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Abstract

Conventional electricity usage monitoring involves complex data collection via costly and
intrusive hardware installation. There is a perceived need for a simple and affordable tool that
provides users with feedback about their electricity consumption without the hardware

installation.

This study involves the design and development of a user driven mobile and desktop
application that provides users with information on electricity usage patterns and historical
trends. The application was designed using lonic Framework, a tool ideal for the design of
hybrid applications that are compatible with both desktop Windows devices and mobile
Android devices. The goal of the research will be that the user will track their appliance usage
on the application whilst taking electricity meter readings at regular intervals to calculate
appliance-specific consumption. The data is added to the mobile or desktop application, which
then provides users with a comprehensive display of the electricity usage patterns and trends.
The objective is to provide users with the information required so that they can start
understanding their electricity consumption better and it is a first step towards empowering the
user to make smart decisions at home that will reduce their electricity consumption. The USE
(Usefulness, Satisfaction, Ease of Use and Ease of Learning) questionnaire was used to
gather user experience feedback from participants about user experience. The USE
guestionnaire tests the perceived Usefulness, Satisfaction, Ease of Use and Ease of

Learnability

The 31 individuals who initially volunteered to take part in the study are all residents of the
City of Cape Town Municipality, aged between 20 and 80 years old. Not all participants are
home owners; some are tenants in their premises. The sample group was selected on a
convenience basis, and social media group posts were also used to reach individuals with a
potential interest in the study. The two motivating factors that were considered to identify
individuals who could potentially have an interest in the study were cost saving and
environmental impact. 21 volunteers completed the study and returned the USE

guestionnaire.

The study findings showed that all participants believe that using the application helped them

to better understand their electricity consumption.
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1.Introduction

1.1. Motivation

The topic of energy consumption in a residential setting has been researched over a long
period of time (Vega et al. 2015) with studies about human behaviour and energy consumption
dating back to 1975 (Guerin et al. 2000). A renewed focus on electricity consumption and the

sustainability thereof has recently emerged because of factors such as:

1. A rising awareness of the impact of traditional sources of electricity, for example the
burning of fossil fuels, on the environment. If there are no further international policies
put in place and efforts made to reduce the consumption of resources, energy related
carbon dioxide emissions are expected to rise by 78% between 2005 and 2050 (De
Boeck et al. 2015).

Diminishing natural fuel reserves (Berges, 2011).
Growth in the demand for access to electricity (Beaudin, 2015).
4. The increase in the cost of electricity, which goes hand in hand with the increase in

electricity demand and a diminishing supply.

These factors sum up two principal motivations for monitoring, understanding and controlling

electricity consumption, hamely environmental conservation and cost reduction.

The need to limit the consumption of electricity is applicable to all economic sectors, such as
residential, industrial, commercial, transport, agriculture and services. As substantial as the
electricity demand from the commercial or industrial sector may be, the total electricity demand

from the residential sector is also a major contributor.

A large portion of the total energy that reaches the end user is consumed by the residential

sector.

In developed countries like the USA, the residential sector accounted for 37% of the total
energy consumption in 2009 (Berges, 2011). Similarly, according to Craig et al. (2014),
households account for 32% of total energy consumption (including gas and other forms of

energy) and 36% of the total electricity consumption in the United Kingdom.

As reported by Batra et al. (2013), buildings accounted for 30% of overall energy consumption

and 93% of all buildings in India, a developing BRICS nation, are residential. In South Africa,



another BRICS nation, the residential sector accounted for 16.5% of the total electricity
consumption in 2002 (Rosin, 2006). As shown in Figure 1, according to the City of Cape
Town’s Saving Electricity portal (City of Cape Town. 2012), 37% of the municipality’s electricity

was consumed by the residential sector in 2012.

This demonstrates the sizeable contribution of residential electricity consumption to overall

electricity consumption both locally and abroad.

Transport
0%
Government . °/- - Agriculture
4% \ 2%
Industrial
37%

Residential
37%

Commercial
44%

Figure 1: Pie chart showing a breakdown of Cape Town’s electricity consumption in 2012.
(Source: City of Cape Town. 2012)

Electricity conservation efforts in the residential sector are even more important because of
the sector’s contribution to “peak” consumption periods during the day. Generally, there is a
sharp increase in electricity consumption from 6am or 7am when residential users wake up in
the morning and start switching on appliances while they get ready for the day. Then, at
approximately 9am, the total consumption tapers off again until the evening at about 6pm
when residents arrive home again and start turning on lights and preparing dinner. This makes
it important to differentiate between the multitude of applications and their respective impact

on total consumption (Bartels et al, 1996).

An electricity grid is in its most stable state if the total load on the grid is as uniform as possible.
The daily peaks that are mentioned above are therefore not ideal, especially if the gradient of
the peak is particularly steep. If the residential sector’s total electricity demand were more
controllable, not only would the overall electricity costs and environmental impact be reduced,

but the electricity grid would also become more stable.

The first step towards better control of the residential sector’s total electricity demand is to
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mobilise individuals to control their own electricity consumption. However, in order to
encourage energy saving behaviour in individuals, it is first necessary to understand the
current electricity usage trends that the individual displays (Ranjan et al. 2014). A common
finding is that providing residents with frequent feedback about their electricity usage patterns,
thereby making them more aware of how and where they are using electricity, results in a

reduction of electricity consumption (Berges et al, 2010; Winett et al, 1979).

In particular, understanding the load profile of specific appliances is essential before effective
actions can be taken to reduce electricity consumption in the home. Berges et al. (2010)
mention that people often overestimate the impact of appliances with low energy consumption
rates and underestimate the impact of appliances with high energy consumption rates. Further
to this, they are not well informed about the effectiveness of conservation activities. In other
words, people believe certain activities to be highly effective in reducing electricity

consumption when they are in fact not effective at all.

This thesis is based on the premise that electricity users at home do not have a good
understanding of the most effective methods for reducing their electricity consumption. The
study puts forward the notion that providing users with a tool in the form of a desktop or mobile
application that allows them to monitor their electricity usage and subsequently provides them

with information on their electricity usage patterns will improve this level of understanding.

According to Guvensan et al (2013), there are several electricity monitoring systems already
on the market for residential use but the reporting systems that are available require time
consuming installations and are otherwise unable to provide device level reports. Financial
constraints are considered one of the main reasons provided by residents for not embarking
on energy saving actions such as buying energy efficient appliances and installing energy

monitoring systems (Sundramoorthy et al., 2010).

This highlights the need for a cost-effective energy monitoring tool that provides home users
with energy monitoring services. Many of the monitoring systems available on the market are
also highly automated, which results in the end user being excluded from the process. Keeping
in mind the importance of consumption awareness on behalf of the end user, it is important

that they remain an active part of the value chain (Vega et al., 2015).

This tool is different from what appears to already be available to home users because it would
require no complicated hardware installation, it would be affordable and it would provide the
added benefit of involving consumers in the activity of monitoring their electricity usage

themselves.



1.2.  Scope of the Study

This study is a usability study conducted within the field of ICT4D, specifically focused on the
topic of energy consumption in the home. This study involves the design, development and
testing of a prototype for a user driven mobile and desktop application that provides users with
information on electricity usage patterns and historical trends. The objective is to find out if it
is possible to provide users with feedback that helps them to better understand their electricity
consumption at home. The investigation into the conservation impact that providing residents

with this feedback is not included in the scope of the study.

1.3. Problem Statement

The purpose of this study is to investigate whether self-collected electricity consumption data
on a mobile (or desktop) device can provide useful per-appliance electricity usage patterns for

homes.

1.4, Research Question

The following research question is posed to address the research problem:

Can user-collected electricity consumption data on a mobile or desktop device provide useful

electricity usage patterns to home users?

The main goal of the research is to explore the possibility of providing home energy users with
informative electricity consumption patterns using a mobile or desktop application that will aid
their understanding of how they use electricity. The application has been created for home
users to quickly and easily monitor electricity consumption and it is compatible with both
mobile Android devices and desktop Windows devices. This study will provide evidence that
feedback improves people’s understanding of how to address consumption reduction and

provide a prototype application for doing just that.

1.5. Research Design

The methodology followed to conduct this study consists of six major phases.

During phase 1, a literature review of related work was conducted to highlight gaps in what
has already been done in the field and to explain how this study would attempt to fill part of

that gap. The Literature Review is outlined in Chapter 2.



During phase 2, the mobile and desktop application was designed and developed using a tool
called lonic Framework. A cross platform electricity monitoring application was designed using
a user-centred approach, with close user involvement throughout the design process. This

development phase is described in detail in Section 3.2.

Phase 3 involved the iterative testing and improvement of the application with the use of Focus

Groups. Two Focus Groups were conducted and these are also discussed in Section 3.2.

During Phase 4, the finalised application was then made available on the Android Play store
and the Windows store and 31 voluntary participants were asked to install the application on
their devices of choice and to participate in a “One Week Electricity Monitoring Challenge”
involving use of the application to monitor their per-appliance electricity usage at home. The
user sample was selected using convenience sampling. Once they had completed the week
long “Challenge”, participants were then asked to complete an online usability questionnaire
based on the Usefulness, Satisfaction, Ease of Learnability and Ease of Use (USE)
guestionnaire. This phase is discussed in more detail in Section 3.3 and Sections 4.1, 4.2 and
4.3.

The user testing phase involved the use of a scientific procedure to test the hypothesis that
user-collected electricity consumption data on a mobile or desktop device could provide useful

electricity usage patterns to home users. It is therefore referred to as an experiment.

Phase 5 of the study involved the analysis of the results of the user testing. The approach
taken and details of the analysis are outlined in Section 4.4. Phase 6, the results phase is also

outlined in Section 4.4.

1.6. Thesis Outline

Chapter 2: Literature Review

Sections 2.2 to 2.8 of Chapter 2 discuss the work that has already been done in the field of
electricity consumption monitoring and electricity conservation. The research that was
reviewed covers the profiling of residents’ characteristics and how this relates to their
electricity consumption, the different approaches to electricity consumption monitoring in the
home, from the design of automated home energy management systems to investigations
involving user-centred electricity monitoring, and finally the use of simulated data or estimated

electricity consumption patterns to address electricity conservation.

Section 2.9 then briefly outlines some of the research that has been done recently into
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electricity related information and communication technology being used for social
development purposes and Section 2.10 mentions other examples of information and

communication technology studies that have been conducted in the home environment.

Finally, Section 2.11 discusses the use of mobile or desktop applications for any monitoring
purposes and Section 2.12 summarises the gaps and opportunities that have been uncovered

in the chapter.

Chapter 3: Design and Implementation

Chapter 3 provides an outline of the design of the study, firstly addressing the design and

creation of the application, and then addressing the design of the experimental procedure.
Chapter 4: Evaluation and Results

Chapter 4 details the various components of the experiment, the pilot study, the study

participants, the data collection methods used and then the results and analysis is discussed.
Chapter 5: Conclusion

Finally, Chapter 5 presents the study’s conclusion. The conclusion is split up into three
sections, namely:

5.1. Answers to Research Questions
5.2. Discussions and Implications

5.3. Future Work



2.Literature Review

2.1.  Chapter Overview

This chapter provides an outline of the literature reviewed during this study. Sections 2.2 to
2.7 cover the different types of studies that have been conducted on electricity monitoring and
electricity conservation methods within the residential sector:

Section 2.2 discusses studies that were conducted on the profiling of residents in order to try
to categorise electricity consumer types.

Section 2.3 outlines the research that has been done on user-centred electricity monitoring at
home, in other words, studies that actively involve the user in electricity monitoring activities.

Section 2.4 addresses Home Energy Management Systems (HEMS), which are automated
systems for electricity consumption monitoring and control in the home environment.

Section 2.5 discusses Nonintrusive Load Monitoring (NILM), which is the monitoring of
electricity consumption by studying changes in current and voltage readings over time.

Section 2.6 discusses the fixture assignment problem, which involves other methods of
indirectly monitoring electricity consumption, including the use of radio frequency monitoring
and audio sensory monitoring.

Section 2.7 addresses the use of estimations and simulations to predict electricity
consumption patterns.

Then, Sections 2.8 to 2.11 cover other related categories of electricity and ICT related
research.

Section 2.8 discusses models that are used for the improvement of energy efficiency in
buildings.

Section 2.9 addresses electricity-related information and communication technology for
development (ICT4D).

Section 2.10 addresses ICT in the home, which is not necessarily related to electricity.

Section 2.11 discusses the use of mobile and desktop applications for any monitoring
purposes.

Finally, Section 2.12 highlights the gaps and opportunities that have been uncovered during
this literature review and 2.13 provides a short chapter summary.



2.2. Resident Profiling in Relation to Energy Usage

The use of resident profiling seems to be a common method for gaining an understanding of
electricity consumption in the home. Residents using electricity at home make a number of
decisions on a daily basis that may seem insignificant, but the sum total of these decisions
create the overall demand for electricity. Attempting to study these decisions is necessary to
understand how electricity is consumed in the residential sector (Craig et al. 2014, Petersen
et al. 2007, Guerin et al. 2000). The purpose of using profiling techniques is to try to identify
patterns that are common within a sample group that can then be applied to situations in other

households with similar circumstances to predict electricity consumption.

In five of the studies that were examined for this literature review, the approach used to
compile these electricity consumption profiles involved the installation of smart monitors,
wireless data loggers and networking hardware in homes so that the electricity consumption
data could be collected locally and analysed remotely. A smart monitor is a self-monitoring,
analysis and reporting device (Guerin et al. 2000; Kulkarni et al. 2014; Craig et al. 2014.
Sundramoorthy et al. 2010; Batra et al. 2013).

The level at which the data is collected differs between studies, however. While some studies
collected total household consumption data, others collected consumption data per appliance.
Kulkarni et al. (2014) installed smart meters in an affordable housing complex in Bristol,
England to collect total household consumption data for each apartment in the complex. Smatrt
meters are electricity meters that record electricity consumption in hourly intervals and send

this information to the utility company for monitoring and billing.

In a study conducted by Craig et al. (2014), appliance-level electricity consumption data was
recorded using clip-on monitors in 215 households for the period of a year. Sundramoorthy et
al (2010) used both electrical mains circuit sensing and individual appliance level sensing

technologies to provide real time energy consumption patterns.

Another study, conducted by Batra et al (2013), deployed a sensor network in a 3 storey home
in Delhi, India and measured electrical, water and ambient parameters for 73 days from May
to August 2013. 33 sensors were used throughout the home and, from the perspective of
electricity monitoring, measurements were taken at meter level, circuit level and appliance

level.

The benefit of gathering electricity consumption data at an appliance level is the higher degree

of accuracy and the ease of associating certain resident characteristics with a specific



appliance’s electricity consumption patterns. For example, if data is only collected for the total
electricity consumption for the household, it is more difficult to confidently associate an early

evening peak in electricity consumption with dinner preparations for a large family.

In addition to installing the relevant hardware and monitoring electricity consumption, the
residents’ characteristics needed to be identified so that they could be matched with the
respective electricity consumption profiles.

During one study, a ‘main resident’ was identified in each dwelling who was asked to provide
‘anecdotal evidence’ explaining why there were increases in electricity consumption at certain
times during the day or week (Kulkarni et al. 2014). The study cited some of the reasons for
peaks in electricity consumption as new or additional people living in the household, variation
in the use of the tool over time, people working different shifts, excessive use of electronic
goods, ill health requiring residents to stay at home during the day and a seasonal component,

each having an impact on consumption.

Craig et al. (2014) report that the total amount of energy consumed by a household over a
time period was a function of socio-physical factors and occupant behaviour. The study
defined specific household types by the number of rooms in the household, the number of
occupants, the efficiency of the primary fuel source and the overall space heating requirement.

They then associated each household type to a certain electricity consumption profile.

Another study finding reported by Craig et al (2014) was that there could also be a strong
association between socio-demographics and occupant behaviour. For example, the
presence of children in the household had an impact on electricity consumption patterns.

Larger households and those earning more were also likely to use more electricity.

Guerin et al. (2000) did not conduct an energy monitoring study to identify resident profiles,
but rather focused their research on a review of energy studies conducted since 1975 to
identify a set of predictors of energy consumption behaviour and consumption change.

The study categorised occupant characteristics, actions and attitudes and their effect on
energy consumption. This information was then applied to a theoretical energy consumption
model to identify occupant predictors of consumption behaviour and energy consumption

change.

The most frequently found predictors for behaviour related to user attitudes, included a desire
to be comfortable, then health concerns, followed by motivation to save electricity and ‘do the
right thing’. Occupant actions most frequently found to be predictors of consumption change

included weatherisation of the home, probably leading to a reduction in heating requirements.



2.3. Monitoring Household Electricity Usage with the

Resident as an Active Participant

This section outlines how the personal choices of a resident impacts electricity consumption
and shows that the provision of up-to-date feedback, when combined with education and
incentives, can influence these choices and have a positive influence on conservation
(Petersen et al. 2007).

Providing residents with both feedback on their electricity consumption patterns and
suggestions as to how they can reduce that consumption should provide them with the

knowledge required to implement electricity conservation (Craig et al. 2014).

Further, the lack of availability of electricity efficiency information to residents is considered a
hindrance to the reduction of electricity usage (Sundramoorthy et al. 2010). Guerin et al.
(2000) conducted an overview of research dating back to 1975 on the relationship between
human behaviour and energy consumption. One of the study’s main findings was that many
people did not realise the effect their behaviour and energy habits had on their household

energy consumption.

Several of the studies discussed in this section involve the active engagement of residents in
electricity monitoring experiments and the provision of up-to-date electricity consumption
feedback. As mentioned, electricity consumption has been a popular research topic for a long
time, and this section compares electricity consumption monitoring experiments that were

conducted in a 30-year period.

The medium used to provide feedback to residents on electricity consumption has changed

with technological advancements over the last 30 years.

A study was conducted in 1979 in Washington wherein study assistants took meter readings
for 12 households daily, and left feedback sheets for the residents in their post boxes every
day (Winett. 1979). These sheets displayed details of the previous day’s electricity
consumption compared with today’s consumption, an indication of the percentage increase or

decrease and an estimated monthly consumption based on the readings taken so far.
Meanwhile, more recent user-centred electricity monitoring studies provided feedback that

was collected using networked smart metering systems and displayed to residents on Web-

based user interfaces (Petersen et al. 2007; Craig et al. 2014; Kulkarni et al. 2014).
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Although the medium used to provide feedback to residents differs between the earlier study
and the more recent studies, the experimental design is similar for two studies in particular.
For both studies, the electricity reduction impact of the residents monitoring their electricity
consumption for themselves is compared with the electricity reduction impact of remotely

collected electricity consumption data that residents receive feedback on daily.

During the 1979 study conducted by Winett et al (1979), 71 residents living in triple storey
townhouses in Washington were approached and asked to participate in the study. Of these,
29 residents declined to participate and were categorised as comparison non-volunteers, 14
were allocated to the comparison volunteer group, 12 were allocated to the feedback group
and 16 were allocated to the self-monitoring group. The electricity monitoring study was
conducted over a period of 28 consecutive days. Daily electricity meter readings were taken
for each of the 71 households. However, only the residents from the feedback group were
taught how to take the readings themselves; everyone else’s readings were taken by a team

of assistants who were also involved in the study.

During a study conducted in a student dormitory at Oberlin College in the USA in 2007, a two
week long inter-dormitory energy saving competition was launched on campus to provide an
incentive for students to reduce their consumption. Two dormitories were provided with an
automated monitoring system that provided online feedback via a Webpage and, in 20 other
dormitories, utility meters were manually read and feedback on electricity consumption was
provided to students once a week. For both groups, electricity consumption was monitored
during a baseline period and then during the dormitory electricity competition. Students were
also provided with informative pamphlets and posters around campus detailing what they

could do to reduce their consumption (Petersen et al. 2007).

Interestingly, during the 1979 study, the 12 participants from the feedback group reduced their
consumption by 13% overall and the self-monitoring group reduced their consumption by 7%.
These percentage reductions were based on the comparison group’s usage, which did not

alter at all while the study was conducted. (Winett et al. 1979).

The 2007 study found that the dormitories with the automated monitoring system and the up-
to-date online feedback achieved electricity consumption reductions of 55% compared with
their electricity consumption before the electricity consumption competition, whereas the
dormitories that received weekly feedback based on manual electricity readings achieved
electricity consumption reductions of 31%. These results show that providing residents with
frequent electricity consumption feedback can provide them with the knowledge required to

reduce their consumption.
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Unfortunately, this increase in knowledge does not always translate into observable behaviour
changes unless the general information is accompanied by behaviour changing tips and

techniques (Craig et al. 2014).

However, other studies suggest that, from a long-term perspective, residents will not feel
compelled to change their behaviour so that they conserve electricity unless they understand
the direct and immediate link between their actions and the impact thereof (Petersen et al.
2007). The three interrelated factors that are required to provide this understanding and to
encourage residents to actively conserve electricity on a long-term basis are knowledge,

control and motivation.

Residents have adequate control over their electricity consumption as long as there are no
external forces preventing their actions from being effective. Guerin et al. (2000) found that
the electricity user’s ability to successfully implement electricity conservation actions in the
home was limited by the condition of the building’s structure. In other words, if the building
itself has been constructed in such a way that it is energy inefficient then the resident’s control

over electricity consumption will probably be limited.

Ensuring that residents are adequately motivated to conserve electricity may be the most
difficult of these three factors to accomplish (Petersen et al. 2007). As mentioned, the two
most common motivators for electricity, and generally resource, conservation are economic
and environmental. It is important that household occupants come to believe that electricity
conservation is relevant to their daily lives before any behavioural changes can be expected
(Craig et al. 2014).

2.4. Home Energy Management Systems

Home Energy Management Systems (HEMS) are demand management tools that improve
the energy consumption and production profile of a household on behalf of the end user
(Beaudin et al. 2015).

Many of these tools do not involve the resident in the process and take considerations such
as energy cost, environmental concerns, load profiles and consumer comfort into account.
One study suggests that residential consumers do not want to spend the time required to
analyse their consumption and to make decisions to manage their household devices. Instead,

they want the system to do this for them (Beaudin et al. 2015).

However, another HEMS study is focused on the active role that a resident can play in
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controlling and reducing their electricity consumption (Srinivasarengan et al. 2014). The model
operates in one of three states: automatic, semi-automatic and manual. This allows the user
to decide how active they want to be in the electricity management process, but promotes

active involvement nonetheless.

One view is that HEMS will change the end user’s role from being a passive consumer to
being an active user in the value chain. In a smart grid system, users can initiate real-time

decisions about where and how their household consumes electricity (Vega et al. 2015).

Research into home energy management systems is an important contributing factor to the
movement towards having better control of the timing and quantity of electricity demand. And
this in turn is important in an electricity grid system because the ability to balance peak and
off-peak demand periods allows for a more stable grid that is not susceptible to power
shortages at certain times of the day and power surpluses at other times of the day.

(Srinivasarengan et al. 2014).

During a study in Mexico, Toledano-Ayala et al. (2011) developed and tested a networked
technological system aimed at helping residents to save water, gas and electricity. Although
time-consuming, it was possible to install the networked system in existing houses as well as
newly established houses. The system consisted of three components: electronic meters, data
acquisition and network modules. The study reported electricity consumption savings of
13.43%.

Mesaric (2015) present an interesting approach to home energy consumption reduction with
demand side management at its core. The study suggests the potential use of electric vehicles
(EV) as movable energy storage units that can be recharged at opportune times when
electricity demand is relatively low, thereby stabilising the microgrid system. In the proposed
model, small-scale photo-voltaic panels are the main source of energy generation. The
demand side management also incorporates the categorization and optimal scheduling of the

use of appliances at home.

There are several applications for the home energy management concept, for example the
care of residents through the detection and recognition of health conditions, the capturing and
storing of events in the home using multimedia and photos, surveillance for security reasons
and finally reducing electricity consumption by controlling appliances according to energy

demand and supply. (Vega et al., 2015).
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2.5. Non-intrusive Load Monitoring

Electricity usage feedback for an entire household has been shown to motivate residents to
reduce their consumption, but it is limited by its lack of specificity. Many residents would not
be motivated to, or capable of, deducing which appliances were the main consumers of
electricity based solely on the household’s total electricity consumption, which is why a
monitoring system that provides appliance-specific feedback is particularly useful.
Unfortunately, the level of granularity or detail of the feedback is in direct proportion to cost of

acquiring it.

Nonintrusive load monitoring (NILM) tracks and analyses electrical occurrences based on
voltage and current readings obtained from the main circuit (Berges et al. 2010). Once the
power is calculated using the voltage and current, event detection takes place, where
significant changes in power consumption are noted and the system attempts to recognise the
appliance that was likely to have caused it. This data is then used to classify the electricity
consumption per appliance, utilising user input to improve performance and accuracy over

time (Cominola et al. 2017).

The advantage of non-intrusive load monitoring is that highly detailed information can be
collected without the cost and intrusion of installing a complete home energy management

system for monitoring purposes (Cominola et al. 2017).

Berges et al. (2010) presented nonintrusive load monitoring as an approach to a reducing
energy consumption. The first study was focused on the use of non-intrusive load monitoring
to improve the outcome of energy audits on buildings that are conducted by trained
technicians. The second study involved the use of non-intrusive load monitoring systems in

residential areas with the resident being the focal point of the study.

An energy audit is carried out on a building to determine the amount of electricity used and to
identify opportunities to reduce consumption without having an impact on the residents’
comfort levels (Berges et al. 2010). There are many ways to reduce electricity consumption in
buildings but the cost of identifying and quantifying the opportunities is generally perceived to

be too high for most households.

The study conducted by Berges et al. (2010) explored the possibility of enhancing these
electricity audits with the use of Non-Intrusive Monitoring techniques.
The study was conducted over 5 days and ultimately compared the fridge’s measured

consumption, at 15.48kWh, with the predicted consumption using the NILM technique, at
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13,19kWh, and concluded that the NILM technique could be employed during electricity audits

once more work is done to reduce the errors in the predicted consumption.

The approach for the second study conducted by Berges et al. (2011) was designed around
the user and relies on input from the user to continuously improve the performance. This is

the main difference between the 2010 study and the 2011 study.

Interestingly, in the average household in the USA, 12 types of appliances account for 80% of
electricity consumption, so the study conducted by Berges et al. (2011) focused on the
monitoring of just these appliances. The purpose of this adjusted focus was to reduce the
study’s scope, thereby reducing costs, without compromising accuracy or level of detail. The
study findings were also positive, with an overall accuracy of the detection and classification

of events at 82%.

2.6. Fixture Assignment Problem

Ranjan et al (2014) acknowledge that there are several new sensing technologies available

that can detect energy usage in residences at fixture or appliance level.

However, a suggestion is made that the fixture assignment problem, the assignment of fixture
energy usage to individual appliances, is largely an unresolved issue. This means that even
though residents may have access to electricity consumption sensing technologies for their
homes, it is still difficult for them to discover individual energy saving actions because the

identification of the appliance that is actively consuming electricity is not obvious.

Guvensan et al. (2013) approached the issue by measuring indirect indicators of electricity
consumption in the home. This study discussed the design and performance of the Tiny
Energy Accounting and Reporting System (TinyEARS). This is an energy monitoring system
that reports power consumption on a device level based on the sound of the appliances being

turned on and off.

Ranjan et al. (2014) focused their study on the identification of electricity users at home by
using radio frequency identification (RFID) location tracking. In other words, the monitoring
system tracked the movements of the resident to make deductions about which appliance was

consuming electricity.

The TinyEARS system consisted of wireless audio sensors with one sensor located in each

room of the house, a real-time power meter and a configuration utility on a PC to manage the
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TinyEARS algorithm. The design was tested during a deployment of the system in a two-
bedroom apartment in Buffalo, New York. The residents were asked to record an accurate
time log showing which appliances were switched on or off at what times during the day.
(Guvensan et al. 2013).

The RFID study used real-time tracking information in parallel with the appliance level sensing
to pinpoint exactly which appliance was consuming electricity at any given time. The study
was conducted with 5 groups of 2 participants who lived together in a test home over the

course of 7-12 days (Ranjan et al. 2014).

The proposed Tiny Energy Accounting and Reporting System (TinyEARS) could report on
appliance level electricity consumption within a 10% error margin (Guvensan et al. 2013).
Meanwhile, the findings of the RFID study proved an accuracy of 87% using room-level

tracking and 97% using coordinate level tracking. (Ranjan et al. 2014)

2.7. Estimations and Simulations of Electricity Usage

The preceding sections of this chapter have outlined several approaches to monitoring

electricity at home.

Some researchers acknowledge the importance of the resident’s active involvement in the
monitoring process (Srinivasarengan et al. 2014; Berges et al. 2011; Petersen et al. 2007).
This is mainly based on the premise that the resident gains an understanding of their
consumption patterns by actively engaging in the process. This knowledge is believed to be

vital for electricity conservation.

However, other researchers are not actively involving residents in their studies (Guvensan et
al. 2013; Beaudin et al. 2015). Instead they are tending towards the field of automated home

energy management systems that use algorithms to analyse the consumption data collected.

Until these systems have been in operation for a prolonged period, there is only a small pool
of data that these algorithms have access to (Srinivasarengan et al. 2014). This is
disadvantageous for two main reasons. Firstly, there is a lack of seasonal data, i.e. the model
does not encounter the variability of electricity usage due to differing weather conditions until

a full years’ worth of data has been collected.

Secondly, due to the unique characteristics of the residents and contents of a household,
several possible scenarios may not be encountered often enough for the algorithm to

recognise a slight variation in the pattern and it could interpret the data incorrectly as a result.
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One solution to this problem is to incorporate an all-encompassing simulated data set into the
smart meter’s algorithm. Using this data set, the algorithm can better cater for any possible

scenario from the first day of operation.

Srinivasarengan et al. (2014) developed a model with the capacity to discover appliance
characteristics and contextualise information, thereby refining and improving the generated
usage patterns. The proposed data simulation was applied to a non-intrusive load monitoring
management system and the study found that the approach was useful and it should be tested

for more applications in future works.

A simulation is a theoretical imitation of the real-world system that includes use cases for every
conceivable scenario and an estimation is a rough calculation of the expected output based

on a sample study (Srinivasarengan et al. 2014).

Estimated electricity consumption patterns are not applicable to the enhancement of home
energy management algorithms (Craig et al. 2014). Rather, estimations can be used to arrive
at ballpark target electricity consumption levels for an electricity conservation effort for a

municipality or a town.

Whether simulated data or estimated data is used to build a model during the studies, checking
for the correlation between the actual metered data and the model’s output is an important

step in the experimental design.

During a study conducted by Menezes et al. (2014), an electricity usage prediction model was
developed and used to generate usage data predictions using several variable inputs which
they then compared with actual metered data. The study found that the correlation between
the two data sets was consistent, providing evidence that electricity usage patterns could
perhaps be generated for a household based on a model as opposed to monitoring actual

electricity usage.

A finding of the study conducted by Craig et al. (2014) was that a “carbon footprint calculator”,
a specially designed questionnaire, could successfully be used as a tool to predict or gauge
electricity use when consumption data is not available or measureable. A significant
association was found between estimated carbon footprint and actual electricity consumption
Craig et al. (2014).
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2.8. Models for Energy Efficient Buildings

As mentioned in Section 2.2, if residents do not have adequate control over their electricity
consumption at home, they will find it very difficult to conserve electricity (Mastrucci et al.
2014). One major cause of this lack of control is energy inefficient buildings.

In Europe and other northern regions in particular, 68.4% of energy that is consumed in homes
is used for space heating and 13.6% is used for water production. Only 3.8% of the total
energy that is consumed in the home is actually used for cooking. 14.1% of the total energy

consumed is required for lighting and other appliances.

Besides providing residents with enough control to implement electricity conservation
behaviours, constructing energy efficient buildings can provide energy reduction potential

without reducing the quality of life experienced by the residents.

During a study focused on estimating potential energy savings in buildings in Rotterdam based
on Geographic Information System (GIS) data, an interesting discovery was made (Mastrucci
et al. 2014). Older buildings were generally less energy efficient than newer buildings.
However, apartment blocks that were built between 1965 and 1974 have higher energy
consumption than older buildings because of the introduction of the use of a lightweight
building material with poor thermal resistance. This highlights the importance of using thermal

resistant building materials during construction.

Other trends discussed by De Boeck et al. (2015) during a review of recent studies conducted

on the energy efficiency of buildings include:

The enveloping of appliances, for example applying geyser blankets.
Double glazing windows and shading windows.

“‘HVAC” systems (Heating, ventilation and air conditioning).

P w DN P

Use of energy efficient appliances and lighting.

2.9.  Electricity-related Information and Communication
Technology for Development

It is important to include a brief introduction to the ICT for Development (ICT4D) field in South

Africa to provide local context to the development aspect of this study.

Besides the use of information and communication technology (ICT) for the monitoring of

electricity consumption, ICT has also been applied in other ways for development within the
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electricity sector. Two South African electricity-related studies involving ICT are discussed in
this section. The first study addresses the impact of the recent pilot rollout of prepaid electricity
meters in the City of Cape Town and the second study is the iShack project in Enkanini near

Stellenbosch.

Prepaid electricity metering has been introduced in South Africa as an alternative to billing
customers for electricity previously consumed (Jack et al. 2016). This is an effort aimed at
preventing unpaid accounts and lost revenue to the utility. This study used data from the City
of Cape Town to determine the impact that prepaid electricity metering has had on residential

consumption and the revenue made by the electricity utility.

Approximately 4000 customers were involuntarily selected by the municipality for a transferral
from billed electricity accounts to prepaid electricity accounts (Jack et al. 2016). Analysis of
the data shows that electricity consumption fell by 13% in the first year and this level of
consumption was maintained during the following year as well. The study does not mention a
measure of customer satisfaction but, as mentioned, the switch from billed electricity accounts

to prepaid electricity accounts was involuntary.

The iShack project was set up in Enkanini outside Stellenbosch, South Africa by the
Sustainability Institute Innovation Lab (SIIL) as a pilot study for delivering smart and
sustainable off-the-grid utilities to poor communities in Southern Africa (iShack. n.d.). The
iShack project demonstrates how solar electricity installations can be used to upgrade informal
settlements in a modular way. This is so that capacity can be increased as needed and as the

costs of solar PV panels are reduced with technological advances.

2.10. ICT in the home

Having thoroughly explored the related work that falls within the electricity sector, this section
provides a brief look at the research that has been done on information and communication

technology at home.

A discussion about studies focused on ICT in the home that are not necessarily related to
electricity consumption monitoring is relevant to the scope of this study. This is because
although the objectives of a Home network system may differ, the design requirements contain
many similarities with the requirements for an electricity monitoring system or mobile
application. Home network systems lend themselves to scenarios that require easy
communication, quick information reference capabilities and time-based reminders, hints and

tips. Similarly, these requirements can apply to an electricity monitoring system.
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The studies discussed are both health related. The first is applicable to new parents who need
assistance with their new-born baby and the second is applicable to elderly residents who
need attention because of age related ailments, but who are eager to maintain an independent

lifestyle.

A mobile health application called ‘Home but not Alone’ was developed by Shorey et al. (2017)
in an effort to provide new parents with personalised educational content and real-time support

once they were back at home with their new-born babies.

Research shows that this transition period with a new baby can be particularly stressful for
both parents, whether the baby is the first-born or a sibling to a young toddler. The need for a
tool like this was identified because of a lack of availability of educational programmes

focussed on common issues faced during this time.

The application was designed to be mobile-based for easy availability to new parents. The
application is highly interactive, encouraging parents to communicate with medical
professionals when the need arises. Parents are also sent specific articles and videos based
on their baby’s current age and stage of development. In addition, all the information available
on the application has been prepared by medical professionals, which is an incentive for
parents to follow the advice provided by the application rather than attempting to navigate the
often contradicting and misleading oddments of information to be found on the Internet.

This study described the protocol for measuring the effectiveness of the application with a

sample group, but the results of the study are yet to be published.

eWALL, a smart home environment, is an EU initiative aimed at improving the lives of elderly
residents with age related impairments such as mild dementia or chronic obstructive
pulmonary disease. The system monitors and assists with the health conditions of the resident,
but it also provides the resident with the motivation and empowerment to live unassisted for
as long as physically possible and as long as desired. The system prompts the resident with
helpful suggestions and reminders via a computer monitor and monitors the resident’s state

of health via sensors and networked communication channels (Koren, 2016).

2.11. Use of mobile or desktop applications for any

monitoring purposes

As was the case for the previous section, discussing the use of a mobile or desktop application
for any monitoring purpose is relevant to this study because there may be similar design

requirements for an electricity monitoring application and a health care monitoring application.
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Over the last few years, the use of Ubiquitous Healthcare (U-Healthcare) by patients for health
check-ups has emerged as an alternative to attending check-ups at a centralized hospital
(Jung et al. 2015). A U-Healthcare system enables the real-time monitoring of the state of a
patient regardless of where the patient is located. It has been used in applications such as
medical check-ups, monitoring of chronic conditions such as diabetes and in emergency

medical situations.

Jung et al. (2015) propose a U-Healthcare system for the early detection of acute myocardial
infarction (AMI) cases, commonly known as heart attacks. The system consists of a wearable
detection device that the patient straps onto the wrist that houses a microneedle that extracts
a blood sample from the patient when pressed downwards. The blood sample is then scanned
for AMI cardiac markers using three-dimensional bio-electrical sensors (also housed within
the wearable device). This system is controlled using an Android-based application, which
also collects cardiac marker data. The application allows the patient and their medical

personnel to review the information and determine the patient’'s medical condition.

Having consulted the Android Play store, it appears that the use of an application for

monitoring purposes has also been applied to the following:

Managing money

Weather updates

w

Tracking mobile data usage / cell phone battery monitoring / load monitoring /
internet speed monitoring

Dental health monitoring

Medical monitoring (manual & sensor based)

Fitness monitoring

Baby monitoring

Home security monitoring

© ©® N o g &

Power Failure monitoring
10. Privacy Monitor

11. Sleep Monitor and

12. Vehicle logger

2.12. Gaps and Opportunities

The main motivators for electricity conservation are cost savings and environmental
conservation. The incorporation of these drivers in engaging electricity consumers in

conservation activities is key. Residents also do not have a good understanding of the most
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effective methods for reducing their electricity consumption. Therefore, providing them with a
tool that allows them to monitor their electricity usage and subsequently provides them with

visuals of their electricity usage patterns will potentially improve this level of understanding.

There are several electricity monitoring systems available on the market for residential use,
but the reporting systems that are available require expensive, time consuming installations
and otherwise can’t provide device level reports. Further, financial constraints are considered

one of the main reasons provided by residents for not conserving electricity.

Many of the monitoring systems available on the market are also highly automated which
results in the end user being excluded from the process. Keeping in mind the importance of
consumption awareness on behalf of the end user, it is vital that they remain an active part of

the value chain.

2.13. Chapter Summary

This chapter outlined the literature review for the study. The various approaches to electricity
monitoring in the home were discussed, from HEMS to user centred monitoring studies to
electricity usage simulations. The chapter also discussed the work done on electricity-related
information and communication technologies for development (ICT4D), the use of information
and communication technologies (ICT) in the home and the use of mobile or desktop
applications for any monitoring purposes. The chapter described a field of research that has
been explored for many years, but the final section highlighted several gaps and opportunities
to be taken advantage of, such as the misunderstanding among residents about their

electricity consumption patterns and how to effectively conserve electricity.
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3.Design and Implementation

3.1.  Chapter Overview

This chapter is split into two main sections: the first section discusses the design of the

application and the second section addresses the design of the experiment.
3.2. Design of the Application

3.2.1.User-centred design process

As mentioned in Chapter 1, the application was designed with the user in mind, with close
user involvement throughout the process. A user-centred design process was followed to
ensure that user input was acknowledged and incorporated in the design right from the outset
of the design phase. Focus Groups were held at frequent stages of the design process for

iterative feedback purposes.

A diagram showing the phases of the User Centred Design Process is shown in Figure 2.

Identify Need =3

Specify Context
of Use
Vv
E;alyate System 5 S;':ecify .
esigns H equirements
& Satisfies 4
_P-.. /
Produce Design
Solutions

Figure 2: User Centred Design Concept
(Source: User Centred Design Basics. 2017)

Firstly, the need for the design is identified, in this case the need for the design was identified

because there were no electricity monitoring applications available on the app stores.

Then the next stage involves the specification of the user profile: who will use the tool, what

will it be used for and in what context it will be most useful. In this case, people with a desire
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to reduce their electricity consumption for economic or environmental reasons were identified

as potential users.

Stage 3 then identifies the user requirements that must be met in order for the tool to be

classified as successful. This was done in the form of a focus group.

There is then an iterative design phase, where a stage-by-stage process is followed to develop
the tool from a vague concept to a prototype with a satisfactory user interface and eventually
to a complete and functional design. Again, there is close user involvement during this phase,
also in the form of a focus group in order to ensure that the design does not stray too far away

from the user requirements.

3.2.2.ldentification of Requirements: Focus Group 1

The first step in the design process was to gather user requirements for an electricity
monitoring application. A focus group was held with 6 participants to gather their input,

specifically related to the look and feel of the user interface for the application.

1. Purpose of a focus group

The purpose of this focus group was to gather opinions, beliefs and attitudes about electricity
consumption and to encourage discussions about the topic. During the first focus group for
this study, the participants’ understanding of their electricity consumption was explored, as
well as their feedback on what they would want in a tool that was supposed to assist them to
monitor electricity usage. The spontaneous combination of the participants’ comments and

feedback creates a helpful platform for testing assumptions about user requirements.

2. The Participants

The 6 participants volunteered to be involved in the focus group and, since they were all well
acquainted with the researcher, they constituted a convenience sample rather than a random
sample. However, the range of age categories represented in the small focus group was wide,
with the age difference between the youngest and oldest member being approximately 50
years. It is therefore believed that electricity consumption perceptions from different
generations of electricity users was well represented. 4 of the 6 participants were home
owners, 1 participant was a tenant and the last participant lived in a student dormitory. 3 of
the participants had prepaid electricity meters, 2 participants had billed electricity meters and

the participant from the dormitory was not billed for electricity.
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3. Procedure

The participants were informed of the purpose of the study and provided with the breakdown

of the study’s research question.

They were then briefed regarding the process of the focus group and asked the following
questions regarding their current understanding of electricity consumption:

1. Do you have an idea of how much electricity you or your household consumes
daily/weekly/monthly?

Do you know exactly what to do to reduce your electricity consumption?

Do you know to what extent different appliances contribute to your consumption?

What would drive you to try to reduce your electricity consumption?

a > W N

Can you imagine an electricity consumption application working? What works and

what does not work?

o

How would you feel about using this application for a week? For a month?

Do you think that it would be necessary for this to be a mobile application or would
a web-based (desktop) application work just as well?

8. Exactly what information should be displayed to help the user reduce their

consumption?

4. Feedback

In response to questions 1-4, roughly half of the focus group had no idea how much electricity
they consumed over time. Also, half of the participants did not have suggestions as to how
they would go about reducing their consumption and they were unclear about appliance-

specific electricity consumption rates.

The other half of the focus group could provide either a rough estimate of their monthly
electricity bill or knew exactly how many kilowatt-hours of electricity they were consuming per
day. They also had suggestions regarding which appliances were the biggest electricity
consumers, namely the geyser and the washing machine. Several people also suggested that
turning off plugs and chargers that were not being used and installing energy saving light bulbs

would reduce one’s electricity consumption.

In response to question 4, the general consensus from the focus group was that a big motivator
for reducing one’s electricity consumption was monetary. In addition, the reduced impact on

the environment was also mentioned as a driving factor.
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In response to the later questions, the main feedback regarding the user interface was that it
was important to them that they would not have to enter in too much data. Generally,
participants said they would use the application intensively for a week but, for a time period of

a month, the required user involvement would need to be reduced.

When asked about the type of device they would prefer to use, there were mixed responses.
Some older participants said that they were less comfortable using their mobile devices for
tracking purposes and that they would prefer a larger, more user friendly desktop screen size.
Younger participants saw the benefits of the use of a mobile device because of their inherent
ubiquity. Eventually it was concluded that if possible the application should be designed to be

compatible with both mobile devices and desktop devices.

Finally, participants mentioned that they would prefer to be provided with a picture-per-
appliance “dashboard” of high consumption appliances to track the electricity consumption
instead of having to list all the appliances they had in their houses. This concept was seen as
too time consuming for users. However, the group also discussed the option of collecting user
details in order to create a household profile to make this dashboard more personalised.
Another suggestion was for the application’s dashboard to be organised “room-by-room”,
meaning that appliances that are generally located in the same rooms in a house should be
grouped together.

For usage pattern feedback purposes, users mentioned that they would want to be provided
with stacked bar graphs showing a block for the consumption per appliance for each day. They
also mentioned that it would be most useful to them to know how much each appliance’s daily
consumption cost them rather than being given the electricity consumption in kWh for each

appliance.

Some other useful suggestions gathered during the focus group were also provided during a
last group discussion. Participants stressed the importance of not having to switch between
different pages in order to complete the data entries and the importance of a step by step
guide was also discussed. Finally, the focus group participants were keen on the idea of
making the application more fun by introducing a game concept to it; introducing a
neighbourhood leader board may appeal to users’ competitive nature. There was also a
suggestion that the application needed an animated mascot providing helpful hints to make it

more interesting to users.

5. Conclusion

In conclusion, the feedback during the first focus group highlighted the importance of making
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the application as easy to use as possible without expecting users to spend too much time
entering data. It also emphasised the importance of making the application fun and interesting
to use. A clear idea of the kind of electricity usage patterns that should be provided was also
formed; a daily comparison in the form of a stacked bar chart would be useful and consumption

should be described in terms of cost instead of kilowatt-hours.

The decision to create a cross-platform application was made following feedback from the first
focus group, where a case was made by several members of the group that older participants
would be more comfortable with the use of a desktop application rather than a mobile

application.

3.2.3.Exploring tools for application development

Having concluded the focus group and gained some insight into what users would potentially
want from an electricity monitoring application, the focus of the study turned towards

identifying an application development tool or service that best suited these requirements.

One of the findings that emerged from the focus group was that different types of users would
have different device preferences, so it was decided that a cross-platform application should
be developed. The idea was that one design could be implemented and deployed for multiple

types of devices.

TouchDevelop was first identified as a useful tool for quickly developing application prototypes
and a lot of time was spent exploring what the service had to offer (TouchDevelop, n.d.).
Unfortunately, it became clear that, although it was a well-designed, interesting tool for
learning how to create one’s own application, ultimately it lacked several features, such as the
capacity to successfully publish the application to the public domain. It would not therefore be

possible to distribute the application to participants in the study.

lonic Framework was eventually identified as an ideal tool for developing cross-platform
applications and this tool was used for the study (lonic Framework, n.d.). lonic Framework is
a free and open source Software Development Kit (SDK) that is Cordova-based (lonic
Framework, n.d.). Cordova packages Angular JavaScript (AngularlS), Hypertext Mark-up
Language (HTML) and Cascading Style Sheet (CSS) to create Web-based mobile and
desktop applications. Despite having a single codebase, lonic applications are compatible with
the three main operating systems that are commonly used today, namely i0OS, Android and

Windows.

There are a number of advantages of using lonic Framework, such as:
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1. Its ability to provide all the functionality that is available in native mobile application
development kits including the provision of services such as push notifications and

access to local device storage (lonic Framework, n.d.).

2. The use of AngularJS as opposed to jQuery (lonic Framework, n.d.) which allows the
application to rely on native hardware acceleration and makes custom components

such as scrollable containers called scroll views available.

3. The high performance of lonic applications when compared with other hybrid
applications due to the unique combination of front end and back end functionality
provided by CSS and AngularJS respectively.

4. The availability of easy to use starter templates making the construction of the “outer

shell” of the application quick and hassle-free.

Once lonic Framework had been chosen as the tool for the development of the application,
the next phase of the study focused on the application’s user interface. An effort was made to

ensure that the user requirements mentioned in Section 3.2.2 were prioritised.

Although the creators of lonic seem to want to eventually provide users with a drag-and-drop
template-based design environment for quick and easy application development from
beginning to end, this service is limited now and the application design and development
required a reasonable understanding of JavaScript, HTML and CSS coding and/or file

structuring.

There were several highly useful application starter templates available via an online service
called lonic Creator (lonic Creator, n.d.). A template that included a side menu function was
used as the basis of the electricity monitoring application. This template was then downloaded,

incorporated into an lonic Framework project and edited.
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A screenshot of the lonic Creator dashboard is shown in Figure 3. The components on the left
panel can be selected as required and dragged and dropped onto the mobile screen. The
screenshot shows the design for the mobile application, but as mentioned, the structure of the
lonic code structure allows for the simultaneous development of both mobile and desktop

applications. These components are then edited further in the right panel.
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Figure 3: Screenshot of the lonic Creator dashboard (lonic Creator, n.d)

An advantage of using the lonic Creator side bar template is that it gives the application the

look and feel of a native Android or iOS application.

The lonic Creator template was developed further to produce the application that was
eventually used for the study. As mentioned, attention was first given to the layout of the
application and shown to users during another focus group before most of the functionality

was built into the design.

The lonic file structure is Cordova-based and subdivided into folders according to file types
(lonic Framework. n.d.). Most of the application development happens within a folder called
WWW. Although the file structure can be edited, lonic initially organises the application into
the following directories inside the WWW folder: CSS, IMG, JS, LIB and TEMPLATES. The

file structure for the application is shown in Figure 4.
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WWW :
index.html

css
ionic.app.css
ionic.app.min.css

img

Js
app.js
controllers.js

lib

angular

——d3

ngstorage

templates
graphsPage.html
HelpPage.html
SettingsPage.html
switchAppliancesOnOff.html
tabsController.html

Figure 4: File Structure of the Application

The CSS folder contains the application’s specific CSS file which centrally houses all
the code that is required to apply style rules to the content of the application.

The IMG folder is where all images that need to be included in the application’s display
are saved.

The JS folder contains all the files written in AngularJS code which control how the
application operates. The two most important subfolders in this application’s JS folder
are app.js and controllers.js. App.js defines the application’s configuration and routing
setup, as well as the tab styles that are used for navigation purposes. Controllers.js
contains a separate portion of code for each tab in the application and it dictates how
the application needs to respond to the user’s inputs.

The LIB folder contains all the lonic libraries and added plugins, such as the d3.js and
SQLite plugins which are mentioned in this chapter.

Finally, the TEMPLATE folder contains an HTML file for each page view in the

application.
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3.2.4.Design of the User Interface

Figures 5 and 6 show the user interface for the main Appliance Timer tab of the mobile and
desktop application respectively.
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Figure 6: Screenshot showing the final user interface design for the mobile application
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Figure 5: Screenshot of the user interface on the desktop Electricity Monitoring Application
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The feedback from the first focus group showed that users wanted an application that did not
require a lot of data capturing on their part. Therefore, the user is not asked to list or select
the appliances they have in their homes. Instead, a generic home appliance dashboard was

decided, based on assumptions regarding:

1) Appliances with relatively low electricity consumptions are not included in this
application as they do not have a significant impact on overall electricity consumption.
Some examples of the appliances that are not included are the fan, lightbulbs and
small battery chargers.

2) The probability that the appliance would be found in the majority of households; for
example, although a Jacuzzi would have a big impact on the overall electricity

consumption results, it is an uncommon household possession.

The order in which the appliances appeared on the dashboard was also considered so as to
try to reduce the total scrolling time each time the user switched an appliance off or on. An
attempt was made to group like appliances together. For example most appliances found in
the kitchen were listed together, then several appliances with cleaning objectives were
grouped together, then heat- related appliances were grouped together and finally came the

last few luxury appliances. Eventually, the dashboard of appliances included the following:
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Coffee machine
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A photograph, the appliance’s name, a toggle button and text displaying Time, Cost and
Energy timers were arranged on an individual card representing each appliance. A toggle
button below each appliance’s picture is supposed to be clicked on to switch appliances on
and off as they are used at home. The timers below the toggles are updated every second,
starting when the toggle is switched on and stopping when it is switched off again. This has

the added benefit of showing the user evidence that the application is reactive to their inputs.

The cards were then arranged in a grid-layout. Since the application was designed for both
mobiles and desktops, “Responsive Web Design” techniques were used to ensure that the
user interface worked well for both the tall, narrow screens of mobile phones and the shorter,
wider screens of desktop computers (Responsive Web Design Techniques, Tools and Design
Strategies. 22 July 2011).

Generally, the content within a screen was automatically wrapped so that once a row was full
the next items fell onto the next row. Otherwise, the screen width of the device was detected
and used as a variable in the code to ensure that the size of the content is adjusted for the

screen size.

Grid-layouts tend to work well for responsive Web designs since the number of cards or blocks
in each row and column can quite easily be adjusted according to screen sizes. In other words,
a mobile application will have more cards in each column and fewer in each row than the
desktop application. Most advice that can be found on online coding forums suggests
designing cross-platform applications for the mobile version first and then to make adjustments

for the larger screens.
The application was structured with three tabs:

e The “Appliance Timer” tab; for data capture.
e The “Feedback” tab; for graphs to give users feedback about their consumption.

e The “Help” tab where users can swipe through the step-by-step guide.

Icons were specially chosen to try to give the user clues as to the function of each tab. The
icon used for the Appliance Timer tab is a stopwatch, the icon used for the Feedback tab is a
horizontal bar chart and the icon used for the Help tab is the universally recognised question

mark icon.
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3.2.5.Iterative Design — The Second Focus Group

The second focus group was held once the layout of the application had been completed.
Three patrticipants took part in this focus group and they were shown the application and given
some time to test out the look and feel of the user interface. Again, discussions about the user

interface were encouraged.

There were fewer findings for focus group 2 and these findings were less detailed than those
of focus group 1, but they were useful and concise. Participants in focus group 2 pointed out
that it needed to be more obvious to users what they needed to do when they first launched
the application. In addition, they were confused about what the toggles were for and said that
they needed evidence of what was happening behind the scenes when they clicked on the
toggles. In other words, the immediate effect of their actions on the user interface was not

obvious.

As a result of the findings of the second focus group, several changes were made to the user
interface. Firstly, a step-by-step guide was introduced to the application design, which led the
user through the experiment and explained how they would be using the application to monitor
their electricity usage. Secondly, to immediately inform the user what was happening when
they turned a toggle on or off, timers were added below each appliance’s picture, which began
as soon as the toggle was switched on and stopped every time the toggle was switched off.
In addition, just to be certain that there was no confusion when identifying appliances, the

names of the appliances were also displayed above the pictures of the appliances.

3.2.6.Refinement of the Functionality of the Application

Once the user interface was deemed satisfactory, the functionality of the application was
developed further. Cordova, and therefore lonic Framework, uses a plugin architecture to
allow the application to have access to native device features that would not be accessible to
Web applications (lonic Framework, n.d.). Access to Cordova plugins was essential for
providing the application with features such as feedback in the form of graphs and database

functionality for managing the storage of historical appliance usage data.

The plugins that were used for this application included d3.js (Data-Driven Documents, n.d.)
for the creation of the stacked bar chart on the feedback page and Cordova’s SQLite storage
plugin (SQLite Storage Plugin, n.d.) for database management of the data that is collected

during the monitoring process.
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The open source D3.js JavaScript library was added to the application’s file structure and used
to display the user’s electricity consumption cost per day graphically. D3.js uses HTML,

Scalable Vector Graphics (“SVG”), and CSS to create graphical displays of the data.

Offline storage is needed to store the state of the application, appliances and appliance usage.
SQLite, which is a compact, embedded SQL database engine was chosen for this function
and added as another library in the application’s file structure. It uses the device’s own storage
and provides easy access to that data when it is needed again to perform a function. Three
tables were created in the SQLite database, namely the Electricity Reading Table, the
Appliance Table and the Log Table. The data saved in each of these tables in the database is

arranged in the columns shown in Table 1.

Table 1: Contents of the application's database in SQLite

Table Appliance Table Log Table Electricity Reading Table
Name
ID ID ID
Appliance Name Appliance Name Start Date Time Reading
Wattage Estimated Appliance Duration Start Elec Reading
C’\?J;:nrzn Wattage Measured Appliance Consumption End Date Time Reading
Date Time On Date End Elec Reading
Date Time Off Time

Appliance Status

1. Appliance Table

The appliance table consists of one row for every home appliance that was included in the

application, so there are 16 rows in total.

Each time the user toggles an appliance’s switch on the application’s user interface, the “Date
Time On”, “Date Time Off’, “Appliance Status”, and, where applicable, the “Wattage

Measured” values for the relevant row are updated.
Each row contains the following:

1.1. A unique identification number in the “ID” column. This is a permanent value.

1.2. An estimated value for the appliance’s wattage, e.g. 2.5kW for the stove, in the
“Wattage Estimated” column. This is a permanent value.

1.3. A measured value for the appliance’s wattage, which is calculated using the data in

the electricity reading table, in the “Wattage Measured” column.
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1.4. A date time value in the “Date Time On” column, which is updated every time the user
switches an appliance on via the application’s user interface.

1.5. A date time value in the “Date Time Off’ column, which is updated every time the user
switches an appliance off via the application’s user interface.

1.6. An “Appliance Status”, which is either populated with an “off’ or “on”.

Each time the user switches a home appliance on via the application’s user interface:
o The “Date Time On” value is updated.

e The “Appliance Status” is changed from off to on.

Each time the user switches a home appliance off via the application’s user interface:
e The “Date Time Off” value is updated.

e The “Appliance Status” is changed from on to off.

2.Log Table
Every time an appliance is switched off, a new row is also created in the Log Table:

2.1. SQLite automatically generates an identification number in the “ID” column.

2.2. The relevant “Appliance Name” text is copied from the Appliance Table to the
“‘Appliance Name” column in the new row of the Log Table.

2.3. The “Appliance Duration” is calculated using the “Date Time On” and the “Date Time
Off” values from the relevant row in the Appliance Table.

2.4. The “Appliance Consumption” is calculated using the “Appliance Duration” value in
the Log Table and the “Wattage Estimated” in the Appliance Table.

2.5. The current “Date” and “Time” values are accessed from the mobile or desktop device.

3. Electricity Reading Table

When the status of the electricity meter reading is updated by a user via the application’s user-

interface, the application saves a new row to the electricity reading table:

3.1. SQLite automatically assigns a unique identification number named “ID” to each new
row.

3.2. SQLite accesses the mobile or desktop device’s current date and time and saves this
to “Start Date Time Reading”.

3.3. The electricity reading that is entered by the user is also saved in the “Start Elec

Reading” column.
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The last two columns of the row are filled when the next electricity reading is entered by the

user. In other words, for the second electricity reading entry and every entry after that:

3.4.

3.5.

3.6.

3.7.

The electricity reading that is entered by the user is saved in the “End Elec Reading”
column of the previous row and to the “Start Elec Reading” column of the new row.
SQLite accesses the mobile or desktop device’s current date and time and saves this
to the “End Date Time Reading” column of the previous row and to the “Start Date
Time Reading” column of the new row.

If only one appliance has been used since the “Start Date Time Reading” in the
previous row, the difference between the “Start Elec Reading” and the “End Elec
Reading” is saved as the “Wattage Measured” in the Appliance table for that specific
appliance.

The “Appliance Consumption” in the Log Table is also updated to reflect the “Wattage

Measured” rather than the “Wattage Estimated”.
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Figure 7 is a high level overview of the electricity monitoring application’s process flows. All of
the process steps to the left of the grey block represent user inputs and all of the process
steps to the right of the grey block represent feedback that is relayed to the user. The process
steps within the grey block itself represent a breakdown of how the application works. Although
this may not be an exhaustive description of the code, it provides a good overview of the

application’s functionality.

A. “User opens the app”: every time the user opens the application, the following process is

triggered:

1. The “Appliance Status”, i.e. on or off, and, in the case of an appliance that is on, the
“‘Date Time On” of each appliance is queried from the Appliance Table of the SQLite
database.

2.  Onthe Appliance Timer tab of the application’s user interface, each appliance’s toggle
is automatically updated to reflect the appliance status and time, cost and energy

countdowns below the appliance’s toggle button also continues to update.

Figures 8 and 9 show screenshots of the application’s “Appliance Timer” tab when the user

opens it in the mobile and desktop versions of the application respectively.
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Figure 8: Mobile Screenshot - Appliance Timer tab when the application is opened
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Figure 9: Desktop Screenshot - Appliance Timer tab when the application is opened

B. “User toggles an appliance on”: In the Appliance Timer tab of the application, every time
the user swipes an appliance’s toggle to the right to indicate that the appliance is “on”, the

following process is triggered:

1. The “Date Time On” and the new “Appliance Status” in the Appliance Table of the
SQLite database is updated

2. The appearance of the toggle changes to indicate that the appliance is on and the
timer, cost and energy countdowns below the appliance also start timing. The timers
are updated every second. The timers were added to provide the user with
confirmation that the application has registered their actions and it also provides a live
update on the amount of electricity currently being consumed. If the user had multiple
appliances on, the dashboard would display this information in an accurate, concise

manner.

Figures 10 and 11 show screenshots of the application’s “Appliance Timer” tab when the
user switches an appliance’s toggle on in the mobile and desktop versions of the

application respectively.
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Figure 10: Mobile Screenshot - Appliance Timer tab when an appliance’s toggle is switched on
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Figure 11: Desktop Screenshot - Appliance Timer tab when an appliance’s toggle is switched on

C. “User toggles an appliance off”: In the Appliance Timer tab of the application, every time
the user swipes an appliance’s toggle to the left to indicate that the appliance is “off”, the
following process is triggered:

1. The “Date Time Off” and the new “Appliance Status” in the Appliance Table of the
SQLite database is updated.

41



2. The consumption and cost of the electricity used by the appliance needs to then be

calculated. The “Date”, “Appliance Consumption” & “Appliance Name” are then saved
to the Log Table of the SQLite database.
Finally, the D3.js stacked bar graph in the Feedback tab of the application is updated

with the new information in the Log Table of the SQLite database to calculate the cost

of the electricity consumed over time.

Figures 12 and 13 show screenshots of the application’s “Appliance Timer” tab when the user

switches an appliance’s toggle off in the mobile and desktop versions of the application

respectively.
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Figure 12: Mobile Screenshot - Appliance Timer tab when an appliance’s toggle is switched off
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Figure 13: Desktop Screenshot - Appliance Timer tab when an appliance’s toggle is switched off
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Figures 14 and 15 show screenshots of the application’s “Feedback” tab. The bar graph is
updated in the mobile and desktop versions of the application when the user switches an
appliance off. The bar graph allows the user to see the total cost of electricity per appliance

per day. Each appliance is colour coded and a legend is displayed below the graph.
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Figure 14: Mobile Screenshot - updated stacked bar chart in the Feedback tab
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Figure 15: Desktop Screenshot - updated stacked bar chart in the Feedback tab

D. “User enters new electricity reading”: In the Appliance Timer tab of the application, every
time the user enters a new electricity reading from their electricity meter into the

application, the following process is triggered:
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1. The “Date Time” and the “Electricity Reading” are saved to the Electricity Reading
Table of the SQLite database.

2. If there has only been one appliance on since the previous electricity reading was
taken, then the measured “Appliance Consumption”, the difference between the
current electricity reading and the previous electricity reading can be used to replace
the estimated “Appliance Consumption” in the Log Table. The user is first presented
with a pop-up asking if the measured consumption should replace the estimated
consumption. If the user answers positively, then the measured value is saved to the
Log table.

3. The graph showing the cost of the electricity consumed over time in the “Feedback”
tab is automatically updated.

4. The “Latest Electricity Meter Reading” information above the appliance dashboard is

also updated to display the user’s data entry.

Figures 16 and 17 show screenshots of the application’s “Appliance Timer” tab when the
user enters a new electricity reading in the desktop and mobile versions of the application

respectively.
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Input an Electricity Meter Reading

What is your electricity reading now?
126.3 x

Cancel “

Figure 16: Desktop Screenshot 5 - capturing a new electricity reading in the Appliance Timer tab
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Figure 17: Mobile Screenshot - capturing a new electricity reading in the Appliance Timer tab

Figures 18 and 19 show screenshots of the application’s “Appliance Timer” tab once the
appliance’s “Latest Electricity Meter Reading” above the dashboard has been updated in

the mobile and desktop versions of the application respectively.

Fpll w4 W15

Appliance Timer Page

Click to enter Mew Electricity Unit Reading
Latast Electricity Meter Feading: 125.3 kWh

Start/Stop Appliance Timers by Clicking
the Switches Below:
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Figure 18: Mobile Screenshot showing the updated Appliance Timer tab once a new electricity meter
reading has been captured
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Figure 19: Desktop Screenshot showing the updated Appliance Timer tab once a new electricity
meter reading has been captured

E. “User clears the collected data”: In the Appliance Timer tab of the application, every time
the user clicks on the red button at the bottom of the screen labelled “Click to clear all
stored data”:

1. Allthe data in the tables of the SQLite database is deleted.
2. The appliance dashboard in the “Appliance Timer” tab is reset.
3. The graph in the “Feedback” tab is reset.

Figures 20 and 21 show screenshots of the application’s “Appliance Timer” tab when the user
deletes the data that has been collected so far in the desktop and mobile versions of the
application respectively.

Delete

Are you sure you want to delete all

the data in the database?

Figure 20: Desktop Screenshot of the Appliance Time tab demonstrating the clearing of the all data
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Figure 21: Mobile Screenshot of the Appliance Time tab demonstrating the clearing of the all data

Figures 22 and 23 show screenshots of the application’s “Feedback” tab once the data has
been cleared and the graph is removed in the mobile and desktop versions of the application

respectively.
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Figure 22: Desktop Screenshot showing the cleared graph in the Feedback tab

a7



v 4 01159

Feedback Page

Cost (R)
=

Date

Bstove Microwave [Kettle

g O O

Figure 23: Mobile Screenshot showing the cleared graph in the Feedback tab

F. There is also a “Help” tab in the application. The user can open the “Step-by-Step” guide,
which is a scrollable slide show, for a comprehensive overview of how to use the
application. Figures 24 and 25 show screenshots of the guide in the “Help” tab of the

application, but the full guide can be found in Appendix 1.
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The Process

1. The aim of this study is
to see if we can use your
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understand how you are
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$

2. The unit of the
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time is the kwh. This is the
unit displayed on your
meter.

9

Figure 24: Desktop Screenshot showing a slide in the step-by-step guide in the Help tab
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Figure 25: Mobile Screenshot showing a slide in the step-by-step guide in the Help tab

3.2.7.The Algorithm used to Calculate Electricity Consumption

During the proposal stage of the study, the intention was to incorporate an equation solving
algorithm into the design so that, as users acquired more electricity readings and appliance
usage times relative to those readings, the algorithm could solve for the unknown appliance-
specific consumption values. For example, a user takes an electricity reading at 7am (50.100
kwh), 8am (50.000kWh) and 9am (49.826kWh). The total consumption between 7am and
8am is 0.100 kWh and the total consumption between 8am and 9am is 0.174kWh. Only two
appliances are on during that time, namely the kettle and the toaster. The kettle is on for 3
minutes from 7:15 and again for 3 minutes from 8:30 and the toaster is on for 4 minutes at
8:45am. There are two unknowns in this scenario: the wattage of the kettle and the wattage
of the toaster. However, there are also two solvable equations, since we know what the
electricity consumption was for two periods. Since the number of unknowns equals the number
of equations, the unknowns (call them x: kettle and y: toaster) can be calculated as follows
(Note that the time per appliance needs to be converted from minutes to hours, which is why

the number preceding the unknowns are divided by 60):

1. (3 min/ (60 min/1hour)) X = 0.1 kWh
2. (3 min/ (60 min/1hour)) X + (4 min / (60 min/1hour)) Y = 0.174 kWh

Equation 1 can be solved first to get the wattage of the kettle:
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1. 3/60 X hour = 0.1kWh
X=0.1x20kw
X = 2kW

This value can now be substituted into equation 2 as follows to solve for Y:

2. (3 min/ (60 min/1hour)) 2 + (4 min / (60 min/lhour)) Y = 0.174 kWh
(4/60) Y hour = (0.174 - 0.1) kWh
Y =0.074 / (4/60) kW
Y =111 kW

This is an interesting approach and one that should be explored further. There are several
complexities that need to be considered with this approach and unfortunately time did not
allow for these complexities to be resolved in addition to completing the design of the

application and conducting the experiment.

The first complexity is related to the resolution to which electricity is measured on a household
electricity meter. A typical electricity meter will only display the kilowatt hours used or
remaining down to a resolution of one decimal point. Therefore, to accurately record the
consumption of one appliance with 90% accuracy you need to consume at least 1kWh of
electricity since a rounding error of 0.1 equates to 90% accuracy. Furthermore, if the appliance
has a wattage of 1.11kW, like the toaster in the example above, you will need to leave that
appliance on for 54 minutes before an accuracy of 90% can be achieved. This is clearly not

possible for an appliance like a toaster, which is typically used for short periods at a time.

Instead, the final design for the application uses measured consumption readings where
possible and otherwise it substitutes appliance-specific wattage estimates into the equations
above to calculate a consumption value. In cases where an electricity reading is taken before
and after the use of a single appliance, the measured consumption is recorded. In cases where
there are not enough electricity readings taken, or more than one appliance is used at the
same time, the application applies the pre-determined wattage estimates that are saved in the
Appliance Table of the SQLite database (see Table 1). One of the benefits of taking this
approach is that the application could be used by participants who had access to their
electricity meters at home and by participants who did not have access to their electricity

meters at home.
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3.3. Experimental Design

One experiment was conducted over a period of one week. Participants were asked to install
and use the application in their homes whilst continuing with their daily routines. Once the

week was over, participants were asked to complete a user experience questionnaire.

3.3.1.Experimental procedure

Participants received an email describing the purpose of the study and an outline of what is
expected of them. The email also contained links to the app stores where they could download
the app and a pdf version of the Step-by-step guide (see Addendum 1) was sent as an email
attachment. Participants were asked to install the application on their device of choice since

the application should be compatible with Android and Windows.

Once the application was installed and successfully launched for the first time, the participants
were guided through the use of the application with the Step-by-step guide whilst they
performed their daily household tasks. If help was required at a later stage, the user could also
revisit the guide by clicking on a help button. All of the features of the tool on each of the two

tabbed pages are clearly described to the user in the step-by-step guide.

The participant was asked to complete the following actions whenever they use appliances at

home that consume electricity:

1. Capturing the balance of electricity units on the electricity meter:

The experimental procedure requires that participants take regular electricity consumption
readings in kWh from their electricity meters at home so that consumption data can be

gathered for the entire dwelling over time. The procedure is as follows:

1.1. The user opens the application.

1.2. Depending on the length of time since the last electricity reading was taken, the user
may want to check the number of units (kWh) on their electricity meter at home and
capture the value in the Appliance Timer tab by clicking on the “Click to enter electricity

unit reading” button.

1.3. If the user wants to input an electricity meter reading regardless of the length of time

since the last reading was taken, they can do so as well by clicking a button to open
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the input form.

2. Turning appliances on:

The experimental procedure requires that participants enter information about which home

appliances are being used over time as well. This information is then used alongside the

overall consumption readings for the real-time monitoring of per-appliance consumption.

2.1. As the user physically turns on their appliances at home, they need to feed this
information to the application. This is done by sliding or clicking on toggle switches

shown below an image of the respective appliance.

2.2. When the toggle is toggled “on”, a current date and time value is saved to the

application’s database.

3. Turning appliances off:

3.1. Similarly, as the user physically switches off the appliances at home, they are required
to switch the appliances off on the application’s user interface using the toggle

switches shown below an image of the respective appliance.

3.2. When the toggle is toggled “off’, a current date and time value is also saved to the
application’s database. In addition, a duration value, which is calculated by subtracting

the appliance’s time on from the time off, is also saved to the database.

4. Viewing the Usage Patterns:

4.1. The user can open the Feedback page at any time by selecting the labelled tab. On
the Feedback page they can view the stacked bar chart showing their updated

electricity usage.
5. Clearing data:

5.1. The user can also delete the data collected to date by clicking on a red delete button
placed at the bottom of the Appliance Timer page.

3.4. Chapter Summary

This chapter provided an outline of the design of the application and the experiment. The user-
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centred design process that was adopted was discussed in detail. Feedback about the focus
groups that were held during the design process was also given, and this feedback formed
the foundation of the requirement identification process. The next section described which
application development tools were tried before lonic Framework was decided on. The
approach taken to first finalise the user interface, then to hold a second focus group for another
iteration of feedback and then to build in the functionality of the application was then

discussed. Finally, the experimental design was outlined.
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4.Evaluation and Results

The success of the experiment is measured using a USE questionnaire, which tests the

Usefulness, Satisfaction, ease of use and Ease of Learning experienced by participants.

4.1. Pilot Study

Before the application was published to the app stores for distribution to the participants in the
experiment, three potential users who volunteered to take part in the pilot study were sent the
unpublished Android APK file and asked to install the app on their mobile devices to test the
application.

The pilot study participants were also briefed regarding the outline of the experiment and
asked to run a trial of the experimental protocol in order to eliminate the risk of any major flaws

during the experiment itself.

There were no fatal flaws found during the pilot study but the main feedback from participants
during the pilot study was that more guidance through the functions of the application was
needed. The “Step-by-Step Guide” was therefore amended accordingly. There were also a
few suggestions regarding the aesthetics of the graphs page of the application, which were

incorporated before the final experiment.

4.2.  Study participants

A convenience sampling strategy used was used for this study. Participation in this study was
voluntary and not incentivised. Instead, specific target groups with an interest in saving the
environment and/or reducing monthly electricity costs were identified via social media, namely
Facebook. Wherever possible, a group broadcast message was used to promote the study to
members of the identified social media groups. In addition, students from the Computer
Science Department at the University of Cape Town were also informed of the study and
asked to volunteer if they were interested in participating. Other participants are known to the

researcher and were involved on a convenience sampling basis.

Participation in the study was limited to volunteers living in and around Cape Town and to
people who buy either prepaid electricity or receive electricity bills on a monthly basis. Not all
participants are home owners; some are tenants in their premises. Participants were required
to install the application on their chosen device and to interact with the application to monitor

their electricity usage as per their usual schedule.
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The targeted number of participants was 30 and 31 people volunteered to participate in the
study; however there were only 21 survey responses received. There were several reasons
for smaller than expected participant turnout, including Android and Windows incompatibilities
with older operating system versions and the lack of an iOS version of the application;
unfortunately a number of participants did not respond to early queries as to the type of device
they intended to use but they assumed that the application would be available on any device
type. As mentioned, the intention was to make the application available on all three platforms
and the iOS version was compiled and tested but it was decided that the required iOS license

was too expensive for the purposes of this study.

The relevant ethics approval for the involvement of people in the experiment was applied for
and granted by the University of Cape Town’s (UCT’s) Department of Science. In addition,
permission to involve UCT students in the study was also applied for and granted. These
approvals are shown in Appendices 4 and 5 respectively. Participants were also sent consent
forms to sign (see Appendix 3) that described the requirements from participants during the

study.

4.3. Data Collection Methods

For this experiment, user feedback was gathered using a post-experiment online
questionnaire following the Usefulness, Satisfaction, and Ease of use (USE) User Experience
model - see Appendix 2 (Lund, 2001). A website called QuestionPro was used for the creation,

distribution and management of the questionnaire (QuestionPro. n.d.).

This questionnaire uses a Likert scale to gauge the participant’s level of agreement with a
collection of statements about the usefulness, ease of use, ease of learning and satisfaction
related to their experience with the application. A 7 point Likert scale was used in the
questionnaire, where 1 represents “Strongly Disagree” and 7 represents “Strongly Agree”. To
evaluate feedback provided on a Likert scale, the median or the mode of the total responses

is used, as opposed to the average of all responses.

To give users more freedom to provide specific feedback, users were also asked to list the
most positive and the most negative aspects of the application and their experience during the
experiment. The questionnaire used to gather the participants’ feedback can be referred to in

Appendix 2.
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4.4, Results and Analysis

The research question is as follows:

Can user-collected electricity consumption data on a mobile or desktop device provide useful

electricity usage patterns to home users?

The research question leads to the following sub questions:

1. Was the feedback useful to users?

e This question is addressed in the “Useful” section of the USE questionnaire.

2. What was the user’s experience while using the application?
e This question is addressed in the “Satisfaction” section of the USE
guestionnaire as well as the final question about the most positive and the

most negative aspects of the application and the experiment.

4.4.1.Analysis of the USE Questionnaire

The data analysis methodology for Likert-based questionnaires differs depending on whether
the responses are treated as Likert-type items or as Likert scales. While Likert-type items refer
to the singular questions in the survey, a Likert scale is composed of a series of four or more
Likert-type items that represent a certain characteristic and can therefore be combined into a

single composite score (Boone et al. 2012).

Likert-type items produce ordinal data, meaning that responses can be ranked but it is not
possible to measure the distance between each notch on the scale (Allen et al. 2007). Ordinal
data cannot be measured based on a normal distribution; instead of measuring the mean and
the standard distribution of the dataset, it is best to work with the median (the middle score)

and the mode (the score that occurred most often).

The Likert-type items are considered individually in this case and the mode and median is

displayed for each question, but the questions are very clearly grouped into four categories:

e Usefulness
e Satisfaction
e [Ease of Use

o Ease of Learnability
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The results for each category are also displayed in comparative frequency bar graphs.

Participants were asked to indicate their level of agreement with each statement in the
questionnaire by giving it a score between 1 (strongly disagree) and 7 (strongly agree), with 4

indicating a neutral stance on the statement.

In addition, it is important to measure the reliability of the Likert-type items. Cronbach’s Alpha
is measured for each category of questions to ensure internal consistency. This analysis was
done using the “Anova: two-factor without replication” function in excel for the dataset to find
the mean square error and the mean square for the row (each row representing each
participant’s scores for the questions in the category). Cronbach’s alpha is finally calculated
by dividing the mean square error by the mean square for the row and then subtracting that
from 1. Cronbach’s alpha varies between 0 and 1, and a result greater than 0.8 represents an

acceptable reliability (Grande. 2016).

4.4.1.1. Usefulness

Cronbach’s alpha for the Usefulness Likert-type items was calculated as 0.858, which depicts
a good internal data consistency. Table 2 displays the median and mode for all usefulness-
related Likert type items and Figure 26 shows a bar chart of the frequency of responses for

each item.

Table 2: Median and mode for each usefulness-related question

Usefulness Likert-type Items Median Mode
1. It helps me to be more effective. 6 6,7
2. It helps me to be more productive. 6 6

3. It is useful. 6 6

4. It gives me more control over the activities in my life. 6 7

5. It makes the things | want to accomplish easier to get done. 4 1,4,7
6. It saves me time when | use it. 3 1

7. It meets my needs. 5 5

8. It does everything | would expect it to do. 5 6

As shown in Table 2, both the median and mode for the first four Likert-type items were
relatively high, scoring between 6 and 7. The participants indicated that the application helped
them to be more effective and productive, that it was useful and that it gave them control over
their lives. As shown in Figure 26, a cumulative 75% of the participants indicated that they

agreed that the application made them more effective, a cumulative 56% agreed that it helped
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them to be more productive, a total of 95% agreed that the application was useful and 74%

agreed that it gave them more control over their activities.

Participants’ responses to item number 5, namely “It makes the things | want to accomplish

easier to get done”, were inconclusive, with modes of 1, 4, and 7.

Responses to item 6 however were conclusively negative, with a median of 3 and a mode of
1. As shown in Figure 26, only 33% of the participants responded positively. Iltem 6 dealt with
the time saved when the application is used. This is an interesting finding, since participants

appeared to believe that the application was useful, productive and effective.

One possible explanation for the negative feedback regarding the time saving aspect of the
application despite the positive feedback regarding the usefulness, effectiveness and
productiveness of the application could be linked to the complexity of the application design
or the time spent by participants trying to learn how to use the application. Feedback on ease

of use and ease of learning are discussed in Sections 4.3.1.3 and 4.3.1.4 respectively.

Otherwise, the negative feedback to this item shows evidence that participants do not
appreciate having to spend time manually switching appliances on and off via the application’s

user interface.

Finally, items 7 and 8, namely “It meets my needs” and “It does everything | would expect it to
do” each scored acceptable medians of 5 and modes of 5 and 6 respectively. 33% of the

participants did not agree that the application did everything they expected it to.
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Figure 26: Participants’ responses to usefulness-related questions



4.4.1.2. Satisfaction

Cronbach’s alpha for the Satisfaction Likert-type items was calculated as 0.896, which depicts

a good internal data consistency.

The responses to satisfaction related Likert type items are displayed in Table 3 and Figure 27
respectively. Participants were generally positive in their responses, with modes and medians
of 5 and 6 for all but 2 statements. Most participants responded with a neutral score of 4 for
the statements “It is wonderful” and “I feel | need to have it”. Figure 27 shows the frequency
of responses in more detail, over 70% of the responses indicated that participants were
satisfied with the application, would recommend it to a friend, found it fun to use, agreed that

it worked the way they wanted it to work and found it pleasant to use.

Table 3: Median and mode for each satisfaction-related question

Satisfaction Likert-type Items Median Mode
9. | am satisfied with it. 6 6

10. I would recommend it to a friend. 6 6

11. It is fun to use. 6 6

12. It works the way | want it to work. 5 5

13. It is wonderful. 4 4

14. 1 feel | need to have it. 4 4

15. It is pleasant to use. 6 56
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Figure 27: Participants’ responses to satisfaction-related questions
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4.4.1.3. Ease of Use

Cronbach’s alpha for the Ease of Use Likert-type items was calculated as 0.880, which depicts

a good internal data consistency.

Table 4 and Figure 28 display the participants’ responses to Likert type items related to ease
of use. Although most items scored well with medians and modes of 6 and 7, items 20, 21, 25
and 26 had a median score of only 4 or 5 and the modes varied between 4 and 7. This indicates

a lack of consensus in responses. The statements being discussed were: “It is flexible”, “Using

it is effortless”, “I can recover from mistakes quickly and easily” and “I can use it successfully

every time”.

It is believed that these responses are related to an issue with the design of the application
that was also raised by some participants in a comments section of the questionnaire (see
Section 4.4.1.5). Unfortunately a few participants raised a concern that it was difficult to
recover from an error made while using the application. A few participants selected a toggle
button erroneously whilst scrolling through the application’s “Appliance Timer” tab and the
application lacked the function to delete previous data entries. While it is possible to clear all
of the data entries, it is not possible to select one data entry to delete. Not all participants
made this error, however, which explains the lack of unanimity in responses for these
guestions. This design error can be corrected quite easily by including a function enabling

users to select which data entry they want to delete.

Table 4: Median and mode for each ease of use-related question

Ease of Use Likert-type Items Median Mode
16. It is easy to use. 7 7

17. It is simple to use. 7 7

18. It is user friendly. 6 7

19. It requires the fewest steps possible to

accomplish what | want to do with it. 6 7

20. It is flexible. 5 4,5,6
21. Using it is effortless. 5 7,5,6
22. | can use it without written instructions. 7 7

23. 1 don't notice any inconsistencies as | use it. 7 7

24. Both occasional and regular users would like it. 6 7

25. | can recover from mistakes quickly and easily. 4 7,4
26. | can use it successfully every time. 5 7,5
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4.4.1.4. Ease of Learning

Cronbach’s alpha for the Ease of Learning Likert-type items was calculated as 0.910, which

depicts a very good internal data consistency.

Table 5 and Figure 29 display the responses to the Likert type items related to the ease of
learning for the application. All four statements scored medians and modes of 7, with 80% of
participants strongly agreeing that they learned to use the application quickly, 75% strongly
agreeing that they could easily remember how to use it, 70% strongly agreeing that it is easy

to learn how to use it and 60% strongly agreeing that they quickly became skilful with it.

Table 5: Median and mode for each ease of learning-related question
Ease of Learning Likert-type Items Median Mode
27. I learned to use it quickly. 7 7

28. | easily remember how to use it.

NN

7
29. It is easy to learn to use it. 7
7

30. | quickly became skilful with it.
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Figure 29: Participants’ responses to ease of learning-related questions

65



4.4.1.5. Other Findings

When asked the question “Do you feel that the [electricity monitoring application] has helped
you to better understand your electricity usage?” 100% of the respondents replied “yes”.

Respondents were also asked to list the most negative and the most positive aspects of the
application. It is important to note that it was not compulsory for participants to answer
guestions in the comments section.

These responses can be found in Appendix 6, but the most frequent comments are listed as
follows:

Most Negative Aspects:

1. 8 participants mentioned forgetting to use the application or forgetting to turn an
appliance off on the Appliance Timer dashboard.

2. 7 participants mentioned that there was no way to delete erroneous data entries.

3. 6 participants wanted to be able to add other appliances to the Appliance Timer
dashboard.

Most Positive Aspects:

1. 10 participant mentioned that the application made them more aware of their electricity
consumption.

2. 6 participants mentioned that the application could help them to save electricity or
reduce costs.

3. 6 participants mentioned that the application was simple to use.

4.4.2.Discussion of Two Case Studies

Figures 30 and 31 below display the electricity consumption patterns displayed by two
participants during the experiment. Figure 30 originates from the Android mobile version of
the application and Figure 31 originates from the Windows Desktop version of the application.
The graphs show the total costs in Rand per day but, for the purposes of comparing daily
patterns, the values are interchangeable with electricity consumed. The application assumed
an electricity tariff of R1.759/kWh.
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As can be seen in these graphs, it appears that the participants could track their consumption

on a daily basis.

The variation in daily electricity consumption is obvious in both graphs and there were clearly
days where electricity costs were considerably lower than the costs recorded for the rest of
the week. in Figure 30, the consumption for 28 January and 31 January were comparatively
low while, in Figure 31, the electricity consumption on 11 January, 14 January and 17 January

is particularly low.

It is possible that the participants simply did not need to use the appliances that they had used

on other days of the week.

It is also possible that the application was not used often on those days because the user
forgot to use it. As highlighted in Section 4.4.1.5, a total of 8 participants did mention in the
comments section of the questionnaire that they sometimes forgot to use the application. This
implies that there may be a risk that, as useful as the application may be in collecting
consumption data and displaying useful feedback, some work still needs to be done to either

remind users to use the application or to motivate users to use the application.

Another interesting observation to make for both graphs below is the total number of

appliances that are used over the course of a week.

Although there are 16 appliances displayed on the “Appliance Timer” dashboard, Figure 30
shows that the first participant used only 7 appliances - 44% of the total number of appliances
available, namely the stove, the microwave, the dishwasher, the washing machine, the hair

dryer, the kettle and the shower.

Meanwhile, Figure 31 shows that the second participant used only 5 appliances - 31% of the
total number of appliances available, namely the dishwasher, the washing machine, the

microwave, the toaster and the kettle.

With this in mind, it is definitely worth personalising the collection of appliances that appears
on the dashboard to reduce scrolling time for the participant, to reduce storage requirements

and to allow the inclusion of a longer initial list of potential appliances.

Further, in both cases it is easy to assess by studying the graphs which appliances are the
biggest contributors to electricity consumption. In Figure 30, the shower and the dishwasher
were the biggest consumers. Meanwhile, in Figure 31, the dishwasher is by far the biggest

consumer, followed by the washing machine.
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This demonstrates that the application could be helpful with the identification of potential
electricity conservation actions. In both cases, one could consider adjusting the temperature
settings on the dishwasher to conserve electricity, or alternatively it might urge the user to
consider using the dishwasher only every second day. Regarding Figure 30, that respective
user may consider ways to reduce the amount of time spent in the shower in order to conserve

electricity and costs.

4.5.  Chapter Summary

This chapter outlined the process followed to collect and analyse the results of the study. The
protocol and outcome of the pilot study, the sampling strategy and the profiles of the study
participants, and the methods used to collect the participants’ feedback were discussed. Then,

finally, the results of the study were outlined.
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5.Conclusion

This study involved the design and development of a user driven mobile and desktop
application that provides the users with information on electricity usage patterns and historical
trends. The purpose of the study was to find out if users found the feedback useful and if the

feedback helped them to gain a better understanding of their electricity consumption.

The study involved a week long experiment during which the application was tested by
participants in their homes while they continued using their home appliances as usual.
Feedback was then gathered from the participants using a USE questionnaire. This chapter
discusses the answers to the research question, the implication of the feedback from the

participants and potential future work.

5.1. Answers to Research Question

Analysis of the feedback from the participants in this study showed that it was possible to
provide people with useful electricity consumption patterns with an electricity monitoring
application. The study findings showed that all participants believed that using the application

helped them to better understand their electricity consumption.

5.2. Discussion and Implications

The application scored well in all four aspects of the USE questionnaire, namely Usefulness,

Satisfaction, Ease of Use and Ease of Learning.

The participants’ feedback did indicate that the application’s error recovery capabilities were
not satisfactory and that the home appliances included in the application’s dashboard should

be more personalised or flexible.

Finally, there was also an indication that the application needed to include prompts for the
user as reminders to interact with the application or to switch off appliances that had been left

on for too long.

5.3. Future Work

Testing the accuracy of the electricity consumption data collected during the experiment was
not within the scope of this study, but herein lies another opportunity for future work. This
could also involve further development of the algorithm used to calculate the electricity

consumption which was discussed in Section 3.2.7.
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There is an opportunity for the further examination of the ideal levels of user involvement in
electricity monitoring. This is in order to achieve the optimal balance between minimising the
amount of time required of the user and maximising the user’s levels of understanding of their
electricity consumption. Perhaps a comparative analysis of the knowledge gained by users of
several electricity monitoring applications, each with varying levels of user involvement, could

be conducted.

Finally, another opportunity for future work is to improve the functionality of the application that
was designed for this study by ensuring that the user can easily recover from a mistake, to
make the appliance dashboard more personalised (perhaps by including user preferences)
and finally, by including prompts to remind the user to interact with the application or to

undertake specific electricity monitoring activities.
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7.Appendices

7.1. Appendix 1: Step-by-step guide

Your Step-
by-Step

Swipe to the left to
move to the next
slide. Tap/click to
close slides.

The Process

$

3. Enter electricity
readings from your meter
into the app.

\

4. Click the switches on
the app to turn appliances
on and off as you use
them at home,

$

The Process

1. The aim of this studyis
to see if we can use your
electricity usage inputs to
help you to better
understand how you are
using electricity.

\ 4

2. The unit of the
electricity consumed aver
time is the kWh. This is the
unit displayed on your
meter.

$

The Process

$

5. If possible, take
Electricity Meter Readings
before and after switching

an appliance on & offto
improve accuracy!

\ 4

6. If you can’t take many

electricity readings, the app
will use a default estimate
wattage for each appliance
and a calculationto find an
approximate electricity
consumption per appliance
per day.
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A. Taking Electricity
Readings

Look up the current
electricity reading on your
meter.

A. Taking Electricity
Readings

Input an Electricity Meter
Reading

|
Whiat is your electricity reading now?

99,94 =

Type the electricity reading into
the Text Box that pops up and
click OK to save.

A. Taking Electricity
Readings

= Appliance Timer Page

Appliance Timer

Cﬂclbmm ctricity Unit Reading

atest Electnionty ¢ Reacing 185 &V

Start/Stop Appliance Timers by Clicking the
Switches Below

Onthe el “Appliance Timer” tab of
the App, Click the “Enter new
Electricity Unit Reading” button.

B. Timing Your Appliance
Usage
1

: = P 8 a

jée‘j‘

AT

Also on the (O | “Appliance Timer” tab
of the App, you can see a collection of
pictures of 16 home appliances, with
switches below each appliance.
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B. Timing Your Appliance
Usage

Whenever you switch
on your appliances at
home..

B. Timing Your Appliance
Usage

4 Washing Machine

@

Timer 000119
ost | RO 02

Energy O D13 kv

Below the switch, you can also view
the Timer, Cost and Energy
consumed for this appliance.
These counters update every
second, showing you up to date
appliance usage details.

B. Timing Your Appliance
Usage

3 = Appliance Timer Page
Anoliance Timer

Y Energy 0000 bWt

Wathng Machine Tumbie Ueys
-
@ ﬁ‘
hb}
o ) Tenee & )0
: w0 T
Energy 0 001 kWh | Energy 0.000 bW

N é -
4‘ '
You need to click on that

appliance’s switch on this page to
show that the applianceis on.

B. Timing Your Appliance
Usage

When you switch off that
appliance again...

You need to click again on that
appliance’s switch to switch it off.
Below the switch, you can also
view the final timer, cost and
energy consumed for this
appliance.
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B. Accuracy

If you want to measure the
Electricity usage more accurately
and reduce the number of
estimates used, remember to take
electricity readings before and
after turning the appliance on and
off again.

D. Clear Data

You may also want to clear
the data that you have
collected so far and start
afresh.

Right at the bottom of the
‘Appliance Timer’ E tab,

click on the_
button to do this.

C. Check Graphs and
Feedback

ol [
i

oF
Date
B Micromins  [[osmie  ([IICates Machae

Whoasie @0h wester Wasteng Macrane

On the III ‘Feedback’ tab, a
stacked bar chart displays the cost
(in Rands) per appliance per day.
The key/legend is shown below
the chart.

That
concludes
Your Step-

by-Step
Guide

1 Week
Electricity

Monitoring
Challenge

If you have any
guestions, please
email:
jessmantel@gmail.com
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7.2.  Appendix 2: USE Questionnaire

1 Week Electricity Monitoring Challenge

o Back Bt Surveyo

Hi!

Thank you for participating in the 1 Week Electricity Monitoring Challenge!

Please complete this survey about your experience during the study. All of the participants in the Electricity Monitoring
Challenge will need to answer questions regarding the ElecApp's Usefulness, Satisfaction, Ease of Use & Ease of Learning. It will

take approximately 5 minutes to complete.

Your survey responses are strictly confidential and data from this research will be reported only in the aggregate. If you have
questions at any time about the survey or the procedures, please email me (jessmantel@gmail.com).

Thank you very much for your time and support. Please start the survey by clicking on the Continue button below.

Regards,
Jessica

1 Week Electricity Monitoring Challenge

-_— 33%

@ Back Questions marked with a * are required Exit Survey §)

Which type of device did you use for the study?

-- Select —- v

Section 1: Usefulness

Please rate the following attributes of the app "ElecApp” relating to its USEFULNESS: *
strongly strongly
Disagree Agree

1. It helps me to be more effective. *
2. It helps me to be more productive. *
3. Itis useful. *

4. It gives me more control over the
activities in my life. *

5. It makes the things | want to
accomplish easier to get done. *

6. It saves me time when | use it. *
7. It meets my needs *

8. It does everything | would expect it
to do. *
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1 Week Electricity Monitoring Challenge

— 44%

0 Back Questions marked with a * are required Exit Survey £}

Section 2: Satisfaction

Please rate the following attributes of the app "ElecApp” relating to your SATISFACTION:

Strongly Strongly
Disagree Agree

o

am satisfied with it. *

10. I would recommend it to a friend. *
11.Itis fun to use, *

12. It works the way | want it to work. *
13. It is wonderful. *

14. | feel | need to have it. *

15. Itis pleasant to use. *

1 Week Hectnaty Monitoning Challenge

— 55%

0 Back Questions marked with a * are required Exit Survey )

Section 3: Ease of Use

Please rate the following attributes of the app "ElecApp" relating to its EASE OF USE:

Stlrongl\,f Strongly N/A
Disagree Agree

16. It is easy to use. *
17 It is simple to use. *
18. It is user friendly. ®

19. It requires the fewest steps possible
to accomplish what | want to do with it.

20. It is flexible. *
21. Using it is effortless. *

22 _| can use it without written
instructions. *

23_ 1 don't notice any inconsistencies as
luse it *

24_Both occasional and regular users
would like it. *

25| can recover from mistakes quickly
and easily. *

26. | can use it successfully every time.
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1 Week Hecnicity Monitoring Challenge

— 66%

9 Back Questions marked with a * are required Exit Survey )
Section 4: Ease of Learning

Please rate the following attributes of the app "ElecApp” relating to the EASE OF LEARNING:

Strongly Strongly

N/A
Disagree Agree

27. | learned to use it quickly. *
28 | easily remember how to use it *
29 It is easy to learn to use it *

30. | quickly becamse skillful with it. *

1 Week Electnnaty Monitoring Challenge

] 00%

@ Back Questions marked with a * are required Exit Survey )

Do you feel that the ElecApp has helped you to better understand your electricity usage? *
Yes

No

Section 5: Other
List the most negative aspect(s): *

List the most positive aspect(s).
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7.3.  Appendix 3: User Consent Forms

DEPARTMENT OF Computer Science

UNINVERSITY OF CAPE TOWM RESEARCHERS |
BRIVATE BAG X3 TELEPHIOME: +2T-T 3 EA-5353 "
RONDEBCSCH Trad FACEIMILE
S0UTH AFRCA (= | lessmanted @ amal.com |

URL: MNTIESChfoyct ac 22

Informed Voluntany Consant to Parficipats In Resaarch Study
Project THie: Prototype for an Application for User-collectsd Residential Elactricity Usage Monitoring

Imdtation to participate, and banefita: You are Inviied to parfcipate In 3 ressanch study conducied wih
sleciricity usars & home. The study am |5 to deveiop an application to be usad In an expesiment o
Investigate If dectricty consumption data collected by the user 3 home on thelr moblie of deskiop device
Can Vo Usehl siacinicty UEa0e patams. | Debeve Mat your expenance would be 3 valuable source of
Information, and hope tat by parcpating you may gain usenl Knowiadge.

Procadurss: DUrng this study, you wil be asked 10 install e appilcation on your oan device. The
experment wil Invoive the amtenng sleciicty readngs (In Kivh) t3ken from your eeciricty meters at home,
clicking butions on the wuser imeface 1o Indcate that your home appllances hawve ipeen tumed on or off, ard
checking the usage pattems generated by the application on a dally basks.

Risks: There are no potentially harmful feks relabed fo your parficipation in this study.
Disciamerdathdrasal: Your paticipation |s compestey voluntany; you may refuss o paricipate, and you
miay withdraw at amy ime without having to state a reason and without any prejudice or panalty agalnst you
Should you choase to withadraw, the researcher commits not o use any of the Information you have provided
without your signed consent. Mote that the reseancher may also withdraw you from the study a any time.

Confidentiality: All Information collected In this study wil be kept private In that you will not be |dentfied by
name or by afliation to an Insttution. Confidentiaity and anonymity will be mantaned as pseudonyms wil
be used.

Wit signing this form means:

By Signing this consant fom, you agres o participate In Tis reseanch study. The 3im, procedures i be used,
as well a5 the potental risks and heneflis of your paricipation have been explained verbally o you In detal,
ssing this form. Refusal io parficipaie In or withdrawal from this study 3 any Sme wil have no efiact on youIn
any way. You are e io contact me, to ask questions or request further Infnmation, 3 any me during this
resaanch.

| agree to particpate In this ressanch {tick one box)

Bves Owo 7@41“1115]

Jade Mathieson 5%@*’9" D&M 272016

Mame of Participant ¢ Sighaure of Farfcipart Date

Jessloa Mamel ol DS 22016

Name of Researcher Sgrigiure of Ressancher Date
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DEPARTMENT OF Computer Science

UMIVERSITY OF CAPE TOWN RESEARCHER'S
FRIVATE BAG X3 TELEPHOME: +27-T3-220-3353

RONDEBOQSCH 7701 FACSIMILE: *- -

SOUTH AFRICA E-MAIL: jessmantedigmail.com f
URL: CoO02 Emywctacs

Informed Voluntary Consent to Participate in Research Study
Project Title: Prototype for an application for User-collected Residential Electricity Usage Monitoring

Invitation to participate, and benefits: You are invited to participate in a research study conductsd with
electricity users at home. The study aim is o develop an application o be used in an expsriment to
investigate if deciricly consumption data collected by the user at home on their mobile or desktop device
can provide useful electricity usage patterns. | belisve that your experience would b= a valuable source of
information, and hope that by participating you may gain usefl knowledge.

Procedures: During this study, you will be asked to install the application on your own device. The
experiment will involve the entering electricity readings {in KWh) taken from your electricity meters at home,
clicking buttons on the wser interface to indicate that your home appliances have been turned on or off, and
checking the usage patterns generated by the application on a daly basis.

Risks: There are no potentially harmfud risks related to your participation in this study.
DisclaimerMithdrawal: Your participation is completely woluntany. you may refuse to participate, and you
rmay withdraw at any time without having to state a reason and without any prejudice or penalty against you.
Showld you choose to withdraw, the researcher commits not to use any of the information you have provided
withouwt youwr signed consent. Mote that the researcher may also withdraw you from the study at any time.
Confidentiality: All infformation collected in this stedy will be kept private in that you will not be identified by
name or by affiliation to an institution. Confidentiality and anonymity will be maintained as pseudonyms will
b used.

What signing this form means:

By signing this consent form, you agres to participate in this research study. The aim, procedures to be used.
as well as the potential risks and benefits of your participation hawve been explained verbally to you in detail,
using this form. Refusal to participate in or withdrawal from this study at any time will have no effect on you in
any way. You are free to contact me, to ask questions or request further information, at any time duning this
research.

| agree to participate in this research (tick cne box)
[ Yes [ M {Imitials)

LR

Marme of Participant Signature bf Participant Date

Jessica Mantel J ke 20112016

Mame of Ressarcher Signature of Researcher Ciate
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RONDEBOSCH 7701 FACSIMILE:

SOUTH AFRICA E-MAIL Bssmanieli@gmad.com /
URL: MNTIESOO2 Eymyuct. ac. 24

Informed Voluntary Consent to Participate in Research Study

Project Title: Prototype for an Application for User-collected Residential Electrioty Usage Monitoring

Invitation to participate, and benefits: You are imited to parlidipate in a research study conducted with

electricity users at home. The study aim s lo develop an application to ba usad in an experiment to

investigate if electricity consumplion data collected by the user et home on their mobile or desidop device
can provide useful electricity usage patterns. | balieve that your experience would be a valuahla source of

information, and hope that by participating you may gain useful knowledge,

Procedures: During this study, you will be asked to install the spplication an your own davice. The

experiment will involve the entering eleciicty readings (in kWh) taken from your electricity meters st home,
clicking buttons on the user interface to indicate that your home appliances have besn turned on or off, and

checking he usage patierns generated by the application on a daily basis.

Risks: There are no potentially harmful risks related to your participation in this study.

Disclaimen'Withdrawal: Your paricipation is completaly voluntery; you may refuse to participete, and you
may withdeaw at any lime without having to state a reason and without any prejudice or penalty agairst you,
Should you choase to withdraw, the researcher commils not fo use any of the information you have provided
without your signed consent. Note that the researcher may also withdraw you from the study at any time,

Confidentiality: All information collected in this study will ba kept private in that you will not be idendfied by
name or by affiliation 1o an inslituton, Confidantiality and anonymity will be maintained as pseudonyms wil

be used.
What signing this form means:

By signing this consent form, you agree to participate In this research study. The aim, procedures 1o be used,
as will s the potential risks and banefits of your pariicipaton have bean explained verbally 1o you in detai.
using this form. Refusd to participate in or withdrawal from this study at any time wil have no efiect on you in
any way. You are free to cortact me, to ask questions or request further informaticn, at any time during this

research.

| agree to participate in this research (tick one box)
G@Yes  [ONo LEWS (initats)

Larale W\Rraer M\J’l Y

Nine of Parbcpant J Signaturi s Participant
Jessica Mantel D
Name of Researchor Signature of Researcher

29.11. e s
Date

30/11/2016

Date
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SOUTH AFRICA E-MAIL: |essmantelf@amail.com /

URL: MNTJESODZ @myuctac za

Informed Voluntary Consent to Participate in Research Study
Project Title: Prototype for an Application for User-collected Residential Electricity Usage Monitoring

Invitation to participate, and benefits: You are invited to participate in a research study conducted with
glecincity users at home, The study am is to develop an appication to be used in an experiment to
Investigate if electricity consumption data colected by the uger 3t home on their mobile or desktop device
can provide useful electricity usage patterns. | believe that your experience would be a valuable sowrce of
information, and hope that by participating you may gain useful knowledge.

Procedures: During this study, you wil be asked to install the application on your own device, The
expenment will invalve the entering electricity readings (in kWh) taken from your electricty meters at home,
clicking buttons on the user interfaca to Indicate that your home appliances have been turned on or off, and
checking the usage palierns generated by the application on a daily basis.

Risks: There are no potentially harmfu risks related to your participation in thes study.

DisclaimenWithdrawal: Your participation is completely voluntary; you may refuse to participate, and you
may withdraw at any time without having 1o state a reason and withoul any prejudice or penalty against you.
Should you choose to withdraw, the researcher commits not 1o use any of the information you have provided
without your signed consent. Note that the researcher may also withdraw you from the study at any time.

Confidentiality: A% Information collected in this study will be kept private in that you will not be identified by
name or by affiliation to an institution. Confidentiality and anonymiy will be maintained as pseudonyms will
be used.

What signing this form means:

By signing this cansent form, you agree to participate in this research study. The alm, procedures to be used,
as well as the potential risks and benefits of your participation have been explained verbally to you in datail,
using this form. Refusal 1o participate in or withdrawal from this study at any teme will have no effect on you in
any way. You are free to contact me, lo ask questions or request further information, at any fime during this
research.

| agree 1o participate in this research (tick one box)}

(@ ves O No £ (i)

7% " P - o g -~ d
“rida ey Celog Hel Kro\bu et c9lia| 3016
Nam of Participant Signature of Participant Date
. AT
Jessica Mantel <R 09/12/2016
Name of Researcher Signature of Researcher Date
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SOUTH AFRICA E-MAIL lesemantel@gmail.com /
URL MNTJESO02Emyst.ac2a

Informed Voluntary Consent to Participate in Research Study’
Project Title: Prototype for an Application for User-collected Residential Electricity Usage Monitoring

Invitation to participate, and benefits: You are invited to particpate in a research study conducted with
dectncity users al home. The study aim s to develop an application to be used in an experiment to
Investigate ¥ eleciricity consumption data collectad by the user at home on their mobile or deskiop device
can prowide usefu electnicly usage patlems. | believe that your expenence would be a valuabie scurce of
infermation, and hope that by participating you may gain usafid knowledge

Procedures: During this study, you will be asked to install the application on youwr own device. The
expenment will mvatve the entering electricity readings (in KWh) taken from your electricity meters at home,
clicking buttons on the user interface to indcate that your home appliances have been turned on or off, and
checking the usage patters generated by the appication en a daly basis

Risks: There are no potentially harmful nsks related to your parbcipation in thes study

Disclaimen/Withdrawal: Your paricipation i1s completely voluntary; you may refuse to participate, and you
may withdraw at any time without having to state a reasaon and wihout any prejudce or penalty aganst you
Sheuld you cheose o withdraw. the researcher commis nok 1o use any of the information you have provided
without your signed consent. Note that the researcher may also wathdranw you from the study at any tme.

Confidentiality  All information collected in this study will be kept pavate in that you will not be identfied by
name or by affiliation to an instituton Confidenbality and anonymity well be mantained as psaudonyms will
be used

What signing this form means:

By signing this consent form, you agree to participate in this research study. The aim. procedures to be used,
as well as the potenbal risks and benefits of your participation have been explained verbally to you in detail,
using this form. Refusal to partiapate in or withdrawal from this study al ary tme will have no effect on you in
any way. You are free 1o contact me, to ask questions of request further information, at any time dunng this
research

I agree to partidpate in thes rasearch (tick one box)

DYvee DO 0T (eiias)

LWV 0ge e cb(,z/wré
Name of Parbcipant Signature of Pasticipant Date

Jessica Mantel <3N0 07/12/2016
Name of Researcher Signature of Researches Date
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PRIVATE BAG X3 TELEPHOME: #T-TER2M-1I53 -
HONDEBOQSCH 7701 FACEIMILE:
FOUTH AFRICH, E=hiL iBssmanteli@gmail com J

LIRL: MNTIESDOR @yl acza

Infarmed Voluntary Consent fo Participate in Research Study
Project Tithe: Prototype for an Application for Usar-callected Residential Electricity Usage Monitoring

Invitation to porticipate, and benefits: You Bre invited 1o partcipate in & reseanch shody conduded wih
eleciricaty users @l momo, The sludy aim is 10 devselop an applcation fo ba wsed in an experiment o
investigate If electicily consumplion data collected by the user o home on thair mobile or desktop device
can provice useful electricity usage patterns. | balleve that your exgerience would be a valuable sowres of
informabon, and hopa thad by particpating you may gain useful knowdedge.

Procedures: During this study, you will be asked o inslall the application on your osm device, The
exparirment will involve the enfering electricty readings {in KéWh) taken from your edeciricily meters af home,
clicking buttons: on the user iInterfacs to indicate el vour home appiancas have been tumead on or off, and
checking the usape patierns gensrated by the apphcation o a daily basis

Risks: There are no potentally harmill risks related (o youwr parfidpation in this study

DisclaimerWithdrawal: Youwr paricipation Is compledely voluntary; you may refuse to paiicpate, and you
rrgy willddras & &y Bme withoul bawing 1o stake 8 reascn and without any prejucice or penalty against you.
Should you choose to withdraw, the researcher cormmils not 1 wse any of the information you have proviced
wilhoul yvour signed congent, Mobe that the researcher may aleo withdraw you from the stady at any lime

Confidentiality: All information collected in this study will be kepl private in that you will not Be identified by
rama or by afiliation to an instiuton. Confldentiality end anonymity wil be mairiained as psedonyms will
b e,

What signing this form means:

By signing this consent fomm, you agres 1o paricpate In this research study, The aim, procedures to be used,
as will as the potential risks and benefits of your paticpation have been axplained verbally o you in delail,
using this lorm. Refusal b participate in or withdrawal from this study st anmy me will have no sfect an Yol in
any way. You are free 10 contac me, bo ask quessions o regues] further information, at any fime duing this
resREIrGh,

I agrea to padiopate In thes ressarch (lick one o)

S ves O Mo MVS  initials)
MEGAN van STER _ ﬁ/ﬁi”i”_ ﬁfﬁﬂ - elizlzolb
Maimia af Paticipant Signature of Participant Diate
Jessica Mantel ~ N 07/12/2016
Mama of Ressarcher - Slgnature of Researcher Dk
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FPRIVATE BAG X3 TELEPHOME: +27-T3-220-3353 P -

ROMDEBOQSCH 7701 FACSIMILE: M

SOUTH AFRICA E-MAIL: iessmantelifgmail.com [ R
URL: ESO0F @mywct acz

Informed Voluntary Consent to Participate in Research Study
Project Title: Prototype for an Application for User-collected Residential Electricity Usage Maonitoring

Invitation to participate, and benefits: You are invited to participate in a research study conducted with
eleciricity users at home. The study aim is fo develop an application to be used in an experiment to
investigate if eleciricity consumption data collected by the wser at home on their mobile or desktop device
can provide useful eleciricity usage patiterns. | believe that your experience would b= a valuable source of
information, and hope that by participating you may gain usefl knowledge.

Procedures: During this study, you will be asked to install the application on your own device. The
experiment will involve the entering electricity readings (in KWh) taken from your electricity meters at home,
clicking buttons on the wser interface to ndicate that your home appliances have been turmed on or off, and
checking the usage patterns generated by the application on a dady basis.

Risks: There are no potentially harmmful risks related to your participation in this study.
DisclaimerWithdrawal: Your participation is completely woluntany, you may refuse to participate, and you
may withdraw at any time without having to state a reason and withowt any prejudice or penalty against you.
Should you choose to withdraw, the researcher commits not to use any of the information you have provided
without your signed consent. Note that the researcher may also withdraw you from the study at any time.
Confidentiality: Al information collected in this study will be kept private in that you will not be identified by
name or by affiliation to an institution. Confidentiality and anonymity will be maintained as pseudonyms. will
be used.

¥What signing this form means:

By signing this consent form, you agres to participate in this research study. The aim, procedures to be used,
as well as the potential risks and bensfits of your participation have been explained verbally to you in detail,
using this form. Refusal to participate in or withdrawal from this study at any time will have no effect on you in
any way. You are free to contact me, to ask questions or request further mformation, at any time during this
research.

| agre= to participate in this research (tick one box)

[ Yes O Mo GCM__—initials)
/N
F -1 :ll"r A
Gisela C Madden e PACH ?* g 01-12-20148
Mame of Participant Signature of Participant Cate
Jessica Mantel M giM12201a
Mame of Ressancher Signature of Researcher Ciate
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S0UTH AFRICA E-MAIL: jessmantelifigmail.com / el
URL: MNTJESDO2 Evmypuct ac.za

Infarmed Veluntary Consent to Participate in Research Study
Project Title: Pratotype for an Apgplication for User-collected Ressdential Electricity Usage Monitoring

Invitation to participate, and benefits: You are Invited to particpate in a research sludy conducted with
alactricty users &t home. The study aim iz to develop an application to be used in an expeiment to
invesfigate il electricity consumption data collected by the user at home on thess mobile o deskiop device
can provide useful sleciricity usage patiems, | befleve: that yowr axperience would be & veluable source of
infarmalion, and hope that by participating you may gain usaful knowledge.

Frocedures: During this study, you will be asked to install fe applicalion on your own devica. The
axperiment willl involve the entering electrcity readings (in KWh) taken from your electricity melers al home,
clicking buttons on the user interface to indicate that your home appllances have bean umed on or off, and
checking the usage pattemns generated by the application on a daily basis,

Risks: There are no potentialy harmiul risks reated ko your parficipation in this study.
DisclaimerWithdrawal: Your paricipation is completely voluntarny; you may refuss to participate, and you
miay withdrew at any time withouwt having to stale a reason and without any prejudics or penalty against you
Should you choose 1o withdran, the researcher commits nof fo use any of the information you have provided
without your signed consent. Mote that the researches may also withdraw you from e study at any time.

Confidentiality: All information collected in this study will be kepl private in that you will not be identified by
name or by affilislion to an instiution. Confidentiality and anonymity Wil be maimaned a5 pseuidomims wil
be used.

Wihat signing this form means:

By signing this consent form, you agres to participate in this research study. The aim, procedures o be used,
as well as the polential fisks and benefits of your participation have been explained verbally to vou in detal,
Lsbneg Ehits forrn, Fetusal 1o pamicpale in of withdrawal from this study at any time wil have no effect on you In
any way. You are free 1o conlacl me, 1o ask quastions or reques! furthar information, &t any time during this
resaarch.

| agres o participate in this research (tick one box)

» 'r
b Yes ] No Tl (witiaks)
{) . 5 1 i
| Iﬂ_'-lllll;t.‘-;"ﬂ L\I bila "\_;I:.,: é"_'____} s |I e Il | r.l
Marme of Participant 4 Signaiure of Participant Dete
Jessica Mantel T 05/12/2016
“Name of Researcher Signature of Researcher Dete
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RONDEBOSCH 7701 FACSIMLE N -
SOUTHAFRCA E-MAIL |easmanteifiamal. com | Sy
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Informed Voluntary Consent to Panicipate in Research Study
Project Title: Prototype for an Application for User-collected Reddential Beclricity Usage Monitoring

Invitetion to perticipats, and benefita. You ors wnite to parbaipate o a ressarch study conductes with
clecriaty users at rome The study 3im S 10 00D 30 2p0ication 10 be usad Inan Sxparment 10
investgate if elecnidly consumplion data colladtad by the wser 8t home on thelf Mobds or desikion dewce
a0 proviae usetul elecinoity L3aQs pattens | 2SieveE that your Sxoenence would be 3 valushie source of
informabon. and hope that by pardapating you may gain ussiul knowledge.

Procedures: During this study. you will be as<ad w0 instsl! ths appication on your own davica The
axperiment will mvoive the entaring slechicty raadngs (n kWH) taken flom your electrtity meters at home.
cicking buttors on fie wser inderface 1O indicale thal your home appliances have been tumed on o oF and
checking the usage patierns generaied Dy the apgication on 3 dally bays

Risks: Thers zre no potentialy namful nsks rélatad to your particostion in Dis sudy.

DisclaimerWithdrawal: Your participation is completely voluntary, you may refuse to participate. and you

may withdraw 3t any trme withowt having o stais a reason and without any prejudce o penaity ajains! you
Should you choose 1o withdraw $he reserche commits nol 16 use any of the informaton you have orovided
without your signed consant Note that the rezearcher may 350 waharaw you from the study at avy time

Corfidertiality All information colectad i thiz study will be kept paivate in that you will not be ientified by
name or by afikaticn to zn instution. Confidsahslity ard snonymity wil be main=anad 55 psaudonyms wil
be wsac

Whazt signing this form means:

By Sgomg (his Consent 1omm, you S0ree 10 CANGPELE i) NS /2388000 Sludy. The S, roCE0uwes 10 De used.
A% well a5 the potential neks and benefits of your parbicipaton have been exoiainad verbslly 1 you inostal
using tnis form Refesal 1o paniopste in or wihdrswal from ths study st any time will heve no effact cnyou n
any way You are frae to contact me, to sk questions or recuast further informaton. 2t any bms dunng this
research.

| agree to participate n s resasrch (Uck one box)

e [Ine 3 — (iniss)
DINEMEG 1weng e solifaclt

Name of Participant Sagnature of Parhcipant
Jessica Mantel <D 30/11/2016
Namo of Researcher Sianature of Resemcher Dae
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7.4.  Appendix 4: Ethics Approval

| UNIVERSITY OF CAPE TOWN

IYUNMIVESITHI YASEKAPA = UMIVERSITEIT VAN KAAPSTAD

Faculty of Scdence
University of Cape Town
RONDERDSCH 7701 South Africa
E-mail: fimr hoffmard
Telephone: + 27 21 6505551

1B Mowember NG

Jessica Marbel
Department of Computer Scence

Prototype for an Application for User-collected Residential Electricity Usage Monitoring
Dear bessica Manbed

| aim jpleazed to inform you that the Faculty of Scemos Reseanch Ethics Committes has
spproved the abowe-named application for nessarch sthics clesmancs, subject to the conditions
listmd below.

*  Implemient the measures described in your application to ercure thet the process of your
research is ethically sound; and

» LUphold ethical prindples throughout all stazes of the neseanch, nesponding aponooriabedy to

unanticipated issues: please contact me if you reed advice an =thical issues that arise.

Your approwal code is: FSREC 071 - 2046
I 'wish you suCoESs iR your neseanch.

Yours sincersly

he T o -

Prof Timm Hoffmen
Chair: Faculty of Scisnce Research Ethics Committes

Cc: Frof Hussein Suleman [supervisor]
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7.5.

Appendix 5: Permission to involve UCT students in the

experiment

RESEARCH ACCESS
TO STUDENTS

DSA 100

Thii form Sust ke PULLY domplaled By all apslicants e vl o scorss UCT ibudants For U purpois of Pessarch of dumvenpi.
. PMabarn e fully cormpleted () 054 180 application form by emall, in S e word Tormat, Logathes with your: (B meaanch
propoul inchsivw of your durvy, (2] copy of your athic spproval lefter | proof [d) informad comant it b=

o application will s atlenched io by the Exscutive Dirsclor, Departmnt of $hudent AfTain (IRa] LCT,
The turmancured Lims for @ reply b approcimbely 16 working ey
FE: L i Eh reiporrillolity of U resarcbsen b bo agpby Tor e Lo cblain ethics approval gog b comply with amandsen b Saet may
e et i wall i ke cbialn approval to s UCT 2%l andior UCT sludents, rom the lolovwing, ol UCT, rapecdiehe
(o} Ethice Clairperion, Ficuly Ressarch Bty Committes’ [FREC) Nor sthics agenoval, (i) Stalf sconse Erecutive Cirecter: HI
Tior dnpyrireal Ly it LT T, el i) Skt s it Esoacuilbew (Dinector: Sluderd. Aflaies Tor pproval B acdeid UET dtudenty
. Fobic UCT Sarabe Menisirch Probooob neguinis cormpiancs Lo The above, swin ' prior aperosal his bein obtained from any cthar
natitution/agency. LT rnserch profoccd reguiremants apel b o ol parsona, instiutosn and aganci from UCT and axtamal =
LCT wrhe wask bn cossdect rasmarch onhuman subisch for scadamic, markabig or sarvios relebes mecm ot UCT.
Sheald approwal ba grasted bo séims UCT sbudasts for S resanch shedly, such ssproval luaffectve for s pariod of cne pear from
tha data ol approval (i stabed In Ssction 5of thh form]), asd e approval sasire suboratioally on tha Lot dey.

. Tham rasarm tha | % rrveshon an vl bawsd on reasonabla reda narw information.
SECTION & RESEARCH AFPLUCANTE DETAILS

Foabion Sl | Sudurn R THa wrd Mars |Eﬂm.|:::-“
A1 Shdent hunbs: [FECTEES Ka Juskes Kirslen Bants Hsrentemglcom 373 130 3351
AT Academic | FASS S Ho
A2 ‘diaHori Bessmechbe 15 Mo,
A UnivarsEy of whick UnivesEy of Capa | Addesas B ogf UCT:

shudant oo am ploysa Towrn
A2 Feuld Depadmenifchos | Compuier Scence Departant
AE APPLICANMTS DETAILS Tz ard Fama Tal Emal

 diftererr frerm abssen

EECTION B: REEEARCHER EUPERVEDRY DETAILES
sk Tiba snd hara Tal. Erail
B Supsrsisor Pro! Fussain Saleman LTS hucssingios. wot.a0.za
B2 CoSoprdsort
SECTION C: APPLICANTS RESEARCH ETUDY FIELD AND APPROWVSL ETATUS

S Degres - B azpilzabis W1
CI Bessmrch Project TR [Puzizipza 1o 0 crow s paifem Aoplcmicor 1o User-codbcied Exsderd el Eecincsy Usage Monizrng
©.3 Mavsmrch Progossl At ached: T ] e | ]

T4 Tergel posulafion

UCT Sudents srd others cutsids UCT

2 Leewd Fassmcher deisls

8. W o ressarch auas vy

2T Fmsaarch Methcdology and
In Foemmved] —on s

TR Eihicy cesrenow skabus
Beorm LEC T Feculty Ethics In
Epwmmc b D ormmi e ST hair

(HRC]

H diffsran| f=om apedcank

w1 =l

P - i o i o0 e, Cosindd el i0 e

Fassmh mathodclogy SHaoec = Susvap
Infcrmesd consant- - will be ocbisirec, coniderinify B mered | cerbopation @ ecbnieny.

Bzproress by Ba DGT EIRC: 'r-. WEh TR rErEL. Taa [
Ini Afmch ooy of pour UET sthica spprossl. AEschad: T Mo
|t} Stmiw b | Bal Ho | Faculty of your UET sthics spprowsl: 18111 5209 Rel. : FBRES 071 - 2098

SECTION D: APPUCANTIS APPROVAL ETATUS FOR ACCEES TO STUDENTS FOR REEEARCH PURPOSE

| Ten iy et oy v LACT - ED, DEA o Nrsiviiins)

Bpzroesd | Bth Tama ! ok * Cordiicnal mzproval = He mma -A-td'iﬁllh.'
o1 N Apsmowed - o} Eromsm o siuders ko this cesserce shudy Tosd oniy e | MinBesd02 Ba Jessics Kliralen
AFPRECTVAL urdEriacss s wESen sivcs moorovel fes tesn chimnes L
ETATUS e = In svers any sthics corelfors Bw eiecses Bess o

e ey b corrplesl Wi pkts moosss o shdsnis
oz Duslznatan ] Signaiuse [Date of Azpeoval
:":_“m“ Lxmcuive Dirscior Or Moonire Kban ; FUTIITTE

A i N LS LR
famrnkon. Do, dw i Fags £ 2l d [T
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7.6.  Appendix 6: Questionnaire Responses

[l v ik Turvey - Survesy 1 Wissk Lledricy Morier ing Srailsgs
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e
Filter Data s [ P ]
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Response Distribution
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1/26/2017 Survey : Survey: 1 Week Electricity Monitoring Challenge
Response Count Time Line
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12. Dec 14.Dec 16.Dec 18.Dec 20.Dec 22.Dec 24.Dec 26.Dec 28.Dec 30.Dec 1.]Jan 3. Jan 5.Jan 7.J)an 9. Jan 11.Jan 13.Jan 15.Jan 17.Jan 19.Jan
A
Which type of device did you use for the study? o
Mobile device (Android Operating System) : 100.00%
Answer Count Percent 20% 40% 60% 8(
Mobile device (Android Operating 14 (/a/showResponseEditor.do? 100%
System) mode=execute&question|D=50810070&answerlD=265650731&globalResultMode=0)
Desktop device (Windows Operating 0 (/a/showResponseEditor.do? 0%
System) mode=execute&questionID=50810070&answer|D=265650732&globalResultMode=0)
Total 14 100 %
Mean: 1.000 Variance: 0.000 Standard Deviation: 0.000 Standard Error: 0.000 Confidence Interval: [1.000 - 1.000]
Section 1: Usefulness
Please rate the following attributes of the app "ElecApp" relating to its USEFULNESS: *
1. It helps me to be
more effective. : 5.45 |
68.12%
8. It does everything | 2. It helps me to be
would expect it to do. : 75 more productive. : 4.67
4.43 | 55.36% | 58.33%
7. It meets my needs : 0% . o
5.1 63.69% 3. Itis useful. : 6 | 75%
. 4. It gives me more
6. It saves me time
. control over the
when luseit.: 3.38 | activities in my life. :
42.26% : 5.3767.11%
5. It makes the things |
want to accomplish
easier to get done. :
4.29|53.57%
Strongly Strong|
Question Count Score Disagree 9 5 Agre
1. It helps me to be more effective. 21 5.45
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1/26/2017

2.1t helps me to be more productive.
3. It is useful.
4. It gives me more control over the activities in my life.

5. It makes the things | want to accomplish easier to get
done.

6. It saves me time when | use it.
7. 1t meets my needs

8. It does everything | would expect it to do.

Section 2: Satisfaction

Survey : Survey: 1 Week Electricity Monitoring Challenge

21 4.67
21 6
21 5.37
21 4.29
21 3.38
21 51
21 4.43
Average 4.84

Please rate the following attributes of the app "ElecApp" relating to your SATISFACTION:

14. | feel | need to have it. :

Question

9. | am satisfied with it.

10. | would recommend it to a friend.
11. Itis fun to use.

12. It works the way | want it to work.
13. It is wonderful.

14. | feel | need to have it.

15. It is pleasant to use.

Section 3: Ease of Use

15. Itis pleasant to use. :

9. | am satisfied with it. :
5.57 | 69.64%

5.55 | 69.38%

11. Itis fun to use.

4.38 | 54.76% 68.12%

12. It works the way |

13. It is wonderful. : 4.62 | want it to work. : 4.86 |

57.74% 60.71%

Strongly

Count Score Disagree
21 5.57
21 5.48
21 5.45
21 4.86
21 4.62
21 4.38
21 5.55
Average 513

Please rate the following attributes of the app "ElecApp" relating to its EASE OF USE:

16. Itis easy to
use. :6.05]

26. | canuseit 75.63%

17. ltis simple to
successfully

every time. : 5.2 ;;es.(;G.Z ‘
| 65% o
25.1can
recover from 18. Itis user

mistakes quickly friendly. : 5.95 |
and easily. : 4.11 7A37% 74.37%

| 51.39%

19. It requires
24. Both the fewest steps

occasional and 70.63% .38%

regular users
would like it. :

possible to
accomplish what
I want to do with

5.65]70.63% it. :5.75|
71.88%
23. | don't notice
any 20. Itis flexible. :

inconsistencies

9
as luseit. :5.79 4.55| 56.88%
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| 72.37% ;

instructions. - effortless. : 4.85

. .
6.15| 76.88% 160.62%
Strongly Strong|

Question Count Score Disagree Agre
16. It is easy to use. 20 6.05
17. It is simple to use. 20 6.2
18. It is user friendly. 20 5.95
19. It requires the fewest steps possible to accomplish what 20 5.75

I want to do with it.

20. It is flexible. 20 4,55 A
21. Using it is effortless. 20 4.85
22. 1 can use it without written instructions. 20 6.15
23. 1 don't notice any inconsistencies as | use it. 20 5.79
24. Both occasional and regular users would like it. 20 5.65
25. | can recover from mistakes quickly and easily. 20 411
26. | can use it successfully every time. 20 5.2

Average 5.48
Section 4: Ease of Learning
Please rate the following attributes of the app "ElecApp" relating to the EASE OF LEARNING:

27. | learned to use it quickly. : 6.65 |
83.13%
30. | quickly becamse skillful with it. : 6.25 | 78.13% 83.13% 28. | easily remember how to use it. : 6.65 |
78.12% 83.13%
29. Itis easy to learn to use it. : 6.55 |
81.88%
Strongly Strong|

Question Count Score Disagree Agre
27.1 learned to use it quickly. 20 6.65
28. | easily remember how to use it. 20 6.65
29. It is easy to learn to use it. 20 6.55
30. I quickly becamse skillful with it. 20 6.25

Average 6.53
Do you feel that the ElecApp has helped you to better understand your electricity usage? o

Yes : 100.00%
97
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Answer

Yes

No

Total

Mean: 1.000

Survey : Survey: 1 Week Electricity Monitoring Challenge

Count Percent 20% 40% 60% 8(

18 (/a/showResponseEditor.do? 100%
mode=execute&questionID=50834721&answer|D=265796346&globalResultMode=0)

0 (/a/showResponseEditor.do? 0%
mode=execute&question|D=50834721&answerlD=265796347&globalResultMode=0) A
N
18 100 %
Variance: 0.000 Standard Deviation: 0.000 Standard Error: 0.000 Confidence Interval: [1.000 - 1.000]

List the most negative aspect(s):

List the most negative aspect(s):

01/17/2017
01/13/2017
01/09/2017
01/09/2017
12/23/2016

12/22/2016

12/20/2016

12/20/2016
12/20/2016

12/19/2016

20824094

20801529

20733139

20732762

20673208

20666666

20647071

20638852

20638133

20637040

2 Next »

| sometimes forget to use it :(

You have to remember to use it.

It took a while to get into the swing of things - simply due to the timing though - leaving the house before 1st week of trial was completed interrupted the usage.
| could not add appliances. | would have liked to set limits and receive push notifications.

Needs a function to delete a wrong entry

Just one small thing, the buttons to turn on which appliance you're using are quite small. I've got fat fingers, so at one point | accidentally turned on the heater - not
as it's the middle of summer.

Insufficient appliances
No ability to edit a recording if mistakenly left on

| couldn't edit the time | used something afterwards. For example | put the dishwasher meter on and only remembered to switch it off the next day.
Continues calculating all day if you forgot to switch off on the App

Did not have complete appliance type flexibility (no iron). Did not have a predictive meter reading counter to compare or adjust with reality. Does not allow all usage
(geyser on/off).

List the most positive aspect(s).

List the most positive aspect(s).

01/17/2017
01/13/2017
01/09/2017
01/09/2017
12/23/2016

12/22/2016

12/20/2016

12/20/2016

12/20/2016

12/19/2016

20824094

20801529

20733139

20732762

20673208

20666666

20647071

20638852

20638133

20637040

2 Next »

It makes me aware of my electricity consumption and how | can save more.
I'm more aware of my electricity usage.

It was quick once set up and informative to use to adjust electricity usage.
Easy to use and monitor.

It helps me understand how much electricity i use per aplliance

It's incredibly simple, which to me is a good thing. | feel | became more vigilant and mindful about my electricity and water usage, even addicted! Not only a great wi
conscious about wasting, but ideal for saving money.

Made me more aware of what appliances use the most electricity

Helped me to be more careful with what appliances | used and for how long
Helped me remember to switch appliances off after use.

Simple interface. Interesting to see how much things cost.

Serves the purpose when done right

Shows a comparison of appliance usage, thereby facilitating effective prioritisation.

© 2017 QuestionPro  Professional ~ v16.4  +1(800) 531-0228
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List the most negative aspect(s):

12/19/2016

12/18/2016

12/13/2016

12/13/2016
12/12/2016

12/12/2016

12/12/2016

12/12/2016

« Previous 1

20631624

20627096

20581892

20579084

20570506

20569255

20564356

20564390

1) You need to remember to switch the app off when the appliance goes off. This is the main problem. | forgot to switch it off a few times and therefore produced incorrect results.

Ideally, it would automatically switch off when the appliance switched off.
2) The clear all data is a dangerous button. This should be per appliance / day / hour.

| kept forgetting to switch off the appliances. Hence my kettle was running for "8 hours". Maybe having a notification/reminder that the app is recording would be useful.
Stove and oven not separate - oven uses more electricity, doesn't it?

- Not all household appliances are linked to the app and there is no way to add them. For example an iron or borehole pump.

- The app would be more effective if | could calibrate all my appliances in my household before using the app. By doing this, | wouldn't have to constantly log meter readings
before/ after every appliance usage. In addition, multiple appliances can be used since the app would then be able to recognize the electricity usage of the individual appliances.
- It would be beneficial if multiple devices could be linked to one account. Then all the users in the household can log appliance usage without having to be limited to one device.

Difficult to turn appliance application off, easy to turn on but took several attempts to turn off.
B attled to remember to toggle off.maybe if possible to input time expected to use appliance | would be a better user

1) That you can't alter the time you used an appliance if you forgot to turn it off on the app when you turned it off in reality.
2)it's a hassle to update the electricity meter reading before using an appliance

3) You always have to have your phone/ computer with you to use it accurately

4) The on-off switch for the appliances on the app is a bit too sensitive

5) It seemed to increase my battery consumption

Time consuming...maybe a have a beeper as reminder to switch off timer.
1. There is no opportunity to manually input pre-known usages g pool pump on for 3 hours a day

2. Need more generic categories to include unlisted items such as irons etc
3. Need facility to correct mistakes if you forget to turn off an appliance on the app

List the most positive aspect(s).
12/19/2016

12/18/2016
12/13/2016
12/13/2016
12/12/2016

12/12/2016

12/12/2016

12/12/2016

20631624

20627096

20581892

20579084

20570506

20569255

20564356

20564390

It is easy to use, the interface looks good with the icons for different appliances. | like the cost and usage figures.

| like the per appliance chart. | didn't know how much electricity my tv uses

This is one of the most beneficial apps | have ever used. It is so easy to use. With a little modication, every household will benefit from this app.

Easy use, useful to see electricity usage

1) Quite user friendly

2) It's nice that it works on estimates if you don't update the meter reading
3) The feedback page is a good graphic to get an idea of your usage

4) Increases of which appliances use a lot of electricity

Bring consciousness on saving electricity.

1. Well laid out and easy to use

2. Good feedback showing where electricity usage can be reduced
3. Good use of graphics showing daily usages

&, Accurate as total daily usage does agree back to meter

«Previous = 1
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