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Abstract

There is an increasing desire by urban dwellers to connect with nature. The project
used augmented reality technology for mobile devices to enable users to explore a
physical garden. The aim was to encourage them to interact with the garden and
promote their connection with a natural environment. The ‘Permaculture Garden
Application’ was created in an iterative design process, based on Conceptual Blending
theory, User-Centred Design, and principles of permaculture. Digital spaces and
physical garden artefacts were merged. Testing enabled the identification of users'
ideas suitable for integration in the design of the application. Psychological research
suggested that connectedness with nature can be influenced. The testing results
provided a basis for assessing which aspects of nature connectedness could be
encouraged by digital technology and which might require elaboration. Focusing on
qualitative procedure, eleven respondents informed and tested the conceptual design
and prototype application, whereby the so-called hedonic user experience qualities
were of particular relevance and helped clarify if digital design could promote nature

connectedness.
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1 Introduction

When human activities render resource exhaustion, species extinction, and
other forms of conflicts between humans and the environment, new ways of
noticing, responding, and imagining are needed to move toward to preferable

futures. Szu-Yu (Cyn) Liu, 2019

As in many other areas of everyday life digital technology is becoming familiar in
gardens. Regarding promoting people’s closeness to nature, this project investigates the
potential of a digitally augmented garden context to inform sustainable thought and
practice.

The inspiration arose while growing attached to an urban allotment garden and while
using an internet-enabled smartphone to learn about crop plant cultivation on the spot.
The gardening coincided with the pandemic crisis followed by a lock-down, in which time
seemed to slow down, and spaces for new opportunities opened up, at least for some of
us. Permaculture (short for permanent agriculture) refers to an increasingly popular
approach in the carbon-intense and less carbon-intense areas in all world’s
hemispheres’. It offers design principles and techniques to cultivate nature sustainably
without pesticides, pressure, or pretence, benefiting its inherent regularities and yielding
plentiful.

Another consideration concerned the culture of consumerism and “sticky” digital
applications that run on mobile devices. They have become our bodily extension, often
at the expense of familiarity with our immediate surroundings. As a more recent
subdiscipline of Human Computer Interaction, Sustainable Interaction Design currently
looks to address ethical and environmental problems connected with the adverse effects

of overconsumption.

1 Ferguson and Lovell (2014) presented a comprehensive quantitative review of
international publications about permaculture indicating its worldwide distribution.
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Meanwhile, individual (dis-)connection from or with nature is studied in environmental
psychology and sustainability science. The research of Nisbet and Zelenski (2013) and
other relevant work have delivered insights into different dimensions of nature
connectedness. As it is desirable that the quality springs from this project’s design, the
psychological findings are relevant to inform its research aims.

Nowadays, design opportunities with ubiquitous computing are vast. By exploring the
options and limitations of an augmented reality software application, the project aims to
create a piece of nature accessible to people in-midst an urban agglomeration

characterised by overflow.

1.1 Research Aims

The project aims at showing how mixed-reality spaces may engage people with a natural
environment and how they may promote an understanding of natural ecosystems.
Further, it aims at providing an outline of how to determine whether individual nature
connectedness would ultimately be enhanced. The following research questions were

formulated to attain these aims:

(1) In which way may the Permaculture Garden Application engage its users with
natural garden artefacts?

(2) As a result, are the users’ awareness and understanding of nature enhanced?
(3) To what extent may the digital Permaculture Garden Application promote its

users’ nature connectedness?

Guided by these questions, a digital augmented reality application for mobile devices
is created in a user-centred design process. The users’ experience of the garden
artefacts is investigated using a prototype of the Permaculture Garden Application to

shed light on the design’s potential to achieve the research aims.

1.2 Report Structure

The literature review in chapter 2 presents and discusses interdisciplinary research
relevant to the project’s aims. The project’s research methods are explained in chapter

3. The design documentation in chapter 4 spans all essential steps taken in the iterative
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design process. Chapter 5 comprises a critical review and evaluation of the user test
findings regarding the wusability and central UX aspects while specifying
recommendations for further design iterations. Chapter 6 summarises and discusses the
project’s findings. Against this background, answers to the research questions are given,
and future directions are scoped. In chapter 7, the report closes with a concluding

remark.

1.3 Terminology

For simplification, the Permaculture Garden Application will be referred to in the rest of

this report as the ‘Garden App’.
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2 Literature Review

This chapter presents the different research fields relevant to this project's research.
First, User Experience is scoped and situated in the current discourse in Sustainable
Interaction Design, arriving at exemplary approaches that link permaculture and UX. In
an excursus to environmental psychology, nature connectedness is introduced as a
measurable construct in individuals. In support of the project's investigation into how
and to which extent digital technology design may promote nature connectedness,
Conceptual blending theory and Augmented Reality technology are presented as

contributing fields.

2.1 User Experience

Defining a concept of User Experience (UX) often precedes the investigation of how a
digital product or service is perceived by its users. As shown by Law, Roto, Hassenzahl,
Vermeeren, and Kort (2009), the term User Experience remains somewhat open and
unconfined to a fixed definition. They separated UX into different categories, a
pragmatic and a hedonic quality, the latter involving affect and experiential and
emotional aspects, representing more subjective user perspectives. Hassenzahl,
Burmester and Koller (2003) further differentiated the hedonic quality for
operationalisation purposes. Hence, a product appears stimulating if it addresses users'
personal development needs to enhance their individual capabilities. Identity is catered
to if a product mediates the opportunity of positive self-expression (Hassenzahl et al.,
2003, pp. 187-188).

McCarthy and Wright (2004) introduced technology as a felt experience. They proposed
a holistic framework with different aspects of meaning creation, highlighting the
interrelation and spatio-temporal variability that together make up an experiential

reference to technology. This concept of User Experience transcends the realm of task
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effectiveness and sheds light upon further contextual factors that strongly influence

human action. Accordingly, Benyon and Resmini stated that:

[...] UX cannot be reduced to the act of achieving goals. UX is also concerned with
acting in a way that reflects one's values, with the hedonic characteristics of
action, with affect and cognition, and with personal or social enrichment. (Benyon

& Resmini, 2017, p. 4).

However differentiated the scope of UX, researchers and practitioners often still
emphasise the metrics for a system's perceived ease-of-use, retaining the notion of
usability (Chung & Sahari, 2015). By contrast, various conflicting factors are at play,
resulting in differently nuanced experiences before, now and after, as shown by
McCarthy and Wright (2004). As all actions are carried out with reference to users'
complex horizons of social values, a system may well conjure joy when goals are
efficiently attained; however, it may be disqualified for its perceived incompatibility with
users' social value-systems. The Google search service, for example, could be described
as notably easy-to-use, but privacy issues may negatively influence the overall UX. Its
competitor Ecosia may be preferred in this case as it may appear to fit better with ideas
of environmental fairness. Egan, Benyon and Thompson (2017) reflected upon the
experiential scope of user experience regarding sustainable design. They outlined that
“[...] UX is often exploratory, loosely associated with achieving something, but also
concerned with the many engaging interludes along the way. UX is about anticipation,

use and reflection.” (Egan et al., 2017, p. 1).

Benyon (2010) has pointed out the importance of non-utilitarian aspects regarding his
Human Centred Design framework PACT. The acronym refers to people, activities,
contexts, and technologies and their interdependence. As people do not operate in
vacuo, technologies must accommodate any factors impacting users' realities.
Accordingly, people and their settings must be closely analysed to inform the design of
an interactive system. Throughout this project, the broader scope of design-relevant
aspects will focus on arriving at sustainable design decisions. But how could

sustainability be made a determining factor in UX?
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2.2 Sustainable Interaction Design

Sustainability was first introduced to Human-Computer Interaction in 2007 by Eli Blevis,
who obliged technology design to environment and resources protection, suggesting a
critical lens for technology designers. He termed his novel approach Sustainable
Interaction Design (SID) in response to the problematic consumption behaviour
prevalent in Western cultures. As an “act of choosing among or informing choices of
future ways of being”... design should primarily address a ... “concern for human

conditions, particular or global.” (Blevis, 2007, pp. 503-504).

In their evaluation of previous research about how design, technology and sustainability
may be interrelated, Nunes and Mont Alvao (2017) elaborated further on sustainability
as a design constituent and outcome. Sustainability in design concerns sustainable
material formation and disposal. The other, sustainability through design, refers to a
catalyst function inspiring users of products or services to think and act more
sustainably. They emphasised that social values, needs, and emotions play a significant
role in people's engagement with technology. What is more, these factors may even
outperform a system's elaborate usability when it is disqualified as socially inadequate.
(Nunes & Mont Alvao 2017, pp. 824-825).

Pereira, Lima and Baranauskas similarly argued, with reference to Don Norman's
postulate about social components being inherent in design, that technology ‘embeds’ a
set of values (Pereira et al. 2010, p. 3). Possible actions associated with a system must be
rated as compatible with the respective user's social value composition: Those who
uphold sustainability desire to grasp the whole picture and prefer their actions to be

valid beyond the ephemeral mode of instantaneous interaction.

Brynjarsdottir, Hakansson, Pierce, Baumer, DiSalvo and Sengers (2012), in particular,
found that designs with which individuals are persuaded in their behaviour, for example,
by urging seemingly isolated users to cut their energy consumption, cannot alone ignite
sustainable thinking and acting. They showed that the emphasis on efficiency stems

from a modernist perspective in which ecological footprints appear controllable by
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optimal behaviour and by following the standards of objective scientific authority.
Nystrom and Mustaquim (2014) point out that this individualistic view may also
oversimplify an otherwise complex circumstance, in which social, political and economic
leverage points could contribute more effectively to environmental protection. They
refer to an example in a peer study about water scarcity, demonstrating how economy,
politics, and culture affect our choices of how much water we use and whether we act
eco-friendly or wasteful (Nystrom & Mustaquim, 2014, p. 67). Indeed, considerations
about socio-cultural implications of sustainability allow for more systematic
interventions regarding the environmental crisis, such as publishing the carbon footprint

of political representatives before an election (Brynjarsdéttir et al., 2012, p. 954).

What seems most crucial for forming appropriate design solutions, however, is the
underlying concept of sustainability. Knowles, Blair, Hazas and Walker (2013) refer to
concurrent perspectives that revolve around whether or not economic growth is
sustainable, even if not perpetuated, and which role technology design plays in adapting
our lifestyles. Their outlook favours disruptive approaches such as the 'quadruple
bottom line' framework, where only selected technologies would be of service: less
carbon-intense because they are digital and socially cohesive because of their

decentralising mechanisms (Knowles et al., 2013, p.6).

In sum, SID literature appears critical of traditional practice and ascribes an ethical
obligation to technology designers. However, the designers should not be held alone
responsible for undesired outcomes. Don Norman argues that designers should best be
seen as facilitators rather than originators of technological solutions or any of their
consequences. In one of his recent texts, "To create a better society", he proposes a
responsibility not only of designated professionals but of all people participating in the

design process:

We can use these skills for the benefit of humanity. Designers, moreover, are in
a position to consider the ethical implications of the system, for degradation of

the environment, climate change, dangerous side effects, and the privacy,
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rights, and well-being of the people who interact with the system. (Norman,

2020, para 6)

2.3 Natureculture

A technology-enabled shift is also proposed by Liu (2019). According to her, the
environmental crisis calls for "non-anthropocentric design" to fundamentally alter how
humans and nature interact with each other. The general human-nature dichotomy?
seems questionable insofar nature is perceived as a passive, exhaustible environment for
humans who have prioritised their needs and requirements. By refocusing human
demands to favour the equally relevant needs of nature, a resilient co-existence may be
established. To achieve this, Liu recommends a change of perspective through a
"posthuman lens" (Liu, 2019, p. 103, or “lens of permaculture”, Liu, Bardzell & Bardzell,
2018, p. 2). As an example of a ‘co-creation activity’, Liu presents a sensory soundbox in
which musical compositions, i.e. cultural artefacts, are derived from digitally tracked
natural composting. By employing interaction design to amplify human-nature

cooperation, new opportunities may arise.

Liu's contributions to SID and sustainable agriculture build upon permaculture, a
philosophy and design framework first published by Bill Mollison and David Holmgren in
the late 1970s. Her attention on human-nature cooperation reflects the permaculture
approach of ‘working with, not against nature’ (Liu, 2019, p. 2). Similarly, Egan, Benyon
and Thompson explicate the merits of a permaculture perspective for HCI. They
reconcile User Experience Design and permaculture by linking digital and physical

spheres. For this, they build upon the blending theory presented in more detail below.

2 Kesebir and Kesebir (2017) have outlined that “nature” is a variable concept. They have
argued that nowadays people mostly identify as separate from nature.
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24 Permaculture and UX

The word permaculture combines "permanent" and "agriculture" (or culture). In
essence, the permaculture approach seeks local solutions for global problems, such as
food shortage and environmental degradation. Its primary concern is guaranteeing crops
for centuries to come without leaching out soils or harming flora and fauna (Kowalewski,
2019, para 2).

Permaculture proposes to mimic nature as accurately as possible. Natural ecosystems,
which are seen as units in which natural living organises, serve as models for human
practice. They are considered essentially sustainable because of their self-reliant and
self-regulating properties. The diversity of plant species, for instance, corresponds with
nutrient soil, which in turn creates a plant community more adaptable to evolutionary
and human-induced climate change. Accordingly, ecosystems need to be closely
monitored and interpreted by permaculture practitioners. Only a thorough
understanding of any patterns, working relationships, and interconnectedness of the
system's components may yield adequate cultivation practice.

Holmgren (2020) compiled a set of principles that make up the holistic design system of
permaculture. Originally developed to support agriculture, he advocates far broader
applicability of the principles in terms of universal heuristics for sustainable living.
Hence, the permaculture methods and strategies may vary depending on the context,

but they can also be used as a general checklist to navigate complex design decisions.

2.5 Permaculture Design Principles

P1. "Observe and interact"

The first principle describes a subtle process of becoming familiar with a natural space.
When applying this principle, natural spaces can reveal a very high complexity to its
observers. They display a large variety of components and agents, relationships,

intersections, dynamics, and they react to human presence.
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P2. "Catch and store energy"
The implicit regularity of P2 is a fluent energy turnover. Plants store solar energy in
complex carbohydrates and seamlessly pass it on to other agents, e.g. as foodstuffs for

humans.

P3. "Obtain a yield"
Avyield in permaculture is considered positive feedback, such as sun-ripened fruits in a
food forest. Indeed, permaculture encourages affluence as a sign of healthy ecosystems

because crops serve a system's replication.

P4. "Apply self-regulation and accept feedback":
From a permaculture perspective, correctives are an essential part of natural
ecosystems. Any kind of feedback should be acknowledged as part of a finely woven,

sometimes disruptive warning system.

P5. "Use and value renewable resources & services"

According to Holmgren, one should prefer a "solar clothes dryer" to a fossil-fuel-
powered tumble dryer (Holmgren, 2020, p. 14). Not only because solar energy is
renewable, but as a situational by-product, this source of energy is effortlessly caught

and passed on as described in principle 2.

P6. "Produce no waste"

Unlike consumerism, nature has no waste concept, as everything is recycled.

P7. "Design from patterns to details"

Patterns emerge when refraining from "narrowing the vision" (Brynjarsdottir et al., 2012)
and looking at the bigger picture. Holmgren recommends zone and sector planning by
contemplating a spider's web. Or he refers to the herbal spiral covering a spectrum of

climates for a diversity of plants.
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P8. "Integrate rather than segregate"
Connections between objects are just as relevant as the objects themselves, as observed
in natural symbiosis. Holmgren refers to "jigsaw-like lock and key relationships" that

characterise ecological communities (Homgren, 2020, p. 17).

P9. "Use small and slow solutions"
This principle emphasises the advantage of small and slow, manageable systems which

operate in a self-reliant way.

P10. "Use and value diversity"
Permaculture does not encourage monoculture, as a diversity of plants is less vulnerable
to pests — if one crop fails, another may succeed. Apart from this, humus is cultivated so

that, in the longer run, polyculture gives better yields.

P11. "Use edges and value the marginal"
Peripheries appear as the heart of innovation. Tidal estuaries, for example, create a

complex intersection between land and sea.

P12. "Creatively use and respond to change"
Following this principle, change can be seen as an opportunity, and it should be

cultivated to remain adaptive towards unpredictable factors.

2.6 Nature Connectedness

Permaculture advocates closeness to nature. Within the scope of this project, closeness
to nature is referred to as "nature connectedness" in conformity with the discourse in
sustainability-related disciplines, such as sustainability science and environmental
psychology. As indicated by Ives, Abson, Von Wehrden, Dorninger, Klaniecki and Fischer
(2018), the concept has been described as somewhat elusive. To overcome the lack of
coherence, Ives et al. presented a conceptual framework with different types of nature

connections, two of which are internal in a subject. The inner cognitive and world view
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connections are particularly persistent and may be enhanced by external, physical

encounters with nature and vice versa.

Nisbet, Zelenski and Murphy (2009) postulated the construct of nature relatedness in
individuals. They described it as similar to the notion of including nature in oneself,
seeing humans as inseparable from nature. However, their definition reaches further as
it encompasses an awareness and understanding of nature expressed as "[...] emotions,
experiences, and an understanding of a human interconnectedness with all other living
things" (Nisbet & Zelenski 2013, p. 2). Like Ives et al. (2018) they showed that the nature
connectedness appears 'trait-like' and fixed but may well be reinforced in an individual.
Mayer, Frantz, Bruehlman-Senecal and Dolliver (2009) confirmed that virtual or real
outdoor exposure to nature are both seen as effective.

Nisbet and Zelenski point out that: "[t]he [...] challenge may lie in how to encourage
more frequent nature contact and determine whether this leads to any lasting changes
in nature relatedness" (Nisbet et al., 2013, p. 8). According to them, internalised
identification and an experiential connection with nature are seen as central to the
construct of nature relatedness and may be assessed with a self-report measure, the

Nature-Relatedness-Scale.

2.7 Blended spaces

The idea of closely integrating the digital sphere and the immediate environment was
formulated for HCI by Paul Dourish. He argued that physical surroundings and our
actions mutually shape each other. If digitally enabled interactions merge seamlessly
with the physical world, a sense of presence takes effect (Dourish, 2001).

Benyon's PACT framework suggests that people, activities and contexts are design-
relevant, as exemplified above. In turn, technologies do impact and ultimately change
their users' actions, resulting in novel system requirements. Hence they open up new
interaction spaces: "Spaces of interaction consist of people undertaking activities using
technologies in contexts, PACT." (Benyon, 2014, p. 13). He showed that the importance

of the blending theory for UX design lies in certain regularities with which digital and
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physical spaces may be merged. First, the blending of two conceptual input spaces is
based on their correspondences, as formulated by Fauconnier and Turner (2008).
Second, depending on the stability of their structures, a whole new conceptual output

space may be established, as depicted in the figure below.
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Figure 1. Types of conceptual blends (Hutchins, 2005, p. 1557)

As illustrated by figure (B), an output space may be further consolidated by a "material
anchor", i.e. a sensory salient representation, as proposed by Hutchins (2005). If firmly
established, people engage with the new space in a meaningful way, and they begin to
inhabit it, and the "space" becomes a "place" (Benyon, 2014).

Egan et al. (2017) illustrated how a garden could serve as a "material anchor" to support
the blending process. Similarly, in this project, one of the input spaces is a physical
garden. A corresponding conceptual structure is created by augmenting a digital
information space. With this, objects in the garden are made the focus in such a way

that users of mobile devices can engage in a meaningful exchange process with nature.
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2.8 Augmented Reality Experience

Augmented Reality (AR) permits an overlay of media content on a physical image
recorded by a camera. It aims to merge the physical with the virtual world and thus open
a spectrum in which both spheres could be experienced. AR is different from virtual
reality (VR) because the added input is less comprehensive and complements the real
image instead of simulating it. With AR, users continuously refer to virtual and real-
world contexts while engaging in the hybrid space, the mixed reality.

Considering reality as based upon an ongoing correspondence between a person and
their environment, with the person’s body mediating it, technology may be seen as an
“[...] artificial means to extend our senses and thus produce an augmented, more
thorough picture of what is our there” (Ruffini, 2009, p. 11). Augmented reality
technology may establish a feeling of being present in a context.

It is widely applied across different domains and has particularly served experiential
learning research within a garden context, as presented by Huang, Chen, and Chou
(2012) in their study on the advantages of nature-based education in botanic gardens.
Further, it has been adopted to support storytelling in a natural heritage, as shown by
Guimardes, Figueiredo and Rodrigues (2015). The project at hand focused on a
comparably small set-up and sample, demonstrating exemplary aspects of a mixed

reality induced UX.
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3 Research methods

The project's methodology was oriented at the PACT framework for human-centred
design as introduced by Benyon (2010). Using PACT, a mixed-methods approach was
taken, integrating qualitative and quantitative data from semi-structured interviews,
field observation, iterative prototype testing and from two types of questionnaires. A
mixed-methods concept was applied to develop different aspects of the research

questions (Schoonenboom & Johnson, 2017).

3.1 Methods description

e Interviews

Semi-structured interviews were conducted to understand the prospective users'
experiences, ideas and values because they should inform design decisions. The in-depth
interviews involved a set of open-ended questions on the interviewee's concepts of
sustainability, permaculture, interacting with nature and with digital technology. The
participants' qualitative responses were recorded, transcribed and examined using

content analyses.

e Paper prototype testing
The respondents' underlying concepts as derived from the content analyses were
compared with the permaculture framework. Similarities of the respondents' ideas with
the permaculture principles were identified, and any incongruence was also marked as
design-relevant. The reported activities and their contexts were classified and
aggregated into abstract, conceptual scenarios from which a concrete design was
derived and envisioned. Based on participant wireframe testing, an AR-prototype was

created and re-evaluated.
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e Nature-Relatedness Questionnaire
Before user testing in the garden, the participants were invited to respond to a compact
version of the Nature-Relatedness Scale as developed by Nisbet, Zelenski and Murphy
(2009). On the 6-item questionnaire, participants rated how accurately different
statements described their attitude towards nature. Moreso than its predecessor, the
compact form of the questionnaire "NR-6" is focused on solely assessing self-
identification and actual experiential connection with nature. These are distinct from the
construct of pro-environmental attitudes (Nisbet & Zelenski, 2013, p. 3). A 5-point Likert
scale per item was used for the user test sessions, where 1 indicated "strongly disagree"

and 5 "strongly agree". Higher scores indicate a more pronounced nature relatedness.

e User Testing
The user testing of the Garden App prototype took place in an allotment garden. The
participants were given an Android mobile phone with the Garden App and were
encouraged to use it to explore the garden. They were informed that they would be

monitored for study purposes and were invited to "think aloud".

e Field observations
Observations during the user tests were documented retrospectively and immediately
after the completion of a session. The data includes any observed postures, significant
behaviour and expression of spontaneous thought (thinking aloud), including any

directly reported issues with the app.

e AttrakDiff
The AttrakDiff2 as proposed by Hassenzahl, Burmester and Koller (2003) questionnaire
was completed by the participants after user testing. The questionnaire consists of a 21-
item scale with word antonyms arranged on a 7-point semantic differential scale. Each of
the items represents one of the tested product's qualities. PQ (pragmatic quality), HQ-I

(hedonic quality/identity) HQ-S (hedonic quality/stimulation). The hedonic qualities HQ-I



S. CONLIN, MSc Computing (UX), 2021 28

and HQ-S in particular were relevant in relation to any correspondence with the scores

from the NR-6 scale.

e Follow-up interview
A follow-up interview with an open question was used to generate complementary
qualitative data: "Tell me about your experience using the Permaculture Garden
Application”. Whenever it seemed relevant to the interviewer, the participants were

asked to elaborate on a specific topic.

3.2 Participants & Procedure

Overall, eleven participants were recruited to inform the design process at the different
stages. All were personal contacts with diverse backgrounds and professions, including
an accountant, UX designer, carpenter, students, hotel manager, a gardener, and a
gardener-to-be. Four participants evaluated the final design of the Garden App. Two
participants were from a co-living community in a rural area, and nine were urban

dwellers. They either lived in a city or had moved to the countryside.

The urban dwellers maintained some form of regular, at least weekly interaction with
nature in a green space, such as socialising in and cultivating a private allotment garden
and an open community garden. As hobby gardeners they used mobile digital
technology to access practical advice about growing crop plants and to organise
collaborative gardening. A positive reference to nature was a relevant criterion when
recruiting the respondents, based on the researcher's assumption that the research
topic would be of interest and that the designer could learn from them about gardening.
The ones who participated in the in-depths interviews all took a strong stance on topical
issues concerning the pollution of the environment and the role of society. They
appeared knowledgeable about the procedural mechanisms of unsustainable lifestyles,

such as systematic waste-production.
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A further criterion to participate in either of the procedures was a good knowledge of
English, as the complete test sessions and the application were in English.

The semi-structured interviews were conducted individually with five participants in
different settings. The user tests were all carried out in the same location, an allotment
garden where the plant artefacts were set up. Before each session, a Covid quick test
indicated the respective participant was free from the Coronavirus.

At the start of the sessions, the participants were thanked for finding time to take partin
the research project. They received an information sheet and a brief verbal explanation
of all project-relevant aspects. Next, they were invited to read and sign a Consent form.
It was explained to them that their personalised data would be deleted upon completion
of the researcher's evaluation process and that their publicised data would be
anonymised. Further, they were advised that they could withdraw from the session at
any time or omit responses to individual questions without any negative consequences.
They were informed that the sessions would take no longer than 45 minutes. They
completed the first questionnaire, then were involved in exploring the garden context
using the digital artefact, and subsequently gave their answers to the AttrakDiff
guestionnaire. Upon completion, qualitative interviews were conducted.

During the initial set up in the allotment garden, the test device's screen broke. The
designer hoped that the additional "spider app" would not negatively impact the overall
UX during the user tests. The decision was taken to inform the participants of the

situation to mitigate any impairments.

3.3 Ethics

Throughout the project, research ethics were adhered to, as documented in the
Guidance Notes of Edinburgh Napier University regarding the involvement of human
participants in research activity. The ethics involved familiarising the participants with
the University Policies. To sum these up, info sheets and verbal instructions were
provided, explaining all aspects essential for deciding to engage in the interviews and the
user testing and questionnaires. Written approval in a Consent form was obtained from

each participant before each session.
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The project's Covid-19 precautions followed the university's ethical approval for
research projects involving face-to-face participation during the Coronavirus pandemic.
As the sessions were all carried out in Germany, local rules applied, ensuring the

participants were fully vaccinated and tested for the Coronavirus before the sessions.

3.4 Limitations & Options

Unless subjectivity is made transparent in the research process documentation it cannot
be considered a methodological limitation. Instead, it is constituent of any ethnographic
observation and recording, which are two understanding activities of PACT. According to
Henning and Gelman, its advantages lie in its flexibility and diversity of perspective.
Subjectivity challenges and complements momentary objectivity (Hennig & Gelman,
2017). Similarly, interviews and questionnaires involve self-reported data. They are
valuable subjective methods and must be outlined as such.

Another limitation lies in the participant group size, consisting of eleven people, which is
too small to be representative of any target group. Further research with an appropriate
sample is required to establish data validity.

A more comprehensive limitation concerns the human-centred design approach.
Although PACT encourages technology designers to remain open towards users'
perspectives at every step in the design process, it still risks not arriving at balanced
solutions for people. Unwanted biases may be mitigated by recognising and defining
power structures and by encouraging unique perspectives. Accordingly, further research
into the topic of digitally enabled nature connectedness would include people with less
access to green spaces than are represented in the reported sample. Lastly, a balanced
human-nature relationship should be taken into account when adhering to permaculture

ethics. This can be achieved by observing the world through a ‘permaculture lens’.
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4 Design Documentation

This chapter presents the different stages in the design process of the Garden App.
Following PACT, people's views informed the design at its various stages. With this, the
users' concepts were gradually developed into a digital augmented reality application for
a mobile device. Two of the design iterations were selected for user tests. All of the
system's prototypes with their features and implementation are documented in the

following.

4.1 Conceptual design

The project's objective, investigating the potential of digital technology to promote
closeness to nature, may best be approached by considering the construct's aspects
separately. The app should engage users with a natural environment on the one hand
and increase their understanding and awareness of nature on the other. A conceptual
blending strategy was pursued to achieve these aims.

In the PACT understanding part of the design process, existing concepts about nature,
sustainability, permaculture and interacting with digital technology were elicited in the
interviewed informants. The content analysis showed that the respondents' genuine
considerations about nature and sustainability were somewhat similar to the
permaculture principles. They were particularly design-relevant, assuming that the
respondents might easily adopt the permaculture concepts that resembled their view.
The Garden App may increase users' understanding and provide new insights into
natural ecosystems by complementing additional notions. Depicted in the table below

are the conceptual correspondences and design ideas derived from them.
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respondents’ constructs Prominent Principles Design concept

I. “value lies in crop as it grows slowly”  P.9 use small and slow solutions show that it takes time and effort for
crop to grow, this underlines its value
P3. obtain a yield

Il.  “how nature and culture go well P.8 integrate rather than segregate illustrate interconnectedness of agents
together” in garden space, including humans

Ill.  “directly engaging with the P.1 observe and interact provide opportunity for sensual
environment” experience, engaging users in nature,

with natural objects

IV.  “too much waste” P6. produce no waste demonstrate how nature surpasses
concept of waste

V. “contact & working with nature” P1. observe and interact =1l

VI “enjoying manifoldness of colours” P.10 use and value diversity integrate diversity, show colour
spectrum

Table 1. Conceptual Design

The first concept of the design brief (I.) aims at highlighting the value of vegetable crop.
According to one of the respondents, the value of what nature provides for humans
became apparent to them particularly during gardening activities. The cultivating
practice was associated with time and effort when growing, but also conjuring joy when
eventually yielding crops. This design decision Il. was taken as one of the respondents
had referred to their personal ideological quest of reconciling nature and culture which
they saw mostly as incompatible opposites.

Sensory experience with nature became part of the design brief as concept Ill. Two of
the respondents wished to contact their immediate surrounding regarding people and
nature more often, rather than disconnecting from it by focusing too much on their
mobile phones.

Addressing the awe for nature’s colour-spectrum was thought of as relatively
straightforward to include in a design that prompts its users to experience an outdoor
garden. The different colours of the selected artefacts tied in naturally. The sensory
touching of earth (ll.) was made part of the physical user experience design concept
because in permaculture soil plays a prominent role in a healthy natural ecosystem’s

cycle. As one of the respondents was particularly concerned with city culture affording a
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wasteful lifestyle, the design aimed at demonstrating how the concept of waste was

superseded in nature, providing her with a positive counterexample.

4.2 Blend

A mixed-reality design was explored with regards to its potential of integrating
interactions with the physical world within a virtual user flow. As shown in the table
above, two of the respondents wanted to engage with their environment directly (lll.).
These requirements show the appropriateness of augmented reality technology with its
flexible interface extending into the physical space. Following the blending theory,
conceptual models are stabilised by material anchors. In this project, suitable garden
artefacts and their relationships were chosen as material representations. These are
suitable insofar as they should exhibit the power of elaborating the participants' genuine
concepts. A comprehensible model was formed by carefully selecting and structuring the

representations, as illustrated in the rich picture below.

crop
Broccoli ‘\
; o / “I'wonder how | can engage with
distracts pests

\_this garden space to get some crops” /
nutriepts s

8 @ y = E
emits scent
Thyme

Figure 2. Rich picture
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For the blend to work, the virtual objects must merge seamlessly with the physical
world. To this end, ‘basic-level categories’ may be employed (Benyon, 2014, S. 56).
These types of mental concepts are closely linked to physical experiences, such as a path
structure with a start and endpoint. When designing a mixed reality experience, it is
essential to consider any common ways of handling an augmented reality application

and complementary technology that run on a digital device.

4.3 Concrete design

In the concrete design, a garden space and five ‘guilding’ plants were specified (Engels,
2015, para 3). The plants were conceptualised as a coherent whole supporting the
growth of a main edible crop. By interacting with the Garden App, users are gradually
led to a vegetable plant while learning about and engaging with diverse herbal plants. In
the design scenario, it is intended that users experience time and botanic interplay as
factors for ultimately obtaining a yield. They learn about plant specifics that foster the
growth of the main crop plant, i.e. broccoli. Thyme, for example, emits a strong scent to
mask the crop plant's from pests. Nasturtium, on the other hand, attracts pests, such as
cabbage butterflies, to keep the insects from harming the vegetable crop. All agents

employ a unique property to support the vegetable plant's resilience.

AR-overlayed Emits scent Keeps insects away Attracts beneficial Accumulates soil Healthy for humans
info from main crop insects nutrients & attracts
pollinators
Scent symbol Butterfly Ladybug Bee Cutlery symbol

Interaction
with interface

AR-overlayed
instruction

| | | 1 |
-> interaction Smell! Taste! Smell! Taste! Crop!
with nature Touch earth beneath!
Interaction
with interface
Instruction
(trajectory) Find nasturtium! Find tagetes! Find borage! Find broccoli! Exit

Table 2. Concrete Design
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Several interviewees had referred to a garden or a park context where they would
generally like to interact with nature. Thus, a garden space was chosen as the AR-
design's venue. As a central trait of the Garden App, its interactions are structured into
two alternating layers, the virtual and physical context, while emulating a gradual
immersion in the garden environment. When the AR-camera of a mobile device captures
the physical plant, descriptive information is superimposed on the real garden plants,
displaying the plant name (e.g. thyme), property (emits scent), and an icon (scent
symbol), the icon representing a more complex idea or thing (Smith, 2004, para 4). The
insect images represent frequent visitors to the plants. The content relates to the plants'
interconnectedness with the other agents in the ecosystem (Il.).

On interacting with a button, the system displays new overlayed information, instructing
users to engage directly (lll. & V.) with the physical environment ("smell!"). All selected
plants not only exert a unique property, but they are also edible. The second output
encourages the participant to smell, taste, touch or crop the respective plant, deepening
the experience of the natural artefacts by engaging the users' senses.

On returning to the device interface, a new button can be enabled to navigate the mixed
space further. This time, the system suggests visiting a companion plant ("find
nasturtium in the garden"), instructing users to locate the next destination on the path
to the crop plant. By experiencing its spatial layout, it is intended that users become
increasingly familiar with the garden. Using the application and closely observing the
plants, the natural colour spectrum (VI.) becomes salient, e.g. blue borage, orange
nasturtium, and orange-red tagetes. The borage plant's trade is accumulating nutrients
by decomposing and recycling degraded plant material. Accordingly, the augmented
information indicates the significance of the earth beneath the borage plant. Users are
instructed to experience its quality by touch (IV.).

Lastly, the broccoli plant's fruit body should stand out as positive feedback, the path's
final destination point having been reached. The vegetable crop's image icon symbolises
cutlery and is intended to represent the human agency in the food chain. The blend with

the real world stabilises the reference to the real-world crop, highlighting its value (ll.).
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4.4 Design Scenarios & Lo-Fi Prototype Testing

Next, the design was envisioned with wireframes and tested indoors with potted plants
using an interactive mockup of the Garden App. This time, the system's visual
representations and the interaction flow were in the foreground and worked through
with two participants. Several aspects of the content and navigation structure were
optimised.

Overlay images and text were added and changed. One of the participants was unsure
what garden artefact to seek because they did not know the indicated plant. To
overcome this issue, the plants were depicted on an instruction screen which precedes
the scene in which the device camera captures the real-world plant.

More issues began to emerge when some of the content appeared ambiguous, as one of
the test users pointed out. The insects' images conveyed positive meanings, whereas the
designations "predator" and "pest" were seen as negative. Consequently, the wording
was adapted to emphasise the supporting role of the depicted fauna. One of the insect

images was replaced ("lacewing" by "bee") because of its seemingly negative properties.

Overall, the participants said they were curious to know more about the plant artefacts.
They demanded further information such as the plants' Latin names, funny names and
trivia, and why the insect visitors are particularly attracted to the respective plants. This
posed new design challenges concerning the layout arrangement, especially regarding
the limited semantic space in the AR-scenes. Users already on the verge of engaging with
physical garden artefacts as essentially intended by the design should not be hindered
by too much cognitive load and driven away from any valuable sensory experiences. On
the other hand, the test users' express wish to learn more about the flora and fauna is

significant and may refer to a thought-provoking quality of the application.

For now, it is relevant to mention that it was decided to store the information in a more
appropriate place within the application flow. How the design problem was solved is

documented further in the sections about button types.
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The low-fidelity prototype test users were unfamiliar with the AR-camera functionality

and needed assistance in capturing the artefact to trigger the overlayed information. To

accommodate them, a start screen was added with instructions on how to capture real-

world objects.

(start}—»-

Find plants in
the garden
&
capture them
with the app
camera

>

Find Thyme
In the garden!

B

4}%4

Figure 3. Flow diagram A.

3X

Find Broccoli
in the garden!

—»(End)

The button functionality was changed. During prototype testing, the participants pressed

the mockup interface multiple times to activate a perceived button. Unfortunately, this

was an AR-overlayed button that only functioned when the AR-layer behind the device's

camera was touched. When assisting them with operating the button, one of the testees

got involved with the object and enjoyed interacting with it.
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The spatial expansion of the digital interface with augmented reality prompted playful
experiences along the way. Within the scope of the project's research aims, the
versatility of the augmented button object could not be explored in greater detail. The
design decision was taken that only the functional button aspect was relevant for the
present. Since the test users proved to be more accustomed to activating buttons on top
of mobile screens rather than behind the camera in the scene, the AR buttons were
converted to traditional Ul (user interface) buttons. The users requested swipe
interactions, and they were noted as a "could have" in terms of a MoSCoW-prioritising®.

The transition from the virtual layer to the real-world artefacts worked smoothly and
intuitively for the testees. However, it did not work well in the opposite direction. Again,
the participants needed assistance with remaining on the virtual path to the next garden
artefact. An on-screen Ul button in a consistent spot was integrated to mediate the way

forth on the trajectory.

+/_f
&
| W,
\‘,IJ/ A
Real world
Ul-Button 2 Ul-Button 1
| I | ™
AR-Layer
v Ul-Layer AR image target
Figure 4. Layers of the Garden App
3 The acronym refers to “Must have, should have, could have, won’t have” and describes

a method in agile software projects balancing the development process and user requirements (Popli,
Chauhan & Sharma, 2015).
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As part of the design language of the Garden App, a visual distinction between the
buttons on AR scenes and Ul screens was established to imply different directions in
navigation. Conventional buttons with two arrows >> lead to the next step in the virtual
trajectory, whereas "whimsical" buttons with insect icons hint at the interaction with

physical nature.

An essential adaptation was made to include further information about plants and
insects. A third button type was introduced, and the application's sequential structure
was expanded. Users may now take an optional extra leap if they wish. After navigating
from the initial Ul to the AR-layer, then to the unmediated real-world context and back
to the Ul, a new Ul screen appears. The "whimsical" button and plant image are retained
from the preceding AR-scene on the new screen. When the "whimsical" button is
pressed in its new context, users are prompted to a webpage with information on
permaculture gardening, including a description of the particular symbiosis and its value,

tips for insecticide-free care, general facts and trivia.

‘ URL, e.g. hitps://blogs.napier.ac.uk/thelionsgate/

~ Further Find Tagetes
information in the garden!

Figure 5. Flow diagram B.
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4.5 Software design

Lastly, the optimised design was implemented using the Unity Integrated Development
Environment, which comprises Visual Studio and the Vuforia Augmented Reality
Software Development Kit for mobile devices, in which case Android 9 OS was used. The
desired effect in Vuforia is to let real-world content and virtual objects appear to
converge. If the camera-mediated real-world content is modified by how users hold their
device, the superimposed virtual content moves in a relative position. By this, the virtual
content seems to belong to the real world. To trigger the overlayed information with the
Vuforia camera, a marker-based method was chosen instead of GPS device location

tracking hat does not rely on external markers.

In this project, images of the markers were added within the Unity software and are
represented by image targets. In the original design concept, they were created with
photographs of the selected garden plants. Although the photographic quality was rated
as adequate when added to the Vuforia database, the real plants' images were not
identified as markers by the mobile device's camera. Instead, more contrasting markers
were created from pen & paper. They were attached close to the plants in the allotment

garden and worked reliably, yet notably changed the system.

Visuals comprised 3-D Text for the AR-content and diverse 2-D images as part of the
conventional Ul content, so-called sprites. Virtual buttons are a special functionality
provided in the Vuforia package with which users can interact and manipulate virtual
objects. However, they were not ultimately considered, as explained in the description
of the previous iteration. Alternatively, Ul-buttons were animated to increase the
application's perceived interactivity. Some of the Ul-buttons now stop their movements
when they are pressed.

The integration of the Ul and AR-layers involved specific presetting. As specified by the
user-tested design, the concept of the path through the garden required information
about where to head next in the garden space. Further, images of the sought-after

plants were needed for orientation. In Unity, switching between Ul-screens with
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instructions and AR-scenes with real-world content translated into a button-enabled
loading of a mixed interface sequence. The software's main camera was used to output
the GUI layers, whereas a nested AR-camera functionality was simultaneously activated
per button as required. The behaviour of the button object was controlled using C#-
scripting with a Unity built-in SceneManagement class. An integrated scene counter

enables the button to evoke a specific scene according to a referenced index.

using UnityEngine.SceneManagement;

using UnityEngine;
public class LoadScene : MonoBehaviour {

public void SceneFinder(int Scenelndex)

{

SceneManager.LoadScene(Scenelndex);
}
}

The conditional call of the AR-camera in the button-enabled scene-switching
functionality was essential for implementing the navigation structure of the mixed-
reality garden path. The optional leap to more details on the salient flora and fauna was
also an essential aspect of the overall design. It allows users to expand their knowledge
on the spot and thus was thought of contributing to the research aim of promoting an
understanding of nature. Regarding the digital prototype, the "whimsical" URL button
within the screen context was attributed with a scripted behaviour, calling a function

that refers to a web address when clicked.

public class findUrl : MonoBehaviour {

public void onClick()
{

Application.OpenURL("https://www.tenthacrefarm.com/6-reasons-to-grow-thyme/");
}
}

By integrating rather than segregating the different information spaces, users can

enhance their connection with nature. By accessing the augmented information, users
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may opt for a sensual experience of the garden artefacts. Navigating the virtual garden
path and accessing the detailed web information may enhance their understanding of
plant specifics and relationships and make them more aware of the natural
environment. The blending of the spaces was explored by test users using the digital

prototype.

greenhouse

plants
beds

Entrance to

allotment garden

Figure 6. User prototype testing in the allotment garden
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5 Evaluation

At the beginning of this chapter, a heuristic check provides an overview of the main
issues elicited during the user tests. Since the app is a prototype and not yet an end-
product, it appears relevant to provide recommendations for the next prototype
iteration. The heuristic evaluation precedes an evaluation of the central UX aspects of
the Garden App, contrasting successful interventions and major design issues. For this
purpose, the AttrakDiff and the Nature-Relatedness questionnaire results are related to
the qualitative interview and field data. Based on the findings, steps for the next design

iteration are specified.

5.1 Heuristic evaluation

Since the prototype's usability impacts the overall UX, inconsistencies revealed by the
user testing are listed in this section. They were scrutinised in terms of their conformity
with classic usability principles as assembled by Benyon (Benyon, 2010, p. 89).
Complementary recommendations (RE) are provided as an agenda for optional future

prototype iteration.

Unfamiliar AR-technology:

e AR-technology was unfamiliar to the designer. The trade-off of having to use pen
and paper markers instead of real plant images was one of the more unexpected
problems. With more routine in the AR-trade, the issue would have been scoped

beforehand.

RE: Solve this issue with in-depth troubleshooting.
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e From a user perspective, capturing real-world objects with the device camera
was not an obvious step to take and required assistance in each of the sessions.
The optimisation measure from the previous iteration could not eliminate the
issue. Instead, the start screen with the instruction text "capture plants with
camera" was simply overlooked by most test takers. When the system operation
was explained, one of the participants referred to QR-code-scanning as a similar
principle. However, she did not understand where to access the markers to
transfer the system to a different setting for future use. However, what did work
relatively well, was triggering the content with the pen and paper real-world

markers.

RE1: Give a more detailed and sequenced instruction, e.g. start screen = instruction

screen, instead of hosting the instructions on the start screen.

e Further, the mockup testing showed that on-screen buttons were perceived as

intuitive, whereas the AR-buttons in the expanded Ul were not evident at all.

RE2: The AR-button design could be animated to signal that it requires to be activated.
Design a playful interaction for virtual buttons, perhaps wiping it away in the AR-space

to render a clear view on the next scene.
Inaccessible and invisible AR-content:

e The triggering of the information relies on too short a distance to the real-world
markers. This issue became apparent only in the garden context when the
participants were standing and moving around between the plant beds. Unlike
during the mockup tests, they were not seated at a table with the artefacts set
up relatively close to them. Accordingly, the overlays disappeared from the
screen as soon as the test takers moved further away with their device.
Consequently, they had to adapt their posture to get relatively close to the target
to read the information. In one case, this posed a severe ergonomic problem ("it

hurts my back of having to bend over that much!").

RE: AR-content should be readable on the device's screen at least a 1-metre distance

from the image target.
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e Having adapted their bodily posture to capture the AR-content, the test users
encountered new difficulties when trying to read the content. The weak contrast
of the font against the camera content makes the font near-invisible ("the font is

horrific", "change the colour of writing because when you've identified the right

plants, the writing is too small")

RE: Similar to QR-code-scanning, the AR-content could preferably be stored on the screen

once captured and removed with an interaction. Adjust contrast and text size.
Plant location, identification and path navigation issues:

e The depicted plants were not always a helpful indication of real-world
counterfeits, and some of the test takers did not know where to look for them in

the garden.

RE: A interactive navigation map was conceptualised as part of the previous iteration but
could not be developed due to limited time resources — integrate it. Also, include "a more

sophisticated model of the plants", as recommended by test user P2 and P3.

e Some test takers wanted to return on the virtual path but were unable to take

this action.
RE: Include a back button consistently on each screen and in each scene.
Unclear, exclusive wording:

e As a consequence of the mockup testing, unclear content was replaced, including
some of the wording. However, it still did not resonate with all participants.

"What is permaculture?” "Are these the scientific names?".

RE: Probe different wording with a diverse focus group to settle on an inclusive botanic

vocabulary.
Hidden option of further information:

e All test users desired further information on the garden artefacts they had
explored. The virtual content was perceived as hints and, to most people, a
subsequent lack of information caused considerable unpleasantness, e.g. P3:

"too little information, need to know more about plants". The design solution
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from the paper prototype did not work consistently: P4: "have the
[whimsical-]button stand out more, next to the continue button, so | can see
there are two options". Only in one case did a test user recognise that the

III

"whimsical” button required pressing. This resulted in a positive experience. P1:
"[...] the idea of getting short and clear info about the plants and if you want, you

can see more or just continue with another plant".

RE: In the Ul screen context, let the "whimsical" button stand out comparably to the

continue button by making sure it does not appear to merge with the background image.

5.2 Evaluation of UX aspects

Overall, finding the right balance between the AR- and 2D-layers remained a delicate
quest. The design's main challenge lies in hinting at real-world exploration while at the
same time providing appropriate (amount of) content. Fortunately, some of the
informants' genuine concepts could be developed successfully by conceptual blending.
Notably, the design reliably establishes the realisation of the informants' wish to
"directly engage with nature" (lll.). It prompted positive user experiences in all

participants.

5.2.1 Qualitative results

As described in the heuristic evaluation, the capturing of the markers was not obvious.
On the other hand, participants reported that the triggering worked very well, P4: " good
triggering of objects!" The positive UX was induced by the system's adequate feedback
in the displayed text that appeared on the screen, showing the plant name and info.

As soon as the disruption concerning the camera was resolved, an intuitive interaction
flow between users and system took place. The satisfactory design involved a consistent
spot for the continue button so that the "whimsical" button on top of the AR-scene
could be identified as a button that afforded activation to prompt the next interaction.

The participants were able to regain a sense of control as they could predict that the
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button required a familiar gesture, the on-screen touching, to move forward in the app,

P4: "good combination of the camera and screens".

The flow was relevant to establish a smooth transitioning from the AR-layer to the real-
world object, and it ensured the users engaged with the sensual anchor. Given the high
density of opportunity for reference points in the garden plants, the initial concept (ll.)
could be vastly elaborated. The corresponding design concept adhered to the first
permaculture principle, stipulating the users' literal engagement with nature (‘observe
and interact'). Data from the field observation affirms all participants touched, smelt and
tasted the plants, as recommended to them by the system. All participants followed the
garden path proposed by the app from start to end and engaged with all designated
plants. Some of the more botany-savvy testees even made little detours on which they

visited and engaged with more plants.

The follow-up interviews underline their attraction:
P1: "[It is] important to get to know nature, to really get in touch with it, to taste,
smell, feel it, it's important to know more about it."
P3: "What I really liked was the crop and taste info."

P2: "Without a guide, | wouldn't dare to test it...its a kind of learning"

The conceptual blend evoked especially memories and culinary anecdotes in the
participants. When tasting the nasturtium's flower, one of the participants was reported
to have captured them in ice cubes during summer. In sight of the borage artefact
"borage in soup" was referred to as "exquisite". Personal views on life and smiles were
shared by participants when the smell of tagetes reminded them of their time spent in
France. The prominent garden plants became a point of reference that connected
people.

However, regarding the system's extraction of more in-depth botanic knowledge, the
mixed-reality concept was acknowledged as an intention only. P2 politely appreciated
the design: "I love learning things but didn't have the tool for it!" In general, the more
sophisticated input concepts (I., Il., IV.) were neither stable nor did they work for the
participants, P3: "It’s a permaculture app, it should be telling you does it match or not,

not just separate plants, you want to grasp the general whole of the garden”. The
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companionship of the natural agents (ll.), the inclusion of humans in the ensemble (Il.),
experiencing time and effort as factors to evoke the idea of crop value (l.), as well as the
idea of superseding waste by decomposing activity in a natural ecosystem (IV.) — all
these aspects were instead not mediated. Thus, the design brief of imparting a
‘permaculture lens’ to the users with new insights into natural relationships cannot be

seen as accomplished by the current prototype.

5.2.2 AttrakDiff results

The Attrakdiff2 questionnaire was used to shed additional light on the app’s UX. With
the small number of participants, there is a caveat of non-informative value, i.e. the
quantified responses cannot yield significant insights because the sample is too small.

Instead, they may attribute qualitative insights and inform future procedures.
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Figure 7. Quality quadrants, AttrakDiff2

The width of the so-called blue-coloured confidence triangle in the above figure

immediately displays the limits of the small sample. It expresses a significant variance in
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values due to individual respondents' emphasis on different dimensions in their rating.
Nonetheless, the greatest overlap is in the upper right quadrant meaning the users are
attracted to the app.

Similarly, a comparison of the mean rating of the four main dimensions needs to be
interpreted with caution. All qualities score above average (0). Interestingly enough, the
least pronounced quality is HQ-S, indicating how stimulating the Garden App was
perceived by its users. The graph corresponds with the central finding from the analysis

of the qualitative data in the previous section. The users were curious to learn more.
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Figure 8. Average values, AttrakDiff2

In this interpretation, the elaboration of the design concerning the botanic learning
curve would be a direction in which the design work could be heading. As such, the HQ-S
quality would be the point of leverage when testing a larger sample for any
improvements.

The descriptive evaluation illustrates what the participants found to be particularly
positive. It was the simplicity and practicability which come with a less sophisticated
digital system. The PQ-values would likely decrease with more functions and higher

complexity of interaction.
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Figure 9. Semantic differential values, AttrakDiff2

The pronounced zigzag pattern of the HQ-S word pairs marks the difference of this item
group compared to the rest. The quality’s inherent inconsistency could refer to
discomfort in perceiving the app’s possibilities on the one hand, e.g. in innovation and

creative potential, but then learning that these cannot be experienced within the given
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system. Instead, as seen from the interviews, the app refrains from engaging users in
further details about the plants and their relationships. Differently put, the users may
suspect that there is more to the design than meets the eye, but they are not granted
access. Considering the drop of HQ-S in average values, the hedonic quality of ‘identity’
scores is relatively high, at 1.61. It can thus be stated that the app affords the
opportunity for self-expression.

Lastly, the attractiveness of the app was rated comparably high. In the interviews, most
participants expressed their admiration for the colours, images, and “very artsy” style
(P2, follow-up interview). Moreover, the designer’s effort to strike a convivial note,
especially regarding the system’s instructive dialogue, appears to have been appreciated

by the participants. They found the app ‘motivating’.

5.2.3 Results from the Nature-Relatedness questionnaire

Similar to the AttrakDiff, the results from the Nature-Relatedness questionnaire do not
impart reliable insights because the number of respondents was too small. It was
interesting to find that the results do show at least individual differences that
correspond with the rest of the data collected by the other methods.

In evaluating the scale, 5 is the highest attainable score, indicating the strongest possible
connection to nature by an individual and measurable within the framework developed
by Nisbet and Zelenski (2013). All six items were queried on a 5-point-Likert-scale from
which the total score is calculated to determine the overall mean value. The individual

results are as follows.

PL P2 P2 P4
467 333 328 5

Table 3. NR-6 results (n=4)
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Nisbet and Zelenski provide information on the average score of psychology
undergraduates from their extensive empirical work. It scores at 3.28 out of 5 (Nisbet &
Zelenski, 2013). Interestingly, very high scores in this project were reached by two
participants with the most exposure to nature on a regular basis in their everyday lives.
P1 is a gardener-to-be, and P4 is a professional gardener. The others work as office
employees and primary teacher trainees. As described in the literature review of this
report, the nature-relatedness scale aims at measuring two dimensions of nature

connectedness.

The sense of inclusion in nature was assessed with these items:
e My connection to nature and the environment is a part of my spirituality
e My relationship to nature is an important part of who | am
e | feel very connected with all living things and the earth

e [ always think about how my actions affect the environment

The experienced nature, referring to an (evoked) physical contact, was queried with:
e My ideal vacation spot would be a remote wilderness area

e | take notice of wildlife wherever | am

During the test, P2, with the lowest score in nature-connection, stuck 1:1 to the garden
path the app proposed, whereas P4 integrated freestyle paths to more plants.

Although these observations prompt interesting considerations, both questionnaires are
genuine tools for quantitative research. The validity of the scales’ results is only effective
when specific patterns begin to emerge at a more significant social level. Within this
project's scope, the participants’ difference in score remains the only reliable statement
that can be drawn from applying the Nature-Relatedness-Scale. Nevertheless, this
simple finding could be a starting point for an in-depth study of digitally enabled nature

connectedness on a broader social scale.
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6 Discussion

The project’s main findings are summarised and discussed in this section. Potential
answers to the project’s research questions are outlined, and possible approaches for

follow-up research are also considered.

6.1 Answers to the research questions

The qualitative and quantitative data evaluation showed that, to a certain extent, the

design’s conceptual model was effectively reconciled.

(1) In which ways may the Permaculture Garden Application engage its users with
natural artefacts? 1t can be confidently stated that the application design was
adequate to enable users to engage with the garden artefacts, and interaction yielded

positive experiences. Moreover, they became points of reference for social cohesion.

(2) As a result, are the users’ awareness and understanding of nature enhanced?
Within the project’s scope, an allotment garden was considered a piece of nature
accessible to city dwellers who frequently use mobile digital technology. From the
qualitative data, it can be inferred that all participants expanded their botanic
knowledge using the Garden App. Even if the participants did not substantially
acquire more garden knowledge in interaction with the application, they nonetheless
confirmed that they had been provided with new insights into, for instance, edible

plants, insect visitors, plant strategies, and the like.

As the participants’ understanding of the application model improved, their motivation
to learn more about the garden increased. The participants thereby became aware of
other significant plants available for exploration. All users completed the garden journey
and engaged with all artefacts. Some of the more botany-savvy testers even made

detours to visit and engage more with their natural environment. The user tests showed
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that the Garden App has the potential to encourage its users to increase their awareness
of the environment. This may lead ultimately to a better understanding of nature.
Although the current prototype could not adequately interpret relationships between
plants, the application could nonetheless be the right tool to promote a better
understanding of plant species and their functions in an ecosystem. In its further
iterations, the design could mature to become a Permaculture Garden App in every

respect.

(3) To what extent may the digital Permaculture Garden Application promote its
users’ nature connectedness? The final research question addressed nature

connectedness and to what extent the app could promote it.

Nisbeth et al. showed that the experiential, i.e. physical dimension of nature relatedness
correlates with a person’s self-identification with nature (Nisbet et al., 2013). As
discussed in the previous chapter, the application’s prototype failed to convey the more
abstract concepts. However, even if the design brief was accomplished, it does not seem
plausible to assume that a swift insight into human-nature-interconnectedness would
cause a long-term measurable impact on an individual’s personality. Further design
iterations and research are required to assess if the Garden App can have a measurable
effect on individual nature connectedness. As discussed in the evaluation chapter, the
Nature-Relatedness-Scale’s results only begin to make scientific sense if responses from

larger samples are quantified. Despite this limitation, interesting starting points arose.

6.2 Follow-up research

The project’s approach to include findings from environmental psychology to inform
Sustainable Interaction Design yielded several ideas for further engagement. The
previous chapter shows that the Attrakdiff2 scale allows separate analysis of the digital
system’s hedonic qualities, identity and stimulation. The overall values of their items
differed significantly for two main reasons. On the one hand, and confirmed by the
follow-up interviews, most participants missed the stimulating learning curve of botanic

insight. On the other hand, the self-expression quality was more pronounced and may
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refer to an opportunity for social connection perceived as attainable with the app. A
larger sample would enable an examination of the hedonic aspects for correlations to
peoples’ strength of a felt connection with nature. According to Nisbet and Zelenski and
other work that has been done in the field (e.g. by Mayer, Frantz, Bruehlman-Senecal &
Dolliver, 2009), nature relatedness is associated with well-being and with pro-
conservation attitudes (Nisbet et al., 2009, p. 725). Based on their findings, Sustainable
Interaction Design could create systems for diverse target groups. Concerning the final
prototype of this project, the stimulating quality of the Garden App could be enhanced
by enriching the digital space. Gamification and personalisation could be beneficial fields
to be explored. An in-depth look into the app’s self-expressive quality in relation to
social groups from diverse strata would be an asset. With this, the effects of a “nature
bias” could be explored, which causes users to communicate representations of nature
to the ‘relevant other’ (Coyne, 2014, pp. 24 — 31). If a larger sample was employed, the
Garden App could be re-evaluated by diverse groups. These could include persons with

previous expertise and individuals wanting to learn the basics of permaculture.
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7 Conclusion

This project attempted to shed light upon the topic of digitally enabled connection with
nature. With regards to the ethics worked out by the SID community, digital tools should
inform sustainable culture rather than promoting speed and ‘large-scale systems’
(Holmgren, 2020, p. 19). In times of environmental crises and of settling on adequate
solutions to combat it, a collaboration of different disciplines appears yielding.

This project made use of findings from permaculture and environmental psychology to
inspire a design that affords sustainability rather than digital overflow. The opportunities
of ubiquitous computing should be handled with care. Rather than keeping humans
apart from nature, digital technology can use its own potential to withdraw from the
scene when it is good and necessary. It can be designed to disrupt its own unfavourable
persistence and let people reconnect with their immediate environments. Digital devices
should not alienate but rather assist us. They are tools to take better care of ourselves,

of each other and of nature.
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Appendix 1 — Project Proposal

EDINBURGH NAPIER UNIVERSITY SCHOOL OF COMPUTING
MSc RESEARCH PROPOSAL

The process of completing and reviewing the contents of this form is intended 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 Sabine
Last (family) name Conlin
Edinburgh Napier matriculation number 10018353

2. Details of your programme of study
MSc Programme title Computing: UX Pathway
Year that you started your diploma modules 2010

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 Connecting users with nature by digitally
augmenting an ecological garden context

Is your project appropriate to your yes

programme of study?

Name of supervisor Mr. 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.

Sustainable Interaction Design is concerned with how to obtain sustainability in and through design
(Nunes et al. 2017). Egan et al. (2017) suggest that permaculture may offer adequate guidance with
regards to ethical user experience design practice. If we adopt permaculture principles as designers of
digital technology, we may create experiences that raise ecological awareness among its users.

At the Lions’ Gate, an experimental campus garden project, digital and material garden artefacts are
reconciled in “blended spaces”, encouraging users to become more familiar with their natural
surrounding (Benyon, 2011; Egan et al., 2017).

Meanwhile, many aspects need to be considered when designing an experience that enables users to
connect with nature. Ubiquitous, at hand technology holds the potential for integrating with physical
spaces, e.g. when projecting digitally augmented layers of information in a garden. Beyond this, the
users require an engaging concept for making sense of and eventually inhabiting a space, e.g. by
effectively visualising ecological coherences in the garden.
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By engaging users in a journey of uncovering information about the garden over time, they could
gradually increase their ecoliteracy and be motivated for participating in nature preserving action.

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:

Based on my further reflections on the Design Dialogues module I would like to investigate potentials
of the permaculture design principles for user experience design. Further, I would like to contribute to
the work of the Lions’ Gate and spend time working in and with a garden context. I am interested in
creating experiences that foster well-being and care for nature.

The aims of the project are as follows:

To design an interactive system that

e raises eco-awareness among users

e improves their ecoliteracy

e connects users with nature
To achieve this, the system captures and records photosynthesis activity with a fluorometer. The data
is arranged to provide feedback about plants’ activity (and their well-being over time). User feedback
is desirably given in real-time by projecting colour-coded visuals as augmented layers of information
onto plants, using AR-software for mobile devices. long term use could incite “citizen sensing” for
objectively monitoring local impact of climate change

The main research questions that this work will address include:

- Does my system connect users with nature?
- Does it motivate ethical “care for earth” practice?

The software development/design work/other deliverable of the project will be:
- AR-application for a mobile device (open source compatible), visualising of photosynthesis activity

The project deliverable will be evaluated as follows:

Interviews will serve to determine any perception patterns of garden visitors

For meaningful visualisations, I plan to employ lo-fi prototyping during user testing, and a user
centred / co-creation approach

A more advanced prototype in connection with a questionnaire can be used to evaluate any experience
of felt presence in the garden

The project will involve the following research/field work/experimentation/evaluation:
- user engagement measured by questionnaires and interviews with participants
- iterative prototyping with user testing in garden setting

This work will require the use of specialist software:

- AR-software, Unity or Vuforia
- software to store and arrange input from fluorometer

This work will require the use of specialist hardware:
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- as a “would have”: fluorometer with special camera;

https://www.walz.com/products/chl p700/micro-pam/introduction.html

As an alternative, a mock-up could be installed and plant activity patterns could be randomised by
software and presented to the users as real time data

- mobile device to run AR-software

- network to connect all components

The project is being undertaken in collaboration with: n/a
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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 NO
confidentiality or intellectual property?
(YES/NO)

10. Submitting your proposal
1 Please save this file using your surname, e.g. macdonald_proposal.docx, and e-mail

it to your supervisor, who will discuss it with you and suggest possible improvements.

2 When your supervisor is content with your proposal, submit it to the Research
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Appendix 2 — Consent Form and Info Sheet

Consent Form

Edinburgh Napier University requires that all persons who participate in research studies give their
consent to do so. Please read the following and confirm if you agree with what it says.

1. |freely and voluntarily consent to be a participant in this research to be conducted by Sabine
Conlin, who is a postgraduate student at the Edinburgh Napier School of Computing.

2. lhave been informed of the broad goal of this research study. | have been told what is
expected of me and that the procedure should take no longer than 45 minutes to complete.

3. Ihave been told that my responses will be recorded for the purposes of a transcription. |
understand that parts of my comments may be used throughout the project’s report. |
understand that it is difficult to anonymise my data but my name will not be mentioned in
the report. | have been told that these data may be submitted for publication.

4. | also understand that if at any time during the interview if | feel unable or unwilling to
continue, | am free to exit the interview. That is, my participation in this study is completely
voluntary, and | may withdraw from it at any time without negative consequences.

5. Inaddition, should I not wish to answer any particular question or questions, | am free to
decline.

6. |have been given the opportunity to ask questions regarding the design brief and my
guestions have been answered to my satisfaction.

7. 1have read and understand the above and consent to participate in this study. Confirming |
agree is not a waiver of any legal rights. Furthermore, | understand that | will be able to ask
for a copy of this consent form for my records.

Q1. Please confirm you have read the above and give permission for the data you provide to be used
anonymously as part of this research project

Yes

No

If you have any questions about the above information, please contact Sabine Conlin —
10018353@live.napier.ac.uk

Q2. Please confirm your name and as a (digital) signature which states you consent to take part in
this study.

Signature
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Info Sheet

My name is Sabine Conlin and | am a postgraduate student from the School of Computing at
Edinburgh Napier University. As part of my degree course, | am undertaking a research project
for my Masters dissertation. The title of my project is: Fostering people’s nature-connectedness
with a digitally-augmented reality application about permaculture. The study will investigate
whether digital technology, in form of an augmented reality app for mobile devices, may
enhance people’s connection with nature.

Thank you for participating in the study.

In the beginning of the session you will be asked to fill out a questionnaire, the “Nature-
Relatedness-Scale”. During the test of the permaculture garden application you will be asked to
explore the garden, using the app. You are kindly asked to “think aloud” during this part of the
session, commenting on anything relevant you encounter in the app or otherwise. After the
exploration, you are asked to evaluate the application using the “AttrakDiff” questionnaire.
Before closing, you are asked to share your impressions on your user experience in a short
interview.

The session takes place in a private allotment garden, the address is:
Asternweg 25, Kleingartenverein Griine Gasse e.V. Griine G. 3, 04318 Leipzig.

The researcher is not aware of any risks associated with this activity. Overall, the procedure
should take no longer than 45 minutes. You will be free to withdraw from the study at any time
or you may leave out responses to individual questions, without any consequences.

Your responses will be recorded for transcription and evaluation purposes. All data will be
anonymised, and your name will be replaced with a participant number, but will not be named
or identifiable from this information. Your data will be deleted upon completion of the
researchers evaluation process.

You are kindly asked to provide your written consent to participate in the study in the form
provided. If you have any questions which could not be answered on the day of the session,
please contact me.

Contact Details

Sabine Conlin

Student at Edinburgh Napier University, School of Computing
10018353 @live.napier.ac.uk

(+49)15758953596
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Appendix 3 — Design Prototype

High-fidelity Prototype of the Permaculture Garden App
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Appendix 4 — Questionnaires for User Testing

Questionnaire: Nature-Relatedness-Scale

Thank you for taking part in this survey.
Introduction: The psychological construct of "nature relatedness" deals with the strength of

connection to nature that individuals feel.

Procedure: The test has six statements of opinion that you must rate on the below five point

scale of how much you agree with each. Please indicate your answers by crossing the boxes.

Strongly Disagree Neutral Agree Strongly
disagree agree

My ideal vacation
spot would be a
remote wilderness
area.

I always think
about how my
actions affect the
environment.

My connection to
nature and the
environment is a
part of my
spirituality.

| take notice of
wildlife wherever |
am.

My relationship to
nature is an
important part of
who | am.

| feel very
connected to all
living things and
the earth.
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Questionnaire: AttrakDiff

Thanks for taking part in this evaluation. It supports research into the digital app that you have

just tested, the permaculture garden application.
The following word pairs represent contrasts and can be subdivided into further rating levels.

In the below example the rating indicates that the tested product is quite pleasant but does have

room for improvement.

pleasant ® unpleasant

Make your assessment spontaneously. You may feel that some word pairs do not fit the product

very well. However, please give an answer anyway. There are no right or wrong answers.

Please turn over the page to begin.

—
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Please mark one box in every row.
human technical
isolating connective
pleasant unpleasant
inventive conventional
simple complicated

professional

unprofessional

ugly attractive
practical impractical
likeable disagreeable
cumbersome straightforward
stylish tacky
predictable unpredictable
cheap premium
alienating integrating
brings me separates me
closer to from people
people

unpresentable

presentable

rejecting inviting
unimaginative creative
good bad
confusing clearly
structured
repelling appealing
bold cautious
innovative conservative
dull captivating
undemanding challenging

motivating discouraging
novel ordinary
unruly manageable




S. CONLIN, MSc Computing (UX), 2021 73

Appendix 5 — Qualitative Data from the User Tests

Field observations & User Comments from ‘thinking aloud’

P1:

- stated: Aha, nasturtium, | love it! | once made ice cubes from them in summer!

- At the sight of Tagetes, remembrance from France, when she smelt it: Ah, this reminds me of a garden in
France

- Tagetes, are these the scientific names?

- Borage, | love borage!

- Broccoli leaves were new to her, they reminded her of mangold, in germany they are different! Maybe a
different form of broccoli

- P1 tested plants, smelt them and tasted them

- url worked (yes!): Ah, | can see what it is about (button was first not intuitive but then it was discovered),
all the information!

- didnt’n know how to operate the camera:

- better: startscreen - ok - thyme - ok = capture with camera!

- P1 smiled a lot, she seemed like she kept having great experiences, plant by plant. it seemed very
associative!

P2:

- silent and only nodded when she did the tasks to signal she understood
- instructions (taste, smell, feel) are clear to P2

- it not clear that the marker needs to be scanned

- whimsical buttons in Ul screenms did not stand out

- tends to just click through - what else is there? “interesting”

- intuitive: smell, taste

-> maybe biased by NR-scale?, what is expected of her (to do with nature?)
- “what is the meaning of permaculture?”

- like with P1, | had to help with identifying the plants in the garden

-> need more obvious system which is the path through the garden

P3:

- looked at other plants and already ate a nasturtium before even running the app

- gave information about bordering plants where ever she was

- said she didn’t know about thyme fact and that is was interesting

- made little detours in-between the tasks, to other plants, to touch them and eat leaves

P4:

- gardener

- very botany-savvy

- seems to enjoy walking about in the garden, really knows her way around, as if she’s been there before,
connects very quickly

- even before she started the app, she already was in exploration-mode on the look out for plants she’d
recognise

- wanted to look on her own initiative, didn’t need assistance, just the app and the garden
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- while using the app, she comes up with a different anecdote each time, Thyme, very spiritual,

Nasturtium: tries it and invites me to try it too: sharing the experience. Very strong! Good for the blood,

plenty of calium. Tagetes, | have in the cemetery where | work, and | was always like being there as I'm a

free-minded person etc., borage: yes, very healthy (before prompting the engage-scene), likes to get

involved in a talk about the plants.

Responses from the follow-up interviews

Pretester:

curious

excited

a bit uncomfortable

usability was challenging

| have to bend over it hurts my back

distance btw phone and reading was bad

it doesn't feel new to me, not so special, ar part not surprising to me

more interest now in flowers, and helping them grow

helping in their environment and their usefulness and insects..its the whole ecosystem

UR: Tell me about your experience with the permaculture garden application

P1:

P2:

(ponders)...l found it pretty

also challenging, if you didn’t know the plants, like you associate it with what you are looking for
instant information

practical and easy-to-use

app is intuitive, just press a button

idea of getting short and clear info about the plants

and if you want, you can see more

or just continue with another plants

| liked the colours, images

hint at what it is about

you really get to know the nature

first thing

testing of real stuff

to be able to recognise later when you don’t have the app (learning)
How can you get access to the little cards to use the app though?
QR-codes, its new, good, idea, | have never seen such a system

Can you use it outside of the garden in another place? How does it work?
great idea because it takes you to the garden, pushes you to explore it
for everyone really, from kids to old people

important to get to know nature, to really get in touch with it, to taste, smell, feel it, it’s
important to know more about it

very simple to use
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P3:

P4.

very interesting, especially for those who don’t really have connection with such things before
especially for education, guiding children, it could be used for many purposes

if I cold make a recommendation: change to colour of writing, because when you’ve identified the
right plants, writing too small, change contrast, to make it a bit more visible for the test takers

is this just part of the app, just one section? Are there more functions?

Would be really cool to have patterns like a friend who's a biologist, | was going to buy a book, a
plant encyclopedia

with the app it could be a good transition, for people with no previous experience

like a small dictionary, that | can show my children, this plant is edible, aha!

without a guide, | wouldn’t dare to test it (the flower), its a kind of learning

at the end, for the children, have a bonus, like a challenge to the user, when they’ve learnt
everything

I love learning things but didn’t have the tool for it

patterns: have a more sophisticated model of the plants, to feel more confident with
identification, for the comparison

really good for people with different backgrounds (non-experts to the botanic field)

let people bookmark plants to have their own portfolio

| like the art of the designing, very artsy

have the button stand out more, next to the continue button, so | can see there are two options

yellow writing was not visible enough, you have to crouch and get really close to be able to read
it, if you get closer to the object, then it get larger

| didn’t like how the plants weren’t locatable, that there was no indication where to look for them
the plants don’t represents the whole garden, these are just five individual plants and they don’t
make up the garden..you want to cultivate more plants in your garden

its a permaculture app, it should be telling you, does it match or not, not just separate plants, you
want to grasp the general whole

whereas the short information was really good, sometimes too general though, but you have to
make a choice what to put there

what | really liked was the crop and taste info, although this requires you have the right season to
be able for it to work. At some point the broccoli is eaten up, but the sensomotoric part is great
too little information, need to know more about plants

[when showing the extra functionality with the urls]: but you would have to see the button more,
not so much as part of the picture, more next to the next button

the app is very structured, easy to understand

clicking through principle self-explanatory

plants are well represented, the little pictures illustrate plant and help to find out which plant I'm
looking for in the garden

| liked that its about permaculture, no just these normie plants, like useful plants that serve the
environment

colour-selection | found very appealing

good combination of the camera and screens, good triggering of objects

the app is very versatile, | could image using it outside this garden in another context

it’s connective, also new knowledge you could discuss with other people

to draw from the knowledge you get from the app
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Appendix 6 — Sample Recommendation for Design Elaboration

Animated navigation map
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Appendix 7 — Low-Fidelity Prototype Evaluation

Paper Prototype Evaluation

accumulates

soil nutrients

Screen Issues & likings reported and observed Optimisation & Design Decisions
during testing with TOL, user 1 & 2
Startscreen Button very clear (U1,2) As journey to main crop (broccoli) should
be clear in the beginning, indicate a little
map or timeline
Thyme (Ul) - thought is was button, cause Thyme is - instead of button indicate that its just

green

- not sure what Thyme looks like, how to
identify plant?

- how to know what to do to capture plant
once user has found the right plant

non-interactive info

- have image on screen to depict plant, so
user knows what they are looking for in
the real garden

- have a little sound effect when right
plant was tracked, “euphemism, such as in
a text msg, gives a good feeling”

Thyme (AR1)

- Wording not clear (english), “emits”,
“scent” and “pests?” sentence not logical
even when words were translated

- “info about what?”

- “its trade is to attract parasites? don’t the
pests affect the nasturtium?” - is the plant

Make this tsnad out: “Produces strong
scent to cover scents of crop plant to
protect it from parasites”
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resistant? Weird., not harmonious
interaction in nature.

- Vuforia?

- Pressing button was clear to both users
- Scent symbol was clear, Ul

press button essential

Thyme (AR2)

Was clear: rub it between your finger

retain

Nasturtium (Ul)

“again, the same issue as before” (with the
thyme Ul screen)

Like thyme (UlI)

Nasturtium - attracts pests to keep them away from - attracts butterflies and grows back
(AR1) crop plant - and what happens to this quickly,
plant, does it get eaten instead?
- butterfly is not a pest, only positive
aspects
Nasturtium - the mental jump to the potted plant was |Well designed
(AR2) really clear and instantaneous, users

directly tasted some of the plant and went
“mm, nice, tastes good!”, “Lecker”

- OK button prior to tasting the flower? Or
to proceed?

- have a forward arrow, or slide for
continue

Tagetes (Ul)

Unknown plant to user

- press “find tagetes” to get an impression
what it look like, maybe also a wikipedia
link

- Image and explanation should solve the
problem

- press “find tagetes” to get an impression
what it look like

- then flip to next page

- or QR-code

Tagetes (AR1)

-as with butterfly, ladybird is denoted only
positive and not associated with anything
negative, such as the word predator
-attracts predators? Ambivalent at first

- crop plant? Tagetes is a crop plant itelf
(even if only for the ladybirds)

- positive wording for positive animals

Tagetes (AR2)

“smells a bit funny” - only instruct to smell
if smell is nice

- suggest different interaction, such as feel
petals

Borage (Ul)

Same issue

Borage (Ar1)

- “now this animal looks more harmful”

- “pollinators?, accumulates — chose
wording non-academics can understand!”
- “maybe have link to wikipedia article?”

- more information about plants, latin
names, funny names, usage, you can put
this into a salad with a recipe, how you
grow them

- why is the bug going to this plant, that's
interesting

- ambiguity, info interesting, but not clear
- bee instead of lacewing (bee was clearer
to be a pollinator

- provide information on symbiosis, plant
names, trivia, recipes

Borage (AR2)

“touch earth below, its decomposed and
recycled”

- “better instruct user to just feel the earth
below, nothing else”
is it good quality, so if it is too dry, let
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users decide to water it
- “touch earth”, let them engage with

nature
Broccoli (Ul) Same issue, but “ah, broccoli — that I've got |- replace time scale by positive feedback,
in the fridge!” such us “go ahead and crop”
Broccoli (AR1) “7 weeks to grow? What a pity!” “Is it - symbol, replace by human?
healthy? Tasty?”
- what makes it so special, cause you can |- what makes broccoli so different from

eat it? But you can also eat the other stuff, |the other plants?
perhaps because they’re only herbs,
because its a proper vegetable?

- looking at symbol: “feed the world”

- “how do you see when its ripe? Need
some indication”

Broccoli (AR2) - crop if ripe is unclear
- the other plants are crops
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Appendix 8 — Conceptual Probes

Semi-structured interview questions

[Strata, Target group analyses]
Tell me about your background, what do you do as a profession and in your free time?

[Topic 1]
What comes to your mind when your hear the word ‘sustainability’?

[Topic 2]
Have you heard about permaculture? What have you heard about it?

[Topic 3]
How much time do you typically spend interacting with nature?

[Topic 4]
How much time do you typically spend interacting with digital technology?
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Participants responses on topics
sustainability (S), permaculture (P),
technology (T), interacting with nature (N)

Activities (A) & Contexts (C)

Conceptual Scenario

(classification &
aggregation)

Permaculture
Principles

Design Brief

P1

S: “the problem is we produce too
much waste”

A: “we’re leaving bins...but we have to
think about the environment”

C: “in the city we're forced to work
against nature...not much contact with
nature”

People withdraw
from unsustainable
city life where they
are producing too
much waste and
spend time in
gardens to have
contact/work with
nature

P6. Produce no
waste

P1. Observe &
interact

Show that in nature,
there’s no concept of
waste

Facilitate
working/contact with
nature

P2 |S: “See worth of everything...ask People swap P5. Use and Show options for
myself what can | make of it, rather everyday objects to |value “waste” repurpose
than throwing it away?” “During avoid over- renewable
Corona it became clear, that living in  |consumption and resources &
the city is only about consumption, rather repurpose services
there’s no other benefit to it” worn-out items
A: Instead of shopping | swap clothes
C: co-living/ house community

P2 |P: “gaining appreciation and People spend time in |P9. Use small Add value to natural
knowledge..how do carrots actually gardens to learn and slow products by
grow? In the tree or in the earth? Kids |about growing solutions demonstrating slow
hardly know this...knowledge gets vegetables and to crop evolution
lost...whilst gardening you get a gain knowledge P.2 obtain a
certain feeling, that things take time to |about nature in yield

grow. Having this experience, you can
then appreciate more and you don’t
throw stuff away easily”

A: gardening

C: garden

order to appreciate
natural products

P3

T: “Being aware of and connect with
surrounding and be less distracted by
my mobile phone”

A: “connecting with immediate

People outdoors
disengage with their
mobiles phones to
perceive immediate
surrounding and to

P1. Observe &
interact

Enable users of
mobile phones to
connect with
surrounding
environment
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environment”

C: when going for a walk in the park

be less distracted

P4 |P: “thinking of nature in that

way...how everything works together,

People reflect on
how humans

P8. Integrate
rather than

Show how humans fit
well into nature, how

colour spectrum. And to realise that

P: “implies diversity, and includes a
certain change and dynamic, it’s not
monoculture”

C: “going for a walk in outdoors”

we are part of nature, we are a part of
the whole...part of our environment”

A: “realise that we are part of nature”

value of diversity

value diversity

P:12 creatively
use and
respond to
change

P8. Integrate
rather than
segregate

how everything ties into each negatively interfere |segregate nature and culture go
other...the best form of self interest, in |with natural eco- together
harmony with natural surrounding...in |systems on the
permaculture, nature and culture get |planet and that they
closer to each other, normally they’re |are disconnected
antonyms” from nature
A: “humans negatively interfere with
ecosystems”
C: on our planet
P5 |N: “to enjoy the manifoldness in the People reflect on the |P10. Use & Show value of

diversity

Concrete scenario & persona:

Kirsten wants to spend time in nature, as urban life appears draining. She questions city life with

its over-consumption, systematic waste-production, unhealthy lifestyle and nutrition, stress,

increased agglomeration, the loss of contact with immediate surrounding regarding people and

nature when she engages too often with her smartphone.

She goes to her garden, opens up the permaculture app on her mobile phone to learn more

about her garden and growing crops.
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Appendix 9 - Project Diary

To do’s

- revise Hassenzahl et al. identity dimension -->o0k

- argue that AttrakDiff2 looks at HQ-I and HQ-S -->0k

- clarify concept of nature-connectedness vs. nature-relatedness (Nisbet/Ives) -->ok
-include in LR: what is NR construct?

- elaborate design ideas (Farbe!) -->ok

- build paper prototypes-->ok

- conduct interviews-->0k

- evaluate prototypes, chose most meaningful (connect= see and interact with nature)-->ok
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- understand & try out Unity & Vuforia -->ok

- Testing dummy concept on Android -->ok

- text --> ok

- sunshape add cylinders, cloud object custom btn (sprites) -->ok

- conceptual model of nature users -->pc app--> ok

- adapt concept -->ok

- review adapted concept-->ok

- finalise AR-Prototype with dummy markers -->ok

- rich picture -->ok

- conceptual model-->ok

- new Gantt chart-->ok

- Cal email -->ok

- conceptual blending & AR -->0k

- concrete design scenarios -->ok

- Cal schreiben, Ubersicht schicken, Fragen stellen (Methode, PT, Guidance form 8) -->ok
- wireframes-->ok

- implement concept in Unity -->ok

- dual camera, Ul Buttons -->ok

- AR-app in android app -->hab ich gecheckt, nix gefunden

- include reference to next plants (trajectory)

- recruit >5 participants: xx, etc. -->ok

- questionnaires (Benyon) -->ok

- follow-up interview -->ok

- set up AR-PT testing (markers, questionnaires) -->ok

- Ul btns * afternoon -->ok

- Ul buttons instead of Vbtns, to make input more obvious, not so much experience in interacting with AR-
layers-->ok

- app in app-->ok

- navigation map -->ok

- style guide -->o0k

- sprite buttons? -->ok

- adding new img target db work?-->o0k

- send Cal chapters and meeting request -->ok(scheduled tests, methodology)
- complete flow implementation -->ok

- button compression-->ok

- include GUI images & navigation map-->ok

- layouting -->ok

- Cal (methods, IR)-->0k

- copy shop, print chapters, flow diagramme, attrakdiff, consent ‘45’ -->ok
- IR, crystal clear objectives, research aims, ans questions-->ok

- test set up in garden in garden, incl. real plant image targets -->ok
- send infos for tmr xx, xx, xx-->ok

- testing p1 -->ok

- testing xx -->o0k

- testing xx -->ok

- testing xx -->ok

--> garden plan

--> evaluation median NR

etc.
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