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Abstract

Plastic recycling has become a global issue with plastic recycling rates at 8% and with

Scotland’s recycling rates currently at a plateau. Improved plastic recycling rates could

improve overall recycling rates and reduce the effects of plastic waste and climate change.

Currently, minimal research has been conducted on whether individuals are confused by

plastic recycling. Therefore, plastics is an area of recycling that could benefit from further

user research and a novel blended space design to inform users about plastic recycling.

This project investigated users recycling habits and found that they were confused about

plastic recycling. The objective of this project was to create and analyse a user centred

blended space design that would aid in users plastic recycling.

This dissertation investigated individuals plastic recycling with a mixed method approach

of qualitative and quantitative methods such as surveys, ethnographic research and

interviews. The findings revealed that individuals were confused about plastic recycling.

Thereafter, a blended space methodology and user centred approach was used to create a

conceptual blended space design that would inform individuals about plastic recycling.

The blended space was created after evaluation of the generic physical and digital spaces.

This design was created through an iterative design process and based on user centred

approaches. Usability testing found that the conceptual blended space design was above

average in usability. However, this project also found that the usability testing may not be

the best form of testing for a conceptual blended spaces model, as the various spaces are

dependent on one another. The results indicate that this conceptual model is usable,

however, would benefit from further research into an alternative physical space.
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Introduction

Currently, there is a global creation of over 310 million tonnes of plastic each year and is

estimated to be an increase of 792 million tons by 2050 (Hawken, 2017 p.169). UK

plastic consumption is now up to 2.3 millions tons, with 60% of plastic being discarded

and sent overseas, which in part has been due to inadequate plastic recycling (Burgess et

al., 2021). To date there has been little to no research done on whether UK consumers are

confused by plastic recycling practices, and research has shown that structural changes

that improve the ease of recycling practices increases recycling rates (Burgess et al.,

2021).

An increase of plastic recycling rates would greatly benefit in the reduction of waste in

landfills and oceans. Plastic recycling is currently only 8% globally and the average

mixed recycling rate within Scotland is currently 44.9% with recycling goals towards zero

waste (SEPA, 2019). An improved recycling infrastructure and information could

improve recycling rates aiding in the reduction of carbon and plastic waste. A viable

digital and physical blended space could provide individuals with the information and

infrastructure needed to properly recycle their plastic items.

1.1 Project Scope and Limitations

This project originally focused on a UK specific demographic and through initial testing

narrowed to Edinburgh residents aged 25-40 years. The geographic focus for this project

is Edinburgh and the research is from January to April 2021. The initial research focused

on the UK, then Edinburgh residents and then Edinburgh residents of a certain

demographic due to limited individuals available for the focus group.

The project focuses on plastic recycling rather than the numerous types of mixed recycled

items, which would benefit from further research. However, this project chose to limit the

focus to plastic recycling as this is an area with the most recycling issues. The current

research is dedicated to either recycling infrastructure, or individuals behaviours towards

recycling because very limited research is emphasised on what individuals understand

about recycling. Additionally, current findings on Scotland recycling rates show a plateau
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and minimal increase of recycling and increase of contamination, which furthered the

necessity of research within recycling.

The research provides a focus not only on information but even the physical recycling

bins, and current content available and whether this helps or hinders individuals

understanding of recycling. This project researches individuals attitudes towards

recycling, what information they have been provided and what they want to know.

Additionally, the project had to choose a conceptual model due to covid, which limited

testing options and methodologies. Through the understanding of the users perspective in

the current plastic recycling system, the flaws or user issues can be determined.

Therefore, a new proposal can be created and examined which could provide more

information on the issues revolving around plastic recycling.

1.2 Aims & Objectives

The aims and objectives elaborate on the goals of what this dissertation wanted to find out

and how it went about collecting this information.

Aims:

1. Test user understanding of plastic recycling by using qualitative, quantitative

research as well as conducting empirical indirect observations of human habits at

public recycling bins.

2. Develop and test user centred digital content that will be attached to QR codes.

3. Create and test user centred conceptual blended space design using QR codes and

plastic recycling bins that inform individuals on understanding plastic recycling.

Objectives:

1. Review existing literature.

2. Gather qualitative and quantitative data, through surveys, ethnographic research

and interviews.

3. Evaluate digital content QR code strategies using a user centred blended space

design.

4. Propose a blended space informative content design and evaluate if this informs

users of plastic recycling.
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1.3 Project Overview

The following overview describes the various chapters of the dissertation and what they

entail.

Chapter 2 Literature Review: The literature review discusses the literature found to

support the research for this dissertation project.

Chapter 3 Methodology: The methodology outlines the different methods used to

answer the research. This section also discusses the way it was performed and why it was

performed.

Chapter 4 Design and Implementation: The design and implementation goes into depth

on the actual design of the blended space. This chapter elaborates on the design language,

the physical and digital space design.

Chapter 5 Results: This section reviews the findings of the methodology, what the

research revealed and what could have been done better.

Chapter 6 Evaluation & Discussion: This chapter evaluates the findings, provides

insight into the limitations and discusses challenges within the project.

Chapter 7 Conclusion: The conclusion provides the summary of the dissertation,

research answers, and further work.
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2 Literature Review

2.1 Literature introduction

This section discusses the literature reviewed and utilised as a basis for conducting this

dissertation. This review will examine the project's aims through understanding the

discourse around plastics, recycling, technology, issues and methods. The main focal

points of this literature review are plastics, plastic recycling, QR Codes, User Centred

Design, Sustainable Human Computer interaction and Blended Spaces Methodology.

Additionally, the literary review elaborates on the technology and computing concepts

that will be conducted within this project. In conclusion, this literature review will engage

in the interplay between the literary discourse and dissertation project.

2.2 Plastics

What are plastics?

Plastic is a polymeric material that is molded using heat and pressure (Rodriguez, 2020).

The polymers within plastic are what create the malleability and substances with

chainlike structures, meaning made of many atoms or molecules bound to one another

(Hawken, 2017). The first synthetic polymer was created in 1869 by John Wesley Hyatt,

who created this as an alternative to Ivory Billiards (Science History Institute, 2019). This

initial synthetic polymer was created by treating plant cellulose from cotton and was

praised for now having a material that was, “no longer confined by the natural resources”

(Science History Institute, 2019). The first plastic was a plant based plastic and despite

efforts even by Henry Ford, who created a soybean based plastic car, the oil based plastic

remains the cheapest plastic ( Hawken, 2017 p.168). Today, the most popular plastic is the

petrol based plastic and is currently within 90% of all plastics, this is due to oil's ability to

meet plastic demands unlike bioplastic while being significantly cheaper(Hawken, 2017).
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Types of Plastics

There are now numerous types of plastics but the ones most used for packaging purposes

are the single-polymer plastics PET, HDPE or PP (Simon, 2019). Additionally there are

“bio-plastics which are derived somewhat from biomass, a natural material” however, not

all bioplastics are biodegradable (Hawken, 2017 p.168). Currently, both the bioplastics

and petro-plastics can be made into composite plastics (Hawken, 2017; Simon, 2019).

Composite plastics are plastics that have layers of different types of plastics or other

materials, one of the main issues of this type of plastic is its inability to be recycled

(Simon, B. 2019). The intricacies of plastics have created an issue in terms of what is and

what isn’t recyclable and which plastics can be recycled.

Plastic Perspective

Plastic’s popularity has been at a decline since the 1960s as popular belief around plastics

became that it’s “cheap, flimsy and fake” (Science History Institute, 2019). During the

1960s decline of plastic popularity, an awakening of environmental awareness began

involving plastic pollution within the oceans, and is still prevalent today (Science History

Institute, 2019). Despite individuals' disdain for plastics and their continual plastic

anxiety, plastics continue to be used by companies for marketing, design, and goods

transportation throughout the world (Simon, 2019). In 2021, plastic is now a major

challenge within the sustainability movement due to its single use consumption, mass

creation and low global recycling rates (Schyns et al., 2020). Furthermore, one of the

caveats to recycling plastics is that it needs virgin plastic in order to recreate the original

plastic, therefore plastic is not sustainable in the way that glass or aluminium are (Burgess

et al., 2021).

2.2.1 Plastic Recycling

What is Recycling?

Recycling is a way to put materials back into value chains and in the process combat

climate change (Hawken, 2017 p.158). Recycling waste has benefits of reducing

greenhouse gas emissions, producing new products with used items, saving energy,

reducing resource extraction and more importantly decreasing pollution (Hawken, 2017,

p.159). However, even with an increased recycling rate it's important to acknowledge the

other aspects of recycling “reduce and reuse” which are currently not valued as much as

recycling rates (Burgess et al., 2021). Despite the recycling motto, the current recycling
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rate is not substantial enough to combat the expansion of plastics. An effort to improve

the reduction and reuse of plastics is needed to alleviate the plastic waste abundance

(Hawken, 2017, p.158). Therefore, we are creating more plastics than we can reuse or

recycle and unfortunately we are unable to find many products without plastics where we

could “reduce” our own consumption.

The current global plastic recycling rate is at 9% with 80% of plastics ending up in

landfills or the environment, an estimated 4 to 12 million MT of plastic waste ends up in

the oceans annually (Brooks et al., 2018). Scotland’s specific recycling rate is between

45.2% and 45.5% with a household recycling rate goal of 70% by 2025 (Zerowaste,

2021). Additionally, Scotland’s specific recyclable plastics are PET & HDPE as well as

pots, tubs, and trays known as PTT plus Type 5 Polypropylene, which signifies the

disparity between the multitudinal plastic creation types and which plastics are recyclable

(Zerowaste, 2021). Scotland has been in a recycling rate plateau since 2012 The global

recycling rate versus the scotland rate does show evidence of the Scottish goals and

increased recycling behaviours. However, if Scotland is to reach the 2025 recycling rate

goals an increased understanding of recycles or an improved recycling system will need

to be implemented.

The recycling rate is an amount based on dividing the weight of recyclables collected by

the total weight of waste created (Hawken, 2017; Shan et al., 2020). An additional metric

that is important for understanding plastic recycling is the contamination rate. The

contamination rate is significant as it informs how much of plastics are able to be recycled

versus how much of recyclables are just turned into waste.The contamination rate is the

proportion of contaminants to the total amount of recyclables contributed (Shan et al.,

2020). Contaminants are non-recyclable wastes and are specific to each council and local

recycling system (Shan et al., 2020; Zerowaste, 2020). The importance of having items

placed in the correct bin is vital for the increase of recycling rates otherwise the entire bin

can be placed into the landfill rather than recycled. The implications of motivating

behaviour for humans is extremely important for the growth of the recycling rate, as well

as ensuring that humans understand which items are recyclable (Shan et al., 2020).
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Circular Economy

In terms of recycling it’s important to understand the circular economy which is a new

approach to recycling where the loop of consumer goods is closed (Brooks et al., 2018).

The circular economy was created by observing nature and bringing old goods or recycled

items back into the consumer system by upcycling or breaking the items back down into

their original form. Therefore, rather than the old system of “ take, make, waste” a new

approach of taking old resources, making them into new resources and waste would be

re-created, thus making a closed loop (Hawken, 2017 p.160). This new economic system

is aimed at reducing waste and re-creating a continual use for an item, a novel sustainable

waste approach (Brooks et al., 2018). Currently, chemists, material scientists and

engineers are actively searching for ways to improve plastic circularity and thus

improving the sustainability of plastics (Schyns et al., 2020). As previously discussed

numerous types of plastic are unable to be recycled or made into different items either due

to contamination or quality of the recyclant (Burgess et al., 2021). Therefore, the

importance of the correct items being placed in the correct bins will aid in reusing

recyclables and creating a more circular economy.

Increase Recycling Behaviour

A general consensus believes that improving the structure of recycling improves the ease

of recycling and correlates to an increase of recycling rates (Burgess et al., 2021;

Hawken, 2017). It has been deferred that in countries with high recycling rates this is due

to collections being made easy and incentives on positive recycling behaviour such as the

deposit return scheme (Hawken, 2017 p.161). In terms of the individual, currently there is

no agreement on what generates recycling behaviour within current research (Burgess et

al., 2021).
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Figure 1.1, Displays research within a study to understand recycling behaviour. Taken from Mobile

app-aided risks, attitudes, norms, abilities and self-regulation (RANAS) approach for recycling behavioral

change in Singapore. Resources, Conservation and Recycling (Shan et al., 2020)

Furthermore, there is little to no research done on whether individuals are confused about

plastics, recycling or product packaging (Burgess et al., 2021). Figure 1, displays a study

conducted on individuals' influence on recycling behaviour to be cognizant of how they

could understand and promote recycling behaviours (Shan et al., 2020). The findings of

the figure 1 recycling study indicated that social norms were representative of creating

environmental behavioural change, as well as social pressure and environmental

understanding which created a prolonged desire to recycle (Shan et al., 2020).  Although,

there is a belief that consumers are confused about their plastics and how to recycle them,

minimal research has been done to understand this (Stephenson, 2018, Burgess et al.,

2021).

Additionally, the COVID-19 pandemic has furthered the necessity of ending single use

plastics (Hale et al., 2020). The increase of single use personal protective equipment and

medical waste is now appearing within municipal and institutional waste streams which is

creating new challenges for waste and plastic production (Schyns et al., 2020).

Furthermore, the potential health risk and societal fears of contaminated plastics has

reduced recycling rates and increased the use of single use plastics, which furthers the

plastic pollution and waste problem (Schyns et al., 2020).
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2.2.2 Plastics Issue

Globally, we have produced roughly 310 million tons of plastic each year, that’s the

equivalence of 83 pounds per person and currently plastic production is expected to

quadruple by 2050, a time when carbon emissions need to be neutral and the planet needs

to be in balance (Hawken, P. pp.168, 2017). Until 2018 China imported up to 7.35 million

MT of plastic which was intended for recycling (Brooks et al., 2018). A majority of the

exporting countries were high income countries and contributed to 96% of all imports of

plastic to China (Brooks et al., 2018). The ban of plastic imports to China has created

mayhem within the plastic recycling industry as many first world countries lack proper

infrastructure to handle their own recyclable waste (Brooks et al., 2018; Stephenson,

2018). Additionally, high income countries are still sending plastic to smaller countries

that lack any proper infrastructure or financial wherewithal to handle the magnitude of

plastics (Stephenson, 2018; Burgess, 2021). Figure 1.2, illustrates the magnitude of

imports and exports of plastics globally in 2016.

Figure 1.2, Displays Plastic Waste Imports into China in 2016, Taken from The Chinese Import ban and its

impact on global plastic waste trade (Brooks et al., 2018)

Furthermore, plastic production continues to rise and lacks any proper approach to a

circular economy or even a viable proposal of a plastic disposal system. Additionally,

many companies and countries have ambitious aims of improving recycling rates without

an improved infrastructure (Brooks et al., 2018). Therefore, the importance of individuals

20



understanding what is and isn’t recyclable can ensure less is sent to the landfill and more

is sent to appropriate plastic recycling plants with no contamination, thereby causing less

waste, less energy, and more recycled (Burgess, M. et al., 2021). The term contamination

in this recycling example refers to the mixing or recyclables with general waste and

composite plastics or plastics that have mixed plastic types. Composite plastics as

previously discussed are composed of a variety of plastics and are often unable to be

broken down and reused (Brooks et al., 2018).

If Scotland is to reach their recycling rate goals of 70% by 2025, a behavioural shift is

utmost as well as an infrastructural improvement (Zerowaste, 2021). It’s important to

establish the significance of individuals' understanding of how to recycle plastics,

however this does not absolve the plastics issue, a reduction of plastics will also need to

be taken into account if the issue is to be resolved. However, an understanding of plastics,

plastic recycling and a new infrastructure could greatly improve recycling rates. A

potential new infrastructure design could benefit from incorporating QR code technology.

Figure 1.3, Displays a typical QR Code, Taken from Factors affecting consumer usage of QR codes(Ozkaya

et al., 2015)

2.3 QR Codes

What are QR Codes?

QR Code stands for “quick response code” and is considered a type of digital barcode that

encodes data that can be scanned using a computer system, or most commonly a

smartphone (Gregersen, 2020). Figure 1.3 provides an example of a QR code barcode for

21



discussion reference. Ozkaya states that through the growth of mobile usage, particularly

smartphone usage this has enabled the growth of QR codes (Ozkaya et al., 2015). Durak

believes that QR Codes have the ability to connect users to digital information quickly

and easily (Durak et al., 2016). Therefore, this technology's simplicity makes it ideal for

utilisation within this project as a unique tool for users. Additionally, it's important to note

that within the UK the growth and adoption of the QR code has expanded due to covid,

making it even more of an exemplar technology for this project (Silverberg, 2021).

QR codes most commonly display information such as text, pdfs, images, url links or

other data that direct users to digitised information (Rikala et al., 2014). The quick

availability of the technological information is a necessity given the precarious situation

an individual may be in when engaging in recycling. Alternatively, due to Covid’s

infectious nature, this tool also ensures that an individual will not need to touch any item

outside of their own, thus reducing any chance of covid contagion(World Health

Organization, 2020). The significance of QR code technology is not only is it convenient,

usable, provides geo tracking and user behaviour tracking but it also aids in providing

valuable statistics (Ozkaya, E. et al., 2015). QR Codes have been perceived as easy to use,

useful and popular in user engagement, and an ideal anchor point for conducting blended

spaces (Ozkaya, E. et al., 2015, Benyon, 2017). This tool provides not only a safe tech

option, but a user friendly one and an ideal tool for creating a blended space method.

2.3.1 QR Codes Pros & Cons

QR codes come with many positive and negative aspects. These digitised barcodes allow

quick access to a variety of content, and their convenience is universally recognised

(Ozkaya et al., 2015, Narayanan, 2012). Examples of the uses of QR codes are contact

information, calendar events, email addresses, geo location, SMS, text, wifi network, and

urls (Narayanan, 2012). However, as significant as their positives are, their negative traits

are just as numerous.

The initial negative trait of QR codes is that an individual must have a tablet or mobile

phone without this a user cannot utilise this form of technology (Ozkaya et al., 2015).

Additionally, Ozkaya et al discusses the significance of a user to understand how to use

this form of technology, without a widespread usage or understanding the technology will

not be understood or utilised, thereby rendering it just some abstract image (2015).
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Furthermore, another factor of QR codes are malicious QR codes which can be used

either by changing a QR codes landing page, forcing file downloads or hacking through

QR codes (Narayanan, 2012). Although, there are many different security solutions that

have been created to counteract these attacks, these attacks are still a limitation to the

benefits of this technology. The potential options for mitigating these attacks are

downloading an app that provides a QR code preview, ensuring your QR code content has

no login fill forms and a new approach is creating a custom designed QR code

(Narayanan, 2012).

2.3.2 QR Codes Education

Due to the popularity and growth of mobile phone QR codes have become a popular

avenue for marketing and even more so in education. Ozkaya discusses how the

ubiquitous usage of mobile phones and the advancement of QR codes has begun to

change the way in which students are now learning (Ozkaya et al., 2015). QR codes offer

a unique experience of blending both a digital and physical world, thus making learning

more gamified and more personalised (Lai et al., 2013). This new style of QR code

learning is called M-learning and utilises novel approaches to educating students through

a blended teaching method (Latif et al., 2011). M-learning uses e-learning, wireless

internet and communication with teachers or classmates using mobile devices, computers

or tablets (Lai et al., 2013).

One of the main advancements of QR codes within education is the usage of technology

within different contexts (Rikala et al., 2014). This ubiquitous technological usage allows

a student to explore a gym, park and school within seconds through a simple scan and

transform their understanding of a given area with a video, photo, or website url (Rikala

et al., 2014). QR codes within the study by Rikala et al., found that a blended learning

method engaged more students and enhanced their motivation as well as aided in their

self-learning (2014). However, it was noted within the same study that a caveat to the

advanced motivation could also be the novel alternative learning method itself. Whereby,

QR codes could provide the perfect digital anchor and educational method not only for

students but for all individuals in understanding plastic recycling (Hutchins, 2005).
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2.3.3 QR Codes Design

Figure 1.4, Displays a designed QR Code, Taken from Efficient QR Code Beautification With

High Quality Visual Content(Lin et al., 2015)

One of the critics of QR codes is their lack of design which makes them unappealing to

users (Narayanan, 2012). In recent innovations a new stylisation of QR codes has been

implemented which create a unique personalisation of QR codes (Narayanan, 2012). The

beautification of a QR code impresses the viewer and personalises the QR code (Lin et

al., 2015). Figure 1.4, displays an example of the new personalised QR codes and the

significance of design within the QR code.Ozkaya et al. also discuss this new type of QR

code branding as a way to create appeal and get attention from users (Ozkaya et al.,

2015). Additionally, the more unique a QR code is the more relevant it is for the audience,

and it also helps reduce hacking as it legitimises the QR Code (Narayanan, 2012).

Therefore, the use of a specific recycling logo QR Design would provide personalisation

to impress viewers and appeal to users. The specific design capability can be in a range of

colours and styles, however, it must be designed in a way that it does not hinder the

specific QR pattern or code. The importance of the design task is to assure that the QR

code creation resembles the information and functions, despite the potential of it being

visually unappealing or lacking proper function (Lin et al., 2015). Furthermore,

incorporating user centred design approaches into QR code design could benefit in the

creation of a stylish and usable QR code.

2.4 User Centred Design

The user centred design methods purpose is to serve a user (Gulliksen et al., 2003). The

basis of creating a user system is to ensure that it’s an ideal system for the given user,

ensuring that usability is of the highest importance (Bevan et al,. 1999; Gulliksen et al.,
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2003). In correlation, a recycling plastic system that is used by everyone needs to be

created and accessible for everyone by using everyone's user centred requirements.

Furthermore, design itself is considered a creative process by taking both a problem and

solution and evolving it into a new design (Benyon, p.10,  2019). In order to appropriately

create a user centred design, Benyon states that the importance of understanding PACT

and the design requirements for a design solution are utmost for a designer (Benyon, p.19,

2019). PACT is defined as, “people, activities, contexts and technologies” through the

conception of PACT a useful way of cognizing design problems and creating a design

solution can be perceived (Benyon, 2019). The people within PACT relate to the

individuals that the project is being designed for and often correlate to the requirements

that these people need in order to use the proposed system (Benyon, 2019). The activities

and contexts are what surround the people doing so the activity could be turning on a

digital device and the context is wanting to send a message to a friend (Benyon, 2019).

The significance of activities and context is to further understand the goals and again the

requirements for this system surrounding the people (Benyon, 2019). The final aspect is

the technology which pertains to the UX design medium such as an app on a mobile

phone (Benyon, 2019). Therefore, this project will evaluate PACT in order to gain an

understanding of the plastics recycling issue from the user perspective, and create a

blended space design solution.

Furthermore, when designing with a user centred design approach it’s important that a

designer understands the users behaviours, cognitive attitudes and the users given tasks

(Gulliksen et al., 2003). Additionally, Benyon discusses the significance of understanding

the individuals who will use this system, and by understanding the scenarios that these

users will potentially encounter (Benyon, p.10,  2019).The specifications of human

centred design is based on the design requirement and features that are outlined by user

research which is conducted by observations, surveys and discussions with users

(Gulliksen et al., 2003; Benyon, 2019 p.19). Furthermore, for the design to be a fully

human centred design it’s important that the user is involved throughout via testing in

every aspect of the project such as analysis, design, development and evaluation

(Gulliksen et al., 2003).
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2.4.1 User Centred Design Goal

The goal of a user centred designer is to study and understand the activities, goals and

aspirations of individuals and the contexts in which their tasks reside (Benyon, 2019).

This project will use this approach to evaluate users behaviours, and construct a design

based on user research. Additionally, the user centred approach plays a significant role in

creating technological solutions to issues, such as plastic recycling, which is the basis of

this project to create a technological solution to an issue that is currently lacking a viable

solution (Benyon, 2019). The final goal is to establish the issues within the current design,

then evaluate and create a potential design solution. However, the caveat to utilising user

centred design as a design method is the length of time it takes to analyse individuals and

understand the research, consequently the approach can be quite time consuming

(Gulliksen et al., 2003).  Although, the user centred model ensures a solution by

conducting iterations and continuous research based on the intended users (Benyon,

2019).

Therefore, for a successful user centred design its important that the design adheres to

best practice, is tested and evaluated as per UX design methods.Through the

understanding of users interactions a better user centred design can be created. User

centred design is a method that can aid in providing a digital solution by analysing PACT,

user requirements as well as through user testing and evaluation. UX design is a way to

create user interactions and could benefit sustainable human computer interactions.

2.5 Sustainable Human Computer Interaction

Sustainable Human Computer Interactions goal is to use technology to influence

sustainable decision making and a sustainable life cycle (DiSalvo et al., 2010). However,

one of the arguments made by Disalvo et al. to using technology is understanding whether

it is sustainable. Can using technology to aid in sustainable behaviour offset the co2

emissions that the technology itself uses either by creation or energy consumption. A

study done by the climate impact estimated global greenhouse gas emissions of

Information and Communications Technology(ICT) to be 1.8-2.8% however, the

published versus actual estimations were underestimated by about 25% as ICT had not

factored in the entire lifecycle (Freitag et al., 2021). Data traffic itself is considered not to

be directly proportional to emissions, however, videos are, as is Artificial
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Intelligence(AI), and Internet of Things(IoT) (Freitag et al., 2021). Therefore, the

importance of using a decreased data intensive method is important for reducing the ICT

footprint. However, within this same study by climate impact they discuss that unless the

ICT task offsets it’s own carbon task, in other words by enabling a reduction in carbon

then ICT is not beneficial (Freitag et al., 2021).

2.5.1 Sustainable Human Computer Interaction Design

A discussion regarding designing sustainably by Knowles discusses “how to design for

the three ton lifestyle” (2013). Knowles states we need to address a physical meaning,

social meaning and spiritual meaning within our sustainable HCI designs, exemplifying

the importance in creating a human computer interaction that provides sustainability

(Knowles et al., 2013). Knowles also discusses the importance of utilising tech to aid in

reducing our carbon footprint, creating less destructive patterns of consumption (Knowles

et al., 2013). Erikssons point of focus is the role of a computer scientist and that despite

the improvements that can be made there are significant rebound effects to ICT (Eriksson,

2018). The importance of working backwards from a sustainable software or sustainable

system design approach whereby sustainability is made a main requirement to be essential

as a SHCI is truly going to be a sustainable system or design (Eriksson, 2018).

Furthermore, through the merging of environment and technology a viable sustainable

solution towards plastics recycling can be created. Consequently, rather than creating an

app or a website which uses significantly more energy, the use of QR codes is used to

lessen the digital co2 footprint impact (Freitag et al., 2021). Sustainable interaction design

could be utilised within the blended space method.

2.6 Blended Spaces

What is a blended space?

A blended space is a mixed reality space where virtual and physical space have been

brought together with considerable care for some access to content (Benyon, 2012).

Benyon discusses the importance of designers understanding how the two different spaces

fit together. The significance of this approach by benyon is to “ensure that people feel

present in a blended space” and that their behaviour within this space is intentional

(Benyon, 2014, p.79).Through the understanding of phenomenology we can differ

people’s everyday activities with plastic recycling, we can then correlate the physical

aspect of the blended space (Benyon, 2014).
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The physical space is where the interactions take place, therefore, cognizing the layout of

the physical space is important to ensure that it’s mapped out accordingly so that a proper

conjunction is created with the digital space (Benyon, 2014). Furthermore, within the

creation of the digital space it’s significant that the technology and specifications of

designing for the different types of technology are specified for the success of the blended

space design (Benyon, 2014).

Figure 1.5, Blended Space Design, from Spaces of Interaction, places for Experience (Benyon, 2014, p.81)

2.6.1 Designing a Blended Space

In order to design a cohesive blended space Benyon discusses the merging of concepts,

specifically those of the two different spaces in order to create a new space (Benyon,

2014, p.79). The conceptualisation of each space, the physical and digital is necessary in

order to merge both into the blended space. However, the generic or original space is

important in understanding how to evaluate the overlay of each space and the significant

aspects within that given space. Additionally, providing a navigation between the two

spaces and within each space is important for ensuring a successful user interaction or

experience.

There are four key characteristics within the generic space that need to be identified in

order to create a blended space. The ontology, topology, volatility and agency are needed
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in order to define and create a blended space. Figure 1.5, displays a diagram of the

blended space creation using these characteristics. Ontology analyses the objects within

the spaces both physical and digital with specifications such as, “how many, how big,

functions and faculties” (Benyon, 2014 p.80). Topology evaluates how those objects

relate to each other (Benyon, 2014). Volatility relates to how the objects within spaces

change and move over time (Benyon, 2014). The final characteristic is agency, this

concerns the individuals and their actions within the spaces (Benyon, 2014,). The design

is created with user centred methods, hence the importance of understanding PACT and

agency. An example of agency within this project would be people’s behaviour around a

bin, are they cognizant of what items to place in the bin, do they care, how do they relate

to these spaces. These characteristics define aspects of a blended space and are used to

create this method. If the design is to provoke change or inform users about plastic

recycling an individual must feel present. Through the proper mapping of a digital space,

and physical space a successful model can potentially be created.

2.7 Summary

Through the findings of the literature a basis for this dissertation has been conducted. The

next steps will be building upon the literature review to conduct a novel approach to

understanding users behaviour and feelings towards plastic recycling. Then a blended

space approach will be researched to understand the different components that make up

both the physical and digital space while utilising a user centred design approach.

Through these designs, user specific evaluations and testing a discourse between plastic

recycling and users will be defined. Additionally, the various qualitative and quantitative

methods will be used to understand users and create a model that adheres to creating a

solution towards users plastic recycling understanding and education.

Therefore, this dissertation aims to address the following questions:

● Are individuals confused about recycling plastics?

● Can QR code technology be used to inform individuals on what plastics to

recycle?

● What is the best digital content to use with a QR code blended space to inform

users?

● Is there a blended space design that would benefit users most in understanding

plastic recycling?
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Through these questions a user centred design, blended space design, continuous

iterations and evaluations will be determined to discern if this project's goals are

achievable. The following section will discuss the methods used to answer the research

questions.
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3 Methodology

This section will discuss the research methods used for the data creation and analysation

of the aims and research questions of this dissertation. This project's main method was the

blended spaces methodology, and all additional research methods were complementary to

this main method via qualitative and quantitative research. Therefore, this mixed method

approach was chosen to answer the project's main research questions. The initial research

was conducted to examine and understand the physical plastic recycling space utilising

ethnographic research and surveys. Thereafter, to evaluate the users perspective it was

believed to be beneficial to understand the entirety of the recycling systems generic space.

Thereby, requiring waste management interviews to gain a fuller perspective of agency

within the physical recycling space. The final research was conducted on design experts

and users to evaluate the designed blended space and whether it was a design that

benefitted users' understanding of plastic recycling. The methods that were used for the

final portion was a mixture of qualitative and quantitative such as focus groups, stories,

role-play, cognitive walkthrough, sus surveys and competitive analysis. The following

sections will elaborate on the research mixed methods.

3.1 Blended Spaces Method

The blended spaces method was chosen as it provided a tool to create and evaluate a

space that encompass both digital and physical elements that users float between. This

method was ideal for the project aim of creating a beneficial user blended space design

that would assist users in understanding plastic recycling. In order to create the blended

space it was important to evaluate PACT and the key characteristics of the physical and

digital spaces that inhabit the general space. Therefore, to assess the PACT, ontology,

topology, volatility and agency ethnographic research, surveys and interviews were

considered the most beneficial option due to COVID (World Health Organization, 2020).

Through the analysis of each of these spaces a design of each space was created through

the understanding of PACT, ontology, topology, volatility and agency. Furthermore, UX

design principles, testing and evaluation was used to create and test the blended space, as

benyon discusses that in order for an interaction to be successful the entirety of the system

must be usable. Benyon et al. discuss design implementation of a blended space design
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using UX tasks, personae, goals and gathering user stories for initial design testing and

understanding (Benyon et al. 2007). Thereafter, once the conceptual blended space model

is created UX testing and evaluations such as designer testing, focus groups, competitive

analysis and SUS are utilised. Therefore, the necessity of mixed methods was impertinent

for the success of the creation and testing of this design.

3.2 Ethnographic Research

This qualitative method was used to evaluate the physical space of the blended space and

to further investigate individuals behaviours surrounding recycling bins. Ethnographers

purpose is to, “understand the situated rationality of the context within which people’s

actions makes sense” (Parker, M. 2007). This research method which falls under the

qualitative method and can also be considered “informal Observation” was utilised to

answer two of the research questions (Benyon, 2019 p.479). The research questions were,

“are people confused about recycling plastics?” and “is there a blended space design that

would benefit users most in understanding plastic recycling?” The aim of this research

method was to find out people’s recycling behaviours around recycling bins, do they

pause at the bins, is their waste presorted before they arrive at the bin, are they cautious of

what they put into which bin or do they stand at the bin contemplating where to place

their item. This was important as it assisted in understanding the physical and generic

space for the blended space design. Therefore, this ethnographic research was used as an

initial test to see people’s behaviour and if the blended space method was appropriate.

This method does pose potential ethical issues, as researchers are implored to gain

consent before observation, however, if the consent hinders the individuals behaviour it is

thereby acceptable in certain circumstances. For this project, the researcher undertook the

correct precautions, reaching out specifically to the ethical department at Napier and

researched current ethical stances on ethnographic research without consent (Napier,

2011). The specific criterias that were needed to conduct ethnographic research without

consent were that it took place in a public space, no demographic or personal information

was taken and that the research would be hindered if discussed with subjects beforehand.

Furthermore, this research complied with these expectations by omitting any demographic

or personal information and was performed only on public property. The dissertations

ethics paperwork can be seen in Appendix 2: Ethics & Consent Forms. Additionally, the

research abided by covid lockdown regulations by the researcher maintaining a 2 metres
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distance from individuals at all times (Scotland.gov). Thus, this qualitative research was

necessary for the analysation of the physical blended space.

3.3 Surveys

The quantitative survey method was chosen to assess two of the project's research

questions. The research questions were, “are people confused about recycling plastics?”

and “is there a UX blended space design that would benefit users in understanding plastic

recycling?” This method furthered the investigation of the users perception of the physical

space and began to assess the digital space by asking if individuals have a mobile device.

Additionally, due to covid, research was unable to be conducted in person. Therein it was

necessary to use digital social media such as reddit to inquire about UK based plastic

recycling understanding (Scotland.gov). This method advanced the understanding of

individuals' thoughts towards plastics and plastic recycling. Furthermore, there were two

surveys that were used to collect data, one was in relation to understanding students

sustainability behaviours and the other was a survey on plastic recycling. These surveys

were constructed with the Napier specific NOVI survey software and included questions

that related to the research questions. The student survey had a mixture of multiple choice

and long form questions whereas the reddit survey was multiple choice only.

These two surveys inquired into plastics, recycling and thoughts on sustainability, thereby

investigating the individuals feelings and their knowledge level regarding plastics and

recycling. The plastic recycling survey was posted within reddit in two different groups,

one being Edinburgh based and the other a survey specific group on reddit. The survey

requested that the location be UK based as the initial target audience was UK wide. The

students sustainability survey was sent out to Edinburgh Napier Merchiston computing

students only. Therefore, the conjoined information dispenses both Edinburgh and UK

user feedback. Furthermore, in addition to the surveys which can be found in Appendix: 4

Surveys, a post within the Edinburgh specific group queried users on their feelings

towards plastic recycling and can be seen in Appendix 4.3 Reddit Discussion. The

surveys and reddit discussion provided insight into the research questions, physical space

and aspects of the digital space.
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3.4 Interviews

The qualitative interview method was utilised in this project to understand recycling and

waste professionals opinions and facts on users recycling behaviour. The purpose of this

research method was to understand the physical space in entirety as well as the industry

specific issues of plastic recycling. Furthermore, one of the caveats to asking individuals

through a self reported survey about their recycling behaviour, is that individuals are not

always as truthful as their behaviours. The literature review discussed a study done by

Huffman et al. on recycling attitudes which found, ‘self-report responses were often

over-estimated accounts of respondents'  this specific study evaluated individuals beliefs

on their recycling versus their actual recycling behaviours (Benyon, 2014, p.262).

Therefore, it was beneficial to gain insight from industry experts to counteract individuals

self-reported bias. Hence, the usage of surveys and industry expert interviews to gain a

wider scope of the plastic recycling issue and the project's blended spaces solution.

Furthermore, the interviews provided a discussion into plastic recycling aspects that users

are confused about and assisted in forming a blended space design.

The interview questions were composed in a way that would relate to key research

questions. The individuals that were interviewed were within Napiers waste management

roles and one within the Scotland wide waste industry. The specific questions can be seen

in Appendix 5: Interview Questions. The interviews were conducted through Microsoft

Teams and were between 30 minutes to an hour and were all recorded. The interviewees

were provided the questions in advance and were interviewed online through Teams due

to Covid Scotland Lockdown (Scotland.gov). The interviews provided insight into the

research questions, and assisted in the design of the blended space.

3.5 Designer Testing

A qualitative cognitive approach was used for the designer testing. Designer testing was

used for the digital space and the blended space of the project as it adhered to the

recommended evaluation by Benyon for blended space usability testing (Benyon, 2012,

Benyon, 2019). Designer testing is a quick and efficient way to gain insight into the

usability of a design (Benyon, 2019, p.246). The approach used was a cognitive

evaluation method since the project was a conceptual model. This included a cognitive

walkthrough and task based scenarios. This method was utilised to find initial flaws in the
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overall design to improve the usability of the system for users. The designer testing is

typically done before user testing, however not enough time was allotted to fix design

related issues before the first focus group. Additionally the testing was conducted

digitally via Zoom or Whatsapp due to designers being in foreign time zones and covid

(Scotland.gov).

3.5.1 Cognitive Walkthrough

The cognitive walkthrough UX testing method was chosen as a systematic approach and

based in established theory rather than trial by error (Benyon, 2019 p.248). The heuristic

approach was not used due to software issues and potential usage of incorrect heuristics.

Alternatively, if the evaluators' ratings were too severe and at inconsistent levels, this can

cause issues as to the importance of what aspects of the system need to be addressed

(Benyon, 2019). The design experts were asked to sign consent forms to abide by ethics

best practice and can be found in Appendix 2 Consent Forms & Ethics.

Therefore, the cognitive walkthrough of UX experts provides useful, and informed

feedback quickly and aids in getting the users problem solving dialogue (Benyon, 2019,

Nielsen, 1994). The cognitive walkthrough was used with a step by step process that

included images, prototypes and scenarios as well as system tasks and can be found

within Appendix 8: Designer Testing Protocol. This allowed the expert to evaluate not

only the digital space but also the blended space through a scenario/role-play based

method. The findings of the cognitive walkthrough can be found in the results &

evaluation section. Moreover, this method was helpful in analysing design and usability

issues.

3.6 Focus Groups

The qualitative applied research, focus groups, were conducted to assist in understanding

users needs and feelings towards a system, interface or website (Nielsen, 1997). This

research was conducted in two groups of 5-6 individuals through Microsoft teams online.

The focus groups were recorded and lasted between 1.5 to 2 hours. The focus group

adhered to academic ethical standards by having all individuals complete a consent form

seen in Appendix 2.2 : Interview Consent Form. Moreover, within the introduction of the

focus group a verbal explanation of the consent and ethics was repeated to ensure all

individuals complied. The online software that was used to test and conduct the
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conceptual model was Trello. Additionally, different methods were used in conjunction

with the focus group in order to triangulate data for verification and to evaluate the

blended space method (Benyon, 2019 p.478). Furthermore, Nielsen discusses that focus

groups should not be the only source of usability data as keeping groups focused can be

an issue, or an individual's ideas dominating the rest (Nielsen, 1997). Therefore,

competitive analysis, tasks and SUS survey was used in conjunction with the focus group.

The focus group's initial discussion was a free flowing question regarding plastic

recycling to get the group comfortable as per best practice suggests (Nielsen, 1997). The

rest of the focus group was divided into physical space testing versus digital space testing

with the blended space concept using role-play scenarios.The competitor analysis was

used for understanding the likes and dislikes of the physical spaces. Whereas the digital

space was tested through tasks, and the SUS survey. The blended space concept was

tested through a conceptual scenario based role-play and the SUS survey. Therefore, the

focus groups were used for the testing of the conceptual blended space design.

3.6.1 Competitor Analysis

The competitor analysis was used for evaluating current and foreign physical mixed

recycling bin spaces. The competitor analysis consisted of foreign public bins from top

recycling countries, then foreign recycling content versus local Edinburgh based content,

and the final competitor analysis was Edinburgh public recycling bins. The images were

taken based on some of the countries that had top recycling rates such as Germany,

Sweden, South Korea, and others were taken because of their innovative bin styling Japan

and Thailand (Gray, 2017). The forieign bins were chosen to comprehend aspects of the

physical space that could allude to improved user usage such as likes or dislikes about

each bin. The Edinburgh recycling bin images were taken from the ethnographic research

findings from walks around the Edinburgh downtown area. The recycling content was

taken from a post regarding Japan improved recycling rates and the Edinburgh council

website.

The competitor analysis consisted of five different styles of bins in both the Edinburgh

and Foreign bin section. The focus group participants were asked to rate the bins from 5

being the best to 1 being the worst. To break between the foreign and local bins a section

was interjected that evaluated recycling content from Japan as a foreign recycling
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representative versus the Edinburgh council recycling bin content. The focus group

participants were then asked to discuss aspects that they liked and disliked and whether

this content revealed enough information regarding plastics recycling. The goal of the

competitor analysis was to understand if users liked or disliked certain aspects about

foreign and local bins in order to evaluate the physical space.

3.6.2 Role-Play Testing

This method was utilised with the focus group users to test the conceptual blended space

prototype usability. The focus group evaluated the blended space using role-play

conceptual scenarios. The first scenario was of the individual at the park, they had a

plastic item, and then an image of the prototype conceptual physical bin was shown. The

role-play continued with discussion questions as to what aspects they liked or disliked

regarding this conceptual bin since the focus group beforehand analysed previous bins.

Then a question regarding the QR code and whether the individual would use this QR

code, and what they expected the QR code information to contain. The role-play was

conducted in a conceptual manner to test the blended space.

The group was then asked to use the QR code, evaluate the digital website space and act

out website specific tasks. The purpose of this method was to have individuals act out

their behaviours in a space, however, the caveat to a hypothetical situation within a group

is that individuals may not always be truthful, or could be playing into group

think(Nielsen, 1995).  Therefore, this method was followed-up with system tasks and a

SUS usability survey of the blended space system for triangulation of data.

3.6.3 System Tasks

The system tasks were all related to the website, to evaluate any user issues with the

website. The focus group individuals were asked to go through each task  and discuss if

they had any issues or thoughts regarding the tasks. The system tasks were used as an

additional method to evaluate the digital space of the blended space. The system tasks

were used to test navigation, content, and website interaction, as well as usability and

accessibility.Tasks were given to the focus group to understand their thoughts regarding

the overall system and whether or not they had any issues. The system tasks aided in

testing the digital space of the blended space.

37



3.6.4 SUS Survey

The SUS survey relates to usability and user testing and is considered a quick and easy

view of subjective opinions on the usability of a system (Benyon, 2019 p.113). The SUS

survey provided insight into the conceptual blended space and whether the system was

subjectively usable by the likert scale system. The survey allowed the users through

anonymity to conclude whether or not this system was simple, easy or usable. Therefore,

this method was used in conjunction with the focus group and additional methods to

ensure that bias or research wasn’t reliant on one data method but combined methods.

The SUS survey is considered a reliable survey for evaluating the ease-of-use, learnability

and overall usability of a system (Sauro, 2016). However, this survey is not applicable for

diagnosing specific system issues (Sauro, 2016). Additionally, Brookes the creator of the

SUS survey later stated that one of the limitations to the SUS survey is that it can be

somewhat awkward depending on the system being tested (Brooke, 2013). Therefore, the

SUS system was used with additional testing methods for evaluating the blended space.

3.7 Summary

This section expanded on the  different research methods and why they were chosen for

this dissertation project. Additionally the methods outlined were deemed the most

appropriate for this project due to COVID lockdown and being unable to have face to face

interactions (Scotland.gov, 2021). In consideration of covid and the multifaceted aspects

of this project it was vital that this project take alternative methods to test the various

aspects of the main blended spaces method. The various qualitative, quantitative and

mixed methods were chosen for different research questions and in relation to either

physical, digital or the blended space. Therefore, the use of mixed methods were used to

analyse, implement and evaluate the conceptual blended space. The following section will

discuss the results of the research methods.
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4 Results

This section will discuss the results from the research methods used within the

methodology section. This project's main method was the blended spaces methodology,

and all additional research methods were complementary to this main method via

qualitative and quantitative research. Therefore, the findings illustrate results regarding

the research questions and the blended space method. The following sections will

elaborate on the results from the research mixed methods.

4.1 Ethnographic Research

The qualitative ethnographic research method within UX considered “informal

Observation” revealed issues within the physical space. The observation revealed that

individuals behaviours at public recycling bins versus street communal bins vastly

differed. Observation notes of ethnographic research can be found in Appendix 3:

Ethnographic Research. This method was conducted at public recycling bins and

community recycling bins throughout Edinburgh. An individual qualified as a subject if

they had rubbish and were disposing of it within a location that had a general waste bin

and a recycling bin. The goal was to evaluate 20 individuals' behaviours around recycling

bins.

A caveat to the ethnographic research during covid and winter was that many shops were

closed and less individuals were outside or had rubbish to dispose of. Therefore, the bulk

of individuals that were studied predominantly had coffee cups, nothing, or were around

community bins. Additionally, many areas that had a large amount of people such as the

meadows or public streets had minimal to no public recycling bins. This became a

physical space focal point throughout the rest of the project, as within the survey, focus

groups and interviews individuals stated that in all areas they would like to see a mixed

recycling bin beside a general waste bin.

A further finding of the ethnographic research was that most individuals in a communal

bin area pre-sorted their trash before bringing it to the designated bins. However, most

individuals despite pre-sorting their trash often misplaced the items in the incorrect bins.

Images can be seen in Appendix 3.2: Ethnographic Research Bin Images that correlates to
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the numerous communal recycling bins throughout Edinburgh that individuals incorrectly

placed their items. Additionally, certain recycling bins had individuals behave in different

manners, the more information a bin provided the more individuals were prone to stop

and evaluate what actually went in to each recycling bin. Therefore, the ethnographic

findings assisted in the evaluation of the physical space for the blended space design. In

order to further the understanding of individuals plastic recycling behaviour a plastic

survey was created.

4.2 Surveys

The quantitative survey research provided data that correlated to findings within the

ethnographic research and qualitative interview research. The surveys provided valuable

user insight into requirements for the blended space design and feelings towards plastic

recycling. This answered one of the main questions, “Are individuals confused about

recycling plastics and what aspects were users confused about?” This main focal point

would help to evaluate the physical space of the blended space design.

Figure 4.1, displays a question and answer from the survey, “students attitudes towards sustainability”

4.2.1 Survey #1

The first survey that was conducted was “Students attitudes towards sustainability.” The

purpose of this survey was to understand students' viewpoints, knowledge of

sustainability and what aspects they would like their University to address. The survey

consisted of 15 questions with 9 of them being multiple choice and the other 6 being long

form questions, the full survey can be seen in Appendix 4.2: Survey 1 Students Attitudes
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Towards Sustainability Answers. The survey was started 28/01/21 and closed 26/02/21,

with a total of 43 Napier computing student participants. Several of the questions within

this student survey discussed different aspects of recycling and plastic which is why it is

relevant for this dissertation.

One of the survey questions asked students, “what they believed would most affect their

future,” 34% of students stated that plastic pollution and waste would most affect their

future. An additional question asked students, “what they would like their institution to

teach them,” 6 out of 43 wrote recycling, and different recycling aspects such as e-waste.

In figure 4.1 the students are asked if they believe climate change will affect them in their

lifetime 92.7% believe it will affect them in their lifetime. This question correlates to the

literature by addressing recycling as a way to put materials back into value chains and in

the process combat climate change (Hawken, 2017 p.158).

When students were asked a follow-up question, “What do you think is the biggest thing

you personally can do to change the impact of, or reverse climate change?” 14 out of 38

students stated, “recycling and reducing single use plastic.” This initial survey provided

valuable insight into the younger demographics feelings and attitudes towards plastics and

recycling. Therefore, both questions and answers provide a direct response to the

literature review and research questions in regards to individuals plastic recycling

confusion. Through individuals requests for more recycling information and believing

that recycling is crucial furthers the significance of this research.

Figure 4.2, displays a question and answers from the Plastic Recycling Survey
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4.2.2 Survey #2

The second survey was distributed through the Edinburgh reddit page and a survey

specific page, and the initial demographic was UK wide. The initial demographic should

have been Edinburgh specific, however was only realised after the fact. The main

demographic of the survey was male and the total participants were 55. Figure 4.2

displays one of the main research questions that relates to individuals feelings towards

plastics recycling. The figure 4.2 exhibits 28 out of 55 individuals either agreeing or

strongly agreeing that plastic recycling is confusing. However, when asked if individuals

were given enough information on recycling 67.9% stated no, they are not.

This survey information furthered the purpose of this study by answering the main

research question, which is “do users find plastic recycling confusing?” and by

contributing key information for the blended space design.

Furthermore, additional questions that elaborated on the physical space functional

requirements were the query regarding what aspects of the bin informs the individual of

what goes in, is it colour, text or both. An additional question that assisted in the digital

space was, “do you have a smartphone,” however, a query stating have you used QR

codes or how likely you would be to use QR codes would have been more informative. A

further relevant query “do you feel recycling is important” found that 54 out of 55

individuals either agreed or strongly agreed recycling is important, the below figure 4.3

displays the responses. The full survey and results can be seen in Appendix 4.4: Survey 2

Understanding Plastic Recycling Results.

Figure 4.3, displays a question and answer from the plastics survey

42



The surveys provided valuable data from Edinburgh based students and a mixture of UK

and Edinburgh based individuals. The overall data revealed that recycling is important to

a majority of individuals and that many individuals are not provided enough information

or understand what plastic is recyclable. However, the reddit post stated Edinburgh

Recycling and could have drawn a bias of individuals that find recycling important, rather

than all individuals. The surveys contribute data that aided in the design and

implementation of the blended space design. The following interview section assists in

the interpretation of individuals recycling behaviours.

4.3 Interviews

The qualitative interview contributed to discerning users behaviours from the industry

perspective, as well as the physical space. The interviews were conducted with 4 waste

management professionals, 3 within a University and 1 within Scotland's waste industry.

The qualitative interviews provided insight into the waste management and recycling

industry viewpoints within Scotland and Edinburgh. Additionally, the professionals

related first hand issues and stories regarding individuals recycling behaviours. The notes

and stories can be seen within Appendix 5.3: Interview Notes whereas the interview

questions can be found in Appendix 5: Interview Questions.

The university professionals discussed a change to their internal waste setup for students

due to high contamination rates within their recycling bins. Their previous waste model

was separate bins for metal, paper, plastics, food and general waste at all campus

locations. The staff discussed students placing items into the first bin they saw or going

up to the various bins and standing for several minutes trying to evaluate where they place

their item. Therefore, after attempting to place bins in different locations, having bins

separate or together in a designated spot, contamination and student confusion persisted.

Thereafter, they devised a simpler two bin system to alleviate staff excessive work,

student confusion and high contamination rates. Unfortunately, this new approach was

implemented before Covid in March 2020, therefore viable testing information was not

available.This new bin initiative reduced the number of bins to general waste and mixed

recycling with certain places having a coffee cup specific bin or food waste bin, figure 4.4

shows the new bins. University professionals stated they believed this new initiative

43



would reduce contamination, confusion and excessive work for staff. Furthermore, the

differences between previous bins and the newer bins is that there is less, more

information on the outside of the bins and have changed placement. The newer bins

provide more information, whereas previous bins only stated a word such as “metal”, and

a rough image of one item. University professionals believed that the additional

information did help and that contamination has been significantly less, however, there is

also a reduction in individuals on campuses due to covid.

Figure 4.4, displays the new two bin system from a Library Campus

The Scotland waste professional discussed their belief in consistency of infrastructure and

what each area collects, as currently there is a massive discrepancy. The Scotland Waste

professional believed that much of the fault of inadequate recycling is inaccessibility to

recycling programs, recycling bins not being communal, and issues with consumer

behaviour care. When asked if the individual believed that consumers understood what is

or isn’t recyclable such as plastics, the representative agreed that consumers are confused

and stated many professionals are even confused. Additionally, when the Scotland waste

professional was asked which plastics were the most widely recyclable they state, resin

numbers 1, 2, and 5. Through these interviews a broader understanding of waste and

plastic recycling was revealed. The interviews aided in the creation of a blended space

design by contributing stories that helped in creating physical space requirements as well

as digital. When asked about plastic recycling, the interviewees all agreed that the general

public was confused about plastic recycling. However, only some interviewees believed

that it was due to a lack of information.
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4.4 Designer Testing

The designer cognitive walkthrough testing provided qualitative research of the blended

space by evaluating the conceptual physical, and actual digital space through scenarios

and tasks. The designer testing was done in iterations, with the first design tested by one

designer, and then re-designed based on critiques. The second iteration was tested by

three different designers and then re-designed for a follow-up focus group. The iterative

testing provided insight into professionals' perspectives of the blended space design.

However, the second design iteration was not done before the first user focus group, like

best practice suggested. Although, it did provide insight into which aspects designers

were too critical of that users had alternative perspectives, such as the QR code placement

on the physical space bin. Additionally, it also provided a correlation between aspects the

designers analysed that users corroborated on the physical and digital spaces of the

blended space design.

4.4.1 Cognitive Walkthrough

The designer cognitive walkthrough notes can be seen in Appendix 8.1 Designer Notes.

The designers were given a walkthrough scenario where they were asked for their mobile

device type, then about a hypothetical scenario. The scenario asked them if they would

use the conceptual bin design, which was seen in the previous section. Two of the

designers said they would but one stated it was time dependent, the other designer stated

he would not use the QR code, as he was not accustomed to using QR codes, as he is

american based. The designers had various answers to the walkthrough scenario, therefore

the changes were based on similar discussion points.

The features that all designers discussed were the typography, which they all requested to

be a sans-serif, they all stated they would be more likely to use this model on home bins

rather than public recycling bins. They all stated that QR code design B was the QR code

that they would use. The designers through the tasks all stated that they did not expect the

buttons to be clickable. The final aspect all designers discussed was the colour brightness,

and inaccessibility of the font/colour choices. Therefore, the designer cognitive

walkthrough was beneficial in aiding in the iterative design by evaluating aspects that

designers all believed needed improvement and was also correlative to the first focus
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group findings. The designer results provided useful for the iterative blended space

design.

4.5 Focus Groups

The focus group was broken into two sections: Part 1 and Part 2. The first part was

utilised to investigate the physical space and the second part was for the conceptual

blended space and digital space. The study began with a plastic recycling discussion and a

competitive analysis of foreign public recycling bins, local Edinburgh recycling bins and

then foreign recycling content versus Edinburgh recycling content. The second portion

tested the conceptual redesigned physical bin space through role-play scenarios and then

the digital space through system tasks. The first focus group was composed of 4

individuals, 1 of the individuals had technical issues and provided specific information on

each bin rather than the likert scale. The second focus group had 5 individuals in total.

The differences between the first focus versus the second were the different plastic

recycling intro questions, different QR Code designs and an alternative website. The

alterations were made to adhere to the design iteration process.

4.5.1 Part 1

This section began with a plastic recycling discussion to get the groups to openly discuss

plastics, plastic recycling and their feelings which can be seen below. The purpose of the

intro questions were to get individuals to feel comfortable and to express their feelings

and opinions towards plastic recycling. Thereafter, the following section consisted of a

competitive analysis of the foreign physical bin spaces using a rating scale with 5 being

the best and 1 being the worst and the bins can be seen in figures 4.5a-e. The individuals

were asked to review each bin and discuss their likes and dislikes, as well as rate the bin.

Additionally, the groups discussed their choices after all individuals completed the rating.

This process was also repeated with local Edinburgh recycling bins and can be seen in

figures 4.8x-y. Moreover, a content section was added to evaluate recycling content from

local and foreign countries that can be seen in figures 4.6 and 4.7. The individuals were

asked what they liked and disliked regarding the content, and if the graphic explained

what plastics they should and shouldn’t recycle.
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Recycling Queries Focus Group 1:
Do you recycle? How do you feel about plastics and plastic recycling? Is there a word
that describes your overall feelings about plastic recycling?

Recycling Queries Focus Group 2:
How do you feel about plastics and plastic recycling?
1. Do you recycle?
2. Is there a word that describes your overall feelings about plastic recycling?
3. Do you believe a recycling bin should be beside a litter bin?

The change in recycling questions was in hopes of having more rounded answers,
however, it proved to be the opposite and after the fact, would not have changed the
questions.

Foreign Recycling Bins:

a) b) c)

d) e)
Figure 4.5a-e were of foreign recycling bins, taken from a(singh,2020) b(alamy.com, 2021) c(Wikapedia

Contributors, 2018) d(Environmental protection and landscape planning, 2016) e(Smit, 2015)

Recycling Content:

Figure 4.6, displays a japanese foreign recycling content sheet from (Whiting, 2019)
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Figure 4.7, Edinburgh Recycling content taken from Edinburgh City Council (Lamb, 2017)

Edinburgh Recycling Bins:

v) w)

x) z) y)
Figures 4.8 v-y are Edinburgh based recycling bins that were research taken photos

Part 1, Focus Group 1 Findings:

The introductory plastic discussion found that all individuals stated they recycled and all

were confused about plastic recycling. An individual even stated they, “actively tried to

reduce their plastic consumption.” The findings from the foreign bin rating revealed that

image “a” and “b” bins were the highest rated. Two individuals stated that image “a” was,

“eye-catching and they liked the colours and shapes.” Whereas one individual really liked

image “b” for its transparency and thought it looked, “easy-to-use.” The lowest ranking

foreign bins were image “d,” which one individual stated was, “unwelcoming” and
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another said, “it provided not enough information”, whereas one individual believed it

was, “unsafe.”

The next section focused on the recycling content. The foreign recycling content was

considered noisy and confusing by all participants, however, they did like the

distinguished “green” and “red” sections of what items can and cannot be picked up. The

group reviews on the Edinburgh local recycling content was that it wasn’t clear enough,

and didn’t provide enough information on plastics. Additionally, they wanted a “no”

section that stated items they couldn’t put into bins. The group was also very unaware of

the two different mixed recycling bins, “packaging mixed recycling” and “mixed

recycling.” They failed to comprehend the purpose of having separated mixed recycling

bins, and many stated this was the first time they had realised this.

The final competitor analysis was the Edinburgh specific bins, where the individuals were

again asked to rate the bins 1 being the best and 5 being the worst. The Edinburgh local

bin “x” and “z” were tied, the bin that had the lowest rankings was bin “y” which all

participants felt was the worst. One individual stated that they liked the simplicity of bin

“x” and they felt confident about what items to place into the bin. Whereas another

individual, believed bin “z” provided the clearest messaging, however they wanted it

brighter. This concludes the findings of part 1 of focus group 1 and table 4.1 provides

details of the different findings between focus group 1 and 2 and  further information can

be found in the Appendix 9: Focus Group.

Group Rating Foreign Bins Edinburgh Bins Foreign Content Edinburgh Content

Focus Group 1 Likes a & b x & z Example images Images

Dislikes d & e y Confusing & Noisy Not enough information

Focus Group2 Likes a & b w & x Times, images Good structure

Dislikes d & c y Lack of Organisation Clearer Information

Table 4.1 Part 1, Focus Group Findings of bins and content analysis

Part 1, Focus Group 2 Findings:

The introductory discussion was re-written in this group and therefore did not provide

similar recycling findings, other than the group discussing that they all recycled.

Furthermore, individuals when asked what word correlated to plastic recycling expressed
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the following words: insufficient, positive, necessary and strong. Additionally, all

individuals stated “yes” to the question would you like to see a recycling bin beside a

general waste bin. This same question was asked in the second part of the first focus

group and thereafter, felt it was better suited in the initial discussion. One individual

expressed that having a recycling bin beside a general waste bin,“gives people the

opportunity to recycle rather than giving up and chucking it in the bin, because they can’t

find a recycling point.”

The follow-up section was the foreign bin competitor rating analysis which had ratings of

1 as the worst and 5 as the best. Findings revealed that group 2 felt that bin “a” was the

best bin. One individual stated, “like the brighter colours and clear symbols for each type

of recycling rather than just written words.” However, bin “b” was the second best rated

bin in the group with two individuals stating that they liked the transparency, as it

provided insight into what item went into which bin. The worst rated foreign bin was bin

“d” which individuals stated, “boring, uninspiring and having too small of holes, and

wanted more information.”

The next section was recycling content, which was deemed by the group to be

comprehensive, and the images engaging but disorganised. One individual even stated

that they liked the pickup times being on the content. In comparison, the Edinburgh local

content was reviewed to have not enough images and they would like a clear, “yes” and

“no” on items rather than an essay to read. Overall, the group stated that they liked the

layout of the Edinburgh content but wished it was easier to read and clearer in regards to

what went into each bin.

The final competitor analysis was the Edinburgh specific bins, where the individuals were

again asked to rate the bins 1 being the best and 5 being the worst. The highest rated bins

within the group were bins “w” and “x”. Bin “w” was given the most 5 ratings, but also

low to mid ratings. Individuals stated for bin “w”that they “like the space, easy to tell the

difference between what goes into each bin” but individuals also stated that they disliked

the “touch points.” Bin “x” was also given fairly high ratings by all, with 4 being the

dominant rating, individuals stated, “liked the clear separation, bright colours” but would

like, “more information.” The worst rated bin by everyone was bin 5, which individuals

stated, “confusing, weird” and one individual stated, “ what does litter recycling even
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mean?” This concludes the findings for both focus groups for Part 1 and a comparison

chart can be seen above in figure 4.1 and further information can be found in the

Appendix 9: Focus Group.

4.5.2 Part 2

The second portion of the focus group consisted of role-play scenarios, tasks and open

questions which can be seen in figure 4.9 and below. This section was created in a

cognitive role-play scenario style to test the cognitive portion of this project, the

conceptual blended space. The first question and figure 4.9 was the prototype conceptual

physical bin space that was created based on the functional and non-functional

requirements. The requirements were created based on the interviews, surveys and

ethnographic research. The only aspects that were changed between the two focus groups

for the second portion was the QR code designs and the website. These aspects were

changed to exemplify the iterative design process. The physical bin was kept the same, as

were the questions and scenarios. The QR code design was changed as a dominant style

was chosen through the designers and first focus group. Additionally, the website was

altered to represent a design iteration and for further iterative testing. The testing ensured

that the conceptual blended space could be improved for ease of use for user plastic

recycling.

Scenario 1:

Figure 4.9, mixed recycling public conceptual physical space bin

You have a plastic item from a food vendor at the park. You see the above figure 5.9 beside a
general litter bin, which bin do you place your item?

Follow-up Questions:

● Do you stop and review the recycling bin first?
● What are the best/worst traits about this bin?
● Would you use the QR Code, why/why not?
● What information would you like the QR Code to have?
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● Would the QR Code be better suited on a home bin or street community bins/personal
home bin?

Scenario 2:
Which QR Code do you like the most and which do you like the least?
Group 1 QR Code Designs:

1a) 2b) 3c) 4d)

Figures 4.10.1a-4d QR Code designs 1a-4d were created and designed using (Egoditor,2021)

Group 2 QR Code Designs:

1e) 2f) 3g) 4h)
Figures 4.11.1e-4h QR Code designs were created and designed using (Egoditor,2021)

Tasks Section:
Task Intro:

Please scan one of the QR Codes. Then scroll and familiarise yourself with the site.
Do you see anything you dislike or like? such as colours, content, fonts?
Does this website provide you with the plastic recycling information you would want?

Task 1:
Please click on the plastic bag image.
Was it easy to find?
Did you expect the images to be clickable?

Task 2:
Please scroll to the plastic protest section.
Was it easy to find?
Does it have information you would expect?
Any likes/dislikes?

Task 3:
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Please navigate to the quiz.
Was it easy to find?
Would you be interested in taking this quiz?

Final Feedback:
Do you feel this system would help you in understanding plastic recycling?
What ways do you think this system could be improved?
Please take this quiz:
https://survey.napier.ac.uk/n/zz762.aspx

Part 2, Focus Group 1 Findings:

The Scenario 1 of the 2nd part of the focus group found that 2 of the 4 individuals stated

they would not use the QR code on the conceptual recycling bin. However, the two

individuals who stated they would use it, said it was dependent on their time constraints

and mood. One individual stated that using the QR code wouldn’t be their first reaction,

because they weren’t used to using a QR code. When the focus group was asked if the

images were removed would they be more likely to scan the code. The group stated they

would be less likely to use the QR code if the “yes/no” images were not there. One

subject stated that “without the images they would feel forced into using the QR code.”

All individuals stated they appreciated that the QR code was on the bin, as it provided an

informative option. The group liked the images, yes/no section, the green bin colour, and

one individual even liked the triangular opening. However, all individuals stated they

would be more likely to use the QR code if it was on their home or communal bins due to

less time constraints.

The second scenario portion analysed different QR code designs. The group was asked to

choose the best and worst QR codes, and were given 4 different QR code options which

can be seen in images 1a-4d. The group all stated they disliked the image with the globe

in the center figure “1a” and “3c”. When the group was asked to decide which recycle

logo they liked best the dominant choice was the green logo “2b”, however, one

individual stated they liked the “4c” black pixelation as it felt the most familiar in terms

of being a QR code.

For the final section the group was asked to choose a QR code, test it and follow the task

based scenarios. The group had no issues using the QR code and navigating to the

website. Thereafter, the group was asked to do the first task which was to familiarise

themselves with the website and then state aspects they liked or disliked.The initial
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reactions were uncertain towards the flow, the group liked the colours but were confused

about the symbols and what they were supposed to do with them. Task 1, all individuals

stated they did not expect the images to be clickable. Task 2, the group found the protest

section easily and felt that the drop shadow on the protest section was overbearing and no

further thoughts were expressed. Task 3, they wanted the quiz to stand out more, they all

liked the idea of the quiz. One individual expressed that having the information to answer

the quiz on the website would be helpful. Another individual even stated that they would

prefer a short video, however the reason a video was not done was because of the project's

counter goal of sustainable HCI.

The final task was a discussion based task asking individuals what other aspects they

would like regarding plastic recycling. The individuals stated that they would like to

know more about the plastic grade, wanted more images related to park items and

information on common recycling misconceptions. The website's main critique was that

the individuals wanted more clarity on the recycling resin numbers and how to find them.

Table 4.2 displays a textual analysis of the tasks of part 2 and compares the findings of

focus group 1 and  focus group 2,  further information can be found in the Appendix 9:

Focus Group.

Group Task Intro Task 1 Task 2 Task 3

Focus Group 1
Likes the Yes/No
Colour distinction,
dislikes flow, likes quiz

No one
anticipated
buttons to be
clickable

Easy to find and they
liked the content, but
didn't like the drop
shadow.

Quiz gets lost should
be in the protest
section and stand out
more.

Focus Group 2

Like the colours, the
yes/no section, likes the
number explanation.
Individuals would like
the bad numbers in red
or black beside green
numbers.

No didn't
expect it to be
clickable, wants
the CTA larger
and on the top
of section.

All but one person
found it, and two
individuals wanted the
seafood information
less aggressive. A few
individuals also disliked
the oval image.

Yes, all liked the quiz
and took it, without
being prompted.

Table 4.2 part 2, textual task analysis of the website

Part 2, Focus Group 2 Findings:

The first scenario tested what individuals would do with their plastic item and QR code

conceptual bin, all but 1 individual said they would scan the QR code. The focus group

remarked that they would be very curious about what the QR code information stated.
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However, when asked if they would use the QR code for their specific plastic item most

said only if they were uncertain of what to do with the plastic item and if the image

wasn’t on the outside of the bin. The group stressed concerns regarding the elderly and

the inaccessibility of the QR code. Thereafter, the group was asked, would you prefer a

website over a QR code, the group all stated they would prefer a QR code for

convenience. One individual stated that, “a website on the outside of the bin seemed like

faff.” The individuals all remarked that they liked the simplicity of the conceptual bin and

the bright green distinguishable colour. Additionally, they expressed their approval of the

“yes/no” bin content, and one individual remarked on the obscure items such as coffee

cups. When the group was quizzed on their expectations of the QR code content, one

individual stated they expected a comprehensive list of what is recyclable. Moreover, one

individual also stated they wanted the information to be “quick and easy.”

The follow-up query to the group was whether they would prefer the QR code on public

recycling bins or community and home bins. The individuals all stated they would prefer

it for community and home bins, however, two individuals stated they would like it on all

bins. Although, the same two individuals believed that the dominant usage would be for

community bins. Thereafter, two individuals relayed personal stories regarding their move

to Edinburgh and issues with gaining community recycling bin information. One

individual relayed a story about their having queried a neighbour about the Edinburgh

recycling bins and the neighbor stating they themselves were uncertain. Another

individual conversed about their personal story in relation to pre-sorting items and being

unable to figure out where some of their items belonged.

The following section, the QR code design section had four different images with the

same main recycling logo. This was done due to the previous focus group findings, which

discussed their trust in the recycling logo. The most popular QR code designs with the

group were figures “3g” and “4h.” The group found the black QR code design

background to be the most trusting whereas the colored background was more distrusting

to the group. Although, one individual did state “1e” as being the cutest.

For the final section the group was asked to choose a QR code, test it and follow the task

based scenarios. The group had no issues using the QR code and navigating to the

website. The initial critiques on the website before the tasks were that the numbers of the
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yes section, should also have the numbers for the no section. The individuals liked the

colours, enjoyed all the content, however preferred a less aggressive protest plastics

section and wanted requested more shocking plastic facts. For task 1, the group found the

images not to be clickable and thought the click images asterisk should be larger or more

eye catching. Task 2, all but one person found the protest plastic section, that individual

felt it should be in a different part of the website, despite previously stating that they liked

the one-page webpage. Additionally, two individuals stated that the protest plastic seafood

section felt aggressive. Task 3, all individuals easily found the quiz button and were so

excited they all took the quiz.

For the final discussion portion, a majority of the group thought the information was

helpful and a great system for new people and liked that it was short and simple.

Additionally, one individual stated that they wanted more images, or click through images

for the website. Two individuals stated that they would like a way to access this

information later, potentially through a sign-up section. Table 4.2 displays a textual

analysis of the tasks of part 2 and compares the findings of focus group 1 and focus group

2, further information can be found in the Appendix 9: Focus Group.

Mobile Phones Tested
iphone11 Pro

Android 10 - Xiaomi
samsung galaxy s10

Google Pixel 3 (Android)
iphone 11
iphone XS
iphone X

Google Pixel 3A XL - Android
Iphone 7

Android S7
Samsung Galaxy S10E

Total Smartphone Styles Tested: 12

Table 4.3, shows the total types and amount of smartphones that tested QR codes & Website
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Furthermore, both designers and focus group individuals were asked what mobile devices

they had in order to test accessibility and ensure that the website and QR codes worked.

The mobile devices tested for this project can be seen above in table 4.3 and all were able

to use the QR code and mobile responsive website. Focus groups are not considered the

best test for usability, which is why a follow-up SUS survey was requested for the focus

group participants. This concludes the findings of Part 2 for both focus groups and the

following section analyses the additional method that was used to test the blended space

design.

Figure 4.12, displays a SUS survey question with both focus group answers

4.6 SUS Survey

This survey was taken by the 9 focus group individuals in order to see if the conceptual

blended space system was usable. Benyon stated the overall aim of a blended space is to,

“design for a great UX at a human scale” (2012). One of the best metrics to use to see if a

system is usable is the SUS survey, which stands for the system usability scale (Sauro,

2016). SUS is a simple ten question likert scale that provides an assessment of usability

(Benyon, 2019). The SUS scale has a complex rating system and is believed that anything

above a 68 rating is above average (Brooke, 2013). The average score for the 9 focus

group individuals was 81 therefore, it was above average and deemed usable (Brooke,

2013). The above figure 4.12 displays both focus group answers to one of the usability

questions that relates to ease of use from the SUS survey which found the system to be

easy to use, Appendix 9.5 SUS Survey Questions. The tables 4.4 and 4.5 display the

different focus group SUS survey findings and their average SUS scores and question

rankings. The SUS scores reveal that the design iteration improved the SUS score from a
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78 in the first group to an 84 in the second group. However, a limitation to the SUS

survey is the lack of indication of a specific usability issue, such as the QR code usage,

which is why it was important to use this survey in conjunction with the other methods

such as the focus group. This information concludes the results of the SUS surveys.

Focus Group 1

Group 1

Questions #1 #2 #3 # 4 #5 #6 #7 #8 #9 #10 Sum

Usability

Score

User 1 3 3 3 4 3 4 4 1 4 4 33 82.5

User 2 3 3 3 4 3 3 4 3 3 4 33 82.5

User 3 1 3 3 4 3 3 2 3 3 3 28 70

User 4 3 3 3 4 3 3 3 3 3 3 31 77.5

Sum Total

Averages 2.5 3 3 4 3 3.25 3.25 2.5 3.25 3.5 31.25 78.125

Table 4.4, Displays Focus Group 1 SUS Averages

Focus Group 2

Group 2

Questions #1 #2 #3 #4 #5 #6 #7 #8 #9 #10 Sum

Usability

Score

User 1 4 4 4 4 4 3 4 3 4 4 38 95

User 2 3 3 3 3 3 3 3 3 3 3 30 75

User 3 4 4 4 4 4 4 4 4 3 3 38 95

User 4 3 3 3 3 2 3 3 3 3 4 30 75

User 5 4 3 4 3 3 3 3 3 4 2 32 80

Sum Total

Averages 3.6 3.4 3.6 3.4 3.2 3.2 3.4 3.2 3.4 3.2 33.6 84

Table 4.5, Displays Focus Group 2 SUS Averages

4.7 Summary

The overall results concluded that a majority of individuals recycle and believe recycling

to be important. Furthermore, the ethnographic research found that individuals

predominately pre-sorted their rubbish before going to the bins. Additionally, this

research found that public recycling bins were placed sparingly, and were inconsistently

58



designed. However, the amount of individuals with rubbish was significantly less either

due to covid or less food vendors being open.

In both surveys recycling proved to be important for students and UK residents. As 14 out

of 38 students wrote in a long form submission that they believed recycling was an action

that would help combat climate change. Additionally, the UK survey had 54 out of 55

individuals stating that they believe recycling to be important. The surveys provided

insight into individuals wanting more information on recycling and that a significant

amount are confused about plastic recycling.

The Napier interviews examined the recycling bin styles, contamination, and student

behaviours.These interviews discussed personal stories and new findings on their

improved two bin system. However, this information takes into consideration that there

are significantly less students on campus and the bin alterations provide additional

information. The zero waste professional stated that the major aspects of plastic recycling

that need to be addressed is consistency of infrastructure, accessibility and behavioural

issues among consumer care. Another major finding was that all interviewees expressed

their belief towards consumer confusion with plastic recycling.

The final findings were in regards to the blended space design and were analysed by

designers and the focus group. The designers helped evaluate the blended space design by

expressing alternative ideas for the typography, content, colours and buttons needed to be

re-designed, for improved usability and accessibility. The focus groups discussed the

significance of recycling, confusion of plastic recycling. Thereafter, they discussed that

they would like their physical space public recycling bins to have images, bright colours,

and a QR code. In comparison the focus groups found the website to be usable and

beneficial for plastic recycling information, however, had various remarks on the design

and content. Conclusively, both focus groups and designers stated that the QR code would

be beneficial for at home recycling as it required less time constraints.

The final test was the SUS survey taken by the focus groups, which found the blended

space design ratings were improved through design iterations, however, the overall model

in both groups was found to be usable. In conclusion, the results provided answers to the
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research questions and valuable insight into the blended space design. The following

discussion section will expand on the results, methods and findings.
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5 Design and Implementation

The blended space was created through an iterative design process and blended both

physical conceptual design and digital design to create the conceptual blended space

design. Iterative design is a UX design process that allows the design to be created in

iterations with users (Benyon, 2019). This project used iterative design and green design

which focuses on sustainable solutions within design and SCHI (Sustainable Human

Computer Interaction) (Benyon, 2019). Therefore, aspects of the design such as

robustness, accessibility and simplicity were key for the creation of a usable blended

space design.

The blended space was created through user centred design tools, through design

iterations, system requirements and analysis of the physical and digital spaces. The

blended space design was created through evaluation of the physical and digital spaces as

well as system requirements through analysis of the topology, ontology, volatility and

agency. The surveys, ethnographic research, and interviews assisted in the creation of

functional and non-functional requirements. Through UX design essentials a gradual

design was created through user testing and iterative design methods. The following

sections elaborate on UX design implementation, conceptual physical space design,

digital space design and the conceptual blended space design.

5.1 UX Design

The blended space design of this project focused on a user centred design process. This

project adhered to design methods such as PACT, moodboards, persona’s, user stories,

storyboards, use cases, moodboards and a design language.The following sections will

outline the initial tools used to understand and create the conceptual blended space.The

reason the UX iterative design process was used for the blended space was that Benyon

the creator of blended spaces methodology stated that, “good user experience is

invaluable for the blended space”(Benyon, 2019 p.1). The first design tool that was

utilised for initial design conception was a moodboard. This project's moodboards can be

seen in Appendix 7.2 Moodboards. Furthermore, the following sections will map out the

different tools used for design and implementation of the conceptual blended space.
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5.1.1 PACT

This user centred design method was used to understand the people, activities, contexts

and technologies within blended spaces (Benyon, 2019 pp.25-45). The PACT framework

was used as the initial approach to understanding the blended space design. Appendix 7.1:

PACT exhibits examples of original drawings of the PACT for this project which

provided the groundwork for the blended space method. The people for this project were

aged 18-45 Edinburgh UK residents. The activities were recycling plastic or discarding

plastic and learning about plastic recycling via QR codes. The context was the recycling

bin. The technology portion was found to be QR codes, smart phones and networks. The

PACT framework was the stepping stones to the physical, digital, and conceptual blended

space ontology, topology, volatility and agency. From this design method, other design

tools were created such as personas, scenarios and storyboards.

5.1.2 Personas

Personas were used to further understand the initial PACT of the blended and physical

space. Personas are used for early design development and help identify profiles of

different people that the interactive system is intended for (Lowdermilk, 2013, Benyon,

2019). The five developed personas can be seen in Appendix 7.3: Personas, Scenarios,

User Stories, Use Cases. The personas provided insight into what that the system would

be used for such as anyone discarding their rubbish and who would use this system.

Example:

Name: Janet Tarzine

Age: 34

Occupation: Financial Advisor

Persona: Janet lives in Edinburgh with her husband Marcus and

their 2 children. Janet cares deeply about recycling and has a

growing concern regarding plastics, and plastic pollution. Since

covid she has become increasingly concerned about touching things and about the amount of

items that are in plastic. She is trying to reduce her family's plastic waste and recycle what she can

properly.

62



Scenario: Janet actively searches for information online regarding what to do with her plastic

items. However, she finds that it's very difficult to locate and that the signs on the recycling bins

are confusing.

5.1.3 Scenarios

Scenarios are another early development design tool that can help in understanding the

different technologies that are incorporated within a project. Scenarios are helpful for

understanding and evaluating both the physical and conceptual designs (Benyon, 2019

p.60). Therefore, this project utilised various types of scenarios to gain a full grasp of the

physical, digital and blended design space.The scenarios for this project were created in

conjunction with the personas (see the above example). The scenarios helped to tease out

what the systems purpose was, and to further the specific design requirements.

This dissertation utilised three different types of scenarios such as stories, conceptual

scenarios and use cases. Stories are true stories from individuals, whereas conceptual

scenarios are made up of abstract ideas merged with a proposed system (Lowdermilk,

2013, Benyon, 2019). Alternatively, a use case is a step by step description of the system.

The created scenarios can be seen in Appendix 7.3 Personas, Scenarios, User Stories, Use

Cases. The scenarios and use cases were used for the original PDF project and would

have benefitted from a second iteration once the initial PDF technology failed.

Example:
User Story: As a new student I want to understand how to recycle where I live.

Use Case: Find out if plastic item is recyclable

Actor: Student

Steps:

1. Student walks to bin

2. Student sees QR code on bin

3. Student gets phone out to scan QR code

4. Student opens QR code PDF

5. Student reviews plastics “how to” and evaluates plastic item in hand

6. Student then drops plastic in correct bin
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5.1.4 Storyboarding

Storyboarding is a technique adapted from filmmaking, where vital interactive moments

are displayed (Krause, 2018). The purpose of this technique is to understand the flow and

feel of a conceptual design before creation. Storyboarding provided insight into the key

interaction points of the conceptual design. The storyboard iterations for this project can

be seen in Appendix 7.4: Storyboarding. This storyboard example figure 5.1 provided the

initial blueprints, however, wasn’t a valid process for understanding the intricacies of the

technological space.Therefore, this process was beneficial in evaluating design flaw

aspects such as how the use case would play out. This technique aided in the development

of the design of the blended space by providing a merge of the conceptual physical and

digital space.

Figure 5.1, Displays the hand drawn storyboard for the conceptual blended space model

5.2 Design Language

The design language consists of design elements, principles of composition and

qualifying situations (Benyon, 2019 p.227). The design elements are composed of

colours, styles and buttons. The principles of composition are rules for putting things

together and the qualifying situations correlate to contexts and how they affect those rules

(Benyon, 2019 p.227). The goals of this project's design was to be accessible and
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reminiscent of recycling and adhere to the functional and non-functional design

requirements which can be seen in Appendix 6: Functional & Non-Functional

Requirements. The initial tasks were to review current recycling iconography within

Edinburgh and the UK. Thereafter, a plan was devised to create a palette that correlated to

recycling while providing a positive feeling. The final design goals were to ensure that the

colours resembled recycling, were accessible, and provided a positive feeling as well as

being a responsive mobile design.

5.2.1 Colour Palette

The colour palette is displayed in figure 5.2 and consists of the following colours:

#CB2327-red, #55A4DB-blue, #79BA48-green, #000000-black and #FFFFFF-white.

These colour choices were chosen after obtaining user feedback from 3 different

individuals and the user testing notes can be seen in Appendix 7.6 User Testing Notes.

Two users stated, “correlates the most to the environment” another user stated, they “liked

the watermelon palette because it was soothing but didn’t think it felt like recycling.”

Furthermore, the previous colour patterns were altered due to their inaccessibility and

being considered too bright by all designers. Therefore, the chosen palette was

reminiscent of recycling and the most accessible. User feedback was used to test the

colour palettes, as well as focus groups and designer testing. The following colours were

chosen based on user feedback and were the most ideal for the blended space design.

Figure 5.2 shows the HEX codes used for the specific colours for this project

5.2.2 Icons

Icons provide users with clarity on their journey, as well as site consistency (Benyon,

2019). The icons used within this project can be seen in figure 5.3 and 5.4. The recycling

symbols exemplified the current plastic bottle resin codes and therefore would aid in user

familiarity. The purpose of using these specific icons was to use recycling iconography

that users would be familiar with and easily understand. The recycling specific symbol

assisted individuals in understanding the purpose of the website, as well as the bin design
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and the QR code. Consistency of a language and design features help with a system

standardisation and usability (Benyon, 2019, Lidwell, 2010).

Figure 5.3, non-recyclable Icons Figure 5.4, recyclable Icons

5.2.3 Typography

Typography helps define the purpose of a site, or a system interface. The typography that

was chosen for this project after designer testing was Helvetica, the typography was used

in different font sizes to denote hierarchy of content throughout the website. However,

helvetica was not used for bin design, only due to adobe font difficulties. Additionally, the

typography was unable to be selected for the QR code design and was therefore left to the

default of the website. However, in future design the typography should be consistent

across all designs to emblemize the design language.

5.2.4 Accessibility

Within the universal principles of design there are four characteristics of accessible

design, “perceptibility, operability, simplicity and forgiveness” (Lidwell et al., 2010).

Perceptibility relates to all individuals being able to see regardless of sensory abilities.

This design principle was addressed by providing alt tags, using a contrast colour palette,

and including various objects within circles or boxes to denote distinction.

Operability relates to when everyone can use a design (Lidwell et al., 2010). Therefore,

this correlates to design affordances, which is why the website navigation is vertical and

the website design is simple. However, certain demographics were not taken into

consideration and therefore, the design could be improved after further demographic

testing. The characteristic “simplicity” can be achieved by everyone understanding and

using the design (Lidwell et al., 2010). The goal throughout the blended space design

language was to ensure its simple, quick and efficient. The final accessibility design is

forgiveness which relates to consequences of errors (Lidwell et al., 2010). Additionally,

new government legislation has put further emphasis on accessibility and usability for all

individuals (gov.uk, 2021). Therefore, accessibility was a vital design feature for the

blended space design.
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5.2.5 Buttons/Images

The buttons were used to provide an interactive story guide through haptics. Benyon

states buttons help to define navigation, information and story elements (2019, p.75).

Comai et al. discuss the purpose of haptics is to enhance accessibility and usability,

however the caveat is haptics are catered to the system purpose and can be difficult to

design (2012). The haptics designing on mobile is particularly difficult as the haptics are

not as noticeable as on the desktop, for example the hover and button click function. The

initial button design took several attempts, and throughout testing was still deemed

insufficient. The buttons within this specific design were created to be informative and

interactive, however, lacked appropriate affordance despite using best practice (Benyon,

2019 p.120). Therefore the below figure 5.5 and figure 5.6 display the button designs

after several iterations, from greying when clicked, to starting grey and then brightening

when clicked, to having a circle and a call to action. However, despite all efforts the

buttons still need further design work.

Figure 5.5, Displays yes buttons Figure 5.6, Displays no buttons

5.2.6 Navigation

The intended navigational goal was to be a simple one page scroll. The intended purpose

of the project was to create seamless navigation that allowed user presence throughout the

blended space thereby creating an engaging interaction (Benyon, 2012). Therefore, the

navigation was created in a vertical style to aid in the usability and simplicity of the site.

The navigational seamless digital interaction was created through a vertical step by step

design which included a yes and no section to assist in ease of use and interactive

presence. The final design was created after evaluating user stories, designers, the initial

focus group and their time constraint issues. However, the lack of design consistency with

other websites did provide confusion amongst users.
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5.2.7 Website Design and Redesign

The original website did not have a prototype as the initial PDF was used as the website

prototype.The website, digital space was redesigned a total of 3 times not including the

initial digital PDF design which failed accessibility testing on multiple mobiles. The first

website was created using the initial design language and patterns that were used for the

interactive PDF. Figure 5.7 displays the example of the PDF and figure 5.8 exhibits the

first website design with figure 5.9 displaying the final iterated design. The website

design iterations helped to create usability, accessibility and valid content. The next

section will discuss the key characteristics of the conceptual blended space creation

through evaluating the actual physical space and digital space.

Digital Space Design Iterations:

Starting from the left Figure 5.7 PDF Design, middle Figure 5.8 First Mobile Design and right Figure 5.9

Final Mobile Design

5.3 Physical Space

The conceptual physical space was designed after careful ethnographic research of the

actual physical space, interviews with professionals and surveys. The specific bin design

related only to public recycling bins rather than community or individual housing bins.

However, it was later found through designers and focus groups that the community and

housing bins would benefit more from the QR blended space design than general

recycling bins.
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A requirements and non-requirements was created based on the initial mixed method

research. Conceptual Physical space requirements can be found in Appendix 6.1: Physical

Space Requirements of Blended Space. The key characteristics Benyon believed each

space contained are ontology, topology, volatility and agency (Benyon, 2012). To provide

context for the physical space a breakdown of these characteristics for this projects’

conceptual physical model is as follows:

Ontology: Physical locations, nodes or districts. The ontology within the physical space

of this project are the locations of recycling bins, which were specific to Edinburgh. It

was evaluated that the recycling bins were composed of many different types, styles and

purposes. For example there are community recycling bins, property specific recycling

bins such as Biffa, or Edinburgh Council Recycling bins which can be public princess

park bins, princess rd recycling bins, general recycling bins or community recycling bins.

Typology: How objects within the ontology relate to one another. The topology within

the physical spaces of this project have been broken down into three different categories,

community bins, public bins, private bins. However, even within these categories that are

further categories, for example the community bins have different types of bins such as

paper, mixed recycling, packaging recycling, food bins etc. This can be further defined

within public bins, as there are over five different types of public recycling bins and in

numerous locations throughout Edinburgh. However, it is unclear how the public

recycling bins relate to each other due to their inconsistent placement, labelling and

styling, however, they do all state Edinburgh City Council.

Volatility: How objects and elements change over time. Depending on the characteristic

of the bin, the bin could be within the same place or moved due to either wind or having

been emptied. The main volatility throughout the bins was rubbish, was it within the bin,

outside of the bin, around the bin or strewn across the street. The other traits of volatility

was the lids, depending on the bin styling the lid could be open, closed or completely off.

Additionally, the other trait was the text on the bins, some were ingrained within the

metal, others were of a plastic sheet, could be known or eroded away or altogether not on
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the bin. The attributes that affected the recycling bins the most was the weather and

human behaviour.

Agency: The agency refers to the individuals within the physical space. The individuals

within the different bin spaces were studied through ethnographic research. The

evaluation of the agency provided insight into human behaviours which can be seen in

through the ethnographic research. This aided in the understanding of the human

behaviours within the physical space and human activities differed depending on the bin

styles, information, weather and cleanliness.

The ontology, typology, volatility and agency provided the design blueprint for the

conceptual physical space, which was recreated to create the conceptual blended space.

The next section elaborates on the project's digital spaces key characteristics.

5.4 Digital Space

The digital space was created through user centred design iterations and initially was

developed as an interactive PDF, however, due to functionality issues, and inaccessibility

it was deemed unacceptable for the digital space of this project. The next digital space

design was a website that was created through user centred design and in conjunction

with user centred design principles. However, due to time constraints a wireframe

prototype was not created but a full prototype, then a live prototype. Additionally, a

requirements and non-requirements was created based on the initial mixed method

research. The digital space requirements can be found in Appendix 6.2: Digital Space

Requirements of Blended Space. To provide context for the digital space design a

breakdown of the four key characteristics of this project’s digital space is as follows:

Ontology: The ontology within a digital space relates to the information artifacts, devices

and software. Information artifacts are any objects that help to understand something or to

achieve some goal for example: websites or sheets of paper (Benyon, 2012 p.46). The

specific devices that correlate to the ontology of this digital space were smart phones. The

mobile phones needed wireless broadband through a provider in order to reach the needed

software such as google, bing, safari, firefox, duck duck go. The initial information

artifact was an interactive PDF and after failed usage across different mobile devices, the
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following information artifact was a website. However, it’s important to note that the QR

code was a digital anchor for the information artifact. Thereby, additional software is

needed to access QR codes through a mobile phone such as camera for iphone or QR

Code apps for android and other mobile phones.

Topology: How objects within the ontology relate to one another. The digital space

required a smart phone with mobile broadband or internet software capability to reach the

information artifacts. The mobile phone uses software to access the QR code that links to

the designated website/information artifact.

Volatility: How objects and elements change over time. Mobile phones have constant

software updates. Therefore, ensuring that the websites and QR codes are accessible by

mobile phone is vital, as is securing QR codes and websites. QR code design that is

created in a way to not have forms which are easily hackable, and ensure the design

provides legitimacy and trust. Accessibility is vital for digital space volatility, since this is

an area that has constant change.

Agency: The agency refers to the individuals within the physical space. The agency for

the digital space relates to individuals that have smartphones and can operate them.

Additionally, the agency addresses individuals that have the correct software. The agency

for this project relates to content and functions of technology and how people interact

with and through it. Therefore, it’s important that the website is designed clearly for

individuals usability and accessibility.

5.5 Blended Space

The conceptual blended space was created through a combination of the physical and

digital space evaluation. Therefore, design tactics such as user centred design were used

for the digital space whereas mixed method research was used for the conceptual physical

space. The final blended space design was created through a conceptual scenario blended

space. Figure 5.9 exemplifies the initial blended space diagram of each of the spaces

before the final conceptual model was created. Additionally, the blended space was

created through the functional and non-functional characteristics as well as the evaluation

of the four key characteristics. The blended space requirements can be found in Appendix
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6: Functional & Non-functional Requirements of the Blended Space. To provide context

for the conceptual blended space a breakdown of the four key characteristics of this

project’s conceptual model is as follows:

Figure 5.10 Blended Space Cognitive Model

Ontology: A blend of both the physical space, location and digital space such as

information artifacts, devices and software. The final ontology within the hypothetical

blended space was a mixed recycling bin that would be within 2 metres of any general

litter bin within public spaces. The location of the mixed recycling bin must not be

attached to the general waste bin but near it. This was due to the discussion with

professionals stating that incorrect item placement was more prevalent when bins were

attached. However, the mixed recycling and general bins need to be within close

proximity otherwise individuals will place items in whichever convenient location.

Pertaining to the digital space the focus devices are mobile phones, and software is

internet software, and the information artifact is QR Codes and a recycling content

website. These were deemed best after trial and error with apps, PDFs and interactive

PDFs.
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Topology: How objects in ontology relate to one another. The topology within the

blended space after careful evaluation was that the physical space, mixed recycling bin

would provide the QR code anchor point to the digital space artifact recycling website.

The physical bin provides the outlet for the recyclable item, the QR Code provides the

digital anchor to the information artifact website that explains recycling. The specific

digital medium that is utilised for the information is mobile phones and a mobile

broadband network.

Volatility: How objects and elements change over time. The specific bin design such as

QR Codes, and outside images should be updated or changed based on expert interview

individuals respond best to continual updates and novice approaches. The website would

also need to reflect any technological updates with QR codes or information artifacts such

as websites.

Agency: People in the spaces and opportunity for action. The goal within this blended

space is for individuals to find out whether their plastic item is recyclable and thereby

using the QR code to find out more about plastic recycling and whether they should put

their item in the recycling bin or general waste bin. The focus is on an individual having a

plastic item seeing the bin near the waste bin, reviewing the physical space, finding the

QR code anchor point using it, then reviewing their item via the step by step informative

website.

The following section reveals the final designs for the conceptual blended space with a

conceptual mixed recycling bin prototype design, functional QR code and mobile

responsive website.
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Design of the conceptual physical space:

5.11 Conceptual Physical Bin Design 5.12 Final QR Code Design

On the left, Figure 5.10 shows the conceptual physical space bin and on the right, Figure 5.11 example of

the final chosen QR code design

Design of the Digital Space Design:

Figure 5.12 through 5.16 provide screenshots of the final mobile website design

The final image shows the mobile responsive website design, which can also be seen

here:https://www.callumegan.co.uk/plastics/recycle.html#yup Please note that the website

was designed specifically for mobile and not desktop. Furthermore, the conceptual

blended space design can be seen through the above figure 5.12 to figure 5.16 and review

the conceptual physical, QR code anchor and final mobile digital space. The conceptual

design provides an example of each of the elements within the blended space design.
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5.6 Summary

This system was designed in an iterative user design approach to create a unique blended

space. The blended space was created through user feedback, user centred tools and

blended space design methods. Additionally, the blended space was created with the use

of functional and non-functional requirements and through evaluation of the key

characteristics of each space's ontology, topology, volatility and agency. The design and

implementation section elaborated on the significance of a design within the blended

space. Furthermore, the blended space was tested and through the iterative design process

a usable design was created. The following section will discuss and evaluate

interpretations, implications and limitations of this dissertation.
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6 Discussion & Evaluation

This project's research sought out to explore if a blended space design could be used to

help individuals understand their plastic recycling. A mixed method approach was used

for the design and testing of a conceptual blended space. The analysis indicates that the

blended spaces model is a usable model and beneficial for informing individuals about

plastic recycling. Although, the findings reveal that this blended space is better suited for

community and at home recycling bins. These results matter as they inform the potential

of the blended space design to assist users in recycling plastics. This section will evaluate

the results, discuss the findings and limitations of the study.

6.1 Evaluation & Findings

The research by Burgess et al., states that there is a belief that consumers are confused

about their plastics and how to recycle them but had minimal research (Stephenson, 2018,

Burgess et al., 2021). The ethnographic research, surveys and interviews were originally

conducted to address this question which also correlated to understanding the physical

space. The findings were that 28 of 55 individuals within the plastic survey stated they

agree or strongly agree to being confused about plastic recycling. The interviewees

corroborated this finding by stating they believed individuals were confused about plastic

recycling. This information furthered the research into creating a blended space design

that could inform individuals about plastic recycling.

The findings from the surveys and focus groups reveal that individuals care about

recycling, despite, individuals placing things in the wrong place which can be seen in the

Ethnographic Research: Recycling Bin Images or through the Scotland recycling rates of

45.5% or global plastic recycling rates of 8% (Sepa, 2019,  Zerowaste, 2021). Throughout

the research a common theme occurred, individuals care about recycling and want more

information. This can be deferred through the surveys, focus groups and designer testing,

where it was shown that individuals were either curious to know more or stated they

wanted more recycling information. The combination of individuals' strong beliefs, low

recycling rates and requests for more information, signifies that recycling rates would be

improved with more and clearer plastic recycling guidance.
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The ethnographic research furthered the findings by revealing a pattern within Edinburgh

public recycling bins through their location, consistency and content. This research

revealed that there are minimal mixed recycling bins and they were often in locations that

lacked individuals, however Covid may be a discrepancy to the finding. However, it

divulged that in different locations throughout Edinburgh a different public recycling bin

style and content was displayed. The inconsistency of mixed recycling styles and

information can indicate reason for users confusion, as consistency is a design principle in

aiding usability and learnability (Butler et al. 2010).The surveys and focus groups

furthered this finding by individuals' desire for wanting a public recycling bin beside a

general waste bin. The public recycling bin realisation provided a framework for focusing

the blended space methods conceptual physical design.

The focus group findings revealed an issue that correlated to the QR code design research

by Naranyan within the literature review. The findings found that yes, individuals do like

QR code design that correlates to the content, however, not if the barcode is coloured.

Many focus group individuals found the colored barcode to be distrusting. Thereby the

focus group also revealed that the german bin “d” was the least liked foreign bin, despite

Germany having the highest global recycling rate (Gray, 2017). This information further

questions the significance of recycling information and what role that plays in the plastic

recycling confusion.

Another finding within the competitor analysis of recycling foreign bins was bin “a” from

Sweden and Edinburgh bin “z” had similar styles, however were rated very differently.

Bin “a” throughout both focus groups was giving the highest rating, however bin “z” was

given conflicting rates due to its dark colour and lack of contrast. This finding furthers the

importance of the physical space design and that individuals want clear, and simple bin

designs. Additionally, the competitor analysis revealed that individuals like transparency

as both focus groups remarked strongly on foreign bin “b” on their bins, as it helps them

understand what goes into the bin and holds them accountable. Although the competitor

analysis was insightful for physical space evaluation the overall hypothetical blended

space found that the public recycling bins were not applicable for this model. The

following section will elaborate on limitations of the dissertation.
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6.2 Limitations

One of the main limitations to this dissertation was Covid. The initial project was going to

have a designated research group of Napier students and a set location, Merchiston

Campus. The project was going to be a blended space model from conceptual to actual,

using the new bin designs with QR codes. The project was going to include questioning

students directly and conducting pre and post ethnographic research, as well as utilising

QR code and website specific metrics. The inability to work with individuals in person or

be able to conduct research on campus was a significant limitation. Therefore, the project

had to be shifted from an actual model to a conceptual model with desk-based research

approaches. In order for the user centred blended space design to be created, tested and

evaluated during covid, a considerable amount of testing was needed to compensate for

the lack of direct user interaction. The issue with user testing is it’s extremely time

consuming which Gulliksen et al. also discuss as an issue. Thereby, the conceptual

models testing provides a sizable amount of qualitative and quantitative data to sift

through.

Testing during covid created limitations by restricting the demographic to the researchers'

friends and associates, which were a small and specific demographic. Additionally, the

technological issues played a role throughout both focus groups with individuals having

technical issues. The groups were difficult to keep focused and as a result many of the

answers were based more on the video pertaining to what people stated rather than their

individual answers. This made it difficult to get proper feedback, and the changes

between the focus group content was also difficult to analyse. The Trello software was not

a great tool, as several individuals had technical issues and one individual couldn’t gain

access at all.

Limitations were also found with plastic recycling, this project realised that the plastics

issue is much larger than anticipated. The importance of the plastic recycling information,

and style became a very important aspect to this project which further correlated to the

findings that Burgess et al. discusses regarding what individuals know (2021). An issue

became, “what should they know?” The more research that was conducted the more

conflicting the realm of plastic recycling information became, with such information as

78



different councils recycling contrasting items. These findings exacerbated the necessity of

consistency and clarity on what plastics are and are not recyclable.

The initial digital space of the project was to use an interactive PDF to reduce energy

consumption, be more efficient and for design simplicity, which was the goal of the

blended space, a seamless interaction (Benyon, 2012). However, certain issues of the

interactive PDF were revealed once testing began. Initial findings were that the PDF may

not be accessible for individuals needing optical character recognition, as different

mobiles have different default PDF viewers. Additionally, different PDF viewers also

allow for different functionality of an interactive PDF, this information is not readily

available on the web, despite many individuals online declaring that PDFs were dated

digital information tools. Therefore, the PDF portion was thrown out of the project and

the design was used for the website prototype.

To counteract the PDF issues the website was hosted on sustainable servers which utilise

energy from a green energy co-operative. Therefore, the aims of the Sustainable

Computer Interaction was that Information Communication Technology should offset its

carbon through sustainable behaviour and in this project through improved recycling

rates, less contamination by informing individuals about plastic recycling (Freitag et al.,

2021). Additionally, an app was not the best tool as it provided too many steps before an

individual could download the app and would not provide a seamless merge of the two

blended spaces, additionally an app feedback loop was not necessary for this project. The

next section will discuss the findings and limitations of the conceptual blended space

model.

6.3 Blended Space Findings & Limitations

The creation of a usable, mapped out seamless blended space design is difficult and the

construction of a conceptual model is its own limitation. The purpose of this project's

blended space design was for an individual to question their plastic item and have a

digital option to inform them about their item. However, the conceptual physical space’s

evaluation through the focus groups scenarios found that an individual's mood,

confidence, time and curiosity affected their usage of the digital space and anchor QR

code. This issue related to the importance of mapping out the physical and digital space to
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create a seamless interaction so that individuals feel present (Benyon, 2014). Therefore,

this physical space did not provide a cohesive mapping.

Furthermore, the digital design website had its own limitations by focusing on

accessibility, robustness and simplicity through a design language. The complications

within the digital space of this system was attempting to come up with a design that

would inform, provide a positive seamless interactive experience and be simple. An

additional aspect within the digital space is using technology that would be accessible to

the target audience.

Previous research from Benyon declares that user centred design testing is best used for

the interactive models, the research reveals this may not be the best method (2019). The

issue with creating, testing and evaluating this model is that there are very different

requirements, functions and purposes for each space which poses issues for a cohesive

mapped blended system. The blended space testing results inform that user centred design

methods are not the best approaches, as this method doesn’t pick up on the nuances of the

entire system. The caveats to using usability testing for a cognitive blended space model

is that you need to ensure that each aspect is usable. The user centred design method isn’t

a viable approach, as some individuals may not use a QR code, therefore they would then

only rely on one aspect of the design. Whereas the purpose of a blended space is to be a

cohesive interaction between a physical and digital space that maps perfectly from one

realm to another. The SUS data contributes that the system was usable, however, the

focus groups showed that those same individuals would not use the QR code, therefore

UX testing and evaluation methods are not the best tools for this approach. The findings

revealed that users would prefer the blended space system on their community or home

bins, as they would have less time constraints, more items, and it would be more

beneficial.

Alternatively, the blended space model does provide a tool for understanding and creating

a blended physical digital space. This tool is beneficial and has potential to inform

individuals about their at home recycling. This research has shown that individuals are

confused, they want more information, and based on the focus groups, design testing and

SUS this system is usable and would be beneficial for community and at home bins.

Furthermore, correlating this interactive blended space model to it’s ulterior motive which
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was to be a sustainable human computer interaction by increasing recycling behaviour.

Through this blended space model informing individuals on plastic recycling digitally

which would equate to a reduction of co2 emissions by improved recycling rates. This

methodology and created design has the wherewithal to address Knowles belief of

sustainable HCI by creating a less destructive pattern of consumption with tech (2018).

6.4 Summary

This concludes the discussion and evaluation of this project and has provided insight into

the intricacies of this dissertation. This section provided insight into the results and

evaluated the findings. The blended space elaborated on the complexities and nuances of

this model. The limitations elaborated on considerable constraints within this dissertation

project. The main findings to the research questions can be found within the next

conclusion section.
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7 Conclusion

7.1 Summary

Through the review of the literature, a foundation was created for further research. This

dissertation found that a majority of individuals are confused about plastic recycling and

most believe recycling to be important. This research aimed to create a blended space

model that would inform individuals about plastic recycling. Based on the quantitative

and qualitative research a proposed blended space model was created and tested.

However, this project also found that the usability testing may not be the best form of

testing for a conceptual blended space model, as the various spaces are dependent on one

another. The results indicate that this model is usable, however, would benefit from

further research into an alternative physical space.

7.2 Aims Met

Based on the qualitative, quantitative and mixed method research the following aims and

research questions were met. The initial research question, “Are individuals confused

about plastic recycling?” was evaluated through surveys, focus groups and designer

testing. The findings revealed that many individuals felt they were confused about plastic

recycling. This initial research question assisted in understanding the physical space of

the blended space and items within that space, plastics and bins.

The following research question, “can QR code technology be used to inform individuals

on what plastics to recycle?” This question was evaluated using focus groups and through

role-play conceptual scenarios. The research revealed that 6 out of the 9 Edinburgh 25-40

year old residents would use this technology in the blended space. However, the findings

revealed that if the QR code was placed on communal or home recycling bins, all users

would be likely to use the QR code. The follow-up research question regarding QR codes

was “which digital content would be the best strategy to use for the digital space of the

blended space design?” The findings revealed that the website was the best form due to

the interactive PDFs inaccessibility and the apps lack of simplicity, as well as energy

consumption.
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The final research question, “Is there a blended space design that would benefit users in

understanding plastic recycling?” The results indicate that the blended space design

created is above average in usability and would benefit users in understanding plastic

recycling. However, the current prototype is a conceptual model and places emphasis on

public recycling bins, and the evidence revealed that this design would be better suited to

communal or home bins. Thereby, the aims were met through evaluation and testing to

provide the research findings.

7.3 Further Work

Based on the limitations of this project a recommendation of further research has been

established. Further research should be conducted into recycling content, plastics, and

evaluation of what plastics are recyclable depending on location. This research would

help to provide groundwork for what plastics individuals should be recycling. To further

the project's accessibility, testing on other demographics should be done and an

assessment of the website adherence to new accessibility legislative standards.

Future studies should take into account alternative focus group software, shorter focus

groups, and content consistency between the focus groups. In addition, the focus group

addressed users' desire for a redesign focused on community bins and home bins which

would be better suited for this blended space design. Therefore, research towards a new

physical, digital and blended space design for the proposed community and at home

recycling bins, which would focus not only on plastics but mixed recycling. The project's

digital space could benefit from further research into alternative technologies instead of

QR codes.

Due to covid the research was limited by a conceptual blended space model, thereby the

final aspect would be implementation of the conceptual design into the actual design.

Thereafter, the actual design would need to be evaluated on the individuals presence and

usability testing on each space within the blended space. Although, the blended space

design would benefit from a novel testing strategy. Further research into testing of

presence within the blended space or cohesion could provide a new user centred testing

strategy. The results indicate that this blended space model created on the correct bins

could improve recycling rates, reduce contamination and provide users with more

information regarding their plastic recycling which could help combat climate change.
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Appendix 1.1: Research Proposal

EDINBURGH NAPIER UNIVERSITY SCHOOL OF COMPUTING

MSc RESEARCH PROPOSAL

The process of completing and reviewing the contents of this form is intended to ensure that the
proposed project is viable.  It is also intended to increase the chances of a good pass.  Much of
the material produced while completing this form may be reused in the dissertation itself.

1. Student details

First name Christina
Last (family) name Plum
Edinburgh Napier matriculation number 40450356

2. Details of your programme of study

MSc Programme title Computing
Year that you started your diploma modules January 2020

3. Project outline details

Please suggest a title for your proposed project. If you have worked with a supervisor on this
proposal, please provide the name.  You are strongly advised to work with a member of staff
when putting your proposal together.

Title of the proposed project Understanding individuals plastic recycling habits
and providing a QR blended space educational
solution.

Is your project appropriate to your programme of
study?

Yes

Name of supervisor Callum Egan

4. Brief description of the research area - background

Please do not describe your project in this section. Instead, provide background information in
the box below on the broad research area in which your project sits. You should write in narrative
(not bullet points). The academic/theoretical basis of your description of the research area
should be evident through the use of citations and references. Your description should be
between half and one page in length.

Currently, there is a global creation of over 310 million tonnes of plastic each year and is
estimated  to be an increase of 792 million tons by 2050 (Hawken, 2017 p.169). UK plastic
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consumption is now up to 2.3 millions tons, with 60% of plastic being discarded and sent
overseas, which in part has been due to inadequate plastic recycling (Burgess et al., 2021).
To date there has been little to no research done on whether UK consumers are confused by
plastic recycling practices, and research has shown that structural changes that improve the
ease of recycling practices increases recycling rates (Burgess et al., 2021).

A consensus within SHCI(Sustainable Human Computer Interaction) agrees that an aspect
that needs to be addressed is that, “in order for human quality of life to continue, significant
changes are needed to our current way of life”(Knowles, B. et al., 2018). Additionally,
Knowles discusses the importance of consumer education with having consumers
understand and evaluate sustainability on their terms (Knowles, B. et al., 2018). Therefore,
addressing the need for human habits specifically recycling habits to change, which can be
educated with the use of QR technology.

Latif discusses QR codes ability to aid users in learning and states that with QR codes being
incredibly simple and quick to use they are ideal for teaching (Latif et al., 2011). The
simplification of QR codes can contain information such as text, URL links, or other data that
can direct users to information about a subject in a matter of seconds (Rikala, J et al. 2014).
Therefore, QR codes popular usage in various places such as museums, academic
environments, classroom environments with proven adoption users find them simple and
easy to use (Latif, et al., 2011, Rikala, J et al. 2014). Additionally, Benyon discusses how QR
codes are used as an anchor point to blend the digital and physical space and the
significance of navigation through these spaces not only physically but digitally (Benyon, D.,
p.81, 2015).

In conjunction with QR codes, it’s important to evaluate this as a blended space, with digital
QR codes being merged in a physical space such as plastic and recycling bins. Benyon
discusses this concept of digital and physical spaces needing to be seamless so that
individuals can feel present in a blended space (Benyon, D., p.79, 2015). Additionally, the
importance of understanding relationships through spatial patterns, such as individuals,
their plastic and the bins as well as navigation between information both digital and physical
(Benyon, D., p.37, 2015). Through the understanding of the digital and physical spaces
designs can be created in a way to aid in new experiences and ways of engaging with the
world (Benyon, D., p.80, 2015). These new engagements could be educational in nature
aiding in understanding and educating plastic recycling habits.

The aim of this project is to understand humans' habits towards plastic recycling.
Additionally, it will evaluate whether user confusion is from plastic labelling, recycling as a
whole or from recycling bin placement issues. Furthermore, this project will use both
qualitative and quantitative approaches to understand users' perspective on the current
plastic recycling process. Finally, it will evaluate the current plastic understanding and
propose an educational QR theoretical blended space design model to aid users in learning
and applying new plastic recycling habits.
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5. Project outline for the work that you propose to complete

Please complete the project outline in the box below. You should use the emboldened text as a
framework. Your project outline should be between half and one page in length.

The idea for this research arose from:

The idea arose from my obsession with plastics and from viewing documentaries such as
Attenborough’s Witness Statement, A Plastic Ocean and BBC’s series War on Plastic. Additionally, I
have read books that also discuss the issue of waste and plastics such as There is no Planet B and The
Drawdown. The main article that created the idea was the “One Bin to Rule them All”which discusses
a lack of research regarding individuals confusion of plastic (Burgess et al., 2021).

The aims of the project are as follows:

Aims:
1. Test user understanding of plastic recycling by using qualitative, quantitative research as well

as conducting empirical indirect observations of human habits at public recycling bins.

2. Develop and test user centred digital content that will be attached to QR codes.

3. Create and test user centred hypothetical blended space design using QR codes and plastic
recycling bins that educate individuals on understanding plastic recycling.

Objectives:
1. Review existing literature.

2. Gather qualitative and quantitative data, including secondary Napier recycling data as well as
first hand observational data.

3. Evaluate digital content QR code strategies using a user centred blended space design.

4. Propose a blended space QR educational content design and evaluate if this aids users in
understanding plastic recycling.

The main research questions that this work will address include:
Are people confused about recycling plastics?
Can QR code technology be used to educate individuals on how or what plastics to recycle?
What is the best digital content to use with QR codes to educate users?
Is there a blended space design that would benefit users most in understanding plastic recycling?

The software development/design work/other deliverable of the project will be:
QR codes, digital content such as pdf, website prototype and images.

The project deliverable will be evaluated as follows:
Users will test different digital content and with a hypothetical run through will evaluate if this
system is a viable approach to educate users on understanding plastic recycling.

The project will involve the following research/field work/experimentation/evaluation:
The initial project will involve empirical indirect observational research in conjunction with
qualitative and quantitative research such as surveys, digital interviews, and secondary Napier
recycling data. The final testing will involve qualitative and quantitative research as well as a
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hypothetical system run through. Additionally, professionals within the UX field will also evaluate the
system design.

This work will require the use of specialist software:
Axure, Adobe XD, Adobe Illustrator, Figma, Canva, QR codes, Draw.io, Novi Surveys, Python, Atom,
Jupyter Notebooks

This work will require the use of specialist hardware:
Not applicable

The project is being undertaken in collaboration with:
Not applicable

6. References

Please supply details of all the material that you have referenced in sections 4 and 5 above. You
should include at least three references, and these should be to high quality sources such as
refereed journal and conference papers, standards or white papers. Please ensure that you use a
standardised referencing style for the presentation of your references, e.g. APA, as outlined in
the yellow booklet available from the School of Computing office and
http://www.soc.napier.ac.uk/~cs104/mscdiss/moodlemirror/d2/2005_hall_referencing.pdf .

Benyon, D. (2015). Spaces of interaction, places for experience . ProQuest.

Burgess, M., Holmes, H., Sharmina, M., & Shaver, M. P. (2021). The future of UK plastics recycling:
One Bin to Rule Them All. Resources, Conservation and Recycling, 164, 105191.

DiSalvo, C., Sengers, P., & Brynjarsdóttir, H. (2010, April). Mapping the landscape of sustainable
HCI. In Proceedings of the SIGCHI conference on human factors in computing systems (pp.
1975-1984).

Hawken, P. (Ed.). (2017). Drawdown: The most comprehensive plan ever proposed to reverse
global warming. Penguin (pp. 168-169).

Knowles, B., Bates, O., & Håkansson, M. (2018, April). This changes sustainable hci. In
Proceedings of the 2018 CHI Conference on Human Factors in Computing Systems (pp. 1-12).

Rikala, J., & Kankaanranta, M. (2014). Blending Classroom Teaching and Learning with QR Codes.
International Association for the Development of the Information Society.

Stephenson, W. (2018). Why plastic recycling is so confusing. British Broadcasting Corporation
[BBC].

7. Ethics

If your research involves other people, privacy or controversial research there may be ethical
issues to consider (please see the information on the module website). If the answer below is YES
then you need to complete a research Ethics and Governance Approval form, available on the
website:
http://www.ethics.napier.ac.uk .
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Does this project have any ethical or governance
issues related to working with, studying or
observing other people?  (YES/NO)

Yes

8. Confidentiality

If your research is being done in conjunction with an outside firm or organisation, there may be
issues of confidentiality or intellectual property.

Does this project have any issues of
confidentiality or intellectual property?
(YES/NO)

No
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Appendix 2: Ethics & Consent Forms

Appendix 2.1 Ethical Approval Form
Application for Cross-University Ethical Approval

1. Research Details
Name: Christina Plum
School or Professional service
department:

Edinburgh Napier School of Computing

Email: 40450356@live.napier.ac.uk
Contact number: 07934361022
Project Title: Understanding individuals plastic recycling habits and providing a

QR blended space educational solution

Start Date: February 19th 2021
Duration of Project: Jan 14th 2021 - May 3rd 2021
Type of Research: Masters

2. Screening Questions
Please answer the following questions to identify the level of risk in the proposed project:
If you answer ‘No’ to all questions, please complete Section 3a only.
If you have answered ‘Yes’ to any of the questions 5-14 please complete Section 3a and 3b.
If you have answered ‘Yes to any of the questions 1-4, complete all of Section 3.

You Must Answer All Questions Yes No
1. Is the research clinical in nature? ☐ X

2. Is the research investigating socially or culturally ‘controversial’ topics (for
example pornography, extremist politics, or illegal activities)?

☐ X

3. Will any covert research method be used? X ☐

4. Will the research involve deliberately misleading participants (deception) in
any way?

☐ X

5. Does the Research involve staff or students within the University? X ☐

6. Does the Research involve vulnerable people? (For example people under 18 or
over 70 years of age, disabled (either physically or mentally), those with
learning difficulties, people in custody, migrants etc).

☐ X

7. Is the information gathered from participants of a sensitive or personal nature? ☐ X

8. Is there any realistic risk of any participants experiencing either physical or
psychological distress or discomfort?

☐ X

9. Have you identified any potential risks to the researcher in carrying out the
research? (for example physical/emotional/social/economic risks?)

☐ X

10. Are there implications from a current or previous professional relationship i.e.
staff/student/line manager/managerial position that would affect the voluntary
nature of the participation?

☐ X

11. Will the research require the use of assumed consent rather than informed
consent? (For example when it may be impossible to obtain informed consent

X ☐
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due to the setting for the research – e.g. observational
studies/videoing/photography within a public space)

12. Is there any risk to respondents’ anonymity in any report/thesis/publication
from the research, even if real names are not used?

☐ X

13. Will any payment or reward be made to participants, beyond reimbursement
or out-of-pocket expenses?

☐ X

14. Does the research require external ethics clearance? (For example from the
NHS or another institution)

☐ X

15. Does the research involve the use of secondary data? ☐ X

3A. Details of Project
In this section please provide details of your project and outline data collection methods, how
participant consent will be given as well as details of storage and dissemination.

Please give a 300 word overview of the research project

The ethnographic research will be done in public spaces, where I observe individuals
behaviours around recycling bins. The main goal is to find out if they pause to see if they
are aware of where to put their items. Do they try to recycle or do they just place the
items in the bin. Participants will only be known as subject 1 or subject 2 etc., no other
information is needed. If this is not covert it risks interfering with subjects behaviour at
the bins.

The other research will all be conducted online via skype, teams, or zoom as well as reddit
groups. Within reddit  groups I will send out a survey and post for a discussion involving
recycling and feelings towards recycling within Edinburgh or Scotland.

Data Collection
1. Who will be the participants in the research?

Individuals around public bins. Individuals 18+ in online reddit groups such as Edinburgh,
Research, and Recycling. Focus groups of 18+ individuals, both student and non-student.
Interviews with Edinburgh staff, students and non-students.

2. How will you collect and analyse the research data? (please outline all methods e.g.
questionnaires/focus groups/internet searches/literature
searches/interviews/observation)
Surveys, Observations, Reddit--Social Media, Interviews and Focus Groups, literature
searches.

3. Where will the data will be gathered (e.g. in the classroom/on the
street/telephone/on-line)
online, outdoors in public places.

4. Please describe your selection criteria for inclusion of participants in the study

Anyone 18+
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5. If your research is based on secondary data, please outline the source, validity and
reliability of the data set

Consent and Participant Information
7. How will you invite research participants to take part in the study? (e.g. letter/email/asked

in lecture)
I will ask participants consent via email.

8. How will you explain the nature and purpose of the research to participants?
By informing them a brief overview of the discussion and then inquiring their consent prior
to survey, focus group or interview.

9. How will you record obtaining informed consent from your participants?
I will ask for consent prior to survey, discussion or interview.

Data storage and Dissemination
10. How and in what format will data be stored? And what steps will be taken to ensure data is

stored securely?
Data will be stored with password encryption.

11. Who will have access to the data?
Only me and supervisor Callum Egan.

12. Will the data be anonymised so that files contain no information that could be linked to
any participant?
All data will be anonymised.

13. How long will the data be kept?
Until the viva voce is complete so May 15th.

14. What will be done with the data at the end of the project?
Data will be deleted.

15. How will the findings be disseminated?
Deleted off computer and paper files shredded then recycled.

16. Will any individual be identifiable in the findings?

No, all information and individuals will be anonymised.

3B. Identification and Mitigation of Potential risks

This section is designed to identify any realistic risks to the participants and how you propose to

deal with it.

1. Does this research project involve working with potentially vulnerable individuals?
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Group Yes NO

Details (for example
programme student enrolled

on, or details of children’s
age/care situation, disability)

Students at Napier X ☐

Staff at ENU X ☐

Children under 18 ☐ X

Elderly (over 70) ☐ X

Disabled ☐ X

Migrant workers ☐ X

Prisoners / people in custody ☐ X

Learning difficulties ☐ X

2. If you are recruiting children (under 18 years) or people who are otherwise unable to give
informed consent, please give full details of how you will obtain consent from parents,
guardians, carers etc.

n/a

3. Please describe any identified risks to participants or the researcher as a result of this
research being carried out

n/a

4. Please describe what steps have been taken to reduce these identified risks? (for example
providing contact details for appropriate support services (e.g. University Counselling,
Samaritans), reminding participants of their right to withdraw and/or not answering
questions, or providing  a full debriefing to participants)

Informing individuals their right to withdraw, not answer questions and take their data at any time.
Additionally getting consent before beginning discussion, focus group, interviews and surveys.

5. If you plan to use assumed consent rather than informed consent please outline why this is
necessary

This will be done with the ethnographic research as this is in public places and consent will
interfere with the observation. Additionally, the demographic or personal information is not
needed and individuals will be 100% anonymised.

6. If payment or reward will be made to participants please justify that the amount and type
are appropriate (for example the amount should not be so high that participants would be
financially coerced into taking part, or that the type of reward is appropriate to the research
topic).
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Survey individuals will receive a £30 gift visa gift card.

3C. Justification of High Risk Projects

If you answered ‘Yes’ to the screening questions 1-4 this section asks for justification on the
choice of research topic and methodology.

1. If you have answered yes to question 1 please give a full description of all medical
procedures to be used within the research and provide evidence that the project has
obtained NHS ethical approval.

n/a

2. If you have answered yes to questions 2 (research into a controversial topic) please provide
a justification for your choice of research topic, and describe how you would deal with any
potential issues arising from researching that topic.

n/a

3. If you have answered yes to questions 3 or 4 (use of deception or covert research methods)
please provide a justification for your choice of methodology, and state how you will
mitigate the risks associated with these approaches.

Based on the research papers involving recycling behaviours, if individuals are aware that they are
being monitored they will act differently. In addition, when individuals are asked via surveys or
questionnaires involving their recycling behaviours they often fabricate or exaggerate their
recycling beliefs up to 25%. Therefore, it’s important to observe individuals' behaviours at bins
separate from their awareness to get a full understanding of recycling behaviour consensus.

Declaration

X
I consider that this project has no significant ethical implications to be brought to the
attention of Research Integrity Committee

☐
I consider that this project may have significant ethical implications to be brought to the
attention of the Research Integrity Committee

Researcher Signature:
Christina J. Plum

Date: 12/02/2021

Director of Studies/Supervisor/Principal Investigator Signature: Date:
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Appendix 2.2 Interview Consent Form

Informed Consent Form
Understanding individuals plastic recycling habits and providing a QR

blended space educational solution.
Edinburgh Napier University requires that all persons who participate in research
studies give their written consent to do so. Please read the following and sign it if you
agree with what it says.

1. I freely and voluntarily consent to be a participant in this research to be
conducted by Christina Plum, postgraduate student in the Edinburgh Napier
School of Computing.

2. I have been informed of the broad goal of this research study. I have been told
what is expected of me and that the study should take no longer than one hour to
complete.

3. I have been told that my responses will be anonymised. My name will not be
linked with the research materials, and I will not be identified or identifiable in
any report subsequently produced by the researcher. I have been told that these
data are for internal use only.

4. I also understand that if at any time during the
[survey/interview/session/other].
If I feel unable or unwilling to continue, I am free to leave. That is, my
participation in this study is completely voluntary, and I may withdraw from it at
any time without negative consequences.

5. In addition, should I not wish to answer any particular question or questions, I
am free to decline.

6. I have been given the opportunity to ask questions regarding the
[interview/survey/procedure] and my questions have been answered to my
satisfaction.

7. I have read and understand the above and consent to participate in this study. My
signature is not a waiver of any legal rights. Furthermore, I understand that I will
be able to keep a copy of this consent form for my records.

____________________________ _________________________________________
Participant’s Signature Date

I have explained and defined in detail the research procedure in which the respondent
has consented to participate. Furthermore, I will retain one copy of the informed consent
form for my records.
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____________________________ _____________________
Researcher’s Signature Date

Appendix 2.3 Focus Group & Designers Consent Form

Informed Consent Form

Project: The development of a user centred plastic recycling design solution using QR Codes with

a blended spaces methodology.

Researcher: Christina Plum

Date/Time:

Edinburgh Napier University requires that all persons who participate in research
studies give their written consent to do so. Please read the following and sign it if you
agree with what it says.

1. I freely and voluntarily consent to be a participant in this research to be
conducted by Christina Plum, postgraduate student in the Edinburgh Napier
School of Computing.

2. I have been informed of the broad goal of this research study. I have been told
what is expected of me and that the study should take no longer than one hour to
complete.

3. I have been told that my responses will be anonymised. My name will not be
linked with the research materials, and I will not be identified or identifiable in
any report subsequently produced by the researcher. I have been told that these
data are for internal use only.

4. I also understand that if at any time during the testing:
If I feel unable or unwilling to continue, I am free to leave. That is, my
participation in this study is completely voluntary, and I may withdraw from it at
any time without negative consequences.

5. In addition, should I not wish to answer or participate in any particular question
or assesment, I am free to decline.

6. I have been given the opportunity to ask questions regarding the testing and my
questions have been answered to my satisfaction.

7. I have read and understand the above and consent to participate in this study. My
signature is not a waiver of any legal rights. Furthermore, I understand that I will
be able to keep a copy of this consent form for my records.

Please tick if you approve for this interview to be recorded.
❏ Yes
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❏ No

____________________________ _________________________________________
Participant’s Signature Date

I have explained and defined in detail the research procedure in which the respondent
has consented to participate. Furthermore, I will retain one copy of the informed consent
form for my records.

____________________________ _____________________
Researcher’s Signature Date
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Appendix 3: Ethnographic Research

3.1 Subject Evaluation

Subject 1
05/02/2021
McEwan Square - Apartment Housing Bins
Subject 1 goes to the general waste bin and places some of the items within their pile. The bundle
in hand is within a cardboard box and looks pre-sorted. Then the individual walks over to mixed
recycling and then to paper recycling with separate items being placed into each bin.

Observation
08/02/21
McEwan Square - Apartment Housing Bins
All bins are overflowing, especially recycling with bags and visible plastic that isn’t recyclable. A
clear laziness or lack of understanding as to what goes into the recycling bins can be deterred
from this blatant pile of rubbish.

Observation
08/02/21
Lochrin Basin - Public Bins
Within the .25 km radius at the end of the canal at the Lochrin Basin there are four mixed
recycling and standard rubbish bins. However, this recycling set up only exists in this area of the
canal. There are minimal or only standard waste bins throughout the canal. A realisation of a lack
of consistent recycling bin style becomes apparent.

Subject 2
08/02/21
Lochrin Basin - Public Bins
Subject 2 walks to general waste, tosses the to-go style coffee cup item. Subject 2 did not hesitate
and seemed quite certain as to which bin item should go into. The general waste bin was closest to
the subject, and could have been a reason for direct approach.

Observation
08/02/21
Lochrin Basin - Public Bins
Thoughts on Covid, there are potentially less items in takeaway due to lockdown, and should the
focal point be on a specific bin type? Why is there such an inconsistency in bins and bin
placement. What is the purpose of the bin division, why is there a bin division?

Observation
10/02/21
Meadows - Public Bins
There was no one within the local areas that I chose as my recycling focal point. However, the
meadows park was full of individuals. However, it was realised that the meadows, where many
people are, have only general waste bins, even within areas of food/drinks that are still open.
Areas that had many individuals but no recycling was the soderberg plaza, and the park food
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trucks. It was noted that areas that had recycling bins had hardly any foot traffic, although whether
this was due to covid or bad placement was uncertain.

Subject 3
12/02/21
Canning st - Apartment Housing Bins
Subject 3 walked to the general waste bin and placed what looked like a plastic container into the
general waste bin. The Subject 3 then walked back to what looked like a group that was waiting
for the individual. It was noted that the specific bin was the closest to the individual although
there was a recycling bin beside the general waste bin. It was uncertain whether the individual
was seeking the first bin for convenience or whether they cared which bin it went into.

Observation
12/02/21
Princess st. - Public Bins
A walk on princess street, one of the busiest shopping streets in Edinburgh revealed that a
majority of the bins were general waste, nearly 80-90% and only three bins were for plastic
bottles and tins.  The mixed bottle and tin bins were available at the beginning and end of princess
street as well as the entrance of the park. Was this due to convenience, individuals lack of care or
what was the purpose of the location or specificity of those bins?

Observation
12/02/21
Lochrin Basin - Public Bins
It was noted that individuals that passed by were either coming from a grocery store or had coffee
to-go mugs or nothing. There was hardly anyone that had any other items in hand, which
continues the conclusion that less people had items for takeaway due to covid.

Subject 4
12/02/21
Lochrin Basin - Public Bins
Subject 4 was eating out of a cardboard takeaway box and walked over to the general waste bin
which is attached to the mixed recycling bin and chucked their box into the general waste. It was
also noted that the general waste bin was closest to the subject.

Subject 5
12/02/21
Lochrin Basin - Public Bins
Subject 5 was walking and eating a banana. The individual kept the item until near the bins and
put the item into the general waste bin. Subject 5 did not hesitate to place the item into the general
waste bin and did not acknowledge the other bin.

Subject 6/7/8
12/02/21
Lochrin Place - Public Bins
Each subject was waiting around the bins to place items. First subject 6 placed their item in the
general waste beside the recycling bin. The next subject, subject 7 also placed their item into the
general waste bin. The following and final subject, subject 8 also place their item into the general
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waste bin. Although it was noted that the recycling bin was overflowing, it was then inconclusive
if this was by choice or lack of accessibility.

Observation
12/2/21
Grassroots Market - Public Bins
This location is the only area that the internal rubbish looks correct. The bin design within this
area, has 8 total bins with four opposite four and each four has the same materials, so the first bin
has paper, then mixed recycling, mixed recycling and then glass. Additionally this area has a
variety of bins with clear messaging regarding what can and cannot go into the bins. Could the
correct rubbish in bins be due to design? Proposal being if there is more information is the
recycling improved? Again, it is noted that all individuals in the area have predominantly no items
or takeaway coffee cups. Individuals are curious of the design and are often stopping to review
what the plaza bins are.

Subject 9
12/2/21
Grassroots Market - Public Bins
Subject 9 drops paper into a general waste bin. They are away from the main plaza with the 8 bin
design, and are looking towards the plaza but are standing beside a general litter bin, they glance
back and forth and then place their paper item into the general waste bin. It’s clear that the
individual was able to see the bins blatant recycling symbol, however, chose the general waste
litter bin.

Subject 10
12/2/21
East Fountainbridge, Bread st. - Public Bins
Subject 10 was eating while walking, completed food in a cardboard box and placed the item into
the closest bin which was a general waste bin. Nearly the entire street had no recycling bins. And
even side streets nearby had scant or non-mixed recycling bins. Therefore, it can be deducted that
the individual had no other options and chose the closest quickest option.

Subject 11
19/2/21
McEwan Square - Apartment Housing Bins
Subject 11 had two bags of presorted rubbish and searched for the paper bin despite having a bag
full of cardboard. Then shoved rubbish from bags into the paper bin. The individual did not
review the label, and believed that this was the correct placement for the cardboard.

Subject 12
19/2/21
McEwan Square - Apartment Housing Bins
Subject walked over to the general waste bin where a pile of rubbish in black bags was and threw
food waste on the pile directly beside the food waste bin. Then took a long walk around a corner
where more bins were placed. Thoughts: Potentially bins in the subjects area were overflowing?

Subject 13
02/21/21
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Young st - Apartment Housing Bins

Subject 13 had presorted glass in plastic bags. They placed all glass into purple council Edinburgh
bins which are glass specific. They then kept plastic bags and walked away. Thoughts: People
often do well when they presort their rubbish.

Subject 14
02/22/21
Young st - Apartment Housing Bins
Subject walked to a glass bin with a canvas bag. The subject then began placing items within
different bins. Thereafter, the subject went to the mixed recycling bin and placed other items.
Therefore, denoting the subject had presorted rubbish before going to bins. Additionally, there
was a pile of rubbish beside the recycling bins and the subject shook head in disapproval and gave
a look of disappointment.

Subject 15
26/2/21
Princess Park - Public Bins
The bin stated vague information regarding waste, however, most of it was eroded by weather and
time. Additionally the bin style differed drastically from other areas and parks, it was a round
green and brown bin. The individual had a bunch of takeaway rubbish from the park cafe and
without hesitation placed all rubbish within the round waste bin. It was clear that the rubbish was
varied in style and type but all was placed together within this one bin. Additionally this was the
closest bin to the cafe.

Subject 16
26/2/21
Princess Park - Public Bins
The individual had a takeaway coffee cup and was unsure where to place the item as two bins
were side by side with one bin being a black generic bin and the other was red and yellow and
state Edinburgh waste but also stated recycling. Individual stated while beside the two bins, I’m
not sure where to put this as the red bin says recycling but also general waste.” So the individual
to be safe placed the item in the black general bin.

Subject 17
26/2/21
Princess Park - Public Bins
Another individual walked over to the same general waste bin and placed a takeaway coffee cup
in and did not stop and analyse the bin red potential recycling bin beside it. The other potential
caveat is the red bin lid was closed whereas the black generic bin had no lid and was accessible
without being touched.

Observation
26/2/21
Grass Market - Public Bins
The unique 8 recycling bins were wide open and not pushed shut, could this be a design flaw?
Could covid and not wanting to touch things be a correlation?
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Subject 18
27/2/21
Lochrin Basin - Public Bins

Subject had a takeaway coffee cup and walked over to the recycling bin which was attached to the
regular waste bin and placed in. Subject seemed quite certain of the coffee cup placement.

Observation
28/8/21
Cycle Path Route 1
Noticed a correlation between the cycle path and meadows park having minimal bins or only
general waste bins. Specifically the cycle path route 1 not having any bins or not enough bins at
entrances or exits of path. Should they not have more bins on paths like this to reduce forest
pollution?

Subject 19 - Apartment Housing Bins
5/3/21
McEwan Square
Subject walked over to the cluster of bins which consisted of two recycling bins, a food waste bin
and one general waste bin all clustered together. Then subject with a fully setup cardboard amazon
box shoved it into the generic waste bin without breaking down or separating the inner bits. The
individual either had no time or no care for breaking down the box and placing it into the
recycling bin directly beside the general waste bin. Could also be that the general waste bin was
open and the recycling bin door was shut. Could covid be a correlation or sheer laziness?

Subject 20
12/3/21
Spring Place Rd.
Subject 21 had all items separated out in a plastic bag and placed their glass items in the glass bin.
They then placed their other mixed recyclables into the mixed recycling bin. Then the individual
took the remaining plastic bag and stuck it into the mixed recyclables bin.
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3.2 Ethnographic Research: Recycling Bin Images
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Appendix 4: Surveys/Reddit Post

4.1 Survey 1 Students Attitudes Towards Sustainability
Questions:

Survey of Students Attitudes Towards Sustainability
This survey is part of a sustainability curriculum project at Edinburgh Napier University. The aim
is to learn about your views. We will store your data in compliance with GDPR and keep this data
safe. We hope to share the anonymised results to inform future course development. Care will be
taken not to publish any identifiable data. Please contact Callum Egan for a full privacy statement
or if you have any questions: callum.egan@napier.ac.uk. The survey should take about 10 to 15
minutes. Please complete all questions, thank you.
1. Students have previously identified 10 sustainability issues they believe will affect their
personal futures. Please check the three you think will most affect your personal future?
Global warming
Plastic and waste
Overpopulation
Pollution
No jobs/Failed economy
Deforestation
Money and Poverty
Water Levels Rising and Habitat Loss
Equality and Gender Equality
Compromised Safety
Other
2. We would like to know where you have learned about sustainability and climate change. Please
check all that apply.
School
College
University
Television
Social Media
Family
Own Research
Friends
Magazines & Newspapers
Journal Articles
Events
Other
3. Do you think that your degree course contributes to your understanding of sustainability?
Very much, Much, Some, A little, Not at all
4. What are three words you would use to describe environmental sustainability?
5. What do you think you are being taught, or would like to be taught, that contributes to creating
a fair and just world living within the Earth’s resources?
6. Edinburgh Napier Merchiston campus is developing a permaculture garden called The Lions'
Gate which is actively being used to demonstrate sustainability. How do you feel Edinburgh
Napier could become a more sustainable institution?
7. In what ways has the pandemic changed your habits?
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8. Do you think climate change will affect you in your lifetime?
Strongly agree, Agree, Neither agree nor disagree, Disagree, Strongly disagree
9. Thinking about sustainability, how do you feel about the future, with 1 being most positive and
5 being least positive? 1 2 3 4 5
10. What do you think is the biggest thing you personally can do to change the impact of, or
reverse climate change?
11. What is your Programme of Study (e.g. BSc (Hons) Software Engineering)? Program:
12. How old are you? 18 & Under 19 - 21, 22 - 25, 26 - 30, 31 - 40, Over 40, Prefer not to say
13. What is your gender? Male, Female, Non-Binary, Transgender, Intersex, I prefer not to say,
Let me Type 14. Please provide your email here if you want to be entered into the prize draw (you
could win a £30 voucher and a fruit tree).
15. Are you interested in being a part of an ongoing study in this area? Yes, No If you’d like to be
part of the focus group but didn't enter your email address for the draw please provide it
________________.
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4.2 Survey 1 Students Attitudes Towards Sustainability Answers
Student attitudes to sustainability data 01/03/21
60.47% (26) of 43 respondents said they would like to be a part of an ongoing study

Demographics
Gender
62.79% (27) of 43 respondents identify as male
34.88%  (15) of 43 respondents identify as female

Age
20.93% (9) of 43 respondents are aged 19-21
23.26% (10) of 43 respondents are aged 22-25
30.23% (13) of 43 respondents are aged 26-30
9.3% (4) of 43 respondents are aged 31-40
13.95% (6) of 43 respondents are aged over 40

Programme of study
53.49% (23) of 43 respondents are on a post-graduate course
46.51% (20) of 43 respondents are on an under-graduate course
39.53% (17) of 43 respondents are on an MSc Computing Degree
11.63% (5) of 43 respondents are on a BSc (Hons) Web Design and Development
9.30% (4) of 43 respondents are on  BSc (Hons) Software Engineering
4.65% (2) of 43 respondents are on a MEng Software Engineering
2.33% (1) of 43 respondents are on a BEng (Hons) Software Engineering
2.33% (1) of 43 respondents are on a BSc (Hons) Cyber Security and Forensics
2.33% (1) of 43 respondents are on a BEng Cyber Security and Forensics
9.30% (4) of 43 respondents are on an BSc (Hons) Sound Design
6.98 (3) of 43 respondents are on an MSc Sound Design
2.33% (1) of 43 respondents are on a BEng Computing
2.33% (1) of 43 respondents are on a BSc (Hons) Computing Science
2.33% (1) of 43 respondents are on an MSc Business Information Technology
4.65% (2) of 43 respondents are on a BEng (Hons) Computing

Do you think that your degree course contributes to your understanding of sustainability?
Very much: 4.65%
Much: 4.65%
Some: 37.21%
A little: 27.91%
Not at all: 25.58%

Do you think climate change will affect you in your lifetime?
Strongly agree: 58.14%
Agree: 30.23%
Neither agree or disagree:  6.98%

Thinking about sustainability, how do you feel about the future, with 1 being most positive and 5
being least positive?
1: None
2: 20.93%
3: 44.19%
4: 18.60%
5: 11.63%

Students have previously identified 10 sustainability issues they believe will affect their personal
futures. Please check the three you think will most affect your personal future?
Global Warming: 31 (72.09%)
Overpopulation: 18 (41.86%)
No Jobs/Failed Economy: 15 (34.88%)
Plastic & Waste: 15 (34.88%)
Money & Poverty: 14 (32.56%)
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Pollution: 14 (32.56%)
Deforestation: 9 (20.93%)
Water Levels Rising and Habitat Loss: 7 (16.28%)
Equality and Gender Equality: 3 (6.98%)
Compromised Safety: 3 (6.98%)

We would like to know where have you learned about sustainability and climate change. Please check
all that apply.
Own Research: 27 (62.79%)
Social Media: 26 (60.47%)
Friends: 22 (51.16%)
Television: 21 (48.84%)
University: 19 (44.19%)
Magazines & Newspapers: 18 (41.86%)
School: 17 (39.53%)
Journal Articles: 13 (30.23%)
Events: 9 (20.93%)
Family: 5 (11.63%)
Other: 2 (4.65%)

What are three words you would use to describe environmental sustainability?
Environmentally friendly, ethical, free range, necessary for everyone, balance, disposability, permaculture,
let nature be, vital, necessary, compassionate, hate fast fashion, reusability, moderation, consideration,
healthy nature balance, green energy, minimal waste, own recycle circle, topical, important, difficult,
eco-friendly, green, renewable, need more action, conserve and protect ecosystem, recycle, avoid plastic,
destroy waste efficiently, respect, responsibility, contentment, circular, permaculture, minimalism, health,
cleanliness, renewable resources, BP really bad, wind energy, solar energy, green spaces, vital, overdue,
better, green, recycle, clean, green, future, health, of extreme importance, important, helpful, needed, green,
clean, reusable, zero-waste, plastic, deforestation, politicians are idiots, tree, emissions, pollution,
everyone’s responsibility, safety, everyone, sustainability, compromise, we’re too late, essential future,
healthy, stop buying crap, green, earth, health, difficult, essential, worrying, renewable, vital, improbable,
responsibility, awareness, future, essential, accessible, undervalued, green, awareness, no waste, recycle,
economise, simplicity.

What do you think you are being taught, or would like to be taught, that contributes to creating a fair
and just world living within the Earth’s resources?
Permaculture. Should be more taught to students about helping create and/or sustain the future.
Would like to be taught more about plant cycles, cultivating plants and vegetables etc so that I could be
confident in growing my own food!
Learning how to create and use new technologies while being educated about environmental issues and
solutions.
Teach us how to break consumerism cycles. All this needing to get and own useless items is perpetuated by
an outdated and man-made theory called economy. We are chasing the wrong kind of green. Actually teach
us how to topple down capitalism. More anarchy, I say!!
How to grow more of my own food/herbs with the limited space I have in my flat.
Want to know how we can stop our generation from buying fast fashion. A lot of us care about where our
coffee comes from, the conditions of the farmers but it's not an issue for many about how their clothes are
made. I think the biggest impact we can have is shining a light on that industry.
Properly taught about the effect of globalisation and how to think about the wider effects of our actions
The applicability of each course on environmental sustainability and the transfer of the mindset that
anything we do can be adapted to contribute to sustainability. Proper methods to get involved, and not only
theory.
Learning more about production, how to sell a product more eco-friendly. From someone who has a cafe to
someone who produces something. Like the basics. And how can you improve sustainability for online
services or apps.
Awareness and consideration for other's wellbeing and thus everyone's environmental surroundings
I don't think we are being taught about living in a fair and just world. I feel as though we are expected to
accept what we are given even if it's considered unfair or unjust.
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What activities can we perform in campus and around our residential.
Recycling.
Teach more by showing statistics. Show examples of countries that are already doing it.

Eco-systemic knowledge, interconnectedness social phenomena and natural habitats.
How to create sustainable robust coded projects or how to create software with environment being a
requirement.
The consequences, how to be more eco-friendly, what we as individuals can do, reasons behind pollution,
global warming etc. and what these actually mean
Question unclear. BP bad.
I would have liked to have taken a sustainability/environmental course in school when I was younger to
invoke more interest early on.
Equality among  people, generosity of spirit, and a desire (not necessarily need) to share.
Basic agricultural principles. Greener methods of existing within society.
More on recycling.
How individuals can make a difference in the decisions they make, and how businesses and corporations
can be encouraged to follow sustainable models.
Usage of energy, sustainable design, creative reuse of materials.
In university I've learnt that it's important to design things with sustainability in mind.
Recycling, Zero-waste, Electricity waste.
The value of Earth's resources.
Learning about the consequences of not caring about the environment and how it affects our everyday life
and our future - people usually don't think about it and it is important that they are informed and aware of
what's happening
Learned about the Waste Electrical and Electronic Equipment recycling (WEEE) directive, which mandates
how to properly dispose of waste electronics.
It would be great to be shown a visual representation of the damage being done so people can fully
understand the severity of the situation.
How the politics of class plays a role. How the rich (including us) spend money all the time on stuff we
don't need.
More about recycling, the impact of global warming and what we can do to make a difference. Maybe I will
find out stuff that I don't currently know.
My course hasn't really taught me anything about sustainability and there isn't really any way it could
(sound design).
Learning more about the ways the Earth's resources and people are being exploited, the ways in which we
can reduce reliance on fossil fuels and other carbon-intensive industries, and about new technology that can
help repair some of the damage we've done to our ecosystem.
I think every programme, regardless of what it is about should include a 'mini-module' about sustainability
with both education about the cause of climate change and tips on how to be more sustainable on a daily
base.
Recycling is incredibly important and very easy to do. Don't purchase unnecessary goods to fulfil shallow
needs.
I would like to be taught more about the ways I can make an impact, what matters and changes most, also I
would like to know who/what has the biggest and smallest impact.
I would like to be taught how to recycle components from computers or old televisions that can be reused to
create new hardware.

Edinburgh Napier Merchiston campus is developing a permaculture garden called The Lions' Gate
which is actively being used to demonstrate sustainability. How do you feel Edinburgh Napier could
become a more sustainable institution?
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I think everywhere can and should. Napier is leading the way for what other universities should be doing.
Education should be more than the chosen topics. Although I believe it should begin in schools, harder to
teach an old dog new tricks then it is to raise a society who think about it.
- Workshops to encourage students to repair/trade/swap items they no longer want or need like
tech/clothing/kitchen ware etc
- visibility on items they sell like Napier hoodies and food/drink stands
- How tech/computing industry can be more sustainable/innovation in computing for sustainability
The Lion's Gate could be used as an entry point for students to learn the basics of sustainability by joining
exciting activations and events. It is better for them to experience the benefits of sustainability rather than
being forced to follow strict rules.
More projects like this.
By incorporating sustainability education into each course, specifically on how sustainability relates to the
given field.
Sounds good.

I haven't really been on campus so I'm not sure. Recorded lectures maybe so that students have no need to
be on campus for an extended period of time?
Using regenerative power solutions (solar /wind power), implementing programmes to offer students and
staff advantages to buy the bicycle usage instead of the bus / car.
Trying to produce their own electricity from using solar cells or wind wheels to achieve emission free
JKCC.
Wider dissemination of The Lions Gate project information so that students unfamiliar with it can
contribute and make suggestions.
Unfortunately I am unable to answer this question because I've not been able to visit the campus so I am not
sure what is being done.
Getting more events and campaigns for it. Having some more demonstration about permaculture.
It will not only benefit our institute but it will also inspire other institutions to be more sustainable by
setting up recycling stations in the campus, planning e- waste recycling drive, start a bike rental program
and organizing donation programs to make necessary changes to demonstrate sustainability in the institute.
Creating more sustainable-based field jobs. Encouraging and developing sustainable start ups.
Change at the individual level could happen by participating in the garden project, be it actively by caring
for it, or just enjoying spending time in it. If the garden is perceived as a central spot by the campus
community this would certainly be beneficial for growing a preserving attitude towards the natural
environment.
By discussing ICT's footprint, by engaging more discussions around sustainability in technology or creating
projects linked to the smart grid or sustainable HCI.
Get rid of plastic (i.e. in the cafeteria)... overall the Uni is doing really well with things like mostly being
digital (not wasting paper) and even things like giving free resources i.e. pads/tampons, which doesn’t
necessarily make it more eco-friendly, but definitely shows the Uni cares about students, which I appreciate
a lot.
Yep, I don’t object to people starting to care. Bit late though huh?
A really good idea and more institutions should do the same.
I'm a distance student, so don't have any experience of the Merchiston campus.
I have always been remotely based and never on campus. This is difficult to answer without having been
onsite. I should not comment here.
Actively encourage sustainable practices in the classroom, studies and assignments.
By creating more events to inform students on sustainability.
Maybe ID cards could become digital, on our phone.
Events on Sustainability topics.
Try to persuade Edinburgh council to build more cycle paths - I don't feel comfortable cycling through the
city centre with buses, trams and cars everywhere and I have to if I want to get to Merchiston campus.
Flapjacks in the vending machine instead of just chocolate.
Geothermal heating if appropriate.
Maybe less bottled drinks? More water fountains. I know there is a couple, but maybe another few.
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The same way as anywhere else. No single use plastics, using green energy and promoting sustainable
alternatives.
Switch to solar panels to power the campus (if possible), use only sustainable foods in the cafe, and use
technology which can be repaired rather than replaced (e.g. repairing one part of a computer instead of
having to buy a whole new mac)
A garden is a good start. I would definitely start at the cafeterias/ cafe's and see how plastic waste can be
minimised. Everyone should use re-usable cups for example and plastic cutlery and plates are redundant.
Expand the solar system so more energy is generated sustainable.
Spreading this program across all of the campuses once the Merchiston garden is finished. Getting students
to help out, possibly through a small credited (not towards their degree) sustainability module through the
university.
The garden is a great idea because everyone will see it demonstrating sustainability even those who are not
interested in the topic. Other ways could be encouraging the students and the staff to take public transport or
walk instead of driving, making sure there’s no food and water waste in the institute, educating them about
the topic and getting people more involved.
I think it does as much as it can. Plus, new ideas will emerge, I'm sure.

In what ways has the pandemic changed your habits?
Less travelling in a large way. Being made redundant at the start left me in a financially poor situation and
almost losing my house. The pandemic gave me the 'kick up the ...' to get things sorted. This has impacted
all aspects of what I do.

Actually has increased my use of reusable coffee cups when buying takeaway coffee. More likely to support
sustainable businesses that deliver to my door and smaller local business. I use the car more.
More time for myself. Using and studying technology more. Easier to keep my routine. Trying to keep
healthier bodily and mentally.
I am not as active outdoors as I used to be. Stopped driving to work so my carbon footprint has hopefully
diminished.
Driving a lot less and no flying which has reduced carbon emissions.
Not been driving, nowhere to go. Just walking everywhere.
Made a lot of my own entertainment.
Overall positive: I've got more time for me, my family, for relaxing. No more time wasting travelling to
work and university and I've got a better way to organise myself. Eating more healthy home cooked food
and more time for exercising outdoor.
Downsides: can't travel to visit my originate country to see my family and also miss to meet friends. There's
also a bit of depression and anxiety because of the uncertainty surrounding and not very predictable future.
Using the bike more than public transport.
No commutes and no travel. Increased awareness of plastic waste due to increased single use packaging and
takeaways
I shop more online instead of locally.
Meeting everyone digitally, living in virtual world.
I was always using public transport earlier to commute for small distances as well but now public transport
has changed and the need for social distancing has meant buses, trains and trams have all had their capacity
reduced over recent months.
Essentials only. Minimalistic. Less chaos.
In many ways I'd say. As for sustainability, in the beginning during the first lockdown I used more
disposable plastic for take away foods, but managed to reflect upon it and reduced disposable waste by
finding pleasure in reducing it. I took more time for cooking at home, and I adopted the routine of bringing
nice re-suable cups for a coffee to go.
It made me appreciate plants more and I bought too many. The pandemic made me aware of plastic
consumption and allowed me space to reduce it. The pandemic made me more introverted.
It has definitely made me more lazy and have less motivation to do anything (i.e. sleeping in way longer,
procrastinating coursework). In terms of sustainability, I did hear that the pandemic had a good impact on
the world, such as different animals returning to cities.
Hasn't, still stay inside all day :).
None that I can think of.
It hasn't really, my habit is still to encourage sustainability and recycling in our house.
Wiser choices for food shopping. Buying goods that are not ready made but more raw ingredients to cook
needed foods on demand. Greater attention to hygiene. More attention on mental and physical health.
I try not to be as wasteful, by fewer items which use plastic and shop organic.
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I spend more time online.
I have more time so I feel that I'm recycling more.
Not wasting so much plastic, not using transport, buying products that are recyclable.
It's messed with everything as i was shielding. So It's locked me in my room basically.
I definitely reduced my carbon footprint since we're all stuck at home. I also cycle and walk more.
Wear a mask more often.
A lot less driving.
Exercise has pretty much stopped, sleeping worse, low motivation.
Not too much, I'm a parent of a 7 year old.
I have travelled considerably less, studied considerably more, also slept a lot more, unfortunately. But my
grades have stayed consistently good.
I have become much more tired and less motivated so I don’t recycle all of the time like I used to. I also
spend more time at my computer using more electricity.
I no longer travel into Uni, I'm sitting at my desk on the computer 95% of the day, and I've not travelled
anywhere outside of Midlothian/Edinburgh in over a year.
I had time to try out different daily schedules and in terms of sustainability, I got more aware of what I buy
and what I can replace with waste-free options.
Slight uptake in purchasing goods online. I have not purchased anything unnecessary to my needs.
Purchasing good quality equipment allows me to be self-sustaining for work, allowing me to reduce overall
waste produced.
I go out less and when I do I mostly walk, rarely even use buses. I've joined Facebook groups and
downloaded apps where people put up free left-over foods and non-food items.

Not many, I just don't go out too much or to the gym.

What do you think is the biggest thing you personally can do to change the impact of, or reverse
climate change?
14 out of 38
Everyone must work together to help. I do want I can when I can. Far too many people don't think it's worth
the while if others aren't doing it. Lead by example, if others don't follow at least you can feel good in
yourself.
Switch to sustainable energy provider, reduce single use plastics, extend the life of gadgets, not buy from
fast fashion brands.
Building tools, informing people around me with empathy and not elitism or judging.
Consume less.
Change diets to reduce or completely cut out animal products.
Could become a vegetarian or vegan but government needs to reduce the cost of those products. Worried
about a post Brexit trade deal with America. If loads of cheap shitty meat comes in then we're stuffed.
Eat more locally source foods and seasonal diets.
Use of the resources wisely, recycling pretty much everything which can be recycled, advocate for
sustainability and make others aware of it, involve on projects that promote sustainability.
Recycling, using an electric car, buying less stuff.
Reduce vehicular and product packaging waste.
Travel less abroad and buy less fast fashion.
Get involved into the activities and actively participating into campaigns to make more awareness.
I can save energy at home and top up my fitness.
Driving electric or Installing solar panels.
Understanding the benefit of being modest.
Go plant based, stop over consuming, plant more plants, try in all aspects of my life to be aware of the
footprint of things that I choose to purchase or engage in.
I think it's really mostly up to big corporations to fix these things. A lot could be avoided if corporations
didn't only care about money. Personally, I think stuff like - going vegan, not using single use items and
donating is good enough for ordinary people.
Better question is what is BP going to do?
Eat less meat, use less plastic, gain more knowledge in the area.
To teach my children sensible sustainable habits that they will hopefully teach their children.
Move my home to benefit from solar energy not only fossil fuel as well as moving to an electric vehicle -
provided my government can invest more in wind power for my cars needed electricity.
Try to live a sustainable life style, reduce my carbon foot print, and try to encourage others to do the same
in a kind and non-judgemental way.
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Be more cautious of my daily activities, try to reuse and recycle more.
Recycle as much as I can and walk more and use public transport less.
Recycle and buy sustainable products.
Stop using a private vehicle, using reusable stuff.
Vote for parties and politicians that care. Sign petitions and reduce my own impact and encourage others to
do so too.
Keep recycling as much as i can, and buy plastic free products when available.
Not much, need change on a global scale
Daily habit changes such as correct recycling, more careful purchasing, less waste...
Die. And be buried in a sackcloth. But I don't want to.
Less waste, more recycling, less fossil fuels and fight deforestation.
I believe the most impactful changes we can make are eating less or no meat and driving electric cars or no
car at all.
Use non-disposable products (e.g. masks), try to help signal boost the damage being done by corporations
and governments to forests, the atmosphere and the oceans, in order to actually change the way we are
headed. I don't think that as individuals we can make any real difference to climate change, as there's
nothing we can do to stop the amazon burning down, or the oceans being polluted, but lessening the amount
of rampant consumerism is a good start.
Reduce plastic waste and be vegan.
Recycling, encouraging others to do the same and trying to do my part however I can.
Making sure I'm educated about the topic and I know what's going on around me in the world. Taking the
extra effort to live a sustainable lifestyle, and being vocal about the issues.
Recycling.
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4.3 Reddit Discussion
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4.4 Survey 2 Understanding Plastic Recycling
Questions:

Understanding Individuals Perspective on Plastic Recycling Progress
This survey is part of an Msc. dissertation project at Edinburgh Napier University. The aim is to
learn about your views. We will store your data in compliance with GDPR and keep this data safe.
This information will be used for a dissertation project. Care will be taken not to publish any
identifiable data. Please contact Kris for a full privacy statement or if you have any questions:
40450356@live.napier.ac.uk. The survey should take about 1 to 10 minutes. Please complete all
questions, thank you.

1. Do you feel recycling is important?
Strongly agree, Agree, Neither agree nor disagree, Disagree, Strongly disagree
2. How often do you recycle?
Daily, Weekly, Always, Sometimes, Never, Other
3. Do you feel you know what plastics are recyclable?
Very much, Much, Some, A little, Not at all, Other
4. Do you know what the symbols on plastics are?
Yes, A few, Not at all, What symbols? Other
5. How do you feel about this statement, “I find recycling plastics confusing”?
Strongly agree, Agree, Neither agree nor disagree, Disagree, Strongly disagree
6. How do you feel about the recycling setup in your area?
Excellent, Good. Neutral, Fair, Poor, Other
7. Do you understand what goes into the different waste bins because of the text or the colour?
Text, Colour, Both, No idea, Other
8. Would you like to see a recycling bin beside a waste bin in public places?
Yes, No, Other
9. Do you feel you are given enough information on how to recycle?
Yes, No, Maybe, Other
10. How would you rate finding information about how to recycle?
Very easy, Easy, Neutral, Difficult, Very difficult
11. Do you have a smartphone?
Yes, No, Prefer not to say
12. How old are you?
18 & Under, 19-25, 26-30, 31-40, 41-50, 51-60, over 60, Prefer not to say
13. What is your gender? Male, Female, Non-binary, Transgender, Intersex, I prefer not to say, Let
me type
14. Do you live in the UK? Yes, No, Prefer not to say, Other
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4.5 Survey 2 Understanding Plastic Recycling Results
Answer 1.

Answer 2.

Answer 3.
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Answer 4.

Answer 5.

Answer 6.
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Answer 7.

Answer 8. The other stated, “Recycling bins should be more readily available in public places but
when they’re next to rubbish bins the waste tend to get contaminated in my experience”

Answer 9.
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Answer 10.

Answer 11. 1 individual stated they did not, it was a male between the age of 31-40.

Answer 12.
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Answer 13.

Answer 14: All individuals lived in the UK.
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Appendix 5: Interview Questions

5.1 University Professionals Questions
Questions:

1. Do you have any data on weekly/monthly/yearly recycling, specifically plastic recycling
rates?

2. What are your campuses recycling rates? Do you have any pre/post Covid?

3. In what ways is the current bin style/layout setup? Is there a particular colour or message
on each? Why was it designed this way?

4. Do you believe students/individuals are confused about recycling, specifically plastic
recycling?

5. Do you find that students/staff generally put items in the correct bins?

6. Do you feel that single use plastic is an issue and is your campus doing anything in
regards to it?

7. Do you know the contamination rate of recyclables at Napier?

8. Do you know what specific types of plastic are recyclable at your campus?

9. How does your Waste system setup differ from other campuses?

10. How do you feel about the different waste setup in each campus?

5.2 Scotland Industry Specific Interview Questions

1. Do you have any data on weekly/monthly/yearly recycling, specifically plastic recycling
rates?

2. Do you have any recycling rates that show any disparity between pre/post Covid?

3. How do you feel about Scotland/Edinburgh's current bin style or layout setup? Is there a
particular colour or message on each? Why was it designed this way?

4. Do you believe individuals are confused about recycling/specifically plastic recycling?

5. Do you find that individuals generally put items in the correct bins?

6. Why do you think recycling bins are not beside general waste bins in public spaces?

7. Do you feel that single use plastic is an issue?

8. What are the zero waste goals regarding plastic recycling and the circular economy?

9. In what way do you feel a reduction or reuse of plastics can be achieved within Scotland?
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10. What are your thoughts regarding the different waste setup in each
council/country/globally? Do you believe there should be consistency?

11. What are your thoughts regarding the current waste system?

12. What do you think are the main aspects that should be addressed to increase recycling
rates?

5.3 Interview Notes

Participant a

Staff realising that students weren't placing rubbish in the correct bins, and why the
school recycling tactic had to be simplified. Believes individuals are confused about plastics.
Believes individuals are confused by the numerous bins which is why the bins were condensed
into two.
February/March 2020 Waste Project
Programme of audit, rationalisation and relocation of all internal bins throughout all
campuses.Installation plan attached.  I appreciate it’s a bit of a ramble but it shows you the
processes that we worked through.The work included condensing separate metals, paper and
plastics bins into mixed recyclables bins.We now use the same bin styles and imagery throughout
all of our campuses and offices.Examples of a mixed recyclables bin poster attached. Also a photo
of a general waste and mixed recyclables bin on campus.We will only know the success of the
project when the campuses are open again.More recently, while the campuses have been
predominantly closed, individual desk bins have been removed from offices at Craiglockhart and
Merchiston.  Colleagues will be encouraged to use centrally located bins in corridors, kitchens and
printing rooms instead

Participant b
Believes the signage is why better recycling rates and behaviour. Often found bins scattered,
students confused by just the image, and students weren’t informed of how the recycling worked.
Believes the pamphlet and brochures to students helps them understand the recycling system.
Simplifying the system also helped with clear signage of Do’s and Don'ts.

Participant c
Previously had all different types of bins, believe this confused students, as well as bin placement
being too scattered. Now have bin designated points which make accessibility easier and
contamination less prevalent. Believes students to be careless not ignorant, believes that education
of the bins system would be beneficial for staff and students. Believes individuals should see a
mandatory recycling video, bins should have drawings and be clearer.

Participant d
Consistency is key, every municipal and place should be collecting the same type of waste, less
concerned with bin style. Believes much of fault to be inaccessibility to recycling programs,
issues with consumer behaviour care, however does believe individuals are confused about
plastics. Recycling needs access to service #1 Infrastructure, #2 Consistent Message. Plastics that
should be emphasised for recycling 1,2,5 all others disregard, and NO mixed plastics.
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Appendix 6: Functional & Non-Functional Requirements
Blended Space Requirements by Physical & Digital Space

6.1 Physical Space Requirements of Blended Space
Reference Type Summary Rationale

1001 Functional Collects and holds waste

The public mixed recycling bin
must be able to collect and hold
waste from individuals.

1002 Functional
Must be separate from
General Waste Bin

A separation of bins ensures less
confusion, less contamination and
that items do not overflow.

1003 Functional
A General Waste Bin Must
be within 2 metres

The purpose of having a mixed
recycling bin beside a general
waste bin is to reduce
contamination. Must be close
enough to be recognised and far
enough to reduce contamination.

2004 Non-Functional Yes/No Images

The mixed recycling bin must have
images that clearly and largely
states objects that can and cannot
go into the bin

2005 Non-Functional Obstructed Entry

A specific entry design must be
created to show that only certain
objects go into this bin.

2006 Non-Functional Transparency

This forces accountability and adds
social pressure to the individual
placing items in a bin.

2007 Non-Functional QR Code

The recycling bin should have a
QR code designed with a recycling
logo with a clear descriptor as to
what information it will provide.

2008 Non-Functional No-touch

Bin should be designed without
touching as many individuals
dislike touching bins and are more
inclined to use a bin without
touching.

2009 Non-Functional Bright Colour

Bin should stand out and be
distinctly different from general
waste bin

2010 Non-Functional Accessible
Accessible so that all individuals
can use it.

2011 Non-Functional Sustainability

Be created with sustainable
materials that would offset the
cost.
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6.2 Digital Space Requirements of Blended Space
Reference Type Summary Rationale

1001 Functional Recycling Content

The website information must
provide recycling content for
plastic items. And a step by step
process.

1002 Functional Sustainable
Use renewable energy servers and
robust code to be co2 efficient.

1003 Functional Useful Links Must have various helpful links

1004 Functional Interactivity

should provide interactivity for
users to engage with, such as the
plastics quiz

1005 Functional Images
Needs to provide yes and no
images, for added clarity.

1006 Functional Clickable Buttons
Buttons should be clickable to
support interaction and navigation.

1007 Functional Get Involved Section

Provide a section that has different
ways an individual can get
involved.

2008 Non-Functional Accessibility

Websites should be accessible for
all individuals and have content
that is simple, legible, accessible
with images that provide alt tags.

2009 Non-Functional Usability

The website and blended space
design should be easy to use and
simple to learn.

2010 Non-Functional Scalability
The system should be able to scale
from one device to other devices.

2011 Non-Functional Performance

The system should have a
responsive mobile design, and be
usable on mobile devices.

2012 Non-Functional GDPR Compliance
Websites must comply with GDPR
UK regulations.

128



Appendix 7: User Centred Design Methods

7.1 PACT
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7.2 Moodboards
Moodboard 1

(Moodboard 1, designed with Canva)

Moodboard2

(Moodboard 2, designed with Canva)
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7.3 Personas, Scenarios, User Stories, Use Cases
Personas & Scenarios, User Stories and Use Case: Images taken from pexels, free image
source

Name: Melo Demtriou
Age: 26
Occupation: Marketing Specialist

Persona: Melo lives with his long term boyfriend in Edinburgh and has recently
purchased a house. Melo and Felix split house jobs and Melo get’s the trash. Melo
typically presorts the trash and finds it extremely tedious to find out what items
are recyclable.
Scenario: Melo hates having to sort the rubbish outside when the bins are full and
some items he isn’t sure what plastic items go into recycling or the general waste.

Name: Ike Louie
Age: 19
Occupation: University Student

Persona: Ike is a new student who moved to Edinburgh from Japan. Ike is
currently living in student housing and is extremely confused by the waste
system. She currently just places all of her items in one bin, however is
very upset about this since Japan has a very high recycling rate.
Scenario: Ike is actively trying to understand how to sort her rubbish,
however, since she is still new and shy she’s not sure who to ask. She
assumed that information would be on the bins, however, not all bins state
information and are in strange colours.

Name: Gustave Shiffer
Age: 84
Occupation: Retired Business Owner

Persona: Gustave is a retired business owner who enjoys golfing and seeing
his family. Gustave hates recycling and finds it to be too much work.
Although, recently his grand child was visiting him and told him how
important recycling was and wanted him to recycle more.

Scenario: Gustave really wants to learn more about recycling but isn’t quite
sure how to find the right information about recycling.
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Name: Benjamin Basel
Age: 25
Occupation: Masters Student

Persona: Benjamin has just moved to Edinburgh from Newcastle.
Benjamin is extremely confused about the new bins and what is
and isn’t recyclable in his council. He would really like to go up
to someone and ask but due to covid he knows that most people
are a bit strange about interaction.

Scenario: He keeps trying to google edinburgh information but is
new to the area, and he has several different bin types within a 1km radius. He doesn’t understand
what goes into what because not all bins have writing and some things like compostable or
biodegradable he isn’t sure what to do with.

User Stories:
1. As a new student I want to understand how to recycle where I live.
2. As a tourist I want to recycle my rubbish.
3. As a new mom engaged in climate change I want to learn more about recycling.

Use Case: Find out if plastic item is recyclable
Actor: Student
Steps:

1. Student walks to bin
2. Student sees QR code on bin
3. Student gets phone out to scan QR code
4. Student opens QR code pdf
5. Student reviews plastics “how to” and evaluates plastic item in hand
6. Student then drops plastic in correct bin

7.4 Storyboarding
Storyboard 1
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Storyboard 2
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7.5 Prototypes

7.5.1 Physical Space Bin Designs
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7.5.2 Digital Space PDF Prototype Designs
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7.6 User Testing Notes

March 6
Male
30
UX Designer
Public Bin Design
Asked for opinion regarding public recycling design said they liked it and gave ideas for double
image and stated was uncertain of the triangle design.

March 11
Male
30
Colour Palette
Claims the watermelon colours look the best, feels the most relaxed and is uncertain of the shapes
in the design believes an outline would be better.

March 11
Female
28
Colour Palette
States the first colour stands out the most as environment and recycling. However, the watermelon
colours feel the most positive, happy and floral.

March 15
Male
29
PDF Test
Likes the boxes and the information spread out and the colours look like recycling. Enjoys the
stark contrast of information and colours as if helps to differentiate the information

March 23
Male
29
Website Prototype Test
Reviewed the second website prototype, stated that the arrow is confusing. Believes the numbers
are incorrect within recycling icons.

Device Testing
March 24
Designer
30
Website Prototype Test
Website on android 8 distorts images and plastic bottles. The worst and images get pushed down.
Re-designed website based on the smallest and largest mobile device to ensure fonts, images and
organisation of the website stays clear for all devices.
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Appendix 8: Designer Testing Protocol

Hello my lovely designer mate!
Here is a step by step plan for you to follow, if you could pretty please.

Step 1: Please get out your mobile. If you could please record yourself via mobile or video
recording on computer. Also, please state your mobile type, example: “Samsung 8.”

Step 2: Once the recorder is on, imagine you are at a park, have a plastic item in hand and see the
below bin beside a general waste bin. Do you put your item in the general waste bin or review the
below bin and use the QR Code?

Step 3: Despite your reaction to the bin, in this scenario, you then decide you would actually like
to find out what’s recyclable using the QR Code…
Please scan either of the following codes, additionally please state which one you prefer.

A) B)

Step 3: Once you’ve navigated to the site...Please scroll through the page and review your
thoughts aloud on colors, fonts, and content, as well as general thoughts.

Step 4: If you could please go through the following tasks and speak aloud while doing so.
Task 1: Click plastic tub image.
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Task 2: Click plastic bag image.
Task 3: Scroll to the bottom of the page and back up.
Task 4: Find information regarding plastic contamination.
Task 5: What plastics are recyclable?

8.1 Designer Notes

Designer #1
UX/Educational Designer Professional
22/03/21
Mobile: iphone
Website Notes:
Light blue and white bad contrast for colorblind.
Simple Vertical Navigation with button arrow
Accessibility
Spacing between recycling number images
Different font for all devices to use
Affordances and buttons for images
Recommends: New images, better plastic bottle image, plastic wrappers image, better contrasting
images, more accessible font.

Notes:
I created the floating button and when I tested it on my partner, he said he had never seen that
before and wouldn't know what to do with that. I then researched mobile buttons, affordances, and
images as buttons. And he is correct, we predominantly scroll through our content up and down,
however this will be interesting during testing. Additionally, I researched clickable images and
you can either have an obnoxious icon float or do what I've done and provide hovering, and this is
considered best practice for mobile affordance with images.

Designer #2
UX/Graphic Design Professional
Mobile: Apple iphone X
25/3/21
Physical Space:
Bin Design: Would only stop and read if he had time. Prefers no images, as that would further
force him to use the scan. Believes the words should have an alternative hierarchy, potentially
re-write, “Find out what’s recyclable.” Prefers the QR Code to current A4 PDF on bins, as
individuals could then recall QR Code, and keep on phone so that he can sort in house. Believes
the recycling bin should be larger than the general waste bin.
States that further work on the physical space would be optimum type size and theoretical
accessibility design

Digital Space:
QR Code Design: finds the recycling symbol & iconography more trusting, believes the green and
that the qr code is more legitimate, would not take other QR code as serious, and would be more
dismayed to use.
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Website: Believes the quiz button is lost, colour change place beneath the button below list
surrounded in green elements, also maybe smaller potentially black.
Visual design & hierarchy needs improvement, why? Sell it, tell individuals why, believe the
protest section needs more purpose, and value explanation.
Typography - believes the fonts are too inconsistent and believes that helvetica alone across the
site would be better, with hierarchical sizing of font.
Titles - doesn’t need black outline.
Focus on Accessibility - AAA, colours need improvement, too bright and contrast making text
hard to see, NOT accessible.
Make symbols popout and explain WHERE.
Did not think images were clickable, believes a drop shadow would help or a CTA… “click each
item for info”

Designer #3
Graphical Designer
Mobile: iphone 11
Date: 27/3/21
Physical Space: Change font to sans-serif for more authority. Blue triangle too big, prominent QR
code, forward messaging. Words preferred: Scan this be below triangle, potentially triangle has
font within. Mixed Recycling be on the top of the bin, likes phone icon for QR code, potential
reword to say use phone camera to scan.
Digital Space: Sans serif font again, no black around headers/titles and all caps page title.
Chunkier numbers and symbols for which recyclable symbols. Helvetica fix for all** Prefers new
images. Believes a swap in green and blue sections better. Remove drop shadow for the protest
section and different colours. Prefers interaction to talk about tray not go to another section,
however prefers a jump to top of a similar section. So a NO item to go to the top of the NO
section. Brought up design style similar to infographic. Discuss where to find the symbols on
plastic items.

Designer #4
Graphical Content Designer
Mobile: Samsung Galaxy S10E
Date: 27/3/21
Physical Space: Likes triangle as a natural arrow, also likes that it’s restrictive as to what can go
on. Believes the fonts should have more hierarchy with the mixed recycling and scan section.
Believes images should be on the front and scan QR code on the sides of the bin. Believes the QR
code should be more intriguing and have more enticing wording.

Digital Space: website type and logos should have softer content. He likes the QR code with the
patterned colours, believes it should look like a bullseye with blue, green then blue recycling logo
center. States that the red colouring is too bright, could also be an OLED screen mobile phone
issue, also states the green is too bright. Believes font should be on justify or on left as it's easier
for people to read. Believes background should be one colour and headers the main colour
section, and font should be in black for readability. Believes images will pop better and seem
more clickable with a circle around to emphasise the image. Protest plastic section needs a better
artistic header, more artsy maybe an image. States that drop shadow in protest plastic need to go,
and the black around white font is also a design faux paux. Believes a CTA would be beneficial
for the main header.
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Appendix 9: Focus Group

9.1 Focus Group 1 - Part 1
Plastic Recycling:
(Individual 1: supplied their opinions as they could not gain access to trello so the screen was
shared and each bin was discussed.)
Do you recycle? How do you feel about plastics and plastic recycling?
Individual 1:  states plastic recycling is more confusing by the day and wants to know more about
where plastics go.
Individual 2: Yes I recycle. I aim to avoid buying plastic materials where possible i.e. I have a
reusable bottle and cup.
I would be concerned about where the recycled plastic goes and what happens.
Also knowing what plastic can be recycled and what can't be is often difficult to figure out.
Individual 3:
I try to recycle as much as I can. I always thought I was doing a good job until it was pointed out
to me that you have too pay closer attention to what plastic is recyclable and what is not.
Individual 4:
I do recycle - Kinda feel weird about plastic cause it's everywhere and not pretty much sure which
can be recycled.
Foreign Bin Competitor Analysis:
Bin a: 4,5,5
Individual 1: Likes symbols and styles, iconography is helpful and the shape of the opening helps
to know what to put in.
Individual 2: stated it was eye-catching
Individual 3: like the colors and different shapes and pictures
Bin b: 4,5,4
Individual 1: Likes seeing inside
Individual 2: Looks nice, easy to use, eye-catching and I do like that there's some transparency.
Individual 3: different colors make them pop out more and you pay better attention
Bin c: 3, 2, 4
Individual 1: missing more photos on the bin for explanation
Individual 2: Looks Ok
Bin d: 1, 2, 1
Individual 1:focuses on glass but not much more
Individual 2: Does not feel very welcoming
Individual 3:Unsafe
Bin e: 2, 3, 3
Individual 1: It’s okay
Individual 2:looks nice but the pictures don't really tell me much
Individual 3:Plain and Simple
Recycling Content:
Foreign Content Group Discussion:
Noisy, hard to navigate, difficult to decipher, confusing. Example yes, but confusion No, what’s
the objective of the information?
Edinburgh Content Group Discussion:
More obvious on plastics, image tells us nothing. So much goes under each bin category. Would
like to know what you cannot put into the bins.
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Edinburgh Bin Competitor Analysis:
Bin v: 3, 4, 3
Individual 1: practical but not enough information
Individual 2: Like the green opening
Individual 3: 2 option better, more effective
Individual 4: not very attractive
Bin w: 2, 4, 3
Individual 1: Appreciates the more information but wants it bigger. Images can be overwhelming
or distracting, overarching pictures and products more confusing.
Individual 2: No TOUCH, images are useful
Individual 3: Stop and read approach is awkward
Individual 4: like the list. Don’t like the design.
Bin x: 2, 5 - NOTE one individual stopped placing their numbers
Individual 1: More Info, loves the simplicity of it, provides a feeling of confidence
Bin z: 5, 2
Individual 1: Dirty, more colour, bleak and dark. Is it good or is it bad?
Individual 2: stated Best, likes the general waste lid shut and other open design
Individual 3: Clear messaging all plastic bottles
Bin y: 1, 1
Individual 1: Litter recycling -- should I use it?
Individual 2: Is it recyclable? Only bin but states big lid, it has the potential to be fun but not clear.
Group deems least favourite.

9.2 Focus Group 2 - Part 1
Plastic Recycling:
1.Do you recycle?
2.Is there a word that describes your overall feelings about plastic recycling?
3.Do you believe a recycling bin should be beside a litter bin?
(One individual was late and missed this initial section)
Individual 1:
1.Yes
2.strong
3.definitely, all bins should have recycling options surrounding it
Individual 2:
1. YES.
2. Insufficient
3. Yes - it gives people the opportunity to recycle rather than giving up and chucking it in the bin
because they can't find a recycling point.
Individual 3:
1.Yes
2.Necessary
3.Yes for sure! Makes it easier for everyone to recycle
Individual 4:
Yes I do
Positive
Yes
Foreign Bin Competitor Analysis:
Bin a: 4, 4, 5, 5, 5
Individual 1:  nice colours and more options
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Individual 2: I like the brighter colours and clear symbols for each type of recycling rather than
just written words.
Individual 3: nice colours, nice clear designs and distinctions between each one. I also really like
the different shaped holes
Individual 4: easy to differentiate colours and purpose of each bin!
Bin b: 3, 4, 5, 5, 5
Individual 1: I like that it is transparent so you can see how full it is and what type of recycling is
in there but the symbols are a bit more ambiguous
Individual 2: nice distinct colours, I also like how it is see through as I feel this would add
pressure to make sure youre putting the correct items in! They also have cool shaped holes.
Individual 3: bright easy to see, distinguishes the type of plastic PCT
Individual 4: the most attractive i think and look super clean!
Bin c: 2, 2, 2, 3, 3
Individual 1:ugly design and colours, pictures aren't very easy to read
Individual 2: pretty small, odd colours
Individual 3: they do the job, but are a but utilitarian in design and need to have bigger pictures on
Individual 4: looks pretty straightforward but the openings seem a bit difficult to put stuff in
Bin d: 1, 1, 1, 1, 3
Individual 1: boring design, no symbols!
Individual 2: small openings, not very good looking
Individual 3: very ugly, don't inspire me to recycle at all and they have no pictures on
Individual 4: very industrial and probz dirty
Individual 5: kinda gross but more or less has instructions, though the small holes don't make it
easy
Bin e: 3, 3, 4, 4, 4
Individual 1:nice colours but symbols aren't as noticeable from afar
Individual 2: great options, not very big
Individual 3: Lovely design, cute to look at, I like the wide opening to avoid getting your hands
dirty. Could maybe have a little more info on and I think the colours are perhaps a little too similar
Individual 4: openings are pretty large and they look fairly clean!
Recycling Content:
Foreign Content Group Discussion:
Likes collection times, a bit confusing, shows  look for this mark and too many items.
Individual 1: I like how specific it is and the doodles are cute and engaging
Individual 2: Great and distinguishing between different types of plastics, very comprehensive
Individual 3: Nice and detailed instructions with lots of specific items...although at first glance I
wouldn't know what the organisational structure means.
Individual 4: I really like this, its very comprehensive and covers a huge amount of items, very
clear colours also. Easy to read but also informative
Edinburgh Content Group Discussion:
Not clear enough on plastic recycling, appreciates the clean format, photos are more decoration
than have a purpose, have to read too much.
Individual 1: I like the general structure and layout but the examples aren't specific enough and
leaves room for confusion
Individual 2: doesn't help in identifying what plastic type goes where
Individual 3: Having the same green is very confusing. there are too many words and not enough
clear pictures/images. Its not very fun or inviting whatsoever. Its a little overwhelming to look at
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Individual 4: A bit of an eyesore...like trying to read an essay to be able to recycle. I'd rather just
look at photos to refer to or 'most common items'.
Edinburgh Bin Competitor Analysis:
Bin v:2, 2, 3, 3, 4
Individual 1: only two compartments, difficult to read what goes where
Individual 2: colour difference is good but only one option and doesn't clarify what type of
recycling goes in
Individual 3: gives enough space to put stuff in and doesn't seem confusing - you can make a
quick decision it seems but there could be more information
Individual 4: quite a clear distinction with the colour difference, but there is still a lot of unused
space on the bin which seems like a missed opportunity
Bin w: 3, 3, 2, 5, 5
Individual 1: easy to tell the difference but only if you do reading first, a lot of people wouldn't be
bothered. adding symbols would be better
Individual 2: They have good distinction between them, but have too many "touch points" which
makes me nervous about using them especially in a post-covid world. They could also be a little
more colourful
Individual 3: underground bins, less of an eye sore, allows for more waste to build up.
Individual 4: best: they allow multiple people to access the bins as they have enough space and
also seem big enough...they also presumably extend to below the bins themselves
Bin x: 4, 4, 3, 2
Individual 1:Nice clear separation between each bin. Seem to be a good size, they have used the
space available on the bin very well. However could maybe use a little more information. The
yellow stands out very well
Individual 2: good engaging symbols and clear on what goes in each bin but not as many options
Individual 3: only two compartments, but clear in which bin is for what
Individual 4: second best - clear distinction and i like the photos on it!
Bin z: 2, 2, 3, 2, 5
Individual 1: its quite close to being great but falls short. Needs to be a lot clearer, the holes are
too small. If I wasn't paying attention I wouldn't have even noticed there was a difference between
each one. More comprehensive symbols needed
Individual 2: clear on what goes in what bin, multiple options for recycling but without bright
colours it doesn't stand out as much
Individual 3: too small holes, pretty ugly looking
Individual 4: too much going on and if multiple people approach at the same time and are trying
to think of which bin to put their item in, can get crowded...also small holes!! why!
Bin y: 1, 1, 1, 1, 1
Individual 1:terribly ugly, has little to no information, does not inspire me to care about recycling
at all. Doesn't look like a shape I would usually associate with a bin.
Individual 2: very weird and confusing!
Individual 3: i have no idea what litter recycling means! it's nice and big but there's no instruction.
Individual 4: its just a normal bin? not sure how it sorts the rubbish out
Individual 5: worst

9.3 Focus Group 1 - Part 2
Scenario 1
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You have a plastic item from a food vendor at the park. You see this bin beside a general litter bin,
which bin do you place your item?
Do you stop and review the recycling bin first?
What are the best/worst traits about this bin?
If you would use the QR code why? or why not?
What would you expect the QR code to do/inform you of?
Do you think that there should even be a recycling bin by a general waste bin in public places?
Would you be more likely to use the QR code at home/community bins?
Group Discussion:

● Look at photos
● Wouldn’t use the QR Code
● Wouldn’t use the QR code because not used to them
● QR code usage would depend on how sure I was on the item, my mood & time
● Photos are helpful
● Like the colours, and the simple images and still appreciate the QR code
● Providing the QR code option appreciate and feel positive about reading & learning about

trash

What type of mobile device do you have?
Individual 1: iphone 11 pro
Individual 2: samsung galaxy s10
Individual 3: Android 10 - Xiaomi
Individual 4:  Google Pixel 3 (Android)

Which QR Code do you like the most and which do you like the least?
Discussion: Earth ones confusing, arrows only no recycle, likes the black code
Individual 1: I prefer the last one. Plain and clear and not too distractring
Individual 2: I like no.2 the best, clear and looks appealing
Individual 3: Likes QR code 2 the most. Like the colors and the "recycle" in the middle
Individual 4: QR code 4 because of black background and clear logo

Task Intro
Please scan one of the QR Codes. Then scroll and familiarise yourself with the site.
Do you see anything you dislike or like? such as colours, content, fonts?
Does this website provide you with the plastic recycling information you would want?
Group Discussion:
Website flow is uncertain, likes the distinct green and red for yes/no. Ask what do these symbols
mean? Why do we need to look for this, needs to be clearer. Maybe the simplest way to look for
these numbers symbol?
Task #1
Please click on the plastic bag image.
Was it easy to find?
Did you expect the images to be clickable?
Group Statements:
Easy to find but it was not obvious that they were clickable, need better images.

Task #2
Please scroll to the plastic protest section.
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Was it easy to find?
Does it have information you would expect?
Any likes/dislikes?
Group Statements:
Ya, plastic protest! Found it without any issues.
Task #3
Please navigate to the quiz.
Was it easy to find?
Would you be interested in taking this quiz?
Group Statements:
The button needs to stand out more and feel it’s in the wrong section. Maybe place near top or
bottom. The quiz gets a little lost. Fits more with want to do more, and maybe a short video
instead of quiz. All information on the site could correlate to the quiz. Also, the quiz is a great
idea for classrooms and kids.
Final Feedback
Group Statements:
Click recycling logo and grad deeper dive into how its affected by what its made of.
Signs not okay, scan barcode? Create a recycling barcode scan system?
Webpage could have a common misconception about recycling section.
Images could relate to general park things
Overall the website should put more emphasis on numbers and how relevant they are and be less
confusing.

9.4 Focus Group 2 - Part 2
Scenario 1
You have a plastic item from a food vendor at the park. You see this bin beside a general litter bin,
which bin do you place your item?
Do you stop and review the recycling bin first?
What are the best and the worst aspects about this bin?
Do you think that there should even be a recycling bin by a general waste bin in public places?
1.If you would use the QR code why? or why not?
2.What would you expect the QR code to do or inform you of?
Group Discussion:

● Pretty unusual intrigued would scan code anyway regardless of plastic item
● Definitely Scan 3 people state
● They would be curious, find out what’s recyclable
● QR code easier, website on bin would be faff
● At home would prefer a website
● Straight to infographic because it gets your attention
● Like the whole bin gree, stands out and grabs attention
● QR code grabs attention
● Expect the QR code to inform of a quick link to what’s recyclable at home.
● Would expect a more comprehensive list of what is and isn’t recyclable
● But they want it easy to read and quick.
● All states needs to be quick.
● Bins on streets have some things listed but lots of information isn’t there
● Felt it would get more commonly used on community/at home bins
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What type of mobile device do you have?
Individual 1: iphone 11
Individual 2: iphone XS
Individual 3: iphone XS
Individual 4: Google Pixel 3A XL - Android
Individual 5: Iphone 7

Which QR Code do you like the most and which do you like the least?
Discussion: wants QR code to look like QR code, if it doesn't then distrusts it. Wants a QR
code to look like a QR code. Wants it to say scan me with your camera in white font, and
dislike the black font. Feels the 4th is clean but green is more familiar with recycling.
Individual 1: #3g
Individual 2: #1e
Individual 3: #3g
Individual 4  #4h
Individual 5: #4h
Task Intro
Please scan one of the QR Codes. Then scroll and familiarise yourself with the site.
Do you see anything you dislike or like? such as colours, content, fonts?
Does this website provide you with the plastic recycling information you would want?
Group Discussion:

● It was easy to get to the website.
● Like the green image that explains the number system.
● Likes the good/bad yes/no but would like the symbols to have No symbols and Yes plastic

recycling symbols.
● Likes the content
● Colors are nice and not too much
● Really like the different colours alternating and the clear photos

Task 1:
Please click on the plastic bag image.
Was it easy to find?
Did you expect the images to be clickable?
Group Discussion:
Click images too small needs to be more eye catching
Yes! No I didn't expect it to be clickable but it's really cool and clear!
Task 2:
Please scroll to the plastic protest section.
Was it easy to find?
Does it have information you would expect?
Any likes/dislikes?
Discussion:
Not a fan of the oval picture, doesn’t go with the aesthetics, maybe a circle but not an oval or a
banner.
Yes easy to find.
Easy to find, yes! I didn't expect the 'stop eating seafood' part...though it's really important I think
people might be more enticed to reduce their seafood consumption with something that gives
them a little more leeway.

Task 3:
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Please navigate to the quiz.
Was it easy to find?
Would you be interested in taking this quiz?
Discussion:
Yes and Yes
Yes! Right at the end with a bold button! Seems easy enough to take so I'd love to take it!
Final Feedback:
Do you feel this system would help you in understanding plastic recycling?
What ways do you think this system could be improved?
Discussion:
Would like an email/newsletter
Really helpful system would be great for new people in the city or tourists
Also maybe more photos and something that a teenager would be able to read easily?
Yes, it's a great little tidbit I think and it's not too much info on one page. I think maybe if there
were more photos or more click-through photos.
Yes for sure, especially for someone who is new to the city and not sure what bins are for what!
Really helpful and easy to access info and not too much to read.

9.5 SUS Survey Questions
1. I think that I would like to use this system frequently
2. I found the system unnecessarily complex
3. I thought the system was easy to use
4. I think that I would need the support of a technical person to be able to use this

system
5. I found the various functions in this system were well integrated
6. I thought there was too much inconsistency in this system
7. I would imagine that most people would learn to use this system very quickly
8. I found the QR Code and website very cumbersome to use
9. I felt very confident using the system

10. I needed to learn a lot of things before I could get going with this system
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9.5 Part 1 Images
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9.6 Part 2 Images
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Appendix 10: Dissertation Planning

10.1 Mind Map

10.2 Weekly Organisation Table
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10.3 Weekly Project Diaries

Date: 19/01/21 Last diary date:  0
Objectives:

Discuss the research proposal and research directions. Evaluate research topics and potential
alternative technologies that could be utilised for the purpose of sustainable research. Based on
current research options that correlate with sustainability: ubiquitous computing, pervasive
technology, sensor technology, embedded sensors.

Progress:

Attempted a rough skeleton of the research proposal based on HCI sustainability and a user
centred approach, however, current status is scattered and inconsistent. Unsure of a viable
option of dissertation test/approach based on covid and lack of technological
understanding/options.

Date: 26/01/21 Last diary date:  19/01/21
Objectives:

Discuss ethnography study potential, other research methods (Qualitative & Quantitative) and
school recycling data collection. Create a blended space approach with pact and based on a user
centred approach.

Progress:

Review of plastic global and UK specific issues, reviewed concept of educational/persuasive
apps, did thorough review of AR technology and project feasibility, not feasible. Have
determined that the QR app is the best approach for this project and have decided to evaluate
student recycling behavior through blended space of the best bin approach with digital space
combination.

Date: 01/02/21 Last diary date:  26/01/21
Objectives:

Discuss and evaluate the research proposal and potential changes. Discuss ethics and ethical
evaluation regarding empirical indirect observational research. Discuss methods and whether
more or less should be done for this project. Discuss the digital A/B testing for the QR codes
content.

Progress:

Completed the research proposal, and created a model of topology, ontology, volatility for the
blended space aspect of the project.

Date: 08/02/21 Last diary date:  26/01/21
Objectives:

Discuss initial report and potential methods, and project evaluation, how do I determine if this
has worked? Review project methods and potential areas to progress.Would reddit be a valuable
option for anonymous discussion regarding plastic and bin placements in Edinburgh?

Progress:
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Completed research proposal and have begun initial report. Have devised a loose plan of
methods for the project. Have taken photos of different recycling areas and observed one person
at bins before rain.

Date: 22/02/21 Last diary date:  08/02/21
Objectives:

Discuss the survey, initial report, literature review and direction of the project. I’m uncertain of
a user centred design approach, however Jamie stated that I could test in different locations. Just
need to ensure my project direction.

Progress:

Created and launched a survey to understand users feelings on plastic. The initial report rough
draft was completed although, I feel not so certain of its direction and believe it may not be
substantial enough. I’m also slightly unsure of the next direction, still trying to wrap my head
around conceptual design and blended spaces.

Date: 01/03/21 Last diary date:   22/02/21
Objectives:

Questions regarding design process, testing process, mood board, Personas/Use cases and case
scenarios. Should I also create a storyboard? I would like to discuss the interview questions and
protocol, should I record these meetings or just take notes? Should I also create requirements
before or after my initial focus group?

Progress:

I’ve completed the first survey and I have around 18 ethnographic observations, numerous
images, and thoughts in different areas that have been evaluated. I’ve created all interview
questions and set up two interviews with professionals within the waste sector. I’ve also created
five personas and scenarios and begun the mood board design.

Date: 08/03/21 Last diary date: 01/03/21
Objectives:

Thoughts on feedback from Emma regarding blended spaces design evaluation? -- Should a
website be discussed as a side option?
Discuss PACT, physical/digital space within blended spaces.
Discuss designs and thoughts on improvements?
Should a further narrowing of design be done, in terms of public bins versus communal or
should both still be done?

Progress:

I’ve completed the Personas, Scenarios, User Stories, Use Cases, moodboard and interviews. I
have also created prototypes of the QR code design, Bin Design and PDF. Currently in the
process of designing different styles of QR Code, PDF and Bin Designs and, I’ve also created a
portfolio of bin designs from countries with high recycling rates. Additionally, I’m in the
process of creating a focus group test.

Date: 15/03/21 Last diary date: 08/03/21
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Objectives:

Discuss new tactic, should a mobile only website be created?
Should a re-design of the PDF be created to combat the lack of interactivity?
Discuss design and colour palette.
Discuss focus group testing - what should be tested and best ways of focus group testing.

Progress:

I’ve completed and tested colour palettes, created the PDF and Quiz, as well as completed 2 QR
Code Designs. I tested the completed interactive PDF on desktop, works great after hours of test
and trial. Only in the final testing with QR code design to find out that interactive PDFs no
longer work on mobile phones.

Date: 22/03/21 Last diary date: 15/03/21
Objectives:

Review and discuss Mobile Responsive Website.
Discuss Focus Group Plan - Should designers have a discussion or just send an email/plan. Such
as hedonistic testing.
Discuss Focus Group Ideas - Should it just be testing for website or bin idea as well?
Should a role play testing/user stories aspect be thrown in as well, or should I still attempt to test
twice to show user design iteration? Post sus survey used as well?

Progress:

I’ve completed the mobile website and had it reviewed by two others who thought it looked
good and cohesive as well as easy to read and navigate. I’ve created two versions of the
responsive mobile website, began the focus group planning and writing up methodology
section.

Date: 12/04/21 Last diary date: 29/03/21
Objectives:

Discuss dissertation writing and how-to evaluate focus groups/designer feedback.
Discuss current dissertation layout and any areas that can be combined/condensed or are
unnecessary.

Progress:

Completed website redesign based on designer feedback and first focus group.
Completed ALL testing, designers/focus groups.
Currently working on dissertation writing.

Date: 19/04/21 Last diary date: 12/04/21
Objectives:

Discuss dissertation mock review.
Discuss the best way to mention interviewees.

Progress:
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Currently working on editing dissertation writing.

10.4 Gantt Chart

TASK TITLE
START
DATE DUE DATE

15
Jan

10
Feb

25
Feb

20
Mar

28
Mar

10
Apr

20
Apr

3
May

14
May

Research Proposal 26/12/20 6/2/21

Ethnographic
Research 5/2/21 15/03/21

Plastic Perspective
Survey 18/02/21 25/02/21

Initial Review 9/2/21 26/02/21

Literature Review 12/1/2021 26/02/21

Interviews 11/2/21 5/3/21

Use Case 25/2/21 5/3/21

Design
Requirements/Begin
Design 05/03/21 20/03/21

Mood Board Design 3/3/21 5/3/21

QR Design 6/3/21 8/3/21

PDF/Images Design 9/3/21 13/3/21

Blended Space Design 14/3/21 20/3/21

Design Testing Round
1 21/3/21 28/03/21

Focus Group Testing 21/03/21 28/03/21

SUS Survey Testing 21/03/21 28/03/21

Re-design Testng
Round 2 29/03/21 03/04/21

Role-play Testing 4/4/21 14/04/21

SUS Survey Testing 4/4/21 14/04/21

Dissertation Writing
Begin 10/4/21 3/5/21

Dissertation Mock
Completion 15/4/21 25/4/21

Dissertation
Completion/Turn in 3/5/21 3/5/21

Viva Voce 14/05/21 14/05/21
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