real time [19]. AMI

applications are summarized in Figure 2.2.

Customer
Price signals

Voltage

. Demand
quality
o response
monitoring
Frequent Customer
meter outage
reading detection

Load
management

Figure 2.2 AMI Applications [18]

As shown in Figure 2.3, the overall AMI solution consists of several components [20]:

1) Smart meters.
2) Data gathering devices - Data Concentrator.

3) Communication networks.
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4) Centralized information management and control systems — Control Center

located at the utility end that receives, stores, and processes meters' data.

HV network MV network LY network
Consummers
VHV/HY HV/MV MV/LY

substation T sushstation T T substation T T . H

: Wide area network i umf area nezwork Home area network
o Q- _3 Q< @

Concentrator E Smart Meter

Central systems

Distribution

: i Local Control ! Local devices
‘Management System: H

i(Sensors, control, ) i (Metering, Sensors,

: ) : Actuators, ...)
‘Metering and Energy:

: Data Management |

Data/Service
Providing

Figure 2.3 Sub-systems of AMI [21]

Such a heterogeneous infrastructure deployment contains different type of metering

data measurements [22]:

1) On-demand meter reading: measured data flows from consumer side to control
center upon request by utility.

2) Scheduled meter interval reading: measured data flows from customer side to
control center at a pre-programed scheduled interval.

3) Bulk transfer of meter reading: measured data of all meters flowing from control

center to utility.

Adopting AMI technologies bring about numerus advantages to utilities, customer, and
society as a whole, including reliability improvement in electricity service, reduce peak
loads, decrease overall plant and capital cost investments, enhanced operational
efficiency of utilities, improve customers responsiveness, empowerment of customers
to actively participate in management of power supply and demand, enhancing demand-
side management, and encouraging greater efficiency decisions by customers and

utility providers [23].
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2.2.1.1 Smart Meter

A smart meter, which is an important component in this research, is an advanced digital

electrical meter that records electrical consumption in much more details than a

conventional meter does, and sends it back to the utility for monitoring and billing

purposes [24].

The main functionalities of a smart meter [19] [25]:

1)

2)
3)
4)
5)
6)
7)

8)

9)

Collecting consumption data: recording consumption data at a high frequency
resolution, an interval of 1-hour, 15-minute and even near-real-time are
possible. The recorded data is sent back to utility at least on a daily basis. €.g.,
4-6 times per residential meter per day or 12-24 times per
commercial/industrial meter per day [ [22]]).

Support advanced tariff systems and selection of rate options - Time_Of Use,
Real Time Pricing, Critical Time Pricing, Variable Peak Pricing.

Remotely connect / disconnect power supply by utility.

Load limiting for demand response purposes.

Meter tempering and energy theft detection.

Power Quality monitoring including: phase, voltage and current, active and
reactive power, power factor.

Support decentralized micro-generator, i.e., photovoltaic solar system, micro-
cogeneration unit, etc.

Provide consumed, generated, and reactive metering data from installed onsite
distributed generation sources.

Ability to Communicate with home management energy systems through
communication ports, i.e., (UART), RS-485, Wi-Fi and ZigBee [26].

10) Outage notification that alert utilities when customer lose power and restoration

notifications.

11) Provide secure data communication.

Anticipated benefits of purchasing and deploying smart meters are improved billing

accuracy, increased energy efficiency, increased customer engagement, and reduced

labor costs associated with automated reading [27].
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The smart meter alone is not a device that end-user interacts with and therefore does
not stimulate energy behavioral changes without intermediary devices. Thus, an
intermediary technology (product or service) that displays energy feedback information
would be required [16]. The current direction today is toward using in-home displays

or dashboards that is solely used inside home.

Smart meter market is on the rise worldwide. Figure 2.4 represents the evolution of
smart meter deployment worldwide from 2013 till 2023. The largest market has been
North America, Europe and eastern Asia. Other regions like Middle East countries,
such as Libya and the United Arab Emirates, are also starting their way into Smart
Metering deployment [28].
——North America
——Europe

- Asia Pacific
- | atin America

Middle East & Africa
- Total Smart Meter Penetration

90%

80% |

70% |

60% |

50% |

40%
30%
20%

10% | J/-/

0% o=
2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

Figure 2.4 Evolution of SM deployment worldwide [28]

2.2.1.2 Data Concentrator

The role of the concentrator is mainly related to the ability to collect information from
the Smart Meters in a neighborhood, installed at the consumer’s home, and transfer
them to the central systems. It is located usually inside power transformers and switch
stations, and has a command and control role, it is often called Distribution

Transformer Controller [21].
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2.2.1.3 Communication Systems.

Communication technologies play a key role in the success of smart grid
implementation. Transmission of data has to be guaranteed in terms of reliability,
quality, time and security when considering the number of customers and installed
smart meters that produce high volume and sensitive data [29]. Paper [22] provides a
comprehensive study of different requirements, reviews, technologies and best
practices for use by communication engineers when design a smart grid network for
different applications, ranging from those used in Home Area Network (HAN),
Neighborhood Area Network (NAN), and Wide Area Network (WAN).

2.2.1.4 Control Center

Large volume of information that is made available by the structure of smart grid is
managed by the architecture of a centralized control system. It is a multi-modular
system that contains lots of modules, such as Meter Data Management System,
Consumer Information System (CIS), Outage Management System (OMS), Enterprise
Resource Planning (ERP), Power Quality Management and Load Forecasting Systems,
Mobile Workforce Management (MWM), Geographic Information System (GIS) and
Transformer Load Management (TLM) [19].

Meter data management system is able to support the Information management of a
commercial / rate-related nature, intended for billing the use of the grids, for each
consumer or independent producer. It is also a role of the Information System to control
the quality of data collected, through the implementation of analytical tools pertaining
to validation, editing and estimating data, taking into account the infrastructure’s
technical management needs and the rules set forth for the electricity market [21].

Finally, the Information System should ensure automatic implementation of operations
associated with the contractual life cycle of the consumption/production facilities, such
as: rate changes; changes in contracted power; cut-off and restoring service due to
contractual non-compliance, contract terminations/activations, or others. On the other
hand, the Information System guarantees the management of technical information

intended for monitoring, controlling and operating the distribution grid, via interaction
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with SCADA or other types of systems (powers produced and consumed, voltage
levels, monitoring quality of service, etc.) as well as updating systems responsible for

managing incidents and characterizing grid topology product [21].

2.2.2 Demand Side Management

Demand side management commonly refers to programs implemented by utility
companies to manage the energy consumption at the customer side of the meter [23].
Such programs consist of conservation and energy efficiency programs, demand

response programs, etc.

Efficiency behaviors are one-shot behaviors and involve infrequent capital
improvements "energy-efficiency measures" that produce same or better level of energy
service using less energy [30], such process does not require modifying operating
practices and behavior maintenance, while curtailment involves using same equipment
less frequently and must repeat curtailment behavior continuously to achieve savings

and reach optimal effect [31].

Demand Response refers to “a change in electric energy usage by customers from their
normal consumption pattern in response to a price augmentation or incentive payment
designed to encourage lower consumption of electric energy at times of high wholescale

market prices or when system reliability is Jeopardized” [32] [23] .

Price-based option and incentive-based option are examples of demand response
programs [23] [11].

1) Rate-based or Price-based programs: The price of electricity may be different
at preset times or may vary periodically based on consumption trends.

2) Incentive-based or event-based programs: In this option, utility reward customer
for reducing their electric loads or for giving utility some level of control over
the customer's electrical equipment. A set of demand reduction signals is sent
to the participating customers in the form of voluntary demand reduction

requests or mandatory commands.

Examples of programs involved in both categories are shown in Table 2.2.
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Demand Response Options

v/

Price-based Options

Time-Of#-Use: Different tariffs for
different time intervals of a day or
different seasons of a year.

Real-Time Pricing: Price/unit
electricity consumption is periodically
changed (in each 15 min. or each hour

based consumption trends)

Critical Peak Pricing: Changes normal

peak price with a higher price to provide

reliability for system and balance supply
prices

Incentive-based Options

Direct Load Control: Remote control of
customer’s electrical equipment for a
short notice

Interraptable / Curtailable Service:
Reduce load during system
contingencies in return for a rate
discount or bill credir

Demand Bidding /Buyback programs:
prepare proposals to curtail based on
whole sale electricity market prices

Emergency Demand Response
Programs: Give payments to customer
in reply to the load reductions

Capacity Market Problems

Table 2.2 Price-based and incentive-based programs [11]

2.3 Co-provision Role of Customer in Smart Grid

Past researches on stimulating changes on energy related behavior focused on home
energy managements that are concerned merely with efficiency and curtailment [31].
However, as states in the discussion of smart grids, residential end users are expected
to shift from their passive role as consumers of electricity to an active contributor role,

referred to as co-provider. If end-users are to become co-providers, they will have to be

empowered in relation to the four aspects [16]:

1)

2)

3)
4)

In a smart grid in which end-users are expected to play a more active role in the
management of the electric power system, products and services would have to support

end-users in their role as co-providers. Micro-generators, energy storage systems, smart

times in the system.

Efficient energy use: refers to the amount of effort expended by users in a
household to reduce energy consumption.
Planning or shifting electricity consumption to moments that are favorable for

the energy system. Shifting consumption of electricity away from peak demand

Producing electricity when it is favorable for the local grid.

Trading self-produced electricity that is surplus to house- hold needs.



appliances, smart/digital meter, dynamic pricing, energy monitoring and control
systems, home automation for smart energy use, are categories of smart grid products
and services that vary widely in form and function, but generally share common
potentials that shape the four aspects of co-provision (consuming, planning, producing,
trading) [16].

In this aspect, majority of mentioned products and services needs an intermediary
technology for interaction, visualization and to complement usability, in addition, they
do not stimulate behavior changes without home energy management systems.
Connecting an intermediary device with previous products and services will stimulate
awareness of electricity consumption and production, and as result, will stimulate

savings duo to increased insight.

Since end users are central players in smart grid systems, our main concentration in our
thesis will lay in energy monitoring and control system design that focus on end users
as a central consideration, empower them as co-providers and play a role in

reinforcement and habit formation.

2.4 Behavioral Change Models

Technology alone is generally not sufficient to induce conservation. In fact, in some
cases feedback devices and energy efficient appliances can lead to boomerang effects
and take-back effects, where a building occupant adopts inefficient consumption
behavior that could reduce or nullify the efficiency gains associated with a retrofit [33].
In addition, although highly accessible information would fair best in raising awareness
and knowledge levels. However, awareness alone doesn't not always translate into

behavioral changes.

In order for our mobile application to play a critical role in changing people's belief and
behavioral towards sustainability, human behavior and behavioral change models are
necessary to understand the theoretical underpinnings of energy use behavior, and
advance our knowledge of how to deal with customers in smart grid. As a result,
technology and behavior science have to complement each other to maximize potential

impact of smart grid technologies.
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Such models tend to vary widely by theory, concept and application. To contribute to a
more theoretically guided understanding of how and why people engage in
environmentally reasonable behavior, three models were relevant to our research,
Heuristic model of environmentally relevant behavior by Matthies [34], an integrated
model of various theories and finding in environmental psychology explaining
environmentally relevant behavior and provide a basis for behavior change. Geller's
model [35], which shows the process of environmental behavior change. And Fogg's
model [36], which focus on behavior change factors for persuasive technology design.
Finally, we summarize a list of motivational interventions used for changing behavior

within behavioral phycology.

These models and interventions will be used as a basis for writing our system's
functional requirements in order to have a design that is effective in term of promoting
sustainability and altering human behavior towards pro-environmental behavior.
Chapter four (4.1) lists a set of system's functional requirements concluded from this

chapter.

2.4.1 Heuristic model of environmentally relevant behavior

Norm activation Motivation Evaluation

Redefinition

v v
Consciousness Personal
of environmental environmental v
problem ] | norm
v Weighting of
ConscioLsness Social norm moral, social
of relevance of | (Expectations of and other N
one’s behaviour relevant other costs _and Action
persons) benefits;
Consciousness ) decision
of one’s possibi- Other motives:
lities (sense of | e.g. mlnlmllzmg
control) cost of action
Y

Environmentally detrimental habits

Figure 2.5 Heuristic model of environmentally relevant behavior (Matthies, 2005). Translated by Fisher (2008) [5]
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The model [5] [34] divides behaviors into two types: habitual or routinized behavior
and conscious decisions. Habits are behaviors performed in the same way on a regular
basis without conscious decision. Second, conscious decisions, are active decision-
making process, where different individual's values are evaluated before confirming the
behavior. In the field of environmentally relevant behavior, most habits are
environmentally detrimental, thus, they need to be broken up to react more in a
sustainable behavior, this process is called norm activation, which consists of three
building blocks. First, the person must realize that there is a problem. Second, a person
must realize that his or her behavior is relevant to the current problem. Third, a person
must recognize that he / she has possibilities to influence his or her behavior and its

outcomes, this is usually labelled as "sense of control".

In the next stage, different motives rise up, and according to the model, it distinguishes
three motivations, namely, personal norms, social norms, and "other motives". Personal
environmental norms are personal ideas about how one should act in a particular
situation. Social norms are ideas about which norms relevant others might hold, since
person values social relationships and orient their behavior along to be socially accepted
and desired. Other motives, such as a desire of comfort, relaxation, convenience,
monitory savings, etc. Furthermore, norms may conflict with each other or with other

motives.

Evaluation process is the final stage, a person proceeds to a process of evaluating
different motives in how to act, where moral, environment, personal, or social costs and
benefits are weighted and as a result, more or less environmentally friendly actions

emerge.

2.4.2 Geller's Model

There are many models that focus on behavioral change. The one we are interested in
is Geller's model since it focuses on environmental behavioral change and clearly

explain the stages of change and types of interventions, as shown in Figure 2.6.
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Figure 2.6 Behavior change model for sustainability, adapted from Geller. Simplified by Yun [37]

Geller's model [35] demonstrates four performer stages (unconscious incompetence,
conscious incompetence, conscious competence and unconscious competence) and

three types of intervention (Instructional, motivational and supportive).

First, unconscious incompetence is the stage where people do not behave in a
sustainable way because environment is not a relevant issue for them or because they
do not know how to behave sustainably. With the support of informational intervention,
people learn what they can do and why this is important. If they understand it, they
move to the next performer stage, conscious incompetence. Sometimes, people may not
perform the behavior immediately because they need motivation. With the help of
motivational intervention, people can adopt environment friendly behaviors more easily
and move to the next stage, conscious competence. In conscious competence stage, the
person has gained environmental knowledge and performed the required behavior,
however, the goal of behavioral change is to make this a habitual behavior, this is
achieved using a supportive intervention, where it helps people to repeatedly perform
the behavior until they move to the goal stage, unconscious competence. In unconscious
competence stage, the pro-environmental behavior has become a routine, thus, assisting

in a habit formulation process [35].

Yun [37] has adopted Geller's model to explain nine intervention techniques based on

a review of studies in different fields in Persuasive technology, HCI, Uicomp,
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environmental psychology, energy efficiency, and green buildings, and link them to the

three primary interventions. Each concept will be explained in section 2.4.4.

2.4.3 Persuasive Technology — Fogg's Model

Persuasion as defined by Fogg is "an attempt to

shape, reinforce, or change behaviors, feelings,

or thoughts about an issue, object, or action"
[38]. Persuasive technology is an interactive

computer technology designed to alter people's

attitude or behavior or both without using

coercion or

deception [39], or a design

Persuasion

Computers

Web sites
Mobile phones
PDA's
Video games
Desktop software
Chat bots
Smart environments
Virtual reality
Exercise equipment
Specialized devices
Kiosks

Behavior change

Attitude change

Motivation

Persuasive
Technology

Change in worldview

Compliance

experience that will influence people's behavior via technology channels [36]. Fogg

created a behavior model for persuasive design [36], where he states that three factors

must present at the same instance for a target behavior to occur:

1) Trigger: the person is being sufficiently triggered or they are being triggered at

the right time to perform the behavior.

2) Ability: they have the ability to perform the behavior when triggered.

3) Motivation: they should be motivated to

behavior.
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Figure 2.7 Factors of Fogg's Behavior Model: motivation,

ability, and triggers [36]
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As shown in Figure 2.7, increasing motivation is not always the solution, however
increasing ability (making the behavior simple), motivation, as well as a well-timed

trigger is the path for increasing behavior performance.

Figure 2.8 includes the concept of a behavior activation threshold, a well time trigger
is a trigger that happens when the combination of motivation and ability places a person
above the behavior activation threshold and they are able to perform the behavior.

Otherwise triggers will be annoying, distracting and frustrating.

In general, persuasive design focuses on increasing motivation, increasing ability
(simplicity), and triggering behavior. Figure 2.7 illustrates elements of each of these

factors to facilitate design process.
The motivation subcomponents are:

1) Pleasure / Pain: the result is immediate.
2) Hope / Fear: anticipation of good results / bad results.
3) Social Acceptance / Rejection: motivation to be socially accepted ultimately

influence and inspire people.
The ability subcomponents (elements of simplicity) include:

Increasing ability relies on the power of simplicity, i.e., making behavior easier to
achieve. Simplicity is defined by Fogg as "a function of person's scarcest resource
at the moment a behavior is triggered. Fogg's behavior model divides simplicity
into the following six components that vary by individuals and context.

1) Time: if target behavior needs time and individual's available time is little, the
target behavior is difficult.

2) Money: Individuals without financial resources to complete the task do find the
target behavior difficult to achieve.

3) Physical Effort: target behavior that requires a great deal of physical effort may
not be considered difficult to achieve.

4) Brain Cycles: thinking deeply before performing a target behavior does not
enhance simplicity.
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5) Social Deviance: Target behavior that require from people to break society
rules are not considered simple.

6) Non-Routine: simplicity lies in routine behaviors or activities that are done on
a regular basis.

The triggers subcomponents are:

1) Spark as trigger: Sparks are triggers designed with motivational aspects to
encourage people who lack motivation to perform a target behavior.

2) Facilitator as trigger: designed for users with high motivation but lack ability
with the aim to trigger a behavior while making behavior easier to achieve.

3) Signal as trigger: reminders for people with high motivation and ability to

perform the target behavior.

Oinas Kukkonen [40] provided a systematic design methods and methodologies to
develop persuasive systems solutions. He highlighted twenty-eight persuasive
techniques and guidelines that can affect people behavior, summarized in Table 2.3
.These techniques are categorized in four categories: primary task support, dialogue
support, system credibility support, and social support. We will present few of them

here that are relevant to our study:

Primary task Dialogue support System credibility  Social support

Reduction Praise Trustworthiness Social learning
Tunneling Rewards Expertise Social comparison
Tailoring Reminders Surface credibility Normative influence
Personalization Suggestion Real-world feel Social facilitation
Self-monitoring Similarity Authority Cooperation
Simulation Liking Third-party Competition
endorsements
Rehearsal Social role Verifiability Recognition

Table 2.3 Techniques for persuasive system design [40].
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Reduction: a system that reduces complex behavior into simple tasks helps
users perform the target behavior.

Tunneling: using the system to guide users through a process or experience
provides opportunities to persuade along the way.

Tailoring: information provided by the system will be more persuasive if it is
tailored to the potential needs, interests, personality, usage context, or other
factors relevant to a user group.

Personalization: a system that offers personalized content or services has a
greater capability for persuasion.

Self-monitoring: a system that helps track one’s own performance or status
supports in achieving goals.

Rewards: systems that reward target may have great persuasive effect.
Reminders: the users will more likely achieve their goals if a system reminds
users of their target behavior.

Liking: a system is likely to be more persuasive if it is visually attractive for its
users.

Trustworthiness: a system that is viewed as trustworthy (truthful, fair, and
unbiased) will have increased powers of persuasion.

Social comparison: if system users can compare their performance with the
performance of others, they will have a greater motivation to perform the target
behavior.

Normative influence: a system can leverage normative influence or peer
pressure to increase the likelihood that a person will adopt a target behavior.
Competition: by leveraging human beings’ natural drive to compete, a system

can motivate users to adopt a target attitude or behavior.

Motivational Strategies for Pro-Environmental Behavior

While models tend to provide us with a philosophical approach, they do not specify

specific strategies for changing behavior. In this aspect, we take the advantage of

established body of empirical research within behavioral science and summarize a list

of motivational interventions techniques to motivate pro-environmental behavior with

empirical evidence of their effectiveness:
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Education: demonstrating the desired activity and guiding the users through a process,
works better than simply describing the behavior, and can have a greater persuasive

power [41].

Advice: a group who receive advices on how to reduce their energy consumption

showed a difference from a group without advices [5].

Feedback: allow consumers to observe their consumption pattern, and explore where
they can save energy. Feedback comprises of several characteristics that determine its
effectiveness: frequency, duration, content, breakdown, medium and way of
presentation, etc. Quick feedback improves the link between action and effect, and
increases consciousness about action's consequences. Different contents frame the
problem in different terms (e.g., content may be given in KWh, cost or environmental
impacts CO2), thus, increase comprehension and stimulate different motives, personal
and social norms, e.g., desire for cost savings or for minimizing environmental impact.
Providing a breakdown, e.g., for a specific appliance, rooms, etc. is the only way of
providing a direct link between individual action and a result, thus, allowing consumer
to see how and where they can improve their energy conservation. Way information is
presented is crucial for its adoption, information needs to capture attention and to be
understood to be effective [5]. Researches have shown that average reduction of
household energy consumption is between 5% - 20% when providing customers
different feedback [6] [7] [5] [8]

Goals: motivating people by challenging them to achieve a goal - reference point. A
goal can be set by utilities or by consumers themselves. Studies have shown a 12.3% -
15.1% energy saving difference than the group without goal-setting intervention.
However, for maximum effectiveness to be utilized, households need feedback on how

they are performing in relation to the goal [37] [42].
Comparison: there are two types of comparison [6] [37] [43]:

- Historic or self-comparison: showing current consumption related to the past. Thus,
makes transparent "out of norm" consumption, captures attention for a potential
problem and actively stimulate a search for a reason and redress.

- Normative comparison: showing consumption related data with others performance

(e.g., neighbors, friends) or with a national or regional average consumption can
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stimulate specific motives to change behavior towards pro-environmental behavior,
for example, sense of competition, ambition, social comparison, or social pressure
may be evoked. However, to use this strategy effectively for residential, comparison
targets should be similar, e.g., size / type of house, number of habitants and relevant

others are used as a reference group.

Engagement: visual attractiveness is a powerful factor for persuasion. Persuasive
technology and HCI consider engagement as an important motivation factor that
motivates people in pro-environmental behavior [37] [40].

Communication: it is argued that social networks can increase continuous participation
in a social movement and beneficial to motivate people in a long-term sustainability.
Systems that play a social role will have persuasive effect for increasing sustainability
[37].

Control: providing users with an easy and a simple way to control their energy
consumption will have a huge potential for motivating sustainable behavior. Reducing
complex behavior into simple tasks increase the cost/benefit ratio of the behavior and
motivates users to perform it and to repeat it to get the benefit continually [37] [40].

Rewards: rewards may serve as an extrinsic motivator to conserve energy. Providing a
prize for the performance of the target behavior provides a supportive intervention that
motivates performers to repeat the behavioral again. However, the effect of rewards is
rather short-lived, it may not maintain after discontinuation of the rewards [37] [43].

2.5 Energy display design guidelines

This section provides different options to consider when designing an energy display

and the argued advantages of such displays.

Wood and Newborough [43] propsed six dimensions that should be considered when
designing an energy-information display system, they consider display location,
motivational factors, display units (such as kilo-watthours, dollars, or grams of CO2),
display methods (numerical and diagrammatic), time scale, and category of use.
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Jon Froehlich [44] introduced ten design frameworks for feedback systems to which
researchers and designers may manipulate and evaluate in their designs: frequency,
measurement unit, data granularity, push/pull, presentation medium, location, visual

design, recommendation action, comparison and social sharing.

Daphne Geelen has created a set of recommendations for the design of smart grid

products and services listed below [45]:
* Give insights into the technical operation of a smart home energy system

» Create goal-driven interfaces with actionable feedback, instead of only consumption

and production feedback
* Relate energy feedback information to the community or city level, to provide

insight and perspective

P. Wesley Schultz and Mica Estrada [45] made a study about the effectiveness of three
feedback types provided through custom coded in- home display framed as either
simple KW consumption, KW consumption with the corresponding cost, and KW
consumption with a dynamically derived social normative frame, and found a
significant effect on consumption reduction using normative frame at a short term and
long term periods, in comparison with the other two, where the results did not differ

significantly from the randomized control group.

2.6 Mobile Cloud Computing

Since our proposed system is implemented using mobile cloud computing architecture
and uses MlaaS and MPaaS services, this section will provide an overview about this
new research field. It will start by introducing cloud computing technology, followed

by mobile cloud services and mobile cloud architecture.

2.6.1 Cloud Computing

According to the NIST definition [46]: Cloud Computing is a model for enabling
convenient, on-demand network access to a shared pool of configurable computing

resources (e.g., networks, servers, storage, applications and services) that can be rapidly
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provisioned and released with minimal management effort or service provider

interaction.

Virtually unlimited dynamic resources for computation, storage and service provision
over the Internet in on demand fashion, flexibility in terms of resource provisioning,
scales to meet unpredictable user demands, reduces capital cost to small businesses by
providing technologies beyond their reach and payment is only based on how much
resource is used are all example of cloud computing advantages, Figure 2.9 summarizes

common and essential characteristics of cloud computing technology.

Massive Infrustructure | | Geographic distribution | | Accesibale via Internet
. " " Common
Service Orientation Pay-per-usage characteristics
Rosin Computing | | _Advanced Secury

Broad - - . On-demand
Essential
characteristics

Figure 2.9 Attributes/ characteristics of Cloud Computing

2.6.2 Mobile Cloud Computing

With the increase of complex mobile applications, so do their demand on computing
resources. Thus, major hardware and software levels are needed. Unfortunately,
hardware level changes may not enable mobile devices to achieve true unlimited
computational power duo to size constraints, and therefore, software level changes
seem more feasible. One approach is to extend cloud computing services to mobile
computing domain, referred as "MobiCloud Computing” or "Mobile Cloud
Computing" (MCC) [47].

As defined in [47], Mobile Cloud Computing: "is an integration of cloud computing
technology with mobile devices to make the mobile devices resource-full in term of

computational power, storage, memory, energy, and context awareness".
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In general, MCC overcomes mobile computing constraints in relation to the
performance (e.g., limited battery life, storage), environment (heterogeneity,

scalability) and security (e.g., reliability and privacy) [48].

Thus, by offloading computation and storage to the cloud, we have the potential to
create more powerful mobile applications, enhance energy efficiency without trading
off on performance, provide better user experience, reduce resource utilization, provide
robustness, improves reliability since the data and application are stored and backed up
on a number of computers. In addition, MCC inherits advantages of clouds mentioned
earlier for mobile services such as scalability, dynamic provisioning, utility billing,
mobility, flexibility, and accessibility [48], [49] .

2.6.3 Mobile Cloud Services

e Mobile Cloud Infrastructure as a Service (MlaaS): enables the provision of storage,
hardware, servers, and networking components to on-demand client requests. What
characterize laas is its ability to dynamically allocate the needed resources to meet
the requited quality of service, referred as elasticity, and the client actually pay for
what he uses.

e Mobile Platform as a Service (MPaaS): offers an advanced integrated environment
for developing, testing, and deploying custom mobile applications. The consumer
can only control over the deployed applications and possibly application hosting
environment configurations.

e Mobile Software as a Service (MSaaS): In MSaaS, users can access an application
and information remotely via the Internet through a thin client (e.g., web browser)

at anywhere and anytime and pay only for that he uses.

2.6.4 MCC Architecture

Mobile devices connect to the cloud services through mobile network or through access
points as shown in Figure 2.10. In the first option, mobile devices are connected to the
mobile networks via base stations or satellite link that establish and control the
connections between the network and mobile devices. Mobile users' requests and other

information are transmitted to central processors that are connected to servers providing
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mobile network services, such as authentication authorization, and accounting based on
multiple criteria (e.g., home agent and subscribers’ data) stored in databases.
Afterwards, subscribers' requests are transferred to the cloud through the Internet.
Subscribers' requests are processed by cloud controllers to provide mobile users with
the corresponding cloud services. In the access point case, mobile users connect to the
access points through Wi-Fi that is further connected to Internet through Internet

service providers [50].
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Figure 2.10 Mobile Cloud Computing Architecture [50]
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CHAPTER THREE

Methodology Used

This chapter will elaborate on the methodologies used in the thesis work. It will start by
describing the overall research method, design science research. Finally, it will describe

the evaluation method used in this work; usability testing.

3.1 Design Science Research Method

Research in Information System discipline, especially human-machine systems,
involves two complementary but distinct paradigms: behavioral science and design
science. Behavioral science seeks to develop and verify theories to predict or explain
phenomena "human behavior" with respect to the artifact's use. However, design
science concerns with creating new and innovative artifacts intended to solve identified
organizational problems "problem solving". An artifact is broadly defined as constructs
(vocabulary and symbols), models (abstraction and representation), methods
(algorithms), and instantiations (prototype). Figure 3.1 presents a conceptual

framework differentiating between both paradigms [51].

Environment |Relevance IS Research Rigor |Knowledge Base
People Foundations
*Roles Develop/Build *Theories
*Capabilities *Theories *Frameworks
*Characteristics *Artifacts *Instruments
. - *Constr

Organizations | Business Applicable -En?adsetlsums
*Strategies Needs Knowledge | .\ethods
*Structure & Culture ‘ Assess Refine — «Instantiations
*Processes

- Methodologies
Technology Justify/Evaluate +Data Analysis
sInfrastructure *Analytical Techniques
*Applications *Case Study *Formalisms
*Communications *Experimental *Measures
Architecture *Field Study «Validation Criteria
oDeve]meent *Simulation
Capabilities

1

Application in the
Appropriate Environment

Additions to the
Knowledge Base

Figure 3.1 Conceptual framework of behavior and design science research methods [51]

31




The environment is composed of people, organizations, and technologies and defines
the problem space and business needs. As discussed previously, behavior science
addresses the research through the development and justification of theories related to
the business need. While design science addresses the research through building and
evaluation of artifacts designed to meet the business need. The development of theories
and artifacts are done with application of existing knowledge base, which provides the
raw materials from and through which IS research is done. Rigor is achieved by suitably
applying existing foundations and methodologies. In both paradigms, research
assessment via justify / evaluate activities can result in modification of theory or
artifacts. Their contributions are assessed as they are applied to the real-world
application environment from which the research problem or opportunity is drawn and
as they enrich the content of Knowledge base for further research and practice [51].

In our Thesis, we have followed the Design Science Research Method, with the

intended plan to extend our study by applying Behavioral Science for future work®.

We have followed publication pattern for a DSR study [52] (explained in Table 3.1),
and took into consideration the seven guidelines proposed by [51] for understanding,

executing DSR study (explained in Table 32):

Section Contents
Problem definition, problem significance/motivation,

Introduction introduction to key concepts, research questions/objectives,
scope of study, overview of methods and findings, theoretical
and practical significance, structure of remainder of paper.

Literature Prior work that is relevant to the study, including theories,

Review empirical research studies and findings/reports from practice.

Method The research approach that was employed.

Artifact A concise description of the artifact at the appropriate level of

Description abstraction to make a new contribution to the knowledge base.
Evidence that the artifact is useful. Addressing criteria such as

Evaluation validity, utility, quality, and efficacy via well-executed
evaluation methods.

Discussion Interpretation of the results.

Conclusions Concluding paragraphs that restate the important findings of
the work.

Table 3.1 Publication Schema for a Design Science Research Study [52]

6 Refer to Future Work section for more information.
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Guideline

Description

Guideline 1: Design as
an Artifact

Design-science research must produce a viable artifact in
the form of a construct, a model, a method, or an
instantiation.

Guideline 2: Problem
Relevance

The objective of design-science research is to develop
technology-based solutions to important and relevant
business problems.

Guideline 3: Design
Evaluation

The utility, quality, and efficacy of a design artifact must
be rigorously demonstrated via well-executed evaluation
methods.

Guideline 4: Research
Contributions

Effective design-science research must provide clear and
verifiable contributions in the areas of the design
artifact, design foundations, and/or design
methodologies.

Guideline 5: Research
Rigor

Design-science research relies upon the application of
rigorous methods in both the construction and evaluation
of the design artifact.

Guideline 6: Design as
a Search Process

The search for an effective artifact requires utilizing
available means to reach desired ends while satisfying
laws in the problem environment.

Guideline 7:
Communication of
Research

Design-science research must be presented effectively
both to technology-oriented as well as management-
oriented audiences.

Table 3.2 Design-Science Research Guidelines [51]

3.2 User Centered Design

This research aspired to use the user-centered design (UCD) approach from the Human-
Computer Interaction field, in the design of the proposed mobile application, where the
end users, in this case the electricity consumers, is the focus of the design process. UCD
is defined as " a design philosophy and approach that places users at the center of design
process from the stages of designing the system requirements to implementing and

testing the product™ [53]. Figure 3.2 illustrates the UCD design process.

ISO 9241 — 210 identifies six principles to follow in order to support UCD (quote)
[54]:

1. The design is based upon an explicit understanding of users, tasks and
environments.
2. Users are involved throughout design and development.

3. The design is driven and refined by user-centered evaluation (usability tests).
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4. The process is iterative.
5. The design addresses the whole user experience.

6. The design team includes multidisciplinary skills and perspectives.

Requirement analysis

& specification Design

Evaluation Prototyping

Figure 3.2 UCD design process

In our case, the user has been the central of our consideration, from the requirement

analysis and specification, to the design, development and evaluation.

3.3 Mobile Usability

Today, mobile usability has become an important factor for the success or failure of
any mobile application in the market. In fact, it is not enough that software performs a
set of functionalities, there is no guarantee that the interaction with the software is
intuitive or easy to use just because there is a way to complete functional tasks. Usually,
if a mobile application is not intuitive or easy to use for consumers, they will ultimately

struggle with it and gravitate to others applications that are easier to use.

Since our proposed solution will be realized in the form of mobile application, usability
will take a major part in our evaluation. In this section, usability theory will be
introduced, then the specific execution in this work will be described, and finally the

results from this method are analyzed and interpreted in Chapter 7.
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3.3.1 The Limitations of Mobile Applications

Firstly, there are several mobile limitations that may affect quality of mobile apps.

These limitations can be grouped into three categories [55]:
Mobile device limitation:

e Limited life batteries.
e Limited storage capacity.
e Limited user interface.

e Heterogeneity.
Wireless network limitation:

e Frequent disconnection.
e Lower bandwidth.
e Variable bandwidth.

e Heterogeneity of networks.
Mobility:

e Physical mobility.
e Logical mobility.

In fact, some of these limitations have a significant impact on usability, such as [56]
[57]:

Small screen size.
Low display resolution.
Context in which mobile is used.

Low memory.

a > W e

Tiny input mechanism

Secondly, latest market research suggests that the lack of usability is the major factor
affecting consumer decisions to reject mobile applications [58]. For instance, only 1%
of all mobile applications have been downloaded more than one million times, and once

downloaded, one in four mobile applications are never used again [59]. Thus, usability
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evaluation for mobile applications is essential to meet user needs in term of creating

usable apps.

3.3.2 Software Usability Theory

The International Organization for Standardization (1SO) 9241-11 standard defines
usability as “the extent to which a system, product or service can be used by specified
users to achieve specified goals with effectiveness, efficiency and satisfaction in a
specified context of use” [60] [61].

Jakob Nielson specified usability as "a measurement of quality that user is experiencing
when interacting with a system”, Nielson defined usability as comprising of five quality
attributes, Learnability, Efficiency, Memorability, Errors, Satisfaction [62].

From these definitions, we conclude that usability is not a single, one dimensional

property.

3.3.3 Measuring Usability

In our usability evaluation, we used attributes from both definitions (ISO 9241-11
standard, Jacob Nielson) to measure the usability of our prototype in both qualitative
and guantitative terms.

e Effectiveness: The accuracy, completeness and appropriateness’ with which users
achieve specified goals.

o Efficiency: The resources (time, human effort, cost and material resources)
expended in relation to the accuracy and completeness with which users achieve
goals.

e Satisfaction: freedom from discomfort and acceptability, or “the extent to which
attitudes related to the use of a system, product or service and the emotional and
physiological effects arising from use are positive or negative"s.

e Memorability: How easily an occasional user to reestablish proficiency when he

returns to use the system after a certain period of time.

7 In the new draft, appropriateness has been added as an additional consideration when defining
effectiveness [61] [103].
8 Satisfaction definition proposed in the new draft [61] [103].
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e Learnability: How easy is it for a novice user to achieve specific goals the first

time they encounter the design.

ISO 9241-11 identifies three factors that have an impact on the overall design of any

product and should be taken into account when evaluating usability:
e User: Person who interacts with the product;
e Goal: Intended outcome;

e Context of use: Users, tasks, device / equipment (hardware, software and

materials), and the physical and social environments in which a product is used.

3.3.4 Usability Evaluation Methods and Techniques

According to [56] [63], there are various methods to evaluate the usability of any

product, stated briefly here:

1) Heuristic evaluation or expert-based evaluation: a method where human experts
evaluate the system to describe problems that may encounter inexperienced
users when interacting with the system.

2) Observation: involves observing and collecting data relating to what real users
do while interacting with the system using video tapping, Think-aloud protocol
and direct observation.

3) Surveys: using questionnaire and interviews to identify user's views and
feedback about a given product.

4) Experimental evaluation: a method conducted by experts and/or users to address

usability issues using questionnaire, interviews and software logging.

These methods can be applied in two different ways: laboratory tests and field tests
[64].

3.3.5 Usability Testing

The source for the text in this section is [65] if not mentioned otherwise.
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Usability Testing is a methodology that is aimed to evaluate the ease with which users
can learn to use a product or service. Through iterative evaluations with participants,
one aims to create products that are easy to learn, easy to remember, easy to accomplish
their goals, and are satisfying to use. Usability testing enables software engineers to
ideally visualize their software from the eyes of the users, the ones who purchase,

download, and use the software to complete their work.

However, until today, many people still get confused between focus group testing and
usability testing. Focus group testing is around a small sample of people who assemble
together and convey their feedback regarding proposed designs and ideas. Usually, the
purpose of focus group testing is to gather quick data concerning feelings and options
of a small sample of users. These details should be discovered early on, before the
application has even begun development.

On the other hand, Usability testing is much more individualized and personal. The
focus is around the software user and their personal unique experience with the
software, this reveals an important information about how people use a product, and
what problems they may encounter / prevent them from achieving their tasks, and lead

to a negative user experience.

In the following sections, we will introduce three important stages in usability testing
lifecycle, namely, obtaining participants, task procedure and performance objectives,

and explain the specific execution followed in our evaluation.

3.3.5.1 Obtain Suitable Participants

Fundamental to effective usability testing is the candidate selection. Participants to a
usability testing should be chosen from the correct application demographic. For

example, Gaming application for kids would be ideally tested by young children.

However, Participants selection should fall in the middle of the qualification spectrum
to ensure that the tests do not result in excessive false positive or false negatives. False
positives indicate that the user is too experienced with similar products and do not
encounter as many problems as a typical user because they are more familiar with the

product. False negatives often come from inexperienced people who lack the basic
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qualifications to conduct the test, they do not have the basic fundamental understanding
of the subject matter to successfully use the product and hence they are not the desired

target user.

Also, a primary factor when selecting a participant is based on the type of device that
they are using, different devices have different device controls, IPONE users would
waste difficult amount of time navigating through the device controls, which introduce

false negatives to the test.

Since our application accounts for a wide spectrum of users, following criteria are

considered when selecting candidates for the usability testing:

1) Selecting as many participants to represent such a wide demographic and
large community of users as possible, as people of all genders, educational
levels, professions are expected to use it.

2) Candidates should have some knowledge and use of computers, the Internet
and smartphones.

3) Ability to speak and understand English language.

4) Have no prior experience with similar applications.

5) Candidates own an Android smartphone.

The suitable number of participants to conduct a usability test is discussed by different
researches, Nielsen in his article [66] mentioned that the best results would come from
testing no more than five participants and running as many small tests as one can afford,
he argued that a very few findings or usability issues would be observed after the fifth
participants. Iterative usability testing with a few users would ensure optimum use of
testing budget, because every iteration is another chance to refine and produce a highly
usable product [67].

Nielson and Tom Landauer [66] has illustrated through Figure 3.3 the relation between

usability problems found in a usability test with n users.
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Figure 3.3 Relation between usability problems found with number of test users [66]

We decided to recruited seven representative participants through each iteration, until
we reach to a place where our goals are fulfilled and discovered usability issues are

minimized to an acceptable degree.

3.3.5.2 Test Procedure (Collecting and Interpreting Usability Results)

After observing users performing a set of tasks, performance metrics and qualitative
data have to be collected and analyzed. Performance metrics which are measures of the
usability attributes mentioned previously (effectiveness, efficiency, satisfaction,
memorability and learnability) are quantitative in nature - measurable results, and

includes the following:

1) Success rate - If a user completed a task successfully or not.

2) User encountered errors per-scenario basis.

3) Rating the severity of a problem (severe and less severe errors). Several
approaches to assign severity ratings specified in [68]. (less severe errors
include fulfilling a task in a less efficient way than expected, which is a burden
to the user and yield time waste while using the product).

4) Percentage of the participants who come across a certain error, this usually
indicates features related to a task that are the most problematic and need to be

addressed.
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5) The frequency in which no errors are found. This indicates that participants
didn’t have any difficulty with completing tasks and hence the features are
intuitive enough.

6) The time it takes for a user to complete a task. Tasks that are too long attribute
to frustration with product in use, which yields a negative user experience.

7) Task-level Satisfaction: measures perceived usability of a task. E.g., Single Ease
Question SEQ - measure perception satisfaction.

8) Test-Level Satisfaction: measures perceived usability of a test as a whole.

9) The time it takes for a user to achieve a task after a certain period of time after
using it the first time. Task time reduction is a measure of memorability and
indicates that the system is easy to remember.

10) Percentage of time the users follow an optimal navigation path.

11) Page Interface Counts.

12) Subjective measures.
Quialitative data includes:

1) Participant spoken or written feelings.

2) Problems encountered by the participants.
3) Comments/suggestions.

4) User preferences.

5) Answers to non — numerical questions.

6) Recorded difficulties faced by participants.
7) Facial and body expression during test.

8) Positive feedback which reflects aspects that worked well in a product.

Duo to the nature of their differences, qualitative methods are best used for answering
question about Why and How to Fix a problem, while quantitative methods are better
suited for answering how many and how much types of questions. Overall, having
numbers help researchers to prioritize resources, such as focusing on issues with the
biggest impact on user experience [69], Figure 3.4 demonstrates the difference between
both methods.
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Figure 3.4 Questions answered by research methods across the landscape [69]

In our usability evaluation, we have used SEQ and SUS to measure the task-level and

test-level satisfaction, explained more in the following paragraphs.

Single Ease Question — SEQ

The Single Ease Question is a 7-point rating scale that assess the user perception of how
easy or difficult a task. Usually, SEQ is given immediately after a user finish with a
task. It has been found that SEQ performed about as well or better than other
complicated measures of task-difficulty like the interval scaled Subjective Mental
Effort Questionnaire SMEQ, and ratio scaled Usability Magnitude Estimation [70]. It
has been found that ratings with difficulty correlate (not strongly) with other
performance metrics like task-time and task completion. Asking reason beneath user
rating can provide direct diagnostic data of what feature that leads to frustration and

negative user experience.

System Usability Scale - SUS

The System Usability Scale (SUS) Questionnaire provides a quick, low cost, valid and
reliable way to measure the perceived usability for hardware, software, mobile devices
and websites. SUS is typically administrated immediately after each session, allowing

participants to record their initial feelings and responses. It consists of 10 questions
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with five response options, ranging from Strongly agree to Strongly disagree. Each

form is calculated to give a usability index or a score between 0 — 100 [71].
SUS Score indication [72]:

- From 85 — 100: The system is best imaginable and provides high level of
usability.

- 80.3 or higher: People love the system and will recommend it to their friends.

- 68 or higher: The system is acceptable but can improve.

- 51 or lower: The system has a series usability issues that need to be fixed.

The good thing about SUS is that it alternates the tone of each item, odd items are
phrased positively, and even items are phrased negatively. The alternating tone intended
to reduce acquiescence and extreme response biases caused by respondents not having
to think about statements, the respondent now has to read each statement carefully and
make an effort to think whether they agree or disagree with it. Nowadays, SUS has

become an industry standard, used in over 1300 articles and publications [73].

3.3.5.3 Performance Objectives

Performance objectives are criterions for acceptable usability results. Researches can
reveal usability issues by looking at the problematic tasks for which participants were
most and least able to meet performance measures. Researches can use existing

performance measures or create their own.

In our evaluation, we had the following performance objectives to stop our usability

iterations:
PO #1 More than 80% completion rate per task.
PO #2 Less than 0.5 for the average error rate per task.
PO #3 More than 80% satisfaction per task.
PO #4 Less than 40% difference between novice and expert time-based efficiency

per task.
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The previous performance objects have been set based on the following facts [74]:
Fact #1 The average task completion rate is 78%.
Fact #2 The average number of errors per task is 0.7.

Fact #3 The average task difficulty using the Single Ease Question is 68%.
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CHAPTER FOUR

System Requirements

In the implementation of the proposed mobile application, we will try to take both
perspectives of customers and their counter stakeholders, such as the government, grid
owners, electricity suppliers, third party service providers. Both have different
motivations, requirements and benefits. The objective of residential customers is how
to reduce their overall consumption, and hopefully as a consequence, to see a reduction
in their billing cost, this may therefore contradict with the business goals. The business-
oriented stakeholders may be more interested on load control, where they want to match
demand with the available supply, instead of doing the opposite where supply is adapted
to the demand, and as a consequence, reduces overall plant and capital cost

requirements and also increases the system reliability.

Based on the behavioral change models and interventions discussed in section 2.4 , and
taking different electricity stakeholders perspective (consumers and utilities), a set of
system requirements are identified in the form of functional and non-functional

requirement.

4.1 Functional Requirement

Functional requirements are activities or functionalities that a system must be able to
perform. In this section, the basis for each functional requirement is from previous

literature study, and different stakeholders (consumers and utilities) requirements.

FR1: The application should provide real time feedback to monitor current power

consumption and immediate effect of actions.

FR2: The application should provide access to historical electric consumption with
multiple options, i.e., hourly, daily, weekly, monthly, yearly.

FR3: The application should provide different measurement units / frames (i.e., KWh,
KW, ILS, CO2, etc.).
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FR4: The application should provide self-comparison functionality, e.g., ability to

compare past period with current consumption data.

FR5: The application should provide self-other-comparison functionality, e.g.,
compare with average consumption of comparable households, defined standard house

consumption or neighbor house consumption.
FR6: The application should provide appliance-specific consumption monitoring.

FR7: The application should provide comparison of energy used by two or more

appliances during a certain period.

FR8: The application should display electricity prices in an appropriate way (i.e.,

Time_Of_Use prices, Real Time Pricing, etc.).

FR9: The application should provide the ability to remotely monitor and control

household devices (i.e., schedule time for later use).

FR10: The application should provide feedback about the most appropriate times to

operate devices.

FR11: The application should provide goal driven interfaces. Consumer or utility can
set a consumption goal for different time period (i.e., today, month, etc.).

FR12: The application should allow consumer to monitoring the progress of his goal,
e.g., feedback on how they are performing in relation to the goal, average amount of

energy KWh consumed / remained.

FR13: Real-time notifications including utility, event-driven and demand response
messages, e.g., receiving notifications about potential savings and need for reduction

by the utility.

FR14: The application should provide descriptive-plus-injunction messages.
(sad/happy faces).

FR15: The application should provide positive and negative reinforcement.

FR16: Make public commitments using social media (ex, Facebook).
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FR17: Providing tailored information relevant and applied to the household current

situation.

FR18: The application should provide consumption usage distribution across different

periods (off-peak, mid-peak, on-peak).

FR19: Information about the performance of the storage systems, such as the state of

charge.

FR20: Information about community or neighborhood level such as shared facilities,

wind turbine, or co-generator that provide electricity to the entire community.

FR21: Amount of energy used in different rooms or zone of the house for a certain

period.
FR22: The application should provide general savings tips.

FR23: The application should provide virtual rewards when environmentally target

behavior is achieved.
FR24: The application should provide personalized content for different audience.

FR25: The application should provide competition platform, where different

consumers can compete each other.

4.2 Non- functional Requirements

Non-functional requirements specify the system quality attributes, characteristics and
how the system should behave. Non-functional requirement is divided into three
categories: product, organizational, and external requirements. Below, we present the

most important classes of the non-functional requirements expected from the system:

NFR1: Usability: Since our application accounts for a wide spectrum of users
(educational levels, professions, etc..), and will be used on a daily basis for a long
period, it should be easy for them to install and use the application. SUS questionnaire

is used to test this quality attribute. The SUS score should be more than 80.3, as this
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score indicates that the system is best imaginable and provides a high level of usability

according to [72].

NFR2: Performance®: Since the app will monitor electricity and control home
appliances in real time, a response time of one second or less should be the minimum
time for the application to function properly, including internet connection speed, server
response time, etc. This time is based on Nielson study, where he defined that 1 second

is the time limit for the user's flow of thought to stay uninterrupted [75].

NFR3: Reliability®: since the app will have control features, no data should be lost

during the traffic, especially control data.

NFR4: Security®: power consumption data gathered by the app reveals a wealth of
information about individual customer's daily behavior, thus security and privacy are
vital. In our case, a secure system able to authenticate user connections to the system is
required. Also, communication with external systems, user's consumption data, logged

data and other privacy sensitive information should be kept secure.

NFR5: Availability®: The application should be available 24 hours a day. User should
be able to access the application and receive notification anytime anywhere as long as

the smartphone is up and running with available network connection.

NFR6: Storage®: the maximum of android APK file size is 50MB, thus, the application
should take up as little storage space as possible. However, this criterion is not a critical
issue, since all the storage and functions capabilities of the mobile app will be offloaded

to the cloud.

In this study, due to time constraints, we will evaluate only the Usability requirement,
which is of great significance when it comes to building an appealing energy
visualization tool that is used regularly for a long period by different ages, educational
levels, etc., and before time and money are invested in extended future behavioral

change evaluations.

9 Not explored in this thesis
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CHAPTER FIVE

System Architecture and Design

This chapter will describe the architecture, design of the mobile application that has
been developed based on the requirements from the previous chapter. It will start by
discussing the reasons beyond the choice of smartphone and android platform to work
with, then, it will describe the Android architecture in general and the specific
architecture of the proposed system. Finally, it will present various UML diagram

representations of the overall system and MCSG Metering application.

5.1 Why Smartphone Over Other Presentation Medium

In this section, we will discuss about some facts that persuaded us to choose mobile

computing over other mediums for realizing our proposed solution: [76] [77] [78]

1) Majority of people nowadays have smartphones.

- according to Ericsson Mobility Report, there are over 2.6 billion smartphone
users worldwide, this figure is expected to grow to 6.1 billion by 2020 [76] [77].

2) Smartphones is a powerful communication and persuasive tool that reach user

anywhere anytime.

- According to Google's report "Micro-moments": 87% always have their
smartphone at their side, day, and night and on average, people check their
phones 150 times per day and spend 177 minutes using them [76].

- Smartphones enable on-the-go delivery of any content via push notifications
that can grab user attention in anywhere and anytime.

- In November 2015 Pew Research Center report goes into more detail with
respect to weekly usage, citing 46% of respondents using one to five apps per
week, whereas only 35% use six to 10 [79].

3) Mobile phones are becoming a primary tool for accessing services over laptop and

PC

- According to StatCounter Global Stats finds that mobile and tablet devices

accounted for 51.3% of internet usage worldwide in October 2016 compared to
48.7% by desktop [78].
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In addition to the previous facts, providing a mobile service that is able to meet the
consumer’s needs in a different context, anywhere and anytime will provide the best
value to the user. Such a platform will enable energy consumers to priorities their

energy saving efforts on a continuous basis.

Thus, smartphones and mobile applications are definitely a candidate for the application
in this thesis.

5.2 Mobile Android

Since the main concentration is on the artifact itself (porotype), the choice of
application platform has been pragmatic. The choice fell on Android for the following

reason:

- According to a recent study International Data Corporation [80], Android has
dominated the smartphone market with a share of 86.8% in 2016 in comparison
with other platforms.

- Development tools are free.

- I had a previous experience with the platform and Android studio tool.

5.3 Android Architecture

Each android application consists of a primary building block called Activity. An
Activity takes care of creating a window on the screen and handles the interaction with
the user interface. Each Activity consists of two main files: A Java code file that handles
the interaction with user interface and an XML layout file that defines the layout to be
shown on the screen. In spite of multiple screens in our application, a single Activity is
used, this is done with the help of Fragments, where a part of the user interface in an
Activity is replaced each time. Fragments is used to better modularize the code, build
more sophisticated user interfaces for larger screens, and help scale the application
between small and large screens. A Fragment consists also of a Java file and XML
layout definition. It can be added as a part of Activity layout or programmatically inside
the activity java class. Though Activities and Fragments have their own life-cycles,
Fragment Lifecyle is dependent on its Activity, as illustrated in Figure 5.2 and Figure
5.1.
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Figure 5.2 Android Fragment life-cycle [109]

Every Application consists of AndroidManifest file. It names the Java package for the

application, describes the components of the applications (activities, services, broadcast

receivers and content providers), declares the permissions to access parts of APl and

interact with other applications, states the libraries linked to the application and

minimum level of Android API to work.

At the end, the Android build system compiles app resources and source code, and

packages them into APKs where you can test, deploy, sign, and distribute.
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5.4 General Architecture of the Overall System
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Figure 5.3 shows the basic architecture of the proposed system. Each house contains a

smart meter, mobile application, IHD, controllers, gateway and smart outlets (or smart

appliances). Consumption data produced by each house in a neighborhood is collected

through a concentrator via a local area network in a 15 minute or infrequently as daily,

and then forwarded via wide area network to the cloud for storage, management and

billing. Cloud architecture is used for the reasons mentioned in section 2.6.1. The major

components of this architecture are illustrated below:
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Utility End: Based on price-based-programs involved, utility sends price signals to
energy management agent inside CC Server to decide appropriate times to operate

devices.

Smart Meter: records consumption of electric energy in intervals of an hour or less
and communicates that information back to the CC server for monitoring, billing and
storage, as well as receiving a DR signal for pricing information from utility company

in almost real time.

Cloud Server: represents central nervous system for our architecture, it is a cloud
computing server which handles variety of functions, from authentication, sending
consumption data for monitoring, comparison and competition, pushing demand
response requests, sending general or tailored tips and handling home energy

management agent.

Smart Outlets: Smart Outlet reports appliance-specific power usage to CC Server for

energy monitoring, management, and storage.

Firebase cloud messaging: FCM is a cross-platform messaging solution that lets utility
deliver demand response request to client apps, providing a precious opportunity to drive user

reengagement and retention at no cost.

Mobile Application: requests consumption data from CC server for monitoring
consumption, comparison and completion. Also, it allows goal setting and monitoring,

setting preferences and scheduling devices.

IHD & Controller: Resides within house, it stores management/control information

received from CC Server, and enables monitor / control features.

Gateway: sends periodically appliance-specific data captured by smart outlet to CC
Server. A Two-way communication gateway enables utility to issue load-control signal

to remotely control household appliances through home controller.

Smart Appliance: an equipment that uses wireless technology to receive real time data

from controller to modulate their operation.
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55 Block Diagram of the Overall System

System components are shown in Figure 5.4. It displays where different information's
are retrieved from. As seen, the mobile app is very dependent on external data sources.
In addition, all the functionalities and storage are migrated to a server called "Cloud
Computing server"”, thus, the running cost of computation intensive functionalities are

reduced, and the storage capacity constraints of such resource limited devices are

overcome.
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Figure 5.4 System Components- Block Diagram
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5.6 UML Deployment Diagram of the Overall System

The main components of the total system are also represented using Deployment
diagrams in Figure 5.5. Deployment diagrams are used as to visualize the topology of
hardware used in system implementations and the software artifacts realized on them.
In this thesis, we dealed with four components: mobile application realized in the form
of XML layout files and java code, cloud server containg RESTful web services , a
MySQL database server, and Firebase cloud messaging connection servers provided by

Google, which take messages from the CC server and send them to a client app running

<<Device>> <<Device>> <<Device>>
Smart Meter IHD & Controller Smart Outlet
<<artifact>> <<artifact>> <<artifact>>
sendConsumptionData Monitor&ControlAgentjava sendConsumptionData
control Appliance
HTTP/JSON
<<Device>>
<<Device>> <<Device>> Mobile Application
Database Server VY Cloud ve'
<<artifact>>
<<artifact>> <<artifact>> HTTP/JSON MCSG Metering app
MySQL DB RESTWebServices.php (XMLIJAVA)
HTTP/JSON
HTTP/JSON
<<Device>> <<Device>>
Utility Server Firebase Cloud Messaging Server
<<artifact>> HTTP/JSON

<<artifact>>
sendPrice

sendNotifications

Figure 5.5 Deployment diagram of overall system

5.7 UML Sequence Diagram of the Overall System

Scenarios describe "sequences of interactions between objects and between processes”
[81]. In this section, we have created a typical scenario that the user may follow with
the application when he is encountered with a notification notifying him about a peak
usage in his home, and designed a corresponding sequence diagram that shows the
interaction between different actors within the system based on each client request. The

steps in the scenario are listed below and depicted in Figure 5.6.
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Peak usage scenario

e A mobile app notifies a user about a peak usage in his home.

e The user decided to check his hourly consumption for the whole day to get a general
overview about his consumption.

e He also decided to check appliance-specific consumption data to indicate which
appliance contribute to this peak usage.

e After some analysis, he discovered that the space heater was consuming more than
any other device during the past hour.

e S0, he decided to monitor its instantaneous power to determine if it was still turned
on.

e Through its real-time usage data, the space heater was still turned on, so he decided
to remotely control and turn it off using the app.

e The app afterward stated that the device was successfully turned off.

e At that moment, he decided to check the effect of his action on the total
instantaneous power (real time consumption) of his house.

e Indeed, it was reduced.
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Figure 5.6 Scenario based sequence diagram
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5.8 UML USE Case Diagram of Mobile App and CC Server

Use case diagram in Figure 5.7 shows a set of functions (use cases) that the mobile
application and cloud computing server should perform in collaboration with external
users of the system (actors). Each piece of functionality is marked with the functional
requirement to which it belongs®®.
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Figure 5.7 Use-case diagram of the proposed mobile app and CC server

10 Refer to chapter 4 for more information about functionalities mentioned in Figure 19.
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5.9 Hierarchical Structure of MCSG Metering Application

In this section, functionalities!! that the mobile application should perform are categorized hierarchically as shown in Figure 5.8.
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Progress Messages

]

Monthly

Figure 5.8 Hierarchical Structure of MCSG Metering Application

11 Refer to chapter 4 for more information about functionalities mentioned in Figure 20.
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5.10 UML Class Diagram for MCSG Metering Application

Class Diagram is a conceptual/domain modeling and detailed design modeling. Figure 5.9 describes the relationships between classes, objects,

attributes, and operations within our proposed system.
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Figure 5.9 UML Class Diagram for MCSG Metering Application
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5.11 Designing the User Interface

We have followed the User-Centered Design (UCD) process in the design of user
interface screens, utilizing a wide range of practices supporting UCD (focus groups
brainstorming, storyboarding, participatory design, rapid and iterative prototyping,
and end-user evaluation). At first, a workshop with a focus group of ten participants
(representative of anticipated users who are going to use the application, in addition to
a group of Ul designers) was held to explore different design solutions for the mobile
application. The participants' characteristics are summarized in Table 5.1. Using a
brainstorming method, we were inspired with a set of new, creative ideas for the design
of user interface screens. After a while, we managed to create different paper mock-ups
for each required feature in the application. Then, a storyboard was created, showing
the relation between user actions or inputs and system screens, as shown in Figure 5.10.
The formation of these screen representation into a sequence conveyed us with further
information regarding the possible structures, functionality and navigation choices
available. Taking participants feedback, the design was iteratively refined until the
scenario interactions were adequately captured and the participants felt comfortable
with what was achieved. A final paper mock-up is derived and served as the basis for
the actual implementation on the Android platform.

Characteristics of Ul Design
Participants
N (%) Highest level of
Age education
15-25 2 (20%) High school 2 (20%)
25-35 4  (40%) College 4  (40%)
35-45 2 (20%) University 3 (30%)
45-60 2 (20%) Graduate Degree 1 (10%)
Gender Has a smartphone
Male 6 (60%) No 0 (0%)
Female 4  (40%) Yes 10 (100%)
Profession Type of smartphone
Computer Engineer 2 (20%) Android 5 (100%)
Graphic Designer 1 (10%) IPONE 3 (30%)
Teacher 2 (20%) Windows Phone 2 (20%)
Salesman 1 (10%)
Secretary 1 (10%) Table 5.1 Characteristics of User Interface Design
Pharmacist 1 (10%) Participants
High School Student 1 (10%)
Unemployed 1 (10%)
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Figure 5.10 Storyboarding with different paper mockups that represent the user interfaces




CHAPTER SIX

Implementation

The development in this work has been done with what was possible with the time
frame and limited access to the systems of the grid owners and electricity suppliers.
Thus, a prototype with a set of functionalities rather than a full-functioning application
was developed. This chapter will describe how the MCSG Metering application was
implemented. First, the MCSG Metering app prototype will be described, afterword,
the external libraries used will be presented, and subsequently the specific application

implementation will be explained.

6.1 Prototype Description

The development process adopted an iterative prototyping, resulted in a number of

prototypes:
The first prototype? is composed of five sections:

1) Monitoring Usage: consumers can monitor home's energy or even home's
appliances in real time, and view their consumption history over hour, day,
week, month or year (refer to Figure 6.4, Figure 6.5 and Figure 6.6).

2) Compare Usage: consumers can see how efficient their home is compared to a
past period, e.g., last week, last month (refer to Figure 6.7 and Figure 6.8) or
to others, e.g., neighbors, friends, ... etc. (refer to Figure 6.9).

3) Electricity Pricing: View charts and data of electricity prices for different
tariff services, such as time-of-use and tiered pricing (refer to Figure 6.10).

4) Home Automation: consumers can access features of their home remotely via
the Internet (refer to Figure 6.11).

5) Goal Setting: consumers can set and monitor a consumption target (budget),

and be alerted when they are trending over it (refer to Figure 6.12).

The Final prototype implements additional features / sections to the previous one:

12 The first prototype is the one used in the usability evaluation.
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6) Estimation: consumers can see their estimated hourly/daily/monthly KWh
usage and money before it arrives (refer to Figure 6.13).

7) Public commitment: consumers can commit to conserve energy to the public
using social media, e.g., Facebook platform (refer to Figure 6.14).

8) Demand Response Requests: consumers are alerted with real-time demand
response notifications (refer to Figure 6.15).

9) Inbox Messaging: all messages from electric utility and demand response
requests are stored within the app for later preview. Consumer can also share

them to social media (refer to Figure 6.16).

6.2 External Libraries

The mobile application uses a set of libraries, both for dealing with communication
with external sources, and for user interface components, Appendix A.2 describes them

accordingly.

6.3 MCSG Metering Application Implementation

As mentioned in the prototype description section 6.1, our prototype provides nine
services to consumers. However, due to the system's complexity, huge implementation
code, and the time frame for submitting this thesis, not all implementation aspects are
covered and presented. Appendix A.3 discusses some important aspects regarding the
implementation of the MCSG Metering mobile application functionalities. Three

implementation phases will be discussed accordingly:

e Implementation phase one is found in Appendix A.3.1
e Implementation phase two is found in Appendix A.3.2

¢ Implementation phase three is found in Appendix A.3.3

6.4 Application Navigation

MCSG Metering app contains three main navigation components in order to provide

an easy access to all application screens:
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1) The NavigationDrawer expands from the left edge of the screen and overlays the
content area when the user swipes from left edge or touches the navigation drawer
indicator in the ActionBar. The main benefit of using it is that it allows users to
switch to the app's most important screens from anywhere in the app. In our
application, the NavigationDrawer shown in Figure 6.1 displays a list of nineteenth
navigation options, subdivided into 7 main sections, according to the main screens

mentioned in the next section.
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Figure 6.1 NavigationDrawer in MCSG Metering Application

2) Tabs provides an easy switch between sibling views on the same screen. In our
application, we used tabs to switch between energy and money chart

representations, as shown in Figure 6.2.
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Figure 6.2 Android Tabs in MCSG Metering Application
3) ActionBar contains a popup menu that displays a list of navigation options in a
vertical list, as shown in Figure 6.3.
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Figure 6.3 ActionBar Menu in MCSG Metering Application
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6.5 Main Application Screens

Applications’ Screens are all described in this section, along with the functional

requirements fulfilled by each screen.
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]
=
S Weekly XXX
S
c
2 Monthly XXX
]
(7]
Time-Of-Use X|X X g
(o
. 3
v Self- Daily X|X S
: )
g Self-Weekly X|X o
o >
. 3
3 o
= Self-Monthly XX
Rl
}:
n Norm- Compare X XX
§ = This Hour Price X
F| S 21
c|l & .C
ol ol &
2= Today's Prices X
&
ol ¢ ¢ o . .
| 3| €| 2| Monitor Device X|X| [X|X
Ol O] O
g wl <
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Schedule Device X XX
c Estimate
X 5 O X X
2 9% Wattage
ol 9 €
+ ‘sl B
8/ FI g | Estimate Bill X X
4
(V]
5= .
2 o Public X
3 £ | Commitment
vl S
(]
(7))
. " Utility/Event-
E o S
2 g| -8 |Driven /Demand
= § X|X|X
ol &l &
235 Response
a2 Requests
ol o
gl 3
Zl 3
el s Inbox XXX
o| 5
Tl o
v o
vl c

Table 6.1 Functional requirements fulfilled by each application's screen

As we can notice from Table 6.1, it was not feasible to implement all the
functional requirement specified in Chapter 4. First of all, it is not possible without a
full access to the JDECO Company's systems. Secondly, consumption values from
JDECO were anonymous, and a full implementation would require connecting to
specific consumers and present them their personal information. Thirdly, the
application would require access to smart equipment capable of communicating with

the application. Finally, for the reasons mentioned previously in this Chapter.

6.6 Application Screen Flow

The screen flow from the NavigationDrawer to the main screens is dispayed in Figure
6.4 till Figure 6.16, categorized by the sections intorduced in the prototye description
in6.1.
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Section One: Monitoring Usage

- Real Time interface (Functional Requirments : F1)

- Hourly usage interface: (Functional Requirments : F2, F3, F4)
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Figure 6.4 Real time and hourly usage interfaces
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- Daily and Weekly usage interfaces: (Functional Requirments : F2, F3, F4)
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Figure 6.5 Daily and weekly usage interfaces

68



- Monthly usage interfaces: (Functional Requirments : F2, F3, F4)
- Time-Of-Use usage: (Functional Requirments : F3, F4, F18)
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Figure 6.6 Monthly and time-of-use usage interfaces
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Section Two: Compare Usage

- Self-Comparison and Daily Usage Comparison interfaces: (Functional
Requirments: F3, F4)
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Figure 6.7 Self-comparison and daily usage comparison interfaces
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- Weekly Usage comparison and Monthly Usage comparison interfaces:
(Functional Requirments: F3, F4)
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Figure 6.8 Weekly usage comparison and monthly usage comparison interfaces
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- Normative Comparison interfaces: (Functional Requirments: F5, F14, F15)
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Figure 6.9 Normative comparison interfaces
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Section Three: Electricity Pricing

- This Hour Price and Today's Prices interfaces: (Functional Requirments:
F8)
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Figure 6.10 This-hour price and today's prices interfaces
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Section Four: Home Automation

- Monitor Device and Schedule Device interfaces: (Functional
Requirments: F3, F6, F7, F9, F10)
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Figure 6.11 Monitor device and schedule device interfaces
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Section Five: Goal Oriented

Set A Target and Monitor Target interfaces: (Functional Requirments: F11,

F12)
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Figure 6.12 Set a target and monitor target interfaces
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Section Six: Estimation / Tailored Information

- Estimate Wattage and Estimate Bill interfaces: (Functional
Requirments: F17)
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Figure 6.13 Estimate wattage and estimate bill interfaces
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- Section Seven: Others / Public Commitment (Functional Requirments:
F16)

@ il @15:04

© il @15:03

Home Automation = Public Commitment

Friends

b@ wEi: Facebook
R '

o= Monitor Device

E Schedule Device j

Goal Oriented

#save_energy

Daniel Committed to Conserve Energy
. Daniel committed to reduce 10% of his...

MCSG Metering App

@&  setAGoal

g Monitor Goal

save_entergy  save_energy save_ebert
Estimation Expand and enhance our conservation efforts and ~

DpEnooanan

q w e r t y u i o p

@ Estimate Wattage

- Reduce 10% of your electricity consumption in

- Estimate Bill comparison with previous month.

Others..
Commit Publicly to Conserve Energy

-
@) Public C: i Results will be shared after a month fram now

< O 0O m B8

© il @15:04

.'ﬁ What's on your mind?

B¢ Live 5 Photo ©Q Checkin

Al Sending..

W Daniel Vosguerichian
w .

#save_energy

Daniel Committed to Conserve Energy
Daniel committed to reduce 10% of his electricity...
fo.me

Figure 6.14 Public commitment interfaces
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Section Eight: Real-Time Notifications: Utility/Event-
Driven/Demand Response Messages (Functional requirements: F13)
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Figure 6.15 Demand response requests interfaces
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Section Nine: Inbox Messages (Functional requirements: F13)
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Figure 6.16 Messaging inbox interfaces
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CHAPTER SEVEN

Usability Results

This chapter present the evaluation of the MCSG Metering application. Since design
and development in this work have been done with what was possible with the time
frame and limited access to the systems of the grid owners and/or electricity suppliers,
hence the user evaluations investigate a prototype with a set of functionalities and
concepts rather than a full-functioning application in natural settings. The main goal for
the prototype evaluation is to measure its usability in terms of ease of use, ease of

learning, and resistance to errors.

7.1 Usability Testing Participants’ Characteristics

The usability testing involved seven participants (7 regular people from various
professions and educational levels; 4 males, 3 females; the majority of participants
owned a smartphone of Android operating system and uses their smartphones at least

on a daily basis. Table 7.1 summarizes participants' characteristics.

Participants' Characteristics
Highest level of
Age N (%) education
15-25 1 (14%) High school 2 (29%)
25-35 2 (29%) College 2 (40%)
35-45 2 (29%) University 2 (30%)
45-60 2 (29%) Graduate Degree 1 (10%)
Gender Has a smartphone
Male 4 (57%) No 0 (0%)
Female 3 (43%) Yes 7 (100%)
Profession Type of smartphone
Nurse 1  (14%) Android 7 (100%)
Teacher 1 (14%) IPONE 2 (29%)
Salesman 1 (14%) Windows Phone 1 (14%)
Secretary 1 (14%) Use smartphone
Carpenter 1 (14%) Daily 6 (86%)
Pharmacist 1  (14%) Weekly 1 (14%)
High School Student |1 (14%) Monthly 0 (0%)
Rarely 0 (0%)

Table 7.1 Usability Testing Participants' Characteristics
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7.2 Usability Test Execution

| have prepared sixteen task - scenarios (presented in Appendix B.2), including 19 main
tasks (presented in Appendix B.3) that represents the majority of intended functionality
from the first prototype. A task-scenario describes what the test user is trying to achieve
by providing some context and the necessary details to accomplish the goal, this is very
important to reduce the test's artificiality, making the conditions in which the usability
testing is performed more reasonable and realistic. One expert and seven regular
participants who passed the criteria mentioned in 3.3.5.1, have been recruited in the
first test session, with an intention to continuo usability testing iterations until we fulfill
the desired goals of usability testing.

In the first usability iteration, the same introduction about the system was read to each
participant. In order to evaluate each task independently and reduce familiarity or
learning curve effects caused by knowledge gained from previous tasks that can make
later tasks easier, participants asked to randomly choose a task from a pool of tasks.

Participants were continuously encouraged to "Think Aloud”, that is, simply
verbalizing their thoughts, feelings, opinions as they move through the user interface,
this can give us important qualitative data about their perceived usability of system. A
video recorded the participant's actions, workflow and their talks while performing
tasks during usability session.

After each task, a user was asked to fill a Single-Ease question (SEQ) to measure the
perceived usability satisfaction, and a small talk was conducted to get the suggestions
on how to improve the task (refer to Appendix B.4). At the end of the test, each
participant was asked to fill in SUS questionnaire mentioned in Appendix B.6, answer
some questions mentioned in Appendix B.5 and write their general comments about the

system.

Recorded video was replayed for each participant, performance metrics discussed

earlier with other qualitative data were noted and analyzed.

The steps followed in the usability testing is summarized in Figure 7.1.
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Figure 7.1 Usability Testing Execution

Our plan is to test the prototype in multiple iterations until we reach to an acceptable
usability results (performance objectives defined in 3.3.5.3). With the aid of participants
of usability session and based on their test outcomes, our ultimate goal is to make the
mobile application continuously better and more intuitive. Thus, ensuring that the user
has positive usage experience and satisfied with the ease of product.

Hint: All martials used in our usability testing are included in Appendix B.
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7.3 The Various Considered Measures

In each usability test, the following performance metrics were collected after each

performed task:

1) Success rate - If a user completed a task successfully or not.
2) User encountered errors per-scenario basis.
3) The time it takes for a user to complete a task.

4) Perceived usability of a task (Task-level Satisfaction).
in addition, the following qualitative data are collected:

1) Participant spoken or written feelings.

2) Problems encountered by the participants.
3) Comments/suggestions.

4) User preferences.

5) Answers to non — numerical questions.

6) Recorded difficulties faced by participants.
7) Facial and body expression during test.

8) Positive feedback which reflects aspects that worked well in a product.

7.4 Tasks' Performance Metrics Results

This section presents the quantitative results (test task results) from conducting
usability tests with seven regular participants and one expert user. The results are

plotted in (Figures 7.2 - Figure 7.4) and are analyzed in the next section.
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7.5 Usability Results Findings

Findings from test task results mentioned previously with the qualitative findings

regarding usability will be discussed in a clear and systematic way.

Task 2,3

Even though task two has 100% completion rate (Figure 7.2), it has received the most

error rate with high error frequencies (Figure 7.3).

Bar chart was not clickable, some participant kept clicking on same bar on the bar chart
more than five times, as if they want it to show something, some argued "I was hoping
that values would appear in a toast after clicking on the bar chart”. Observing the same
error repeated five times versus one time better describes the poor usage experience,

which creates significant delay and frustration.

In addition, the majority of participants were scrolling the interface downwards instead
of upwards as a first action after entering the interface.

Moreover, three users were confused with values above bars, "At first, I couldn’t figure
out what the values represent. It took me a considerable time to see the statement at the
bottom "Hourly consumption KWH", it was hardly seen and written in a small size, |

would recommend to mention KWH unit or money unit beside values™.

Most notable among the findings in this task was the realization that users’ subjective
satisfaction is at odds with performance metrics. Even with high error rate, most of
participants were fairly satisfied with the easiness of task with 78% average task
satisfaction (Figure 7.5), justifying their scores that the encountered problems have
minor effect on usability, but an enhancement would improve user experience

significantly.

Task 4,5

Task four received the third most error rate with an average of 0.84 (Figure 7.3), notable
finding here that errors encountered in this task had a direct relation with task failure,

with a result of 43% completion rate (Figure 7.2).
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While condensing all days in one small screen size can give a better visualization of
overall consumption in a month, this led to several human errors, such as slips caused
by the small space between values, i.e., users were trying to reference a specific point
on a chart, but unintentionally referenced another point due to narrow space between

daily points. More than 50% failed in this task by reading wrong values due to slips.

For more than 40% of participants, encountered slips created additional delay and
frustration for task completion, where it took more than one click to reference the right

point on the curve.

Slips in this situation can be considered as severe and serious usability problem that

cause a task failure and delay user significantly, and thus need to be addressed.

Since we cannot eliminate "flat fingers", such slips give us a good indication to reduce
the amount of data shown (i.e., showing some days in one view with an added
functionality like scrolling to view the remaining days, and increasing the size of

clickable points on the curve would prevent such unintended human errors.

Two participants mentioned that "adding additional chart showing daily data separately
(bar chart) would be an added value to the system™.

Also, some participants encountered errors related to tab swapping functionality in
android, i.e., while a chart in a zoom-in mode, users where frustrated and irritated by
the tab swapping functionality when their intention was to scroll the chart. They suggest
that while chart in zoom-in mode, the app should disable the Tab swapping.

Task7,8,1,11,19, 20

Tasks (7, 8 - Weekly Monitoring), (10, 11 — Monthly Monitoring), (19,20 — Monitor
Goal) received 100% completion rate (Figure 7.2), minimum or no error rate (Figure
7.3), and a very high task satisfaction above 90% (Figure 7.5). They justified their
scores on the basis of the fun, entertainment, interactivity and attractiveness an
animated chart brings. Many participants stated "Easiness of such an application comes

from the graphical representation in use, presenting consumption values with charts is
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very intuitive since our brains process visual information much faster than textual

information".

Task 14

Even though task fourteen received a very minimum error rate (Figure 7.3), most of
participants complained about the terminology used in main menu - "Your Tariff", they
argued that it was not clear, does not represent functionality in use, and even misleading
term. Some participants argued that they figured out how to complete the task from the
terms used in scenario, otherwise, they would fail, this could clarify the reason for high
completion rate (Figure 7.2). The majority had suggested the term "This hour price" as

a simple, obvious term that is easy to figure out for novice users.

Task 15

Task fifteen received same comments about the terminology used in main menu, but
this time it had a high impact on task failure and low completion rate (Figure 7.2), one
argued "I was confused by the terminology used in main item "TOU Rates", not clear
what it means! | think "Today prices" would be sufficient to reflect time-of-use prices
for today and would be very clear to figure out, especially by novice user who does not
have any knowledge about Time_Of_Use concepts and abbreviations".

The same slips encountered in task four were observed here, it is pretty clear that charts
with condensed data should be expanded on multiple views by adding scrolling

functionalities.

Task 9,6

Task 9, 6, received low completion rate (Figure 7.2), low task satisfaction (Figure 7.5),
majority of participants complained about location of menu item, they were hidden and
difficult for first time users to figure its place, some managed to complete the task by
the previous knowledge gained from previous tasks, they argued that comparison

functionalities should be contained in a separate menu section called "Compare".
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Task 18

Even though majority of participant completed the task successfully (Figure 7.2), task
satisfaction was 71% (Figure 7.5), most users waited a considerable time after the task
completion, they said "What's Next!". Some users were clicking multiple times on "set
target” button waiting for an action. They suggested that a feedback should appear
telling them that they have successfully completed the task, or monitoring interface

should appear.

Task 17

Received the lowest completion rate 14% (Figure 7.2), second highest error rate 0.89
(Figure 7.3), and lowest task satisfaction (Figure 7.5). One notable finding was with the
workflow they followed to perform their task which was totally different than intended

workflow by the application developer.

Even though most users reached to the right interface, most users started by clicking on
the "ON-OFF switch™ button, some have clicked it more than five times before
discovering the schedule link. After setting a time to a device schedule, most user didn’t
finalize their task by turning the switch button ON and though that the task was finished.
Our goal in the next prototype is to follow user's workflow to handle the task and see

how this approach will prevent errors and user confusion.

In addition, there were minor usability issues with the application, i.e., small text and
value size, small space between bars, some axis titles and chart legends were missing,
axis values were continuously changing based on the represented data, and thus, there

is no fixed reference values for accurate comparison.

Figure 7.4 shows the descriptive result of the average time taken for tasks completion
by expert and novice users. The majority of tasks showed comparable results which
assures the easiness of those tasks. An exception goes to tasks 4, 5, 6, 9, 14, 15, 16, 17

for the reasons mentioned in the previous discussion.
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7.6 SUS Findings

Our usability testing was designed with an SUS feedback at the end of each session.

The results in Table 7.2 were evaluated and calculated using the SUS scoring scale

described in Appendix B.7. The Participants scored our interactive application as 84.6,

according to the ranking grade of SUS score, our system gets an A, an excellent result

but with potential of improvement.

going with this system.

Strongly Strongly
Disagree Agree
1 5
1. | I'think that I would like to use this system .
frequently.
2. .
| found the system unnecessarily complex. 4
3.
| thought the system was easy to use. 4
4. | 1think that | would need the support of a technical .
person to be able to use this system.
5. | | found the various functions in this system were 3
well integrated.
6. | | thought there was too much inconsistency in this A
system.
7. | I'would imagine that most people would learn to 3
use this system very quickly.
8.
I found the system very cumbersome to use. 6
9. . .
| felt very confident using the system. 6
10. | | needed to learn a lot of things before | could get )

Table 7.2 Cumulative SUS results

Major findings from SUS:

person to be able to use this system.
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2- 86% strongly disagree that the system is very cumbersome to use.

1- 86% of participant strongly agree or agreed that the system was ease to use.

3- 86% strongly disagree or disagree that they need the support of a technical



4- 86% of participant strongly disagree or disagree to the statement 10, with a
notice that people should have the basic knowledge on Time-of-use concepts
and terms in order to efficiently use the system, since this application will be
used by a wide spectrum of people. They suggested hints to be introduced in the
system illustrating TOU terms "on-peak, mid-peak and off-peak".

5- 86% strongly agree or agree that most people would learn to use this system
very quickly.

6- 71% strongly agree or agree that various functions in this system were well
integrated.

7- 100% strongly agree or agree that they are very confident using this system.

8- 86% strongly agree or agree that they would like to use this system frequently.
Most participant argued that such an easy to use mobile application with the
provided functionality will indeed increase consumption awareness and
motivate consumers behavioral change (reduce their usage or shift to off-peak
demand), also electricity will be more fun, engaging and a rewarding process. "
For the first time in my life, | can monitor my electricity usage, which let me
take smart decisions to reduce my consumption, and thus reduce my bills. Since
I am environment-friendly person, | can now monitor the best time to turn on
my devices".

9- 57% strongly disagree and 43% disagree that there was too much inconsistency
in this system.

10- Results by the statements (4, 7, 10) confirm that the non-functional requirement
"Learnability" is fulfilled by the application.

11- Results by the statements (3, 8) confirm that the non-functional requirement

"Usability" is fulfilled by the application.

7.7 Final Remarks

Based on the previous results, the following tasks (2, 3, 4, 5, 6, 9, 12, 13, 14, 15, 16,
17) failed to fulfill the performance objectives mentioned in 3.3.5.3, and were chosen

for a second usability iteration.

In this aspect, while all the stated functionalities are modified based on the previous
usability testing results, we were totally satisfied with the achievements from the first
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usability testing within this thesis scope, with the aim to hold further usability iterations
for future work. However, the same participants of previous usability testing were
shown the new version of the MCSG Metering application and a feedback has been

recorded and analyzed.

In this stage, participants have expressed a positive feedback about the updated system

design and usability, some of their feedback are included here:

- Transparent menu - menu items made the navigation very easy and intuitive. Menu
items are simple, user friendly, obvious and easy to figure out. All Related items
where categorized well.

- Context indication - I always know where | am all the time (navigational feedback).

- Presentation of values with charts is very intuitive since our brains process visual
information much faster than a textual information.

- Consistent look and feel across interfaces.

- Familiarity and consistency of design reduced my learning curve to effectively use
the application.

- Interactive design and animation made the app experience more engaging and
dynamic.

- Simple and clean design constructed seamless experience.
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CHAPTER EIGHT

Discussion and Conclusion

The research has been guided by two major questions:

e What motivates energy consumption behavior?
e And what kind of information needed in a mobile environment to motivate behavioral

change towards sustainability?

Human behavior and behavioral change models introduced in chapter 2 were necessary
to understand the theoretical underpinnings of energy use behavior, and advance our
knowledge of how to build a technology based solutions that promotes sustainability.
The discovered motivations behind energy behavior are several and diverse, they totally

fit the majority of people who are interested and motivated by different things.

In this study, we took both perspectives of customers and their counter stakeholders,
such as grid owners and electricity suppliers when we built the mobile application. Both
provided us with different motivations and requirements. This diversity in requirements
has led in contradiction in some aspects, for example, the objective of residential
customers is how to reduce their overall consumption in order to see a reduction in their
billing cost, while the business-oriented stakeholders may be more interested on load
control, where they want to match demand with the available supply. Thus, it is difficult
to build an application that fits all.

The proposed MCSG Metering application was implemented to fulfill these
motivations and needs. The mobile application provides different levels of detail and
timeliness of information, from a real-time information to patterns over a longer period
of time, thus, succeeding to achieve consumers desire to have an intelligent system that

provides oversight, predictability and raise awareness of electricity consumption.

The advantage of MCSG Metering application is that it was built on a purely scientific
basis in term of promoting behavioral change towards pro- environmental behaviour,
in contrast to the In-Home-Displays (IHD) available in market, that are built on a

commercial basis only, and where some of them has been scientifically proven to yield
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an increase in the consumption pattern, a concept called boomering effects or take-back

effects.

Since the MCSG Metering application has been introduced to deal with diverse users
as possible, as people of all genders, educational levels, professions are expected to use
it, the application has been tested in regards to its usability. With seven regular test
users and one expert user, remarkable findings has been discovered in the first iteration
of usability testing that led to further improvement. Within the thesis scope, we were
satisfied with what was achieved from the first iteration and hold further usability
iterations for future work, however, the second prototype has received very good
feedback, the majority of test users were very positive towards using such system and
excited that the technology will benefit them in the real life. Almost all of the
functionalities were appreciated by one or more participants, but other requirements

have been suggested along the way.

94



CHAPTER NINE

Future Work

There are many directions for future work, stated here briefly.

First Plan: to execute a second usability iteration for the tasks that failed to succeed

the following performance objectives:

e Task level satisfaction above 80%.
e Average error rate below 0.5.
e Completion rate above 80%.

e Time based novice efficiency above 60% of time based expert efficiency.

The goal is to address the following question: Are the problems identified in the

previous iteration of testing are still encountered in this iteration?

Second Plan: to investigate the adoption and acceptance of the proposed mobile
application. Acceptance testing can be conducted using two approaches, qualitative or
quantitative method. The quantitative study can be conducted using a validated
measurement instrument proposed in [82], which is a questionnaire consisting of

questions related to each of the six constructs in the Mobile Acceptance Testing Model.

Third Plan: to examine the following interventions (real time feedback, historical
feedback, self-comparison, normative-comparison, electricity prices, tailored
information, demand response notification, group and individual goal setting, public
commitment, automation, etc.) implemented in MCSG Metering mobile application
(individually or in combination) through a field study on a large number of participants,
if they would result in:

e Change in energy related behaviors
e Change in energy use.
e Change in knowledge and attitude.

e Long term effectiveness "habit formation".

Our primary focus also is to clarify the extent to which this impact is based on the

design and whether mobility of the device impact its overall effectiveness.
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APPENDIX A

Technical Implementation

This section describes in more detail the implementation aspects of MCSG Metering

application.

A.1 Server-Side Web Services

For the mobile app to be able to extract data from remote servers, a web service has to
be developed. The direct integration of the smart electricity meter to the web eases the
development of applications and prototypes on top of the smart electricity meter. As
described by the World Wide Web consortium, web service is a software system that
provides a standard means of interoperating between software applications running on
a variety of platforms and frameworks. Amongst Web Services available, the two most
favored architectures are Simple Object Access Protocol (SOAP) and Representational
State Transfer (REST) web services. In this section, we compare both architecture in

order to reach a discussion of which one is suitable in our case.

A.1.1 SOAP Web Services

SOAP is a standard protocol to create web services, it is a protocol for exchange of
information in a decentralized, distributed environment. SOAP is an object-oriented
technology that codifies the use of XML as an encoding scheme for request and
response parameters using HTTP as a means for transport for exchanging information

between computers [83] .

An important aspect of SOAP Web Services is WSDL, stands for Web Service
Description Language, an XML file that describes the technicality of how to implement
a SOAP web service, including URI of web-services server, functions available,
parameters and return type, etc. SOAP web services are hard to maintain as if we do
any changes in WSDL, we need to create client stub again. SOAP requires more

bandwidth and resources as it uses XML messages to exchange information [84] [85].
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A.1.2 RESTful Web Services
REST [86] [87] [88] is an architecture style for designing networked applications. It

relies on a stateless, client-server, cacheable communications protocol that uses HTTP

protocol. Features of REST that make it unique from other Web services are:

1. Unique URL mapping: every resource is mapped to a unique URI, where a
resource could be a data or functionality.

2. Stateless architecture: the server does not store data from client requests,
which means the necessary state to handle the request is contained within the
client’s request itself, whether as part of the URI, query-string parameters, body,
or headers. This allows us to balance the load across multiple servers which, if
done correctly can negate any network performance issues.

3. Limited action verbs: REST uses the four verbs GET, POST, PUT and
DELETE for all its communication and resource handling (post data (create
and/or update), read data (e.g., make queries), and delete data, so it is
lightweight and simple alternative to the complex mechanisms or protocols used
in CORBA, RPC or SOAP.

4. Standard data exchange formats: XML and JSON (JavaScript Object
Notation) are common structural forms to accomplish cross-platform and cross
application solutions to meet a variety of use cases.

5. Less Message Overhead: Using SOAP technology, the request and response
will be embedded as the "payload” inside a SOAP message, thus adds additional
overhead on processing and consumes a lot of bandwidth. Unlike SOAP, REST
sends Recourse URL to the server using a simpler HTTP method request, and
the HTTP reply will be the raw result data - not encapsulated in a header or
envelope, just the data you need directly, REST is particularly useful for
limited-bandwidth devices.
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Figure A.1 Rest and SOAP web services

A.1.3 RESTful is Preferred Over SOAP

Since our application does not require the server to maintain the client’s state during
the transaction, as each and every request to the server would be complete and
independent of each other, and since a lightweight protocol is needed, as we are dealing
with a resource constraint mobile devices. Rest is definitely a candidate for the
application in this thesis.

A.1.4 JSON is Preferred Over XML

JSON and XML are language independent data interchange formats. However, JSON
is the candidate within the context of this thesis for the following reasons [89]:

e JSON syntax is lightweight and definitely less verbose than XML.

e XML is comparatively heavy weight with all of its start -end tags and a tree
structure for representing the data. When it comes down to pure byte size, JSON
can represent the same data as XML using fewer characters.

e JSON parsing is faster; XML parser software is slow and cumbersome, JSON
is estimated to parse up to one hundred times faster than XML in modern
browsers.

e JSON's structure is intuitive, making it easy to read and map directly to domain

objects in whatever programming language is being used.

106



A.2 External Libraries

The mobile application uses a set of libraries, both for dealing with communication
with external sources, and for user interface components, this section describes them

accordingly.

A.2.1  Firebase

Firebase is a mobile platform made up of complementary free features that help mobile

developers to build their apps. Firebase supports working across platforms with APIs
packaged into single SDKSs for iOS, Android, JavaScript and C++. Figure A.2 illustrates
tools offered by Firebase mobile platform [90].
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Figure A.2 Firebase mobile platform features [90].

Firebase Cloud Messaging (FCM) isarelevant .
=
feature that is implemented in our mobile - =

solution. FCM is a cross-platform messaging . C m

solution that lets developers reliably deliver

o ] Notifications Console GUI App Server
notification messages or data messages to client \ /
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capability of FCM s its ability to distribute Cloud Messaging

messages to client app in any of three ways — to l
single devices, to groups of devices, or to devices
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that interacts with FCM via HTTP or XAMP

Figure A.3 Firebase Cloud Messaging Implementation [91]
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protocol, and a client app. An app server or the Notification console are two ways to

compose and send messages to the app client [91].
We may need the following credentials for FCM implementation to work [92]:

Sender ID: A unique numerical value created when we create a Firebase project. The
sender ID is used to identify each app server that can send messages to the client app.

Server key: A key that authorizes an app server for access to Google services.

Registration token: A secret ID generated by the FCM SDK for each client app
instance.

A.2.2 MPAnNdroidChart

MPAnNdroidChart is an open source charting library for creating charts in Android
applications. The API provides many chart types (Line chart, bar chart, pie chart, scatter
chart, candle stick chart, bubble chart, Radar chart, ... etc.) that are highly customizable,
interactive, and easy to create. Figure A.4 illustrates different chart types from this
library [93].
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Figure A.4 MPAndroidChart charts [93]
A.2.3 Volley

Volley isan HTTP library that makes networking easier, reliable and faster for Android
apps. Volley is a replacement of typically used tools that are filled with known issues
and bugs, such as java.net.HttpURLConnection and the Apache org.apache.http.client
. Some of the benefits offered by Volley Library: multiple concurrent network

connections. Transparent disk and memory response caching with standard
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HTTP cache coherence. Automatic scheduling of network requests, debugging and

tracing too, powerful customization ability, etc. [94] [95]
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Figure A.5 How Volley Library Works [95]

A.2.4 DecoView

DecoView is a library that enables creation of configurable, animated circular charts in
Android apps [96].

A.25 Facebook SDK for Android

It enables us to integrate our Android app with Facebook’s platform. The SDK provides
support for Login with Facebook authentication, sharing content to Facebook API, App
links, Graph API, App Invites, and further interesting services [97]. We have used the

following services in our app:

App linking: App links is an open standard to deep link to content in mobile app. When
the Facebook app comes across a link that supports App Links, it will launch the mobile
app version with the right information so the content can be seen immediately and
quickly. If the person doesn't have the app installed, they will be redirected to the app's
Google Play listing page to download the app. App links enhances user experience and

drives traffic and app installs [98].

Sharing: It enables sharing contents from an Android app to Facebook Timeline.
Content includes the following: links, photos, videos, multimedia, Open Graph stories,
etc. [99].
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A.3 Application Code
A.3.1 Implementation Phase One

In this part, steps that the client app follows when performing a specific functionality
in it (monitoring daily consumption) and interaction with server-side REST API will

be explained in a clear and systematic way using snipped code.

Adding Manifest.xml

For the android client to be able to communicate to a remote server, one needs an

essential addition to the File, AndroidManifest.xml present in the Android project.
<uses-permission android:name=""android.permission.INTERNET"" />

The URL of Web Service Definition
private String URL_FEED = ""http://mobile.SGmetering.ps/mcsg-metering/index.php?*;

Passing Parameters through URL

The client app pass some parameters to the web server based on the client request,

include: monitoring period, month and year for the required consumption data.

else if(item_type.equals(**daily)){

month= bundle.getInt(**'month_Picked");
year= bundle.getInt(*'year_Picked");

params.put(*'tag", ""dailymonitor"’);

params.put(**month™,Integer.toString(month));
params.put(*'year",Integer.toString(year));

}
Volley Request

The client app uses an jsObjRequest object to call the remote Web Service. This
practice is functionally equivalent to running a background thread without blocking the
main Android Ul thread. The Volley class is responsible for establishing the
asynchronous HTTP client-server exchange. In our work, an HTTP POST operation is

invoked using the URL mentioned earlier.

/I making fresh volley request and getting json
CustomRequest jsObjRequest = new CustomRequest(Request.Method.POST, URL_FEED, params, new
Response.Listener<JSONObject>() {

@Override

public void onResponse(JSONObject response) {
VolleyLog.d(*'"Response’, "'Response: ' + response.toString());
if (response != null) {
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pDialog.dismiss();
parseJsonFeed(response);}

Monitoring Daily Consumption REST Web Service

The invoked PHP method extracts its result from a MySql database (Figure A.6) based
on passed parameters, calculates daily consumption in KWh and cost, and finally send

an encoded JSON response to the Client app.

else if ($tag == 'dailymonitor’) {

$month = $_POST['month"]¢ // retrieves passed month value

$year =$_POST['year]¢ // retrieves passed year value
$total=0¢ /I total energy consumed
$response[“ldailymonitor”] = array¢() /[ creates array to store KWh and money values

$rows = array()
$daynumber = 1¢
$i=0¢
$count=0¢
mysql_query('SET CHARACTER SET utf8') ¢

$monitor = mysql_query("SELECT * FROM "Rahbt” WHERE "Date™ LIKE CONCAT("$month’,/%") AND
"Date” LIKE CONCAT('%/",'$year’,'%") AND "Name = 'SP100302308™) ¢ // MySQL query retrieves the
required data

if ($monitor) {
while($p = mysql_fetch_assoc($monitor)) { /I fetches one raw at a time from retrieved table
$rows["HourlyUsage"] = $p[""HourlyUsage"]¢
$total = $total + $rows["HourlyUsage"]¢ /I calculate total energy consumed
if($count == 0 || $count % 24 = 0){

$rows["day" .strval($daynumber)]= $rows["day".strval($daynumber)] + $rows["HourlyUsage"]¢
/I calculate daily consumption (summation of hours - KWh) }

else {

$rows["mday".strval($daynumber)]= $rows["day".strval($daynumber)] *0.49¢// calculates daily bill

array_push($response["ldailymonitor™], $rows)¢

$daynumber-++¢

Srows["'day".strval($daynumber)]= $rows["day" .strval($daynumber)] + $rows["'HourlyUsage"] ¢}

$month= $month+1¢}

$response["total"] = $total¢

$response["success"] = 1¢

echo json_encode($response);} // sends JSON representation of $response array to the mobile client
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Consumption Data stored in MySQL Database

[7] Server: localhost:3306 » ) Database: mobileva mobiled » [ Table: Rahbt

php
oD 39 ¢

(Recent tables) ...

Browse ¥ Structure L] SQL 4 Search #¢ Insert [ Export |s} Import J* Operations & Triggers

This table does not contain a unique column. Grid edit, checkbox, Edit, Copy and Delete features are not available.

T* information_schema

B35 movheva & Showing rows 0 - 29 (690510 total, Query took 0.0007 sec)
I# mobileva_jos1
= mobileva_mobiled

o New SELECT *

-] devices FROM 'Rahbt

:+ employe LIMIT O, 30

+-_| gemusers

- 7) PageNews Proflling [ Inline ] [ Edit] [ Explain SOL ][ Create PHP Code ] [ Refresh |

+- | Rahbt

8- reqlst_studenls Show: Startrow: |30 Number of rows; 30 Headers every | 100 rows

-:p table_course

i users + Options
Barcode Name Date Total HourlyUsage
2147483647 | SP100302308 6/15/2015 12:00:00 AM | 463,36 o
2147483647 SP100302308 6/15/2015 1:00:00 AM | 446346 01
2147483647 | SP100302308 6/15/2015 2:00:00 AM | 4463.55 0.09
2147483647 SP100302308 6/15/2015 3:00:00 AM | 4463.63 0.08
2147483647 SP100302308 6/15/2015 4:00:00 AM | 463,72 0.09
2147483647 SP100302308 6/15/2015 5:00:00 AM | 4463.8 0.08
2147483647 SP100302308 6/15/2015 6:00:00 AM | 4463.89 0.09
2147483647 SP100302308 6/15/2015 7:00:00 AM | 4463.98 0.09
2147483647 SP100302308 6/15/2015 8:00:00 AM | 4464.37 0.39
2147483647 SP100302308 6/15/2015 9:00:00 AM  4464.69 0.32
2147483647 SP100302308 6/15/2015 10:00:00 AM | 446495 0.26
2147483647 SP100302308 6/15/2015 11:00:00 AM | 4466.47 1.52
2147483647 SP100302308 6/15/2015 12:00:00 PM | 446788 1.41

Figure A.6 Hourly consumption stored in MySQL database

HTTP Response (JSON Object):
To test HTTP Response in our case, the log running apps in Android Studio would be

an option, however, this approach has several drawbacks, it is time-consuming, since
in order to run a query one needs to interact with Ul, fill forms, etc., in addition, log
output format is usually unreadable and extra work is required to improve data
representation. Postman REST Client is a Chrome extension, an HTTP client for testing
web services. This extension allows us to examine server-side development apart from
client side in an easy, user friendly way.

Figure A.7 shows the Postman request and response viewers for an HTTP Request

mentioned earlier.

Builder

e HTTP Method Web Service URL
POST hutpi//mobile.vaca-ps.org/learn2crack_login_api/index.php P send - BTN
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Figure A.7 HTTP request in Postman REST Client Chrome extention



Parsing JSON Response

The client app afterwards collects the JSON response string and decodes it into a Java
Array using the JSON parser libraries.

_private void parseJsonFeed(JSONObject response) {

else if (item_type.equals(**daily")){

energy_values = new float[31];
money_values = new float[31];

totalE= (float)response.getDouble(**total™);
totalM = totalE * (float)0.49;

JSONArray feedArray = response.getJSONArray(*'Idailymonitor);

for (inti=0; i < feedArray.length()&& i!=31 ; i++) {
JSONODbject feedObj = (JSONObject) feedArray.get(i);

Log.d(*'day""+ (i+1), Float.toString((float) feedObj.getDouble(**day"'+ (i+1))));
Log.d("*'mday""+ (i+1), Float.toString((float) feedObj.getDouble(**'mday*+ (i+1))));
energy_values [i]= (float) feedObj.getDouble(*'day"'+ (i+1));

money_values [i]= (float) feedObj.getDouble(**mday"'+ (i+1));

Drawing Chart

Once JSON response is decoded, the application draws a line chart to represent retrieved data.
In order to do so, we have created an XML file containing line chart widget provided by
MPAndroidChart library mentioned in 0.

<com.github.daniel.charting.charts.LineChart
android:id=""@+id/chart2"
android:layout_width=""match_parent"
android:layout_height=""match_parent"
android:layout_gravity=""right"
/>

The KWh and cost data are drawn on the Ul using the following code in Java.

private void drawChart(int count, float values[]) {

ArrayList<String> xVals = new ArrayList<String>();
for (inti=1;i<=count; i++) {
xVals.add((i) + **"); // add x-Axis values

ArrayList<Entry> yVals = new ArrayList<Entry>();
for (inti=0; i < values.length; i++) {
float val = values[i];
yVals.add(new Entry(val, i));  // add y-Axis values
}
/I create a dataset and give it a type
LineDataSet setl = new LineDataSet(yVals, Main.mMonthes[Main.month-1]);

setl.setCircleColor(Color.BLACK);
setl.setLineWidth(2f);
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setl.setCircleSize(5f);
setl.setDrawCircleHole(true);
setl.setDrawCubic(true);
setl.setValueTextSize(10f);
setl.setFillAlpha(90);
setl.setDrawCircles(true);
setl.setDrawValues(true);
setl.setDrawCubic(true);
setl.setFillAlpha(65);
setl.setDrawFilled(false);

if(type.contentEquals(**energy**)){
setl.setColor(Color.RED);

}

else{
setl.setValueFormatter(new MyValueFormatter1(**money"));
setl.setColor(ColorTemplate. PASTEL_COLORS[1)]);

}

ArrayList<lLineDataSet> dataSets = new ArrayList<lLineDataSet>();
dataSets.add(set1); // add the datasets

/I create a data object with the datasets
LineData data = new LineData(xVals, dataSets);

// set data (pass data to the chart)

mChart.setScaleMinima(4f, 1f);
mChart.setData(data);}

The whole procedure can be summarized through Figure A.8.
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Figure A.8 Requesting consumption data using REST web service
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A.3.2 Implementation Phase Two

In this part, steps that the client app follows when registering with Firebase Cloud
Messaging and when receiving notifications will be explained in a clear and systematic

way.

Adding Manifest.xml

For the android client to be able to receive registration tokens and notifications from
FCM server, one needs an essential addition to the AndroidManifest.xml file present in

the Android project.

<service android:name="".MyFirebaseMessagingService'>
<intent-filter>
<action android:name=""com.google.firebase. MESSAGING_EVENT"/>
</intent-filter>
</service>
<service android:name="".FirebaselDService''>
<intent-filter>
<action android:name=""com.google.firebase.INSTANCE_ID_EVENT"/>
</intent-filter>
</service>

Reqister with FCM

On initial startup of the app, the FCM SDK generates a registration token for the

client app instance.

Store token in a remote server

When the client app register with Firebase, FCM SDK generates a registration token
for the client app instance. The onTokenRefresh callback fires whenever a new token

is generated. In our case, we store the token in a remote server for later use.

@Override

public void onTokenRefresh() {
/I Get updated InstancelD token.
String refreshedToken = Firebaselnstanceld.getlnstance().getToken();
Log.d(""Token™, ""Refreshed token: ™ + refreshedToken);

/I TODO: Implement this method to send any registration to your app's servers.
storeToken(refreshedToken);// store token in device's local database
sendRegistrationToServer(refreshedToken);// store token on our sever

}

private void sendRegistrationToServer( String token) {

/I making fresh volley request and getting json

CustomRequest jsObjRequest = new CustomRequest(Request.Method.POST, URL_REGISTER_DEVICE,
params, new Response.Listener<JSONObject>() {

@Override
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public void onResponse(JSONObject response) {
if (response !'=null) {
try {
Toast.makeText(FirebaselDService.this, response.getString(**message™),
Toast. LENGTH_LONG).show();
} catch (JSONException e) {
e.printStackTrace();
}
1

Restful web service that stores tokens in MySQL database:

The invoked PHP method stores the received token in MySql database, as shown in
Figure A.9.

/[storing token in database
public function registerDevice($esiid,$token){
if(1$this->isEmailExist($email)){
$stmt = $this->con->prepare("INSERT INTO devices (esiid, token) VALUES (?,?) ");
$stmt->bind_param("ss”,$esiid,$token);
if($stmt->execute())
return O; //return O means success
return 1; //return 1 means failure
Yelse{
return 2; //returning 2 means ESI id already exist
}
}

[l Server: localhost:3306 » ) Database: mobileva_mobiled » [ Table: gcmusers

Browse # Structure || SQL . Search #¢ Insert [w Export |=} Import Operations Triggers

»" Showing rows 0 - 0 (1 total, Query took 0.0095 sec)

SELECT *
FROM "gcmusers’
LIMIT O, 30
Profiling [ Inline ] [ Edit ] [ Explain SQL ] [ Create PHP Code ] [ Refresh |
Show: Startrow: 0 Number of rows: | 30 Headers every 100 ows
+ Options
— T ¥ id emailid gemregid

&7 Edit § Copy @ Delete 11 daniel | dLTVDmsZFgc:APA91bGoyHQ_fPn-LrASE-CoréqWdeChA_janA

t Check Al With selected: 7 Change @ Delete ws Export

Show : Startrow: 0 Number of rows: 30 Headers every 100 rows

Query results operations

(& Printview & Print view (with full texts) 3 Export gl Display chart [¥] Create view

Figure A.9 FCM tokens stored in MySQL database

Push notifications to clients apps

To send a notification to a specific device or a group of devices, one way is to use FCM
Notifications Console or to use a customized webpage in our web server.

Figure A.10 shows the FCM Notification Console for pushing notifications on client

apps.
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D  Analytics

Authentication

Message text
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Test Lab Message label (cpticnal) @

Crash Reparting Peak Energy Event Tomorrew

B nNotifications Send Now -

@  Dynamic Links Target

®) usersegment () Topic () Single device

App = com.example.daniel.myapplication - AN

Figure A.10 FCM Notification Console

However, in our case, we have implement a restful web service that handles sending

notifications to client apps:

if(3_SERVER['REQUEST_METHOD']=="POST"){

[Iretrieving the required parameters

if(isset($_POST[title']) and isset($_POST['message]) and isset($_POST['email'])){
/lcreating a new push

$push = null;

[ffirst check if the push has an image with it

if(isset($_POST['image)){

$push = new Push($_POSTT[title], $_POST['message'], $_POST['imageT );
$db->registerNews($_POST['image’], $_POST['title'],$_POST['message); }
else{

/[if the push don't have an image give null in place of image

$push = new Push( $_POSTT'title’], $_POST['message’], null );}

/lgetting the push from push object

$mPushNotification = $push->getPush();

/lgetting the token from database object

$devicetoken = $db->getTokenByEmail($_POST['esiid’]);

/lcreating firebase class object

S$firebase = new Firebase();

/Isending push notification and displaying result

echo $firebase->send($devicetoken, $mPushNotification);
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Yelse{
$response['error]=true;

$response['message’]="Parameters missing'’; }

Yelse{
$response['error]=true;
$response['message']="Invalid request';}

echo json_encode($response);

A.3.3 Implementation Phase Three

In this part, we will illustrate the implementation of public commitment functionality.
A feature that allow users to commit conserving electricity in front of public using

social media, especially Facebook platform.

Create Fragment and implement android Facebook share button into it

An XML file containing a fragment is created, the fragment consists of ShareButton

widget, provided by Facebook SDK, and a TextView explaining the idea to the users.

<LinearLayout xmlIns:android=""http://schemas.android.com/apk/res/android"’
xmins:app=""http://schemas.android.com/apk/res-auto"
android:orientation=""vertical'* android:layout_width=""match_parent"
android:weightSum=""1"">

<TextView
android:text="" Expand and enhance our conservation efforts and participate with us to save
energy.
\n - Reduce 10% of your electricity consumption in comparison with previous month."
android:layout_width=""match_parent"
android:layout_height=""wrap_content™
android:id="@+id/textView50""
/>

<com.facebook.share.widget.ShareButton
android:text=""Commit Publicly to Conserve Energy"’
android:layout_width=""match_parent"
android:layout_height="'wrap_content"
android:id="@+id/fb_share_button"
android:textColor=""@color/about_libraries_primary" />

</LinearLayout>

Define Content to be shared

Facebook SDK has different classes for sharing content, in our case, we used the

following code:

ShareLinkContent content = new ShareLinkContent.Builder()
.setContentUrl(Uri.parse("'https://fb.me/648367435365195?id=1B""))
.setContentTitle(**Daniel Committed to Conserve Energy"")

.setContentDescription(**Daniel committed to reduce 10%o of his electricity consumption in
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comparison with previous month"")
.setimageUrl(Uri.parse(""http://mobile.vaca-ps.org/images/saveelectricity.jpg™))
build();

Methods being used to set Content are: setContentTitle method : sets the title of the
content. setimageUrl method : sets URL of the image to be shared.
setContentDescription method : sets the description to be shared. setContentUrl

method : sets the URL of the page to be shared.
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APPENDIX B

Usability Testing Materials

The different materials used in the usability testing are presented in this chapter.

B.1 Usability Test Plan

Time 1/1/2017 — 29/1/2017.

Duration 1 hour per person.

Devices Android smartphone with Internet access.
Software First prototype of MCSG Metering application.
Users One expert and seven regular test participants.

Data collection

Notes, recording videos, SUS, SEQ, interviews.

Method

Video Recording is turned on.
The introduction about MCSG metering app is read.

The test user draws 16 task-scenarios, one at a time (presented in B.2).

Each scenario may consist of one or more tasks (presented in B.3).
The user fills SEQ after each task (presented in B.4).

The user may stop if he fails to complete the task.

The user fills out SUS questionnaire (presented in B.6).

The user gives general comments, feedback about the system.
Post-Questions and deep interview is done (presented in B.5).

Video is replayed and usability testing results are noted and analyzed

(presented in B.4).

Table B.1 Usability Test Plan
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B.2 Task-Scenarios

Scenario 1 - Real Time Menu Item - 1 Task

You are going to work, you turned off your lights, and majority of devices, but still not sure if
something in on, so you decided to check how much power (KW) your house is consuming

right now? What shall you conclude?

Scenario 2 - Hourly Menu Item - 2 Tasks

We are in a winter time, and you have turned on your heater with a couple of devices for the
past hour. Now, you want to see how much energy and money you have consumed for the last
hour (5 — 6 pm)? What shall you do? What is the amount of KWH and ILS for this specific

hour?

Scenario 3 - Daily Menu Item - 2 Tasks

You want to monitor your usage in January for each day, what shall you do? From your

observation, which day your billing cost was the highest? And what was the amount of money?

Scenario 4 - Daily Menu Item - 1 Task

You want to compare your KWH usage for the last two months on a daily basis, from your

observation, was your consumption for electricity increased or decreased?

Scenario 5 - Weekly Menu Item - 3 Tasks

Suppose you are in the second week of May — 2015, and you want to see your total consumption
for the last week. What would be your KWH and ILS values?

Scenario 6 - Weekly Menu Item - 1 Task
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In the end of January, your billing cost were high, so you decided to change your consumption
behaviuor and reduce your usage. At the end of February, you want to compare your
consumption for January and February based on a weekly basis to see if you have achieved
your goal? After reaching to the corresponding interface, was your usage in the fifth week
increased or decreased.

Scenario 7 - Monthly Menu Item - 2 Tasks

After six months of installing this product on your mobile, you want to compare your
consumption based on monthly usage for 2016. In fact, you want to see how your consumption
(KWH — ILS) is changing from January till the end of this month. After reaching that interface,
what is the month in which your consumption — KWH - was the lowest? And what is the month

where your bill — ILS — was the highest?

Scenario 8 - Time of Use Menu Item - 2 Tasks

You are dealing with your electricity provider based on TOU Rates, where price of each
KWH usage vary depending on the time-of-day you consume electricity, usually a day is
divided into three periods (off Peak, mid Peak, and on Peak periods) where you are charged
(0.25 ILS/ KWH, 0.50 ILS / KWH, 0.75 ILS / KWH) respectively.

Scenario 9 - TOU Customer Menu Item - 1 Task * not included in usability test

you are dealing with your electricity provider based on TOU Rates, where price of your KWH
usage vary depending on the time-of-day. what should you do to enable TOU services on this

application.

Scenario 10 - Your Tariff Menu Item - 1 Task * due to similarity, we chose one of two

- You are dealing with your contractor based on Fixed Tariff, what is the amount of money

you pay for each KWH you use?
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- You are dealing with your contractor based on TOU Tariff, what is the amount of money you

pay for each KWH usage in this particular hour?

Scenario 11 - TOU Rates Menu Item - 1 Task

You want to turn on your washing machine, but this hour falls in an on_peak period and the
price for each KWH used would be high, so you want to know the nearest time where TOU

price would be the lowest.

Scenario 12 - Schedule Device Menu Item - 1 Task
Your outside home and you want to check if you have forgotten to turn off TV, what shall

you do?

Scenario 13 - Schedule Device Menu Item - 1 Task
You are outside home and you want to remotely schedule your washing machine to run in the

nearest time where price is low, what shall you do?

Scenario 14 - Set Goal Menu Item - 1 Task * due to similarity, we chose one of two

- If you are a goal oriented person and you want to set a target money for today usage to be

within 10 ILS, what would you do?

- If you are a goal oriented person and you want to set a target money for monthly usage to be
within 160 ILS, what would you do?

Scenario 15 - Monitor Goal Menu Item - 1 Task * due to similarity, we chose one of two

- In the middle of the day and after setting a target money for today’s usage, you wanted to keep
track and monitor if your electricity usage has reached the target money for today, what shall
you go? what is the percentage toward the target you have consumed and what is the remaining

money to reach target?
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- During the first week of this month (May), you have set a target money for monthly usage to
be within 160 ILS. After two weeks from that time, you wanted to keep track and monitor the
percentage of your electricity usage toward the target money, what shall you do? what is the
percentage reached and what is the remaining money to reach target?

Scenario 16 - Monitor Goal Menu Item - 1 Task * due to similarity, we chose one of two

-While monitoring your target money for today, you want to see the distribution of
today's KWH consumption in the three periods (off peak, mid peak and on peak), what

shall you do? how much KWH you have consumed in “off Peak” period?

-While monitoring your target money for today, you want to see the distribution of
monthly KWH consumption in the three periods (off peak, mid peak and on peak), what

shall you do? how much KWH you have consumed in “off Peak” period?

B.3 Usability Testing Tasks

Menu
Tasks
Items
_ Find out how much power (KW) your house is consuming right
Real time 1)
now?
2) | What is the amount of KWH consumed between 5 — 6 pm?
Hourly 3 What is the billing cost for electricity consumed between 5 — 6
pm?
4) | Which day in January where your KWH was the highest?
Dail 5) | What was the highest amount of money per day in January?
aily
6) Based on a daily usage data, compare between last two months’
usage? Was your consumption increased or decreased?
Weekly 7) | What is the total KWH consumed in the first week of February?
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What is the corresponding ILS value for the first week of

8)
February?
While comparing between January and February usage on a
9) | weekly basis, was your KWH usage increased or decreased in
the fifth week?
10) Which month in 2016 where your KWH consumption was the
?
Monthly lowest?
11)| Which month in 2016 where your billing cost was the highest?
12) For today usage, how much KWH you have consumed in
“on_Peak” period?
Time of Use
13) For today usage, how much money you would pay for usage in
“on_Peak” period?
You are dealing with your contractor based on Fixed Tariff /
Your Tariff | 14)| TOU Rates, what is the amount of money you pay for each
KWH you use?
TOU Rates | 15)| What is the nearest time where TOU price is the lowest?
16) What is the amount of instant power the TV Outlet is
i ?
Home consuming Now?
Alitomation 17) Try to schedule the Washing machine to work in the nearest
time where TOU price is the lowest.
Set a target money for today to be within 10 ILS.
Set A Goal | 18)
Set a target money for this month to be within 150 ILS.
Monitor 19) What is the percentage toward the target you have consumed
Goal and what is the remaining money to reach Todays target?
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What is the percentage toward the target you have consumed

and what is the remaining money to reach this month target?

For today's usage, how much KWH you have consumed in an

20)
“off Peak” period?

Table B.2 Usability Testing Tasks

B.4 Usability Testing Results Sheet

Participant #

Scenario #
Task Success 1 - succeed 0 - failed
) Task
Task Time ]
Time

Task Errors

Repetition | Description

TOTAL

Task-level

satisfaction

(SEQ)

Very Difficult 1 2 3 4 5 Very Easy

Comments,
Suggestions,
Difficulties

Table B.3 Usability Testing Results Sheet
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B.5 Interview Questions

Post-Questions / User Impressions

User Response

What is your overall impression to the

1)
system?

2 What did you like best about the
system?

3 What did you like least about the
system?

2 What was easy to use or understand
about the system?

5) What was difficult to use or understand
about the
If you were the mobile developer, what

6) | are the things you would do to improve
the website?

7 Is there anything that you feel is
missing on this system?
If you were to describe this application

8) | to a colleague in a sentence or two,

what would you say?

Table B.4 Interview Questions
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B.6 System Usability Scale — Overall Satisfaction

Strongly Strongly
Disagree Agree
1) | I think that I would like to use this system . .
frequently.
2) | found the system unnecessarily complex. 1 5
3)
| thought the system was easy to use. 1 5
| think that I would need the support of a
4) technical person to be able to use this 1 5
system.
5) | | found the various functions in this system . .
were well integrated.
6) | | thought there was too much inconsistency . .
in this system.
7) | would imagine that most people would . .
learn to use this system very quickly.
) | found the system very cumbersome to use. 1 5
9) | felt very confident using the system. 1 5
10)| | needed to learn a lot of things before | . .
could get going with this system.

Table B.5System Usability Scale — Overall Satisfaction
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B.7 Calculate System Usability Scale Score

To calculate the SUS score [100]:

1) For odd numbered items, the score contribution equals (scale position — 1).
2) For even numbered items, the score contribution equals (5 - scale position).
3) Sum the 10 items scores.

4) Multiply the sum by 2.5.

5) SUS scores have a range of 0 to 100.
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