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Abstract
This thesis investigates how an interactive, public-park installation can strengthen 
Connectedness with Nature (CWN) by reducing Plant Awareness Disparity (PAD), the 
tendency to overlook plants as active, meaningful living beings. Building on literature 
and various research acitivites the project frames a core design hypothesis: Through 
experientialising systemic electrical signalling in plants, this installation will foster at-
tention towards plants and information gain about plants, lowering guest’s Plant Aware-
ness Disparity, which enhances their Connectedness with Nature.

The work first maps drivers of Disconnection to Nature and then empirically selects 
PAD as the most effective driver to address to reduce CWN through 11 anecdote-based 
interviews. This also forms a designable framework that describes how reducing PAD 
fosters CWN, called the Designable Framework for Reducing PAD to improve CWN 
using Affective Mechanisms. Further research activities define design requirements to 
achieve the framework. This creates the final installation: Onder de Schors: a modular 
installation that physically frames a tree and translates real-time plant electrical signals 
into synchronised audio and whole-body haptic feedback, enabling visitors to feel and 
hear plant responsiveness and support fostering Connectedness with Nature.

The final in-situ evaluation (n=18) demonstrated significant improvements on both tar-
get outcomes: CWN increased from 4.57/7.00 to 5.97/7.00 (p<.001) and PAD improved 
from 5.02/7.00 to 5.95/7.00 (p<.001). PAD change and CWN change were positively 
related (r≈.66), supporting PAD as a designable driver of reconnection. Mechanism 
analyses further refined the framework: Attention was the strongest contributor to PAD 
reduction (r≈.73), while Calmness (physiological restoration) and perceived Liveliness 
showed stronger relevance for CWN than attention or information alone, indicating that 
PAD reduction is necessary but not sufficient for deep connection.

Based on these results, the thesis adapts Zylstra’s framework into a staged, designable 
hierarchy: calmness functions as a state-setting condition for receptivity; attention 
and experiential information gain reduce PAD by making plants noticeable and inter-
pretable; and liveliness functions as the affective bridge that transforms noticing into 
relational CWN. Theoretically, this research contributes a measurable path from “plant 
as static background” to “plant as living agent,” bridging botanical social science with 
affective interaction design. Practically, it offers a viable blueprint for repeatable, pub-
lic-park deployments that enable visitors to re-experience plant liveliness over time.
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Abbreviations and 
Terminology

Connectedness with Nature - The affective, cognitive, and experiential feeling of be-
longing and relatedness to the natural world.

Disconnection to Nature - The physical, emotional, and cognitive detachment from 
the natural world.

Plant Awareness Disparity (PAD) - The cognitive and emotional bias leading humans 
to ignore or undervalue plants and their ecological significance.

Plant liveliness - The perception of a plant being alive, including having agency and 
responsiveness. This is defined as an important element required to address PAD in 
the research activitiy of Chapter 4.

Plant social behaviour - Specific behaviours portrayed by plants that were defined 
by the participants in the research activity of Chapter 5 to be social behaviours. This 
includes systemic electrical signalling, nutrient sharing, competition and collaboration, 
and VOC communication.

Pro-environmental behaviour - Actions undertaken by individuals that contribute to 
environmental conservation or sustainability.

Nature Connectedness Index (NCI) - A metric assessing the degree of individual con-
nection with nature (Richardson et al., 2019).

Three Phased Journey - The temporal journey of the installation, contsisting of the (1) 
Preparing phase, (2) Interaction Phase, (3) Reflection Phase.

Three Step Journey - A self-defined conceptual model describing the progression 
from Connectedness with Nature to environmental responsibility and finally to pro-en-
vironmental conservation action.

The West - Western societies or cultural traditions rooted in European Enlightenment 
thought, often characterised by dualistic worldviews that separate humans from na-
ture.

Westerners - People that live in or have majority cultural values from The West.

Indigenous communities - Cultural and social groups with ancestral ties to specific 
lands, whose worldviews often emphasise relationality, reciprocity, and interdepen-
dence between humans, animals, plants, and ecosystems.
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Personal 
Motivation

This project started from an aim to use my designerly skills to enhance conserva-
tion action. I grew up in a small town surrounded by nature. In my free time I would 
love playing outside and walking in the Heide, exploring new parts and the different 
landscapes with my friends. When I went to my university, the TU Delft, the scenery 
around me changed too. Rows of trees embracing the streets were swapped out for 
a historic cobble stone town centre, and so my time in nature was swapped with time 
spent doing the usual student activities. My Connectedness with Nature had dropped, 
but I did not know it yet. Until I went on a hiking trip on Guatemala’s Acatenango Vol-
cano. Surrounded by the trees and animals in the mountain, my fellow travellers and I 
noticed a change. We felt calm, positive, and connected. Being in nature again revived 
this Connectedness with Nature. As we left the mountain and reality set back in, I real-
ized how disconnected I had become from nature in everyday life.

As a Dutch-Brazilian woman I am aware of the deep impacts of deforestation, but with 
my renewed feeling of connection, this news evoked me more. I wondered how I could 
get more people to feel this sorrow for deforestation by feeling this connection they 
might also have been losing. It was then that I became motivated to use my designerly 
skills to reduce deforestation and increase the so desperately needed climate action 
through my MSc Thesis Project.
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CHAPTER 1.
Introduction

1.1 Introduction

People often visit parks and green spaces, yet still overlook plants as active, respon-
sive forms of life, often viewing them as a backdrop. This tendency is described as 
Plant Awareness Disparity (PAD): a bias in which plants receive less attention and ap-
preciation than animals, limiting what people notice and learn about plant life and how 
connected they feel to plants. While there are no statistics for how prevalent PAD is in 
society, along with other factors of Disconnection to Nature it adds to the mere 61% 
society scored on the Nature Connectedness Index scale (Richardson et al., 2019). 
This matters because a stronger Connectedness with Nature (CWN) is consistently as-
sociated with more pro-environmental and conservation-oriented behaviour (Guazzini 
et al.,2025).

Currently, many interactive installations aim to foster CWN through a holistic approach. 
However, as CWN is hindered by many different drivers, a more specific approach may 
achieve more effective results. While there is much research into the different drivers 
of CWN, practical applications on how to address these, especially in interaction de-
sign and HCI, is limited. This thesis aims to add knowledge where this gap lays.

This thesis therefore investigates how an interactive installation can foster CWN by 
reducing a specific driver of Disconnection to Nature. Through research, this is deter-
mined to be PAD. The core design hypothesis is:

Through experientialising systemic elec-
trical signalling in plants to represent plant 
liveliness, this installation will foster at-
tention towards plants and information 
gain about plants, lowering guest’s Plant 
Awareness Disparity, which enhances 
their Connectedness with Nature.

This thesis aims to design an installation that enables me to evaluate this hypothesis.

Through the research activities, this thesis defines a Why, What, How framework to 
establish the goal and scope of the project, a 'Designable Framework for Reducing 
PAD to improve CWN using Affective Mechanisms' to establish the mechanisms to 
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achieve the research objective and design objective, and design requirements that 
define how this thesis' installation can achieve this goal. I first establish the theoreti-
cal framing (CWN and PAD) and translate it into design requirements, the designable 
framework, and a three-phased experiential journey. Then I present preparatory re-
search into measurable plant biodata and design principles from a related projects 
analysis, which guides the ideation process. This leads to three meta-concepts. Com-
parative prototyping and iterative refinement is used to select and develop the final 
direction. The thesis concludes with reflections, limitations, and recommendations for 
further development.
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CHAPTER 2.
Project Introduction

2.1 The Problem
Connection with Nature is low, at a mere 61% for adults on the Nature Connectedness 
Index (NCI) (Richardson et al., 2019). This diminished sense of connection may lead 
to the legitimisation of destructive practices, such as the overexploitation of nature by 
viewing humans as separate from dominant over nature, devaluing nature and its role 
in our ecosystem (Plumwood, 2002). Strengthening human–nature relationships there-
fore presents a crucial opportunity to enhance pro-environmental action, as increased 
connectedness has been shown to foster pro-environmental attitudes and behaviours 
(Guazzini et al., 2025).

Within the fields of design and Human-Computer Interaction (HCI), many projects have 
explored the theme of human–nature connection. In HCI, works such as Synplant by 
Youyang Hu et al. (2023) and PlantMate (Luo et al., 2025) create interactive experi-
ences that allow participants to perceive how plants sense and respond to their envi-
ronments, such as wind, rain, and touch, through visualization and muscle stimulation, 
respectively. In contrast, Experience Design projects such as Biomodd [BRG13] by 
SEADS & Musea Brugge (n.d.) and Akousmaflore (Lasserre & Met Den Ancxt, n.d.) in-
vite participants to experience and influence plants’ responses to stimuli such as light 
and tactile interaction. These projects aim to cultivate a deeper understanding of plant 
behaviour and environmental perception, fostering empathy and a renewed sense of 
connection between humans and the natural world.

While such projects aim to foster awareness and empathy toward plant life, the un-
derlying causes of Disconnection to Nature remain complex and multifaceted. Con-
tributing drivers, such as Dualist worldviews (Gameau, 2022), Plant Awareness Deficit 
(Parsley, 2020)(Guerra et al., 2024), andthe reduction of botanical education (Stroud 
et al., 2022) each contribute to this divide, yet cannot be comprehensively addressed 
within a single design. Existing projects tend to approach the issue holistically, aim-
ing to foster a general sense of connection between humans and nature rather than 
targeting specific causal factors (Hu et al., 2023) (Luo et al., 2025) (SEADS & Musea 
Brugge, n.d.) (Lasserre & Met Den Ancxt, n.d.). To design effective experiences that 
cultivate connection, this thesis therefore explores the diverse cognitive, physical, and 
affective factors shaping both connection and disconnection in order to explore op-
portunities for an interactive installation that enhances CWN by addressing one of the 
drivers of disconnection to nature that, when addressed, best enhances a feeling of 
connection.
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2.2 Project objective
The overarching goal of this research is to contribute to conservation action for plants. 
This project sees this as occurring over a Three Step Journey from increasing Con-
nectedness with Nature, to enhanced Environmental Responsibility, and ultimately to 
more Conservation Action, explained in depth in chapter 3.2. To achieve this journey, 
this project focusses on the first step: fostering a stronger Connectedness with Nature. 
As established in the previous chapter, this project focusses on achieving this by ad-
dressing the research gap, focusing on exploring practical implementations to enhance 
CWN by addressing a specific driver. The objective of this research is therefore:

To explore opportunities for interactive in-
stallations to foster Connectedness with 
Nature by addressing a specific driver of 
Disconnection to Nature.

To achieve the thesis objective, two types of sub-objectives are defined throughout 
this thesis: research objectives and sub-design objectives. The sub-research objec-
tives focus on what needs to be researched in order to achieve the core objective of 
this paper. The sub-design objectives focus on what the installation design must rep-
resent or include in order to effectively enhance CWN. 

Ex
plo

rin
g 

W
ha

t, 
W

hy
, H

ow
Defining 'W

hat, 

W
hy, How

' frame-

work and 'Design-

able Framework 

for Reducing PAD 

to improve CW
N 

using Affective 

Mechanisms'

Ex
plo

rin
g 

op
po

rtu
nit

ies
 fo

r 

ins
ta

lla
tio

n d
es

ign
s

Developing and 

choosing final 

installation design

Double Diamond Method

2.3 Methodology
In order to achieve the objective of this paper, a Double Diamond method is used to 
structure the process. In line with the Double Diamond method, the project begins with 
research to explore possibilities for the narrative for the project, the What, Why, How 
framework, and the definition of this framework and develops a framework for enhanc-
ing CWN by addressing PAD, the selected driver to address (explained in Chapter 4). 
The first diamond is therefore an iterative process between the research activities to 
define this. After defining the narrative, the project continues in the second half Dou-
ble Diamond Method to develop the design of the installation to refine the installation. 
In this part, designs are prototypes and tested, creating an iterative loop that develops 
how the installation should interact with the guests.
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2.4 Research Activities
In total, 5 research activities were conducted in order to develop the design objective, 
Designable Framework for Reducing PAD to improve CWN using Affective Mechanisms, 
and design requirements. The outcomes of these activities, design requirements, context, 
Three Phased Journey, design principles, and selected behaviours and senses to highlight 
formed the ideation and development of the installation design. The figure below gives an 
overview of the research activities.

Literature review (Chapter 3)
Defines the problem, Three Step Jour-
ney to conservation action, drivers of 
DTN, the context of the installation and 
a framework on how PAD (the selected 
driver) reduces CWN.

Anecdote-based interviews (Chapter 
4)
Selects the driver of DTN to address 
(PAD), defines how PAD can be ad-
dressed in the framework of the litera-
ture review to foster CWN, and defines 
a three phased temporal journey for 
the installation.

Co-creation user tests (Chapter 5)
Defines what senses to engage in the 
first phase of the installation and what 
plant behaviour to show in the second 
phase of the temporal journey.

Technical literature review (Chapter 
6)
Defines how the plant behaviours can 
be measured.

Analysis of related projects (Chapter 
7)
Defines design pricniples that guide 
ideation and selection of concepts.

Why, What, How framework for the 
installation narrative

Designable Framework for Reducing 
PAD to improve CWN using Affective 
Mechanisms

Design requirements

Ideation (Chapter 9)
Ideates concepts and creates and 
evaluates three meta-concepts, select-
ing one interaction (and its represented 
plant behaviour) to further develop.

Refinement (Chapter 10)
Creates final implementation improve-
ments for the final installation design.

Final evaluation (Chapter 12)
Evaluates the final design through an 
in-situ user test.

Discussion (Chapter 13)
Discusses the results of the final de-
sign and refines the Designable Frame-
work for Reducing PAD to improve 
CWN using Affective Mechanisms



26 27

CHAPTER 3.
Influences of 
connection and 
disconnection

3.1 Introduction
Fostering a stronger CWN is multifaceted. Literature describes many different path-
ways through which CWN can develop, and many different drivers that sustain Discon-
nection to Nature. To design an intervention that meaningfully strengthens CWN, the 
problem therefore needs to be scoped to a specific, addressable driver.

For this reason, this chapter defines the following research objective that it aims to 
answer:

To establish a comprehensive inventory of the drivers of Disconnection to Nature 
(DTN) and Connectedness with Nature (CWN) in order to identify actionable inter-
vention points for design.

This establishes the conceptual foundation needed to select the specific, addressable 
driver. This selection is done through the research activity in Chapter 4.

3.2 The Problem
The deforestation and fragmentation of the natural world are accelerating at an un-
precedented rate. In 2024, approximately 30 million hectares of forest was lost glob-

Figure 1, Tropical Primary Forest Loss 2002-2020 (Global Forest Watch, 2024)
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ally (Global Forest Watch, n.d.), see figure 1, with over 50% of the world’s forests 
fragmented between 2000 and 2020 (Erickson-Davis, 2025). This process generates 
ecologically fragile systems that are increasingly susceptible to disease (TED, 2016), 
spread of zoonic disease (World Wildlife Fund, n.d.), biodiversity loss (Cochard, 2011) 
and the emission of greenhouse gasses (TED, 2016). Conservation projects show that 
targeted conservation strategies have a great impact on improving global ecology. 
This is evidenced by projects such as the recognition of conservation areas and Indig-
enous territories in Brazilian Amazonia, reducing deforestation by up to 73% in 2023 
(Esg, 2024), and reforestation initiatives that protect the forest from threats (wildfires, 
logging) while it naturally regenerates restoring roughly 9.5 million hectares of forest in 
the Amazon since 2008 (Matsumoto et al., 2021). 

In enhancing these efforts, fostering a connection between humans and nature should 
be a focus point. Research by Guazzini et al. (2025) indicates that a greater feeling 
of connection with nature (CWN) significantly enhances individuals’ willingness to 
engage in pro-environmental behaviour. However, in Western societies, the average 
connection to nature is a mere 61% on the Nature Connectedness Index (Richardson 
et al., 2019), which focusses on the affective relationship of humans and nature. This 
disconnection leads to an inability to see oneself as a part of nature and the denial of 
our dependency on nature, which is recognized as a crucial contributor in progress-
ing environmental destruction, demonstrating the urgent need for interventions that 
strengthen human–nature relationships (Global Forest Watch, n.d.). This is summarized 
well by Balmford and Cowling in their research on the future of conservation biology:

“there is a great need for interdisciplinary 
efforts to tackle perhaps the most per-
vasive underlying threat of all by recon-
necting people and nature… even if all the 
other building blocks of effective conser-
vation are in place, we will not succeed 
unless the gener- al public cares, and they 
are unlikely to care enough if they no lon-
ger experience nature directly.”

This problem constitutes the Why of the What, Why and How framework of this re-
search.Three Step Journey

HOWWHY

Stimulating conservation 
efforts through fostering a 

feeling of connection

WHAT
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3.3 Three Step Journey
Naturally, this is not a one-step solution. The study by Guazzini et al. (2025) on the 
relationship between Connection with Nature and pro-environmental behaviour estab-
lishes that CWN does not automatically transfer into the implementation of pro-envi-
ronmental behaviour. Social pressures, costs, lack of information or time, and negative 
affective emotion such as feelings of helplessness, amongst other factors, hinder 
this progression into action. Yet, research does support Balmford and Cowling’s claim 
defining the need for CWN to achieve pro-environmental behaviour (Guazzini et al., 
2025) (Tam, 2013) (Straka et al., 2025). In order to facilitate this transition, this pa-
per proposes a Three Step Journey. This is based on research by Jaiswal & Bihari 
(2020), which shows that a stronger feeling of connection leads to a stronger feeling 
of Perceived Environmental Responsibility, which in turn leads to more engagement in 
pro-environmental behaviours, as mentioned in chapter 3.1. To start this transition, this 
project focusses on the first step: creating a connection with nature.

CONNECTION 
WITH NATUE

ENVIRONMENTAL 
RESPONSIBILITY

CONSERVATION 
ACTION

3.4 Defining Connectedness with Na-
ture and Disconnection to Nature
The establishment of a comprehensive understanding of influences creating a discon-
nection between humans and nature requires a definition of both connectedness with 
nature and disconnection to nature.

The concept of Connectedness with Nature (CWN), as used in this report, draws 
on the framework for CWN and Committed CWN developed by Zylstra et al. (2014), 
shown in figure 2. CWN is defined as a stable state of consciousness encompassing 
cognitive, affective, and experiential dimensions. These dimensions collectively foster 
a sustained awareness of the interrelatedness between humans and nature and en-
ables a lasting sense of appreciation, empathy, and mindfulness toward all life, beyond 
mere contact or superficial enjoyment. Thus, CWN represents a holistic and personal 
process that may lead to conservation outcomes.

This framework proposes CWN as evolving along four primary drivers:

Figure 2, Framework of Connectedness with Nature by Zylstra et al. (2014)
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•	 Information about Nature: This dimension is primarily cognitive, emphasizing the 
gain of understanding and knowledge about nature. It satisfies curiosity and ex-
pands one’s knowledge of ecological systems.

•	 Experience in Nature: This refers to direct engagement with natural environments 
through activities such as outdoor recreation, sports, or field excursions. These ex-
periences are typically structured or time-bound and are often pursued to facilitate 
experiential learning or enhance physical and psychological well-being.

•	 Connectedness with Nature (CWN): This represents a stable state of conscious-
ness often attained inadvertently through unstructured, affective experiences such 
as prolonged immersion in natural settings. Such experiences may awaken a deep-
er sense of inspiration or 'spirit', fostering a profound emotional bond with nature.

•	 Committed Connectedness with Nature (Committed CWN): This dimension is the 
long-term integration of the cognitive, affective, experiential, and spiritual dimen-
sions into a coherent behavioural orientation. It focuses on transformative forms of 
leadership directed toward pro-environmental behaviours. This level of connected-
ness requires humans to balance mind, body, and spirit.

Using this framework as the foundation for designing an intervention to enhance Con-
nectedness with Nature, the project must engage the cognitive, experiential, and af-
fective dimensions of users in the interaction in order to effectively foster CWN. Ac-
cordingly, this defines the following design requirement:

To foster Connectedness with Nature, interactions must engage the 
affective (emotional) and experiential, and informational dimensions of CWN.

In contrast to CWN, Disconnection to Nature (DTN) is the physical and psychological 
separation of humans from the natural world, undermining the cognitive, affective, and 
experiential dimensions that form CWN. DTN is sustained by a range of drivers that re-
strict opportunities to gain knowledge about nature, limit direct experiences in natural 
environments, weaken positive emotional responses toward non-human life, and more. 

To effectively strengthen users’ CWN, it is therefore essential to identify and under-
stand the primary drivers of DTN. By doing so, this project can focus the installation on 
addressing a specific, effective hindering factor (Curll et al., 2024; Tam, 2013; Straka 
et al., 2025), thereby reducing complexity and increasing impact by targeting a driver 
that obstructs all three dimensions of CWN.

3.5 Drivers of Disconnection to Na-
ture: An Overview
Disconnection to Nature does not have a ‘root cause’, with drivers spanning across 
environmental psychology, ecology, education, philosophy, and HCI. To effective-
ly design an intervention that fosters Connectedness with Nature (CWN), it is first 
necessary to understand the drivers that inhibit it. To identify the barriers preventing 
Connectedness with Nature in order to scope the project, a mapping review was con-
ducted (Snyder, 2019), generating an inventory of 62 distinct drivers of Disconnection 
to Nature (see Appendix A for the full research method and driver inventory). These 
drivers are interconnected, distinct mechanisms that reduce CWN on physical, psy-
chological and perceptual levels.

To establish an understand of the different drivers, this sub-chapter presents 3 drivers 
based on the framework proposed by Ives et al. (2018), who argue that interventions 
must address disconnection across multiple scales ranging from shallow leverage 
points (physical parameters) to deep leverage points (intent and worldview). There-
fore, the most commonly described factor in literature for each of the following cate-
gories is described:

1.	 Physical/Experiential Drivers: Barriers related to the lack of tangible interaction 
	 with nature.
2.	 Psychological/Cultural Drivers: Barriers related to deep-seated worldviews and 
	 beliefs.
3.	 Cognitive/Perceptual Drivers: Barriers related to how the brain processes (or 
	 ignores) natural stimuli.

3.5.1 Driver 1: The Extinction of Experience (Physical/Ex-
periential)
The most frequently cited driver in conservation psychology is the "Extinction of Ex-
perience" (Pyle, 1978; Soga & Gaston, 2016). This phenomenon describes a feedback 
loop where rapid urbanization reduces the opportunity for daily interactions with na-
ture. Soga & Gaston (2016) identify this loss of direct experience as the primary cause 
of ‘emotional apathy’ toward the environment. For this project, this driver confirms the 
necessity of situating the intervention in an urban context to physically restore this lost 
contact.
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3.5.2 Driver 2: Human-Nature Dualism (Psychological/
cultural)
At a deeper leverage point lies the perspective of Human-Nature Dualism. This is the 
Western cultural belief that humans are separate from and superior to nature. Ives et 
al. (2018) identify this as a ‘deep’ cultural driver of DTN. This internal framework acts 
as a barrier to true connection, as it positions nature as a resource to be observed 
rather than a community to join. 

3.5.3 Driver 3: Plant Awareness Disparity (Cognitive/Per-
ceptual)
While the previous drivers explain why people are disconnected from nature broadly, 
Plant Awareness Disparity (PAD) explains the specific disconnection from plants (Pars-
ley, 2020). PAD is the human tendency to under-appreciate and under-perceive plants 
compared to animals (Guerra et al., 2024). This is a perceptual bias: the human brain 
filters plants out of conscious attention, rendering them as a static green backdrop 

rather than distinct, living organisms (Parsley, 2020). This inattention causes people 
to not see plants as active agents, failing to form the emotional or empathetic bonds 
necessary for Connectedness with Nature (Vining et al.,2008; Wandersee & Schussler, 
1999; Amprazis & Papadopoulou, 2020). Consequently, even when people are physi-
cally present in nature, PAD can maintain a psychological disconnection, as the living 
environment remains unacknowledged and unvalued (Achurra, 2022).

This thesis focusses on a specific driver to address to enhance effectiveness in foster-
ing CWN. The selected driver is Plant Awareness Disparity (justification can be found 
in Chapter 4). Through this inventory and identification of actionable intervention 
points, the research objective of this research activity has been achieved.

3.6 Driver of Disconnection to Nature: 
Plant Awareness Disparity
This thesis focusses on addressing Plant Awareness Disparity to effectively foster 
CWN. The selection of this driver is elaborated in Chapter 4. To understand how to ad-
dress PAD this chapter presents what it is, why it occurs, and how it relates to fostering 
CWN.

3.6.1 Why PAD Occurs
Scientific literature generally frames PAD as emerging from a combination of perceptu-
al and attentional factors, knowledge and categorisation limits, and cultural–education-
al framing.

3.6.1.1 Perceptual and attentional factors
Human visual attention is strongly shaped by cues such as movement and rapid 
change. Animals often provide such cues on a human timescale, whereas many plant 
processes unfold slowly or subtly, making plants easier to process as a background 
object. This contributes to an attentional bias where plants are present but not focal 
(Achurra, 2022).

Research by Guerra et a. (2024) suggests that when plant movement is made observ-
able on a human timescale, attention and engagement shift. The experiment showed 
that observing plant movement on a human time scale changes how people attend to 
plants, supporting the role of perceptual factors in plant neglect.

3.6.1.2 Knowledge and categorisation limits
A second factor is a difficulty in differentiating and interpreting plants. Low plant lit-

Plant Awareness 
Disparity

The Extinction of 
Experience Human-Nature 

Dualism

Figure 3, Drivers influencing DTN
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eracy and plant-specific knowledge reduces skills such as species identification or 
understanding plant function, causing plants remain cognitively flat (Jose et al. 2019; 
Stroud et al., 2022). They become harder to see as individuals or interpret as agent, 
strengthening their position as a 'green background'.

3.6.1.3 Cultural and educational framing
Finally, PAD is reinforced by a tendency toward zoocentrism in education and media, 
where animals become the foreground while plants are treated as scenery or resourc-
es. This framing shapes attitudes and interest over time and can reinforce both Atten-
tion and Memory Disparity and Information Disparity (Jose et al., 2019).
Together, these mechanisms form a reinforcing pattern: low attention reduces learn-
ing opportunities, low knowledge reduces interpretability, low interpretability reduces 
interest, and low interest further reduces attention.

3.6.2 The Four Components of PAD
Parsley et al. (2020) define PAD as comprised of four components:

Attention and Memory Deficit
Humans’ visual attention naturally favours animals (Guerra et al., 2024), leading to 
plants being perceived as an undifferentiated green backdrop rather than distinct living 
organisms (Parsley, 2020). As visual attention drives emotion and interest, overlooking 
plants inhibits the sensory and emotional engagement required to form strong CWN 
(Parsley, 2020).

Knowledge Deficit
PAD involves a lack of specific knowledge of plant biology and the critical roles plants 
play in ecosystems and human life (Guerra et al., 2024), often due to zoocentric ed-
ucational systems (Parsley, 2020). Knowledge, especially in species identification, is 
a strong predictor of Connection with Nature (Straka et al., 2025). A deficit in plant 
knowledge thus constrains the emotional engagement necessary to motivate pro-envi-
ronmental behavior.

Attitudinal Disparity
This factor reflects low interest (Parsley, 2020) and negative attitudes (Guerra et al., 
2024) toward plants, shaped by anthropocentric worldviews that regard plants as infe-
rior to animals. As empathy and respect are central to Connection with Nature (Straka 
et al., 2025), negative attitudes weaken emotional engagement and thereby diminish 
the psychological basis for conservation intentions (Vining et al., 2008).
Relative Interest
People tend to find animals more engaging than plants as their movement captures at-

tention and curiosity. By contrast, plants’ apparent immobility causes them to fade into 
the perceptual background as static beings (Parsley, 2020) (Guerra et al., 2024). This 
lack of interest reduces motivation to learn about plants (Parsley, 2020). As nature-re-
latedness is the strongest predictor of pro-conservation behaviour, low relative interest 
undermines both awareness and motivation (Straka et al., 2025). This bias is reflected 
in conservation funding priorities: while plants collectively receive only 6.6% of fund-
ing, 40% is allocated to just 47 animal species (Straka et al., 2025).

3.6.3 Relevance of PAD to foster CWN
In the framework by Zylstra et al. (2014), CWN does not arise from passive exposure 
to nature alone. Instead, it develops through the meaningful integration of Information 
about Nature, Experience in Nature and a positive affect towards nature. For design 
interventions, this implies that the design must not only place people in nature. It must 
strengthen the conditions under which information and experience becomes noticed, 
information becomes interpretable, and both can become personally meaningful

Plant Awareness Disparity (PAD) is relevant in this context because it systematically 
undermines those conditions. PAD can be seen as a bottleneck: if plants do not enter 
awareness as distinct, living beings and people do not gain information about nature, 
they cannot contribute to the experiential, informative, and affective processes through 
which CWN is formed.

This theory is represented in the 'Framework of the Effect of PAD on Zylstra's Frame-
work of CWN' in figure 4.

Empirical research supports the view that overcoming this attention gap is a prerequi-
site for connection. Richardson et al. (2021) demonstrate that "actively noticing nature" 
accounts for substantially more variance in nature connectedness than the duration of 
exposure alone. If plants remain processed as background, unnoticed and unacknowl-
edged, the attentional pathway to connection is constricted, regardless of time spent 
in the park.

Similarly, research on interventions for nature-connectedness suggests that informa-
tion alone is insufficient to foster connection. A meta-analysis by Barragan-Jason et 
al. (2021) reports stronger effects for contact-based and attention-based approach-
es than for environmental education alone. This supports the interpretation that CWN 
emerges when information and experience are affectively integrated.
This supports the interpretation of Zylstra’s framework used in this thesis: CWN 
emerges when information and experience become affectively integrated, rather than 
when either occurs in isolation. PAD restricts the conditions under which this inte-
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gration can become meaningful. Low attention for plants reduces the likelihood that 
plant-related information is sought or retained, and low information gain reduces the 
likelihood that experience produces meaning. Consequently, this lowers posititve atti-
tudes towards plants and relative interest in plants and restricts the ability for the first 
two phases of CWN to grow.

This forms a design requirement:

Installations must address Attention and Memory Disparity and Information 
Disparity to enable experiences in nature to produce a positive affect, improving 

posititve attitudes towards plants, interest in plants, and CWN.

This thesis therefore proposes the 'Designable Framework Reducing PAD to Improve 
CWN' illustrated in figure 5. This framework shows how addressing PAD through an 
installation allows the development of the aspects and strenthens the opportunity for 
the affective state of CWN to grow. 

A formal, widely established causal link explicitly connecting PAD reduction to the 
psychological construct of CWN remains limited in the current empirical literature. 
Nevertheless, the project’s logic is derived from an evidence-based pathway in which 
noticing is empirically linked to nature connectedness (Richardson et al., 2021), and 
combined with Zylstra’s theory that CWN arises through integration of experience, 
information, and affect. Therefore, this thesis treats PAD reduction, particularly by re-
moving the cognitive bottleneck of inattention and enabling interpretability as a theo-
retically grounded and empirically motivated contributor that can unlock the conditions 
under which connection is more likely to form.

Figure 4, 'Framework of the Effect of PAD on Zylstra's Framework of CWN'
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3.7 Installation Location
Connectedness with Nature (CWN) develops through repeated affective experiences 
rather than one-off activities (Zylstra et al., 2014; Soga & Gaston, 2016; Soga et al., 
2016). Therefore, when addressing PAD, it is important to enable a repetition of the 
experience, to strengthen CWN over time (Richardson et al., 2022; Richardson et al., 
2020). Thus, this installation needs to be situated where such experiences can realis-
tically reoccur. This implies that the installation should not be designed only for a first 
encounter, but for multiple encounters that allow connection to strengthen over time 
(Zylstra et al., 2014). Therefore, installations aiming to enhance CWN should be situ-
ated in a publicly accessible location that guests may frequently visit. This defines the 
following design requirement:

Installations must be placed in a publicly accessible natural location to provide 
repeated experiences that strengthen CWN over time.

This project implements this design requirement by placing the installation in a local 
public park. Parks provide ongoing access to living systems in everyday life, which 
supports the required repeated exposure and repeated noticing for the installation to 
enhance its success.

This creates a reinforcing loop that matches the intended mechanism of change in this 
thesis, see figure 6.

To further maximise the effect of the installation, the installation in this thesis will be 
designed as a temporary installation that can travel across different parks. This en-
ables the installation to reach the most amount of people and allows it to be moved to 
experience it by different trees, to enhance the connection to not only one tree, but 
multiple trees. This is an implementation of this thesis' design and not defined as a 
designr requirement.

Figure 5, 'Designable Framework Reducing PAD to Improve CWN'
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Repeated En-
counters
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Greater Oppor-
tunity for Infor-

mation Gain
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terest and More 
Positive Affect

Stronger CWN, 
making future 

encounters 
more meaningful

Figure 6, Reinforcing loop of addressing PAD
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CHAPTER 4.
Selecting a Driver 
of Disconnection to 
Nature

4.1 Introduction
The literature review in Chapter 3 established that Disconnection to Nature (DTN) is 
sustained by a complex set of drivers that undermine the dimensions of CWN. While 
this inventory defines the context of the problem, no single design intervention can 
address all drivers simultaneously. The literature largely approaches disconnection 
from quantitative or theoretical perspectives, offering limited insight into how connec-
tion is actually lived and remembered.  To select one, the following research objective 
is defined, which this chapter aims to answer:

To investigate the causal factors triggering moments of strong Connectedness with 
Nature and identify which driver of Disconnection is effectively mitigated during 
these instances, in order to select the most actionable lever for design intervention.

Through interviews, concrete experiences of CWN and the mechanisms that enabled 
this were explored with a diverse group of participants. In particular, the research 
sought to understand what sensorial, environmental and affective factors were central 
in fostering the strengthened CWN.

Through a thematic analysis these experiential prerequisites were compared to the list 
of drivers of DTN to select the single most effective driver to address for the installa-
tion. The driver selection is therefore not a direct objective outcome of the interviews, 
but a reasoned interpretation step: the themes describe how connection happened, 
and comparing this to the driver inventory provides a validated lens that explains what 
barrier was being overcome in those moments. In addition, the analysis defined design 
parameters and a temporal journey for the installation.

4.2 Study Design and Procedures
To ground the driver selection in empirical research, qualitative interviews were con-
ducted with 11 participants spanning a diverse range of ages, backgrounds, and 
self-reported levels of CWN. The study uses the Anecdote-Based Exploration through 
Dialogue method (Hamilton-Jones & Schröder, 2025). 

This method was used to anchor the conversation in a specific memory to explore ex-
periences that are embodied, emotional, and relational, and that are often difficult for 
participants to articulate through conventional, structured questioning. The interviews 
followed the method described in figure 7, where participants were invited to explain a 
specific anecdote of a moment they felt a strong Connectedness with Nature. This was 
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What participants were paying attention to during the experience and through which 
senses

Which elements of the environment were perceived as meaningful

How the experience made them feel emotionally and physically

In what context the situation took place

Figure 7, Prompting sequence of Anecdote-Based Exploration through Dialogue (Hamilton-Jones and Schröder, 2025)

followed by reflective prompting focused on unpacking the:
•	 Sensory Focus: What were they paying attention to, and through which senses? 
•	 Environmental Cues: Which specific elements of the environment triggered the 
	 shift? 
•	 Affective State: How did the experience manifest emotionally and physically?

4.3 Analysis
To translate these individual experiences into a grounded driver selection, the data 
were analyzed using Reflexive Thematic Analysis (Braun & Clarke, 2021). A hybrid in-
ductive–deductive approach was applied. Initial coding focussed line-by-line on expe-
riential elements such as attention, perception, and sensory engagement. These codes 
were then clustered into broader themes and interpreted through the lens of the DTN 
drivers identified in Chapter 3.

Counts of occurrences are used to select the final driver because the most important 
criterion was transferability across participants rather than the emotional intensity of 
a small number of accounts. Intensity can reflect highly personal life histories, rare 
contexts (travel, extreme landscapes), or individual sensitivities and can significant-
ly impact outcomes within a small participant number as this activity has. In contrast, 
mechanisms that recur across many participants are more likely to represent a robust, 
design-relevant entry point that can work for a broad public in a park setting.

4.4 Outcome
The analysis revealed a consistent pattern: moments of strong Connectedness with 
Nature were consistently explained by deep attention and information gain about the 
plant, causing the participant to view the plant as lively and agent. Interpreting these 
mechanisms through the DTN driver inventory from Chapter 3, they align most direct-
ly with Plant Awareness Disparity (PAD), specifically addressing PAD’s attention and 
memory deficit and information deficit. While all four components contribute to dimin-
ished plant awareness, the interview data suggest that moments of strong CWN most 
frequently emerged when participants first overcame habitual inattention and then 
engaged in sense-making about the plant’s behaviours. In 9 out 11 interviews this was 
subsequently followed by increased relative interest and more positive attitudes to-
ward plants through reflection and repeated experience, rather than these dimensions 
functioning as initial drivers.
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4.4.1 Selection of Plant Awareness Disparity
4.4.1.1 Attention and Memory Deficit
Directed attention toward plants was described by nine out of eleven participants. 
They explicitly described a shift from habitual inattention toward active noticing of 
plants: 5 Participants contrasted these moments with everyday situations in which 
plants remained unnoticed.

Rather than describing connection as an automatic consequence of being in nature, 
participants emphasised that connection arose when plants were actively noticed. As 
one participant mentioned,

“Normally trees are just there, but then I re-
ally started looking at them, at the details, 
and that made it feel different” (P3, translat-
ed).

This pattern maps onto PAD’s Attention and Memory Deficit. It marks attentional focus 
as a first step in reducing PAD, because it brings a plant into conscious awareness as a 
distinct living being rather than as undifferentiated green background.

4.4.1.2 Information Deficit
In addition to attention, eight out of eleven participants described a second mecha-
nism: gaining information about the plant deepened their sense of connection. This 
information was not only factual. Participants also described recalling prior knowledge, 
deducing plant processes, or imagining how the plant survives and responds in its 
environment. This directly addresses PAD’s Information Deficit. Importantly, the inter-
views suggest that what matters is not only factual transfer, but whether information 
becomes experientially meaningful through direct noticing and reflection. As one par-
ticipant explained:

“When you start thinking about how a 
plant grows or what it needs to survive, 
you don’t just see it anymore, you under-
stand it” (P1, translated).

Together, these findings indicate that attention creates the opening for experience, 
while information gain makes that experience interpretable and meaningful. This 
makes attention and information the most actionable PAD components for the installa-
tion to target. 

4.4.1.3Attitudinal Disparity and Relative Interest
The remaining two PAD components, Attitudinal Disparity and Relative Interest, were 
not described as initial drivers of connection. Instead, positive attitudes toward plants 
and increased interest appeared to follow over time from increased attention and 
knowledge through reflected and repeated positively affective experiences. This pat-
tern suggests a plausible temporal sequence shown in figure 8.

Within the scope of this project, this supports treating attention and information defi-
cits as the primary intervention targets, through which attitudes and sustained interest 
may develop over time and repeated engagement.

The selection of PAD defines the ‘What’ of the ‘Why, What, How’ framework of this 
thesis and therefore achieves the research objective of this research activity.

Attention and 
information in-

crease

Increased posi-
tive attitude and 
relative interest

Figure 8, Sequence of reduction of PAD deficits, attention and information increase leads to increase positive attitude and relative 
interest over time
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HOWWHY

Stimulating conservation 
efforts through fostering a 

feeling of connection

WHAT

Fostering a feeling of 
connection by aiding Plant 

Awareness Disparity

4.4.2 Relation to Zylstra et al.'s framework
This pattern aligns with the rationale developed in Section 3.6.3, where PAD was 
framed as a bottleneck within Zylstra et al.’s (2014) model of Connectedness with 
Nature. CWN emerges through integration of Experience in Nature, Information about 
Nature, and positive affect, and this integration is less likely when plants remain unno-
ticed and uninterpretable. In the interviews, CWN was repeatedly described as emerg-
ing when the first two pathways combined: attention enabled experience to become 
more vivid and present, while information gain turned that experience into something 
interpretable and meaningful.

These findings support prioritising PAD’s attention and memory deficit and knowledge 
(information) deficit as the primary intervention focus. Both are actionable through 
interaction design: the installation can guide noticing, sustain focus, and enable inter-
pretation through meaningful plant responsiveness and accessible information cues. In 
doing so, the intervention directly strengthens the Experience in Nature and Informa-
tion about Nature pathways in Zylstra et al.’s CWN framework, consistent with the liter-
ature-based argument developed in Section 3.6.3. At the same time, the participant ac-
counts also showed that attention and information alone were not sufficient to explain 
the full feeling of connection: a positively valent affective emerged when the plant was 
experienced as alive and agentic. This is elaborated in the next sub-chapter.

4.4.3 Plant liveliness as the mechanism for reducing PAD
Within the theme of PAD, the analysis revealed a recurring affective mechanism 
through which PAD was reduced: participants described stronger connection when the 
plant was perceived as lively, and agentic, with eight out of eleven participants sup-
porting this mechanism. This did not foster one single emotion for all participants, but 
caused a perceptual-affective shift in which the plant was no longer experienced as 
static background, but as a living other.

Participants described that once they perceived the plant as actively responding, 
growing, adapting, or interacting with its environment, their attention was sustained, 
their interpretation deepened, and their emotional response became more positive and 
relational. As one participant noted:
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“I realised the plant was actually doing 
something, reacting to its environment, 
and that changed how I saw it” (P2, trans-
lated).

This is a critical distinction in the framework of this thesis. Plant liveliness functions 
as this project’s affective mechanism within Zylstra’s model with which information 
gain and attention is sustained and a positive affect is fostered. It bridges the first two 
pathways of Zylstra’s framework (experience and information) with the third pathway 
(positive affect).

In the framework therefore:
•	 Attention and information reduce PAD by making the plant noticeable and inter
	 pretable.
•	 Perceived liveliness helps transform that noticing and interpretation into a posi
	 tive affective response (e.g., curiosity, respect, care, fascination).

This positive affect then strengthens the likelihood that the experience becomes a felt 
form of CWN.

This defines a second design objective for the installation:

The installation must translate the plant’s biological activity into perceptible 
signals of liveliness, so that the plant can be experienced as a responsive, 

agentic, and living entity, fostering a positive affect.

This defines the 'How' of the 'Why, What, How' framework: the installation aims to 
reduce PAD and support CWN by experientialising plant liveliness. Chapter 5 further 
specifies what kinds of plant behaviours participants perceive as lively and how these 
can be translated into interaction design.

HOW

Showing plant liveliness 
through experientialising 
the social behaviours of 

plants

WHY

Stimulating conservation 
efforts through fostering a 

feeling of connection

WHAT

Fostering a feeling of con-
nection by reducing Plant 

Awareness Disparity



54 55

4.4.4 Calmness as a state-setting mechanism
In addition, to this framework the interviews also indicated a preperatory phase that 
induced a feeling of calmness and slowed pace. 9 out of 10 participants described an 
initial phase of calming or slowing down, followed by increased attention.

"But by truly pausing, both literally and fig-
uratively, and looking, you truly connect 
with a plant at that moment. Because your 
full attention is focused on it, and you're not 
just glancing at it. You're really looking with 
a kind of profound gaze, or something."

This was not directly related to why they felt more connected, but was seen as a nec-
essary state-setting mechanism that supported attention and information gain. By 
slowing pace and reducing sensory/cognitive noise, calmness increases receptivity for 
plant-centred attention, makes interpretive sense-making more likely, and strengthens 
the conditions in which perceived plant liveliness can evoke a positive affective re-
sponse.

4.4.5 Framework of this project
When mapping the findings with Zylstra's framework, I revise the 'Designable Frame-
work Reducing PAD to Improve CWN' and propose the 'Designable Framework Reduc-
ing PAD to Improve CWN using Affective Mechansisms' framework, shown in figure 9.

In the theorised PAD situation, Attention and Memory Deficit and Information Deficit 
addresses the Information about Nature and Experience in Nature deficits which weak-
ens the link towards a positive affective state, while Attitudinal Disparity and Relative 
Interest negatively impact the affectie state of CWN. The theorised installation situa-
tion solves this by using an installation to foster attention and information gain and us-
ing liveliness as a mechanism to strengthen the link between Information about Nature 
and Experience in Nature with the affective state of CWN.

This framework leads to the following design objective:

The installation ruces PAD by addressing 
Figure 9, 'Designable Framework Reducing PAD to Improve CWN using Affective Mechansisms'
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the Attention and Memory Deficit and In-
formation Deficit by translating plant be-
haviour into perceptible signals of liveliness 
to improve CWN.
This can be subdivided into the following sub-design objectives:
Primary sub-objective: Fostering a stronger feeling of Connectedness with Nature.
Secondary sub-objective: Reducing PAD by addressing the Attention and Memory 
Deficit and Information Deficit
Tertiary sub-objective: Enhancing the guest's perception of plant liveliness

4.5 Defining the Temporal Journey
The analysis further revealed that these mechanisms unfolded over time in a consis-
tent experiential journey. 9 out of 10 participants described the preparatory phase of 
slowing pace and enhancing calmness. Following this, 8 participants explicitly de-
scribed a subsequent phase of exploration or engagement in which attention and 
knowledge about plants increased, and 6 participants mentioned a final phase of re-
flection in which the experience was integrated and remembered.

This pattern was interpretated as a three-phased temporal journey:
A Preparing phase that enables attentional openness.
An Interaction phase that addresses attention and knowledge deficits central to PAD.
A Reflection phase that supports memory formation and meaning-making. 

This temporal journey aligns with how participants naturally experienced moments of 
strong CWN, increasing the likelihood that PAD is reduced for a sustained amount of 
time beyond the immediate interaction. Thus, a third design requirement is:

The installation must be comprised of three phases: a preparing phase that 
slows pace through focusing on different senses, an interactive phase that 

focusses attention on the plant and allows the user to engage with the plant, 
and a reflective phase that supports memory formation and an increase in 

PREPARING

Guests are prepared to 
engage with the plants 
through an experience 
that stimulates slowing 
down pace and focus-

sing on your senses

INTERACTING

Guests are introduced to 
the plants and invited to 
explore how the plants 
react to their changing 
environment and how 
their senses are en-

gaged in this

REFLECTING

Guests are provided 
space and time to reflect 

on their experience in 
their onw way
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CHAPTER 5.
Defining Plant Live-
liness and Sensory 
Engagement

5.1 Introduction
The previous chapter identified Plant Awareness Disparity as the driver of Disconnec-
tion to Nature addressed in this project and established that experiencing plants as 
living and agentic beings is the mechanism through which PAD can be reduced. This 
is done in a three phased temporal journey. While this defines the conceptual focus of 
the installation, it does not yet define how this mechanism should be translated into an 
experiential interaction of the second phase of the temporal journey. Furthermore, it is 
unclear how plants can be used to stimulate a calming feeling in the first phase of the 
temporal journey. 

In particular, two design-relevant questions remained open:

1.	 Which sensory modalities should be engaged in the first phase of the temporal 
	 journey to slow users down and induce a calm mental state?
2.	 Which plant behaviours should be highlighted in the second phase to make us-
ers perceive plants as lively and agentic?

These questions concern subjective, embodied experience and emotional interpreta-
tion, and could not be sufficiently answered through literature alone. To address this 
gap, a series of individual co-creation sessions was conducted. The research objec-
tive of this activity is:

To co-create with users to define the specific sensory modalities required for the 
Preparing Phase and the plant behaviours perceived as lively in the Interaction 
Phase.

Due to the low number of participants (n=4) in this research activity, the findings are 
not presented as Provisional Design Requirements. These serve as a starting hypothe-
sis for the ideation phase.

5.2 Methodology
5.2.1 Session Structure
The co-creation sessions were a combination of two established design research 
methods: generative co-design for interaction ideation as defined by Sanders and 
Stappers, (2008) and the Material Driven Design (MDD) experiential characterisation 
method by Karana et al. (2015). The adaptation, explained in Appendix C, focusses on 
the emotional and connective experience, rather than a scientific lens on a material. 
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All 4 co-creation sessions were conducted one-on-one with individual participants to 
support introspection, emotional awareness, and calm engagement, and to avoid so-
cial influence on subjective experience.

Each session followed a fixed structure consisting of five parts, aligned with the tem-
poral journey defined in Chapter 4:

1.	 Sensory exploration (preparing phase)

2.	 Emotional mapping of the preparing phase

3.	 Behavioural exploration (interaction phase)

4.	 Emotional mapping

5.	 Co-creation

5.2.2 Analysis methodology
The co-creation sessions generated two main types of data: sensory scoring graphs 
and plant behaviour scoring graphs.

The analysis focused on identifying patterns across participants, rather than absolute 
values.

5.3.1 Quadrant Based Analysis
For both sensory and behavioural evaluations, participants plotted experiences on 
two-dimensional graphs. Analysis focused on identifying which senses or behaviours 
appeared most often in:

•	 the top 50% of scores on each axis, and

•	 the top 25% on both axes simultaneously (top-right quadrant).

Items in the top-right quadrant were interpreted as most relevant for design focus, as 
they combined strong experiential impact with sustained interest.

5.3 Sensory Engagement in the Pre-
paring Phase
5.3.1 Procedure
To determine which senses should be engaged in the first phase of the temporal jour-
ney, participants interacted with the same plant five times, each time focusing on a 
different sense, as explained in figure 10:

After each interaction, participants scored the experience on a graph, shown in figure 
11 with:

•	 Y-axis: how calming the interaction felt

•	 X-axis: how interesting the plant felt through that sense

5.3.2 Outcomes and analysis: Scent, Sound, and Sight
Analysis of the sensory scoring data shows a preference for scent, sound, and sight. 
The outcomes are represented in figure 12.

Scent emerged as the sense most frequently placed in the top-right quadrant, meaning 
it was most often perceived as both highly calming and highly interesting. This indi-
cates that olfactory engagement with plants is particularly effective in slowing partici-
pants down while maintaining attention.

Sight Hearing*
*Audio fragments of nature sounds 

were played while the person sat net 
to the plant

Touch Scent Proximity

Figure 10, Participant interaction with the plant in the co-creation sessions
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Figure 12, Sensory outcomes co-creation sessions
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Figure 11, Scoring graph to rate senses on how calm they made the participant and the level of interest it created

Hearing was most frequently scored in the top half of calming, suggesting that audito-
ry engagement strongly supports calmness, although it was slightly less consistently 
associated with high interest.
Sight and touch were moderately represented in both calming and interest, indicating 
that they support engagement but are less effective as primary calming modalities on 
their own.

Together, these outcomes indicate that the preparing phase should prioritise scent and 
sound, supported by visual and tactile engagement, to effectively induce calm while 
sustaining attentional openness. The Provisional Design Requirement defined by these 
outcomes therefore is:

		  Provisional

Users should be stimulated to focus on scent, hearing and sound in the 
Preparing Phase to induce a calm mood while keeping interest in the 

installation high.

5.4 Plant Social Behaviour in the In-
teraction Phase
5.4.1 Procedure
To determine which plant behaviours should be highlighted in the interaction phase, 
participants were introduced to a range of behaviours exhibited by Dutch plant spe-
cies, reflecting the local context of the installation.

Each behaviour was explained verbally while participants viewed real-time footage of 
the plant exhibiting that behaviour. Footage was shown at natural speed to simulate 
direct observation in nature.

Participants then scored each behaviour on a graph, represented in figure 13, with:
•	 Y-axis: perceived liveliness of the plant
•	 X-axis: interest in the plant

5.4.2 Outcomes and analysis
Analysis of the behavioural scoring data revealed that a small number of behaviours 

*
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were consistently placed in the top-right quadrant, scoring high on both perceived 
liveliness and interest.

Crucially, all participants independently described the behaviours they perceived as 
most lively as social behaviours. The highest-scoring behaviours were all interpret-
ed as behaviours in which the plant responds to, communicates with, or adapts to 
its environment or other organisms. These behaviours behaviours reactiveness to its 
environment (through systemic electrical signalling, habituation, and conditioning and 
acoustic/behavioural snesitivity), collaboration and competition (through territoriality), 
and rapid movement.

Behaviours that were less clearly interpretable as relational or adaptive were scored 
lower in liveliness, even when they were scientifically complex. This indicates that per-
ceived sociality, rather than complexity or novelty alone, is central to how people view 
plants as agent.

This finding directly supports the mechanism identified in Chapter 4: reducing PAD by 
enabling people to perceive plants as living, responsive, and socially embedded be-
ings.

Liveliness

High interestLow interest

Figure 13, Scoring graph for how much the behaviour made the participant view the plant as lively and the level of interest in the 
behaviour

These outcomes define the following Provisional Design Requirement:

Interactions must representing plant social behaviour to allow users to 
interpret the plant’s liveliness as 'agentic responsiveness'.

5.5 Co-creation and Transition to Ide-
ation
The sessions concluded with co-creation ideation in which participants explored how 
plant social behaviours could be experientially represented, how calm could be in-
duced using plants in a natural setting, and how reflection might be encouraged. This 
achieves this research acitivty's objective. The ideas produced served as input for the 
ideation phase, translating analytical findings into ideation guidance and inspiration.

5.6 Discussion
The findings of this chapter form an important basis for developing the installation’s 
first two phases: which senses can plausibly support a calming preparing phase, and 
which plant behaviours most reliably evoke perceived liveliness and agency in the 
interaction phase. However, because the co-creation activity was conducted with a 
small sample (n = 4), the results should be interpreted as indicative design guidance 
rather than generalisable evidence. A larger and more diverse participant pool, with 
greater variation in age, cultural background, and level of CWN, would likely reduce 
the influence of individual preferences and produce a more unbiased selection of mo-
dalities and behaviours.

A second limitation is potential order bias. The sensory explorations and behaviour 
scorings were conducted in the same sequence for all participants, which could have 
shaped responses through comparison effects, learning, or fatigue. For example, once 
participants learn the intent of the session (to notice and interpret plants), later senses 
or behaviours may be evaluated more generously because participants become more 
attuned to subtle cues. In future iterations, this could be improved by counterbalancing 
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the order (e.g., Latin square) or randomising the sequence, especially if the method is 
repeated with more participants.

Finally, the co-creation setting differs from the intended park context. Calmness and 
sensory immersion are strongly shaped by environmental conditions (soundscape, 
weather, social presence, time pressure). What felt calming or interesting in a con-
trolled session may shift when people encounter the installation while walking through 
a park. For this reason, the outcomes of this research activity are treated as early de-
sign requirements that will guide ideation: the preparing phase must work under dis-
traction, and perceived liveliness must remain legible without heavy explanation.

These limitations do not undermine the value of the activity. They clarify how the 
results should be used. The chapter provides a grounded starting point for sensory 
modalities and behaviours which will be translated into prototypes and evaluated in 
context to confirm which elements reliably produce calm, sustained attention, and per-
ceived plant agency.
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CHAPTER 6.
Biodata Measure-
ments

6.1 Introduction
As preparation for the ideation phase, it was necessary to establish what plant bio-
data can be measured in situ and what those measurements practically require. This 
literature review serves two purposes. First, it defines design parameters: which plant 
processes can realistically be sensed in a park setting, at what level of invasiveness, 
and with what robustness. And, it sets the technological design space: which sensing 
approaches are feasible to integrate into the installation to experientialise the bioda-
ta. Together, these considerations provide a foundation to ideate with: instead of de-
signing an experience around abstract plant signals and theoretical opportunities, the 
ideation can build on a known set of feasible methods and constraints. The research 
objective of this literature review is therefore:

To identify measurable plant biological signals (biodata) that can be translated in 
real-time to represent the social behaviour defined in Chapter 5.

6.2 Biodata measurements
Through a literature review, multiple biodata measurement options were identified 
across different regions of a plant: the leaf, stem and branch, root zone, and sur-
rounding air. Figure 13 summarises the resulting overview, including the type of plant 
behaviour each signal can indicate and an initial direction for how the signal could be 
measured.

The final concepts of Round 2 of the ideation phase, in Chapter 8.5, focus on three 
biodata measurements described in figure 14 as opportunities to experientialise the 
social behaviour of plants.

Together, these measurements formed the technical basis for ideation. They clarified 
which biodata channels could credibly support an experiential narrative of plant re-
sponsiveness and interdependence, and which channels carried practical constraints 
(invasiveness, calibration demands, interpretability) that would shape concept devel-
opment and prototyping decisions.
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Figure 14, Explanation of biodata measurements of plants describing leaf electrical potential, VOC emissions, and soil conduc-
tance ad soil moisture
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CHAPTER 7.
Analysis Related 
Projects

7.1 Introduction
To understand what enables biodata and nature based installations effectively support 
plant-focused attention and information gain and when this is undermined, I analysed 
existing artworks and installations that bring attention to plants or translate bio-signals 
from plant social behaviour into an experience. These insights were then transformed 
into a set of reusable design principles that guided ideation and supported concept 
pre-selection.

The analysis of precedent designs method used by Blandford et al. (2010) was used to 
comparatively extract mechanisms that keep attention anchored to the plant and sup-
port information gain about plant social behaviour. The resulting design principles are 
treated as intermediate-level knowledge: not universal theory, but grounded, reusable 
guidance that can directly shape new concepts and critique emerging ideas. 

7.2 Project Summaries
17 different artworks and installations were used for this research acitivity. Examples of 
artworks that were highly influential in the development of the design principles are:
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The Plants Sense (Castellanos & Valverde, 2018–)
The Plants Sense is an interactive garden installation that captures plant systemic 
electrical signalling activity and translates it into an embodied experience of low-fre-
quency sound and haptic feedback via a wearable and objects in the garden.

Figure 15, analysis of The Plants Sense (María Castellanos, n.d.)

The Tree Listening Project (TreeListening.co.uk)
The Tree Listening Project makes internal tree processes audible through sensitive 
sensors/microphones, letting visitors listen to a specific tree through a simple, familiar 
interface: headphones.

Figure 16, analysis of Tree Listening Project (Tree Listening Project, 2025)
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One Tree ID
One Tree ID translates a tree’s VOCs into a wearable, perfume-like artefact. This cre-
ates a bodily, olfactory way of carrying the tree’s presence.

Figure 17, analysis of One Tree ID (One Tree ID − How to Become a Tree for Another Tree, n.d.)

Urban Wood Web
Urban Wood Web is an interactive light artwork that visualises the underground tree 
network through illuminated ‘roots’ and an immersive light environment, changing 
based on visitors’ presence, time, and proximity.

Figure 18, analysis of Urban Wood Web (Oomen, 2025)
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7.3 Design Principles from Analysis
The analysis resulted in a set of design principles that were used in two ways during 
the next phase: as building blocks to design with and as a screening lens, screening 
concepts for known risks before investing in prototyping. These principles are:

1.	 Keep the plant as the primary focus.
If the experience remains compelling without the plant present, attention and meaning 
drift to the installation. This principle is used to critique concepts where the objects 
became the attraction, and to prioritise interactions in which the plant remains the ob-
ject of attention and interpretation.

2.	 Reduce manipulable objects and competing focal points.
Projects with graspable, visually distracting elements risk shifting interaction into fo-
cus on the objects rather than bringing attention to the plant. This informed ideation by 
favouring minimal interfaces. 

3.	 Use plant-centred sensory modalities to hold attention without screens.
Sound, scent, and touch can sustain attention while keeping gaze available for the 
plant and its environment. This guided the generation of concepts that rely on screen-
less feedback and that centre the output near the plant.

4.	 Support legibility through contextual coupling and attribution.
People understand plant responsiveness more easily when changes may also be cre-
ated by the surroundings (wind, light, rain, proximity of people), rather than to unclear 
input-output mappings. This principle guided ideation toward signals and representa-
tions that remain interpretable without heavy instruction and can be influenced by the 
environment, not only the guest.

5.	 Clarify the connection between measured signals and output.
Clear connections between the input and output of the biosginals enhance under-
standing of what the output represents. This better enables the installation to achieve 
information gain in the guest. This principle guided ideation towards showing clear 
connections.

Together, these principles created a grounded platform for ideation: they narrowed 
the solution space in productive ways, helped generate concept variations that stayed 
plant-centred under real-world constraints, and provided explicit criteria for early con-
vergence decisions before prototyping.
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Chapter 8.
Design 
Requirements and 
Synthesis onto 
Framework

8.1 Introduction
This chapter functions as a synthesis of all seven design requirements and the design 
implementation of findings onto the 'Designable Framework Reducing PAD to Improve 
CWN using Affective Mechansisms', see figure 19. These form the basis of the design 
objective:

The installation reduces PAD by address-
ing the Attention and Memory Deficit and 
Information Deficit by translating plant be-
haviour into perceptible signals of liveliness 
to improve CWN.

8.2 Framework Implementation
To foster the calmness mechanism, the installation will stimulate an attentional focus 
on sight, sound, and/or scent.

In the second phase, the installation fosters information gain, reducing Information 
Deficit, about plants through experientialising plant social behaviour. This behaviour is 
represented in order to fit with the mechanism of liveliness. In this same phase, At-
tention and Memory Deficit is addressed by creating an interaction between the per-
son and the plant in the second phase, allowing this Experience in Nature to become 
meaningful through the representation of plant liveliness. Through this mechanism of 
liveliness, these two phases of CWN are made meaningful which enhances the devel-
opment of these phases to a positive affective state forming CWN.

The path from the installation enhancing Information about Nature and Experience in 
Nature towards the affective state of CWN is further emphasised through the stimula-
tion for reflection in the third phase.

Finally, the park context of the installation enables the further strengthening of CWN 
over time by enabling guests to re-experience the liveliness of the plant, addressing 
their Information Deficit and Attention and Memory Deficit, and therefore enhancing 
Information about Nature and Experience in Nature, and improving their Attitudinal Dis-
parity and Relative Interest, fostering the positive affective state of CWN.
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Figure 19, effect of implementation on 'Designable Framework Reducing PAD to Improve CWN using Affective Mechansisms'

To foster Connectedness with Nature, interactions must engage the 
affective (emotional) and experiential, and informational dimensions of CWN.

Installations must address Attention and Memory Disparity and Information 
Disparity to enable experiences in nature to produce a positive affect, improving 

posititve attitudes towards plants, interest in plants, and CWN.

Installations must be placed in a publicly accessible natural location to provide 
repeated experiences that strengthen CWN over time.

The installation must translate the plant’s biological activity into perceptible 
signals of liveliness, so that the plant can be experienced as a responsive, 

agentic, and living entity.

The installation must be comprised of three phases: a preparing phase that 
slows pace through focusing on different senses, an interactive phase that 

focusses attention on the plant and allows the user to engage with the plant, 
and a reflective phase that supports memory formation and an increase in 

attitude and interest.

Design requirement 1

Design requirement 2

Design requirement 3

Design requirement 4

Design requirement 5
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Users should be stimulated to focus on scent, hearing and sound in the 
Preparing Phase to induce a calm mood while keeping interest in the 

installation high.*provisional

Interactions must representing plant social behaviour to allow users to 
interpret the plant’s liveliness as 'agentic responsiveness'.

Together, the framework and design requirements define the research hypothesis.

Design requirement 6

Design requirement 7

Through experiential-
ising systemic electri-
cal signalling in plants 
to represent plant live-
liness, this installa-
tion will foster atten-
tion towards plants 
and information gain 
about plants, lowering 
guest’s Plant Aware-
ness Disparity, which 
enhances their Con-
nectedness with Na-
ture.
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CHAPTER 9.
Ideation

9.1 Introduction
The preceding chapters established the framework of this project: to foster Connect-
edness with Nature (CWN) as a first step in a wider Three-Step Journey toward con-
servation action, by addressing Plant Awareness Disparity (PAD). In order to achieve 
this, three different opportunities for measuring plant biodata in order to achieve this 
framework were established. To select the best plant biodata measurement and devel-
op the installation to represent this, this chapter focusses on achieving the following 
objective:

To ideate different concepts that implement this thesis' implementation of the 'Des-
ignable Framework Reducing PAD to Improve CWN' (described in Chapter 8) and 
evaluate different conceptual meta-concepts to determine which represent of plant 
biodata best fosters attention and perceived learning"

Ideation was treated as a structured exploration and convergence process in four 
iterative rounds. First early exploration focuses on the two fundamental parts of Plant 
Awareness Disparity to address: how to draw attention to plants, and how to make 
plant social behaviour experiential. With this broad range of concepts, analogies were 
explored to ensure the installation also effectively addresses the affective aspect of 
Connectedness with Nature. These explorations were synthesised into three 'me-
ta-concepts' that each represent one of the biodata measurement options. The final 
direction was selected through comparative prototyping and user evaluation.

9.2 Ideation Evaluation
The evaluation of concepts was based in the design requirements, listed all together 
in the following pages, and an evaluation of feasibility in a park setting. These criteria 
were used first to guide exploration (what to ideate toward), and later to support con-
vergence (how to justify decisions) to align to the project goal and the three phases.

9.3 Round 1: Exploring Attention 
and Experientialising Plant Social Be-
haviour
To effectively address PAD, the installation must gain attention for nature and enhance 
information about nature. Therefore, Round 1 developed ideas that addressed these 
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Journey of Care - Nutrients: Guests walk the route of nutrients shared between trees in the park. While 
walking, they learn more and more about the life of the tree: who it protects and avoids, what is shared, 
etc.

Journey of Care - VOCs: Guests walk the route of VOCs shared between trees in the park. While walk-
ing, they learn more and more about the life of the tree: when it emits VOCs, what the VOCs do in other 
trees, etc. 

Sharing/Seing: Guests walk through the park guided by an object, which shines brighter near its kind 
and less bright by different trees, allowing people to experience the social relations in of the plants in 
the park.

Figure 21, Concepts round 1 ideation

aspects of PAD. The broad set of ideas for both aspects were clustered and combined 
into many concepts. An evaluation based on the design requirements and feasibility 
selected 6 concepts to further develop, see figure 20 to 22.

Harmonising relationships: People are guided through a walk in the park with an amulet playing a poem 
about the social behaviours of plants. The sounds of the social interactions between the plants are 
sonofied, with kin harmonizing and differing from other tree families. As you interact with trees, forming 
a connection with them the amulet to emits a sound, harmonising with the sounds of the trees, repre-
senting a relationship being formed between you and the tree.

Figure 20, Concepts round 1 ideation
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Nutrient recreations: A ‘recreation of the forest’ is made with plants in a basin.. Through fluorescent 
dyes the nutrient sharing pathways of the plants are shown. As guests touch the plants, ‘giving the plant 
nutrients’, a projection of the journey of the nutrients in the basin and in scale for the trees is projected.

Sharing/Leading: Guests are free to walk in the park. When they stand by a tree, a light shines at them, 
as if the social relational network between them starts to grow. Meanwhile, a poem about this social 
relationship is shared through directional speakers. As the person stands longer, the relationship of the 
tree with other trees is shown through lights, sharing more intimate information with them.

Figure 22, Concepts round 1 ideation

9.4 Round 2: Affective Layer Through 
Analogies
Round 2 aimed to enhance the affective dimension of Connectedness with Nature 
through strengthening the experience of liveliness. To do this, this round focuses on 
adding the affective design layer through analogies to the concept generation process.

For most people, liveliness is well-understood in the context of human-to-human 
contact. Therefore, interpersonal analogies were used to translate these experiences 
into interaction principles that represent the interaction elements that effectively fos-
ter a positive affect. This moves the ideation beyond experientialising biodata towards 
designing an experience that evokes connection and the experience of liveliness while 
keeping the engagement with the plant as the focus.

Each analogy was analysed on the role and actions of the participants and the affec-
tive outcome it tends to produce in order to define interaction principles. These were 
used to develop the final concepts of round 1 to more effectively foster a positive af-
fect and experientialise liveliness.

The four interpersonal analogies used in this round are summarised as follows:

1.	 Sharing thoughts:
Two friends talk in a familiar, safe setting. One person opens up about something 
personal, worries, dreams, or an experience, and the other responds warmly, listens 
attentively, and makes them feel accepted. The exchange feels mutual and supportive. 
Outcome: the person feels heard, calmer, and emotionally supported; they leave with a 
stronger sense of closeness and empathy because they were met with receptiveness 
and care.

2.	 Sharing silence:
Two people sit together in silence, looking at each other for an extended time. Because 
of the stilness, attention shifts to subtle details: small changes in expression, breathing, 
posture, and micro-movements. The longer the silence continues, the more comfort-
able and intimate it becomes. Outcome: calmness and connection grow through sus-
tained attention; curiosity is directed toward subtle change; the relationship deepens 
because the other person becomes more present and fully noticed.

3.	 Being welcomed and introduced:
Someone enters a space where they know one person and are unfamiliar with the rest. 
The friend greets them warmly, makes them feel safe, and introduces them into the 
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group, giving context and helping them find their place. The social world becomes ac-
cessible and less intimidating. Outcome: the newcomer feels included, reassured, and 
open; curiosity increases; connection forms faster because the interaction is guided 
and the environment feels hospitable rather than overwhelming.

4.	 Getting to know someone:
Two people who only know each other slightly start a conversation in a public con-
text (train, street, café). It begins with introductions and small talk. As they continue, 
they share more personal or meaningful information, and the conversation becomes 
richer. When they part, the person reflects on what they learned and feels they under-
stand the other better. Outcome: connection strengthens gradually; empathy increases 
through accumulating information and responsiveness; the interaction is memorable 
because it unfolds over time and ends with reflection and meaning-making.

A limitation in this approach may be the human-centered focus of the analogy. The 
connection felt in these contexts may not translate as intended into a connection with 
nature. By using the interaction principles as opposed to mimicking the interaction, I 
aimed to minimize the effect of this.

9.4.1 Expert selection with client advice
This round of ideation developed 6 concpets, see figures 11 to 15. Because this project 
was conducted for Tellart, a selection of 3 concepts was done after a meeting with the 
Design Director of Tellart. These 3 concepts will be developed into meta-concepts. 
The critique was grounded in the same evaluation lens established earlier: compliance 
to the project logic and goal of the project, and outdoor feasibility. 

Figure 23, Concepts round 2 ideation

Speakers beneath the tree play 
sounds of its underground commu-
nication. The bench has two pads 
that slowly expand and contract in 
sync with the leaves’ slow waves, 
inviting guests to sit and observe na-
ture more closely. Resting their back 
against the tree encourages calm, 
while the pads set a gentle pace and 
reveal the tree’s quiet liveliness.

When someone stands before the 
totem, their breath warms the leaves 
and raises CO₂. The CO₂ makes 
the totem’s middle pulse in and out, 
while the heat boosts the plant’s 
electrochemical signals. Together, 
these responses create a rhythmic 
motion between the base and cen-
ter, emphasizing the quiet symbiosis 
between human and plant.
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Figure 24, Concepts round 2 ideation Figure 25, Concepts round 2 ideation

Speakers around the tree lead the 
guest under the canopy towards the 
tree trunk while learning about what 
the tree has experienced.

At the tree trunk, the poem invites 
the audience to share their worries 
and experiences with the tree, allow-
ing the underground network to take 
in the worries for the guest, repre-
sented by a sound moving from the 
tree towards other trees.

A stand with fertilizer and a speaker  
playing a sonofication of the earth's 
conductance stand by the tree. 
When the person is near the tree, a 
poem about the trees relation to oth-
er plants in the park is shared and 
invites them to join the underground 
network by adding fertilizer, caus-
ing the sound to change. The sound 
spreads to other trees, welcoming 
the guest into their world.

When a person sits, they are face to 
face with this part of the tree.

As they touch the plate it begins 
with light trembling, representing 
the systemic electrical signalling 
in the plant, and becomes greater 
over time, allowing them to feel the 
rhythm better as they give the tree 
more attention.

A tree plays the sounds of differ-
ent natural events that happens to 
trees, such as storms and branches 
breaking and a sonofication of soil 
conductance. At intense events, the 
sonofication becomes louder to rep-
resent plant to plant collaboration.

If a person sits on one of the seats 
surrounding the tree the speaker in 
the seats sonifies their conductance, 
connecting them to the trees.
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9.5 Round 3: Meta-Concepts
The selected directions from Round 2 were developed into three meta-concepts that 
could be compared at the interaction level through prototypes. The development of 
concepts from Round 2 to Round 3 focussed on enhancing feasibility and connecting 
the biodata to the interaction. The final product of Round 3 was a prototype for each 
installation at an equal level of development, which enabled equal comparison be-
tween prototypes.

The aim of prototyping at this stage to create sufficient experiential fidelity for partic-
ipants to meaningfully compare how each concept affects attention to the plant, per-
ceived information about the plant, and felt connectedness.

To improve the validity of the comparison, prototypes were designed so that certain 
aspects, the setting, approximate interaction duration, and instruction level, were held 
constant. This enables the interpretation of differences as stemming from the concept 
rather than from unintended biases.
 
9.5.1 Meta-Concept 1: Sharing Thoughts
Sharing Thoughts experientialises nutrient sharing in the underground network of 
plants, see figure 26 and 27. Multiple small signifiers are placed in the ground around 
a tree and move based on soil conductance readings, arranged to create a path to-
ward a blanket. When a visitor enters the path, the nearby signifiers stop moving to 
invite them inward. At the centre, the visitor can write on a leaflet and clip it back 
onto a signifier. The signifier’s capacitance then triggers gentle warming that erases 
the heat-sensitive ink, suggesting the message has been taken in and redistributed 
through the unseen system.

Leaflets shape a path towards a blan-
ket in fron of the tree. The leaflets move 
based on the capacitance of the earth.

By the blanket the guest can see a text 
on the leaflets that invites them to share 
something with the tree root network, 
fostering connection.

When the person puts the leaflet back on the 'signifier', it sends electrical signals 
based on the earth capacitance through the metal on the back of the leaflet, causing 
the heat-reactive ink to disappear.
Figure 26, Storyboard of Meta-Concept 1
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Figure 27, Prototype of Meta-Concept 1

9.5.2 Meta-Concept 2: Sharing Silence
Sharing Silence represents the systemic electrical signalling of plants, see figures 28 
and 29.  Guests sit on a stool in front of the plant’s leaf, ‘standing eye to eye with each 
other’. In front of each stool, a tactile plate translates that part’s activity into a tremble. 
When the visitor places their hand on the plate they can feel the tremble. As they touch 
the leaf of the plant, this changes the signal and therefore the tremble in the box. 

Figure 29, Storyboard of Meta-Concept 2Figure 28, Prototype of Meta-Concept 2

Seats are placed around the tree inviting people to sit face to face with the tree.

As they put their hands on the table, the conductance of the leaf is represented 
through trembling. The longer they sit, the more trembling they experience, stimulating 
a long, connective face to face moment.



100 101

9.5.3 Meta-Concept 3: Sharing Breath
Sharing Breath represents the tree’s volatile organic compounds (VOCs) as a medi-
um of communication, see figures 30 and 31. A small scent source is positioned in/
near the tree canopy so that, when a visitor approaches and pauses beside the tree, 
they receive a gentle release of the tree’s natural scent. The experience is designed to 
be calming, shifting the visitor’s breathing and attention. As they breathe into the ball, 
a paper captures VOCs from the person while a bowl with alcohol captures the VOCs 
released by the tree. By turning a lever, the guest can dip their paper into the bowl, 
receiving a memroy of their ‘communication’ with the tree.

Figure 31, Storyboard of Meta-Concept 3

Figure 30, Prototype of Meta-Concept 3

Transparent scent balls hang from 
the tree. An audio describing the 
relationship between humans and 
trees through scent plays, inviting 
the guest to come closer.

As the guest breathes by the open-
ing, some VOC particles go onto the 
perfume paper. Meanwhile, a tray 
with alcohol on it collects VOC emis-
sions from the leaf.

When the person is done breath-
ing with the leaf, they can turn the 
mechanism so the paper dips into 
the tray, creating a scent memory of 
their communication.
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9.6 Analysis Approach and Selection
A within-subject study was conducted in which each participant experienced all three 
prototypes. Order effects were controlled using a Latin square counterbalancing 
scheme so that each prototype occurred in each position across participants. Nine 
participants took part in the evaluation (n = 9).

The evaluation focused on three outcomes that directly correspond to the project 
mechanism established earlier: attention toward plants (addressing PAD’s attention 
deficit), information gain (addressing PAD’s knowledge deficit), and a state-like mea-
sure of connectedness to nature elicited by the experience. To evaluate this, three 
methods were used: a Likert scale rating of Connectedness with Nature, an interview 
on its ability to address PAD, and a visual analysis based on Hartmann et al. (2006)’s 
method to find key points of improvement.

Participants experienced the three prototypes in their assigned order and were then 
interviewed. They were asked to complete Likert scale rating on Connectedness with 
Nature and participate in a semi-structured interview. The interview focused on what 
supported or hindered attention to the plant, what participants felt they learned or un-
derstood about the plant, and what created or blocked a feeling of connection.

9.6.1 Analysis Approach for Selection
Because the evaluation compared three prototypes within the same participants and 
used Likert-type ratings with a small sample size, quantitative differences between 
prototypes were analysed using a Friedman test. Post-hoc comparisons were required, 
pairwise tests were interpreted and corrected for multiple comparisons to reduce in-
flated Type I error. 

Interview data were analysed through thematic analysis, focusing on recurring pat-
terns in what participants described as connecting, attention-directing, or informative. 
This improved the selection of a final concept by evaluating the lived experience of the 
prototypes and how well it addresses PAD.

9.7 Outcomes and Selection of Final 
Direction
9.7.1 Quantitative Outcomes
The average connectedness ratings for each prototype were as follows: Prototype 1 
scored 3.44, Prototype 2 scored 2.67, and Prototype 3 scored 3.78. In this sample, the 

quantitative analysis did not indicate a statistically reliable difference between Pro-
totype 1 and Prototype 3, while Prototype 2 consistently underperformed. Given the 
small sample size (n = 9), these results are interpreted as suggestive rather than de-
finitive. They indicate that both Prototype 1 and Prototype 3 have potential to support 
connectedness, but they do not establish a clear superiority of one over the other on 
the connectedness rating alone.

9.7.2 Qualitative Outcomes
Although Prototype 1 and Prototype 3 achieved comparable connectedness ratings, 
participants described different experiential mechanisms through which this connec-
tion emerged. Prototype 1 was repeatedly described as enabling participants to feel 
what the plant is experiencing and to interpret plant change as a response to its sur-
roundings. This supported the project’s core goal: focusses attention toward the plant 
while making its liveliness experiential as agency through representing social be-
haviour. 

The interviews suggested that Prototype 1 kept the plant as the centre of focus, sus-
taining attention and supporting interaction with the plant rather than with the inter-
face.

In Prototype 3, participants frequently described a calming experience centred on 
breathing and awareness of shared breath with the plant. While this contributed to a 
reflective and self-regulatory feeling, it also tended to move attention toward the par-
ticipant’s internal bodily state rather than toward interpreting plant social behaviour. As 
a result, Prototype 3 aligned less directly with the project’s stated How: experientialis-
ing plant social behaviours through biodata to reduce PAD. 

On this basis, Prototype 1 was selected as the final direction. Prototype 1 more con-
sistently supported the desired chain from attention and information gain to perceived 
liveliness and agency, which is the mechanism through which PAD is aimed to be re-
duced.

9.8 Refining the Selected Concept
A subsequent round of thematic analysis and a visual evaluation was performed on 
Prototype 1 with the goal of refinement: discovering what aspects of the prototype to 
improve in order to best achieve the goal of the installation.

Video footage were reviewed to identify moments in which participants were confused 
on what to do, misinterpreted the aimed interaction, or shifted attention away from the 
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plant. The analysis focused on: problem indicators (confusion, hesitation, disengage-
ment), major user actions and recurring interaction patterns, and points that supported 
or hindered connection, attention, and information gain. This reflective analysis con-
cluded with three design changes aimed at strengthening intuitiveness of the installa-
tion, clarity of responsiveness cues to enhance information gain and attention, and the 
calmness evoked in the preparing phase.

The questions defined to answer are:

1.	 What should the form of the interaction output object(s) be to make interaction 
and sensory engagement intuitive?

2.	 How can I make clear how and where to touch the plant to interact with it?

3.	 How can I use the bio-signals and its expression to calm people before their 
interaction with the tree?

The next phase, described in chapter 8, focusses on answering these questions 
through refinement iterations of prototypes evaluated through user testing in order 
to achieve an installation that intuitively and effectively addresses PAD. Question 2 is 
specified in Chapter 9 through a visual analysis of the preceding prototype.

9.9 Discussion of Evaluation Method
9.9.1 Attention and Plant-Centredness
A key lesson from the prototypes is that attention is shaped less by the intended nar-
rative and more by what the interaction affords. Prototype 2 illustrates this clearly. 
Although it appeared promising on paper, its physical setup pulled attention away from 
the tree. Participants became distracted by the papers themselves and oriented toward 
manipulating or controlling them, rather than using them to attend to the plant and 
interpret responsiveness. The interface became the primary object of engagement and 
the plant became secondary.

This does not necessarily mean the narrative concept of Prototype 2 is invalid. Rath-
er, it shows how easily form can overshadow meaning-making. When a component is 
visually appealing and/or interactive, participants will naturally explore it as an object 
to interact with. For an installation aimed at countering Plant Awareness Disparity, this 
undermines the intended shift from plants as background to plants as foreground. A di-
rect implication for subsequent iterations is to minimise manipulable objects and keep 
cues and feedback perceptually and spatially anchored to the plant itself.

9.9.2 Limitations and Interpretation
The findings should be interpreted cautiously due to three constraints. The sample 
size was small (n = 9) and relatively homogeneous (predominantly young university 
educated students), limiting generalisability and statistical sensitivity. In addition to 
this, although a Latin square was used, the within-subject design likely introduced a 
learning effect: after the first prototype, participants better understood the framing 
(biodata, responsiveness, connection), which likely increased understanding of later 
prototypes and may have elevated baseline connectedness during the session. Final-
ly, the experience of the first phase, by situating the installation in a park, was con-
strained by the practical requirements of access to electricity, which prevented testing 
the preparing phase as a true park-based journey. Because this phase relies on the 
calming experience of walking into and being in nature, the evaluation may underesti-
mate the impact of the complete three-phase experience when placed in the middle of 
the park.
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CHAPTER 10.
Concept Refinement

10.1 Introduction
The previous chapter identified a set of open questions that must be resolved to re-
fine the chosen concept. The refinement work focuses on three interrelated aspects: 
developing the interaction and output modalities so that bio-signal changes are legible 
as plant responsiveness, addressing usability issues that prevented participants from 
understanding how to interact, and strengthening the preparing phase so that the ex-
perience reliably supports a calm, receptive state before interaction.

10.2 Current Interaction Concept
10.2.1 Interaction
In the current interaction concept, guests can explore the systemic electrical signal-
ling of plants through a biofeedback loop that transforms the plant's conductance into 
sound and haptics. When a guest comes in close proximity to the plant's leaf connect-
ed to the biotron (at roughly 10cm from the plant) or touches this leaf, the conductance 
of the leaf changes. Guests can hear this through the sound and feel this through the 
haptic interface. This enables a tactile interaction between the person and the tree.

The interaction is based on the Playtronica Biotron, which measures changes in the 
plant’s systemic electrical signalling through the conductance of the leaves. Electrodes 
are attached to a leaf, and the Biotron translates these conductance changes into a 
digital signal.

This signal is then processed through the Playtronica software environment (synth.
playtronica.com), where it is translated into sound and haptic output. In the current 
prototype, the DX7 Synth was used as the sound engine. The resulting sound is played 
through a speaker, while low-frequency output is sent to a bass shaker, allowing par-
ticipants to feel the plant signal as vibration.

As a result, the interaction creates a real-time sensory translation of the plant’s activ-
ity: participants can hear and feel changes in the plant signal while being physically 
near or interacting with the plant. At this stage, the prototype primarily functions as a 
proof of concept for plant-based sensory feedback. The following sections describe 
how this interaction was evaluated and refined to better support the project’s goals of 
reducing Plant Awareness Disparity and fostering Connectedness with Nature.
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10.3 Refinement questions: Ideation 
and testing
For refinement questions 1 and 2, multiple concepts were prototyped to the same fidel-
ity and tested in the intended context, with similar duration and instruction level. The 
prototypes differed only in the specific intervention, so observed differences could be 
attributed only to the design change. These prototypes were then tested by 7-9 partic-
ipants in within-subject user studies so that participants could directly compare alter-
natives and articulate differences in perceived clarity and meaning. To reduce order 
effects and learning bias across conditions, the presentation order of prototypes was 
counterbalanced using a Latin square. 

10.3.1 Question 1: How should the tremble + sound ele-
ment be designed to make understanding the output in-
tuitive?
For the first refinement question, ideation focused on form and output clarity., ad-
dressing two key usability issues:

Unclear output cues: participants were uncertain how to interact with the installation 
to cause changes and interpret the trembling sensation. Two misinterpretations were 
often made: that the audio was the main interaction or that the electronics or box were 
the interactive elements, with the physical trembling experienced as a secondary side 
effect rather than a meaningful channel. This created confusion about what to touch, 
where to focus, and what counts as part of the experience.

Ambiguous signal causality: participants were not always sure what changed the 
signal, having difficulty differentiating whether the reaction was driven by wind, move-
ment, or touch. This led participants to struggle to form a clear information gain of 
plant electrical signalling.

This was developed into two concepts:
Concept 1: Chair with bass shaker in the back area which trembles in response to 
plant's biosignal, shown in figure 32.
Concept 2: Table between person and tree, as if they are sitting at the table with the 
tree. The table top trembles based on the plant's biosignal, shown in figure 33.
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Concept 1

Concept 2

Figure 32, Prototype of Question 1 Concept 1

Figure 33, Prototype of Question 1 Concept 2

Concept 2

Concept 3

Figure 34, Prototype of Question 2 Concept 1

Figure 35, Prototype of Question 2 Concept 2

Figure 36, Prototype of Question 2 Concept 3

Concept 1
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10.3.2 Question 2: How can interaction with the plant be 
made clear (where to touch and how)?
The user tests of Question 1 defined that the core issue in this question was that par-
ticipants did not consistently understand which branch or leaf to touch and what con-
stituted a correct or meaningful interaction. Ideation therefore focused on physical 
guidance and invitation: how to direct the body and hand toward the intended inter-
action point, while maintaining a plant-centred experience and avoiding artefacts that 
would become the new focal object. Thus, Question two was split into two questions:

•	 How can it be intuitive that the branches are a part of the interaction?

•	 How can it be intuitive how to interact with the branch to change the signal?

This was turned into three concepts:
Concept 1: The same setup as Concept 2 of Question 1, but with a more sensitive reac-
tion to touch and proximity. This concept is shown in figure 34.
Concept 2: The same setup as concept 1, but preluded by a poem that tells about hap-
tic communication and the reactiveness between humans and plants, sensitising the 
guest to touch the plant and understand the input-output connection. This concept is 
shown in figure 35.
Concept 3: Same setup as concept 1, with an additional stand that physically frames 
the connected leaf's branch. This guides the user to touch the correct leaf and invites 
engagement. This concept is shown in figure 36.

10.3.3 Question 3: How can I use the bio-signals and its 
expression to calm people before their interaction with 
the tree?
The user tests of Question 1 and 2 proved that the preparing phase needed develop-
ment to more effectively foster a calm and slow-paced state, stimulate guests to enter 
the installation and walk towards and engage in the interaction phase. These findings 
became design requirements, see Chapter 9.4.3. With this knowledge, Question three 
was specified into the following sub-questions:

•	 How can the guest actively focus on and engage in their senses to get to know 
	 the specific features of the tree?

•	 How can the first phase downshift arousal and pace so people are stimulated to 
	 feel comfortable, receptive and curious as they enter the second phase?

•	 How can the preparing phase engage people to enter the installation and go to 
	 the interaction phase?

10.4 Measurements and Analysis
In the concept refinement tests, evaluation combined quantitative and qualitative mea-
sures to capture both interaction clarity and the underlying reasons why an interven-
tion supported or hindered plant-centred interaction.

10.4.1 Question 1 analysis
The first refinement test used a qualitative analysis focused on two aspects: the ex-
tent to which the installation reduced Plant Awareness Disparity, measured through an 
adapted Plant Awareness Disparity-Index (PAD-I) (Parsley et al., 2022), and perceived 
intuitiveness and clarity of interaction cues. To assess the interaction cues, a question-
naire approach was used combining principles from semantic differential measurement 
(Osgood et al.) and perceived affordance/intuitiveness perspectives informed by Nor-
man (1999)’s literature on affordances and interpretation. In addition, a visual analysis 
following Hartmann et al. (2006) was performed, focusing on:

•	 Problem indicators (hesitation, confusion, disengagement)

•	 Major user actions (recurring behaviours and workarounds)

•	 Points that hinder or support causing bio-signal change and interpreting bio-sig-
	 nals as plant responsiveness expressed through sound and trembling
	 This approach enabled both comparative scoring and the evaluation of why a 
	 prototype succeeded or failed.

10.4.2 Question 2 analysis
For the second refinement test, evaluation assessed usability cue clarity. A semi-struc-
tured interview explored what elements provided clear invitations and what created 
confusion, and an adapted QUESI survey measured perceived intuitiveness and ease-
of-use. Again, visual analysis was used to identify remaining problem indicators and 
opportunities for improvement.

10.4.3 Design Implementations
Based on the thematic and visual analysis of the user tests for question 1 and 2, the 
following design implementations were formulated to address specific usability hurdles 
and cognitive barriers observed during testing:
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Sensing patches shall be 
visually unobtrusive and blend 
into the tree’s material palette 
to prevent them from becom-
ing a competing focal object.

The interaction shall physi-
cally frame and direct atten-
tion to a specific leaf or leaf 

cluster as the primary point of 
engagement.

The first phase shall include 
an explicit but gentle invitation 
(e.g., specific signage or spa-
tial cues) that signals permis-
sion to enter and sit without 

social pressure.

Participants frequently 
misinterpreted visible wiring 

and patches as buttons, 
pressing the hardware rath-
er than touching the plant.

Users in the test for ques-
tions 1 and 2 were often un-
sure where to touch, leading 

to hesitation or random 
interaction with non-con-

nected leaves and branches

Passers-by in the test for 
question 2 expressed social 

discomfort to engage in 
the interaction (e.g. "Am I 
allowed to sit here?") due 
to the lack of an artistic 

framing of the installation, 
causing them to avoid the 

installation entirely.

Observation
Design

Implementa-
tion

The interaction phase must 
limit direct sightlines from 

high-traffic routes and cre-
ate an off path pull to attract 

passers-by from the main 
walking path into the prepar-

ing zone and guides them 
along a route to the chair.

The interaction shall physi-
cally frame and direct atten-
tion to a specific leaf or leaf 

cluster as the primary point of 
engagement.

Participants felt socially 
exposed due to the open 
area in which the interac-

tion phase is placed, which 
prevented the relaxation 

required for the Preparing 
Phase.

In early concept testing, 
participants associated 

the electrode patches with 
heart-rate monitors, intui-
tively linking the signal to a 
signal of the plant. Howev-
er, during the user test for 

question 2, this association 
proved inconsistent. Partic-
ipants frequently failed to 
understand that the plant 

was reacting and changing 
the input, often interpreting 
the change as attributed to 
touching the patches which 

changed the signal.
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10.5 Question 3 Selection
Three concepts were developed to solve question 3, see figures 37 to 39. All concepts 
were scored on how well they achieve the design requirements for the first phase, Ap-
pendix F.

For this, three concepts were developed:
Concept 1: Fabric arches with questions about the senses, stimulating people to focus 
on their sensory perception of the tree.
Concept 2: A wood chip path, causing people to slow pace due to the change in tex-
ture, with speakers playing a soundscape that hints at different senses (eg. wind for 
scent and movement, sounds of leaves crackling and moving in the wind for touch)
Concept 3: Wooden 'stepping stones'  guiding guests towards the chair. Every other 
'stepping stone' has a question on it, guiding people to focus on their senses.

Concept 1

Figure 37, Visual of Question 3 Concept 1

Concept 2

Concept 3

Figure 38, Visual of Question 3 Concept 2

Figure 39, Visual of Question 3 Concept 3
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I scored the concepts on all design requirements to evaluate which best achieved 
calmness in the first phase. Concept 1 was selected, as it scored highest among the 
design requirements because it effectively pulls people off the path and frames the 
tree through its unique visual qualities, uncommonly found in parks. Furthermore, the 
privacy created by the fabric best enhances the feeling of social safety that strength-
ens guest’s feeling of comfort and slow pace in the preparing and interaction phases.

10.6 Improvements Made
Through this iterative process, final design improvements were made to the installa-
tion. The interaction of the installation can be found in figure 41.

10.6.1 Setup
The setup of the interaction of the installation, illustrated in figure 40, consists of elec-
trode patches that measure the bio-signal of the plant’s systemic electrical signalling, 
connected to a laptop that converts these signals into an audio and haptic output. The 
audio is played by a speaker while the haptics tremble the chair’s seat through a bass 
shaker.

Electrode Patches

Speaker

Bass Shaker

Amplifier

Laptop with MIDI to 
sound code

Figure 40, Setup of interaction phase design

Figure 41 shows the final installation interaction. 

Figure 41, Interaction visual of interaction phase design
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10.6.2 Interaction form: Haptic-Acoustic output
Problem: During testing, interfaces requiring the hand to touch to feel the output com-
peted with physically interacting with the plant. In addition, interfaces between the 
person and the plant competed with the plant for the user’s attention. Finally, users 
struggled to perceive the changes in the bio-signal through haptics alone.

Improvement: The final design is a chair with a synchronized audio-haptic system. 
Audio is delivered via external speakers to ensure all guests can experience the plant's 
liveliness, even if the chair is occupied or people are not able to sit on the chair. The 
hands-free form of the chair physically relaxes the user and allows the haptic vibra-
tions to be felt through the entire body, creating an engulfing sensation of the plant's 
signals.

10.6.3 Affective Audio Design
Problem: The Problem: The standard biosignal-to-audio software of the Playtronica 
Biotron (sensor for systemic electrical signalling) often produces high-pitched, syn-
thetic tones that users associated with plant stress, triggering negative affective re-
sponses.

Improvement: A custom Logic Pro programme was developed to translate MIDI signals 
of electrical conductance into stretched, flowing base tones for baseline water flow 
and bubble popping sounds for proximity and touch.

10.6.4 Camouflaged sensing and physical framing
Problem Identified: During testing, the visible sensing patches were interpreted by 
users as buttons, causing them to press the technology rather than touch the plant. 
Furthermore, without clear framing, users were unsure which branch to interact with.

Improvement: The sensing patches were redesigned using hard foam and a covering 
material to visually blend into the leaf’s material palette and remove interaction cues, 
signaling they are not interaction points. Simultaneously, a specific interaction branch 
is placed on a wide, minimalist stand. This provides a physical frame that invites touch 
while keeping the leaf free-moving and uncaged. These improvements are visualised 
in figure 42.

Outer plastic layer 
for camouflaging 

color

Hard foam to cre-
ate uniform form

Electrode patch 
with electrode 
patch adhesive 

sticking the con-
struction onto the 

leaf

Figure 42, Improvements for interaction with plant
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10.6.5 Sensitising First Phase
Problem: In a public park setting, the open nature of the interaction phase and proxim-
ity of the installation by the tree caused social discomfort, or view it as a closed exper-
iment, making passers-by hesitant to enter or engage. Users felt exposed and rushed, 
preventing the slowing down required to notice nature.

Improvement: A series of modular fabric arches was created to frame the tree and 
create a dedicated path. These arches act as an off-path pull and provide privacy. Text 
on the arches guides users to focus on specific senses (scent, ground texture) before 
they reach the interaction, stimulating slowing down. Figures 43 to 45 illustrate this 
concept.

Figure 43, Improvements to preparing phase

Figure 44, Spatial mapping of preparing phase concept

Figure 45, Inspirational image to illustrate design of preparing phase 
concept (Oele, n.d.)
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10.6.6 Structural Design: Modularity and Safety
Problem: As the installation will be temporary, with the intention of being placed in dif-
ferent parks, the design for the preparing phase must be transportable and moduilar to 
fit varying park layouts and tree sizes.

Design Improvement: The design, shown in figure 46, is a modular, weighted fabric 
arch structure is adaptable, allowing the installation to fit different tree geometries and 
path widths by simply swapping the fabrics while retaining the core structure. The 
structure was selected guided by a civil engineer and stage builder based on struc-
tural integrity in outdoor conditions and transportability, enabling the installation to 
move to different parks. This concept allows the structure to withstand winds up to 7 
on the beaufort scale, tested through simulations (see Appendix B), while keeping the 
appearance of the structure minimal nor requiring much weight to keep the structure 
stable.

Figure 46, Structural design of preparing phase

10.7 Discussion
A key learning was that interaction legibility depends on context and the specific tree. 
In Chapter 8, wind-driven movement helped participants understand that the plant 
responds to its environment and that touch can plausibly change the output. In the 
refinement tests, the trees moved less, and participants had fewer environmental hints 
to interpret what they should do. This makes clear that the final experience cannot 
rely on environmental cues (like wind) to teach the interaction. Instead, the installation 
needs consistent, plant-specific guidance: where to touch, what kind of touch is ap-
propriate, and how long to sustain it, without adding distracting objects.

The tests also confirmed that a small amount of explanation is necessary to stimulate 
information gain. In the user test of question 2, only one participant recognised the 
patches as measurement-like (associating it with a heart-rate patch), and 6/7 par-
ticipants did not understand what was changing the sound/vibration. In the test for 
question 1 and the test of Chapter 8, in total 14 out fo 17 people had this association, 
allowing them to interpret the change in output as a reaction of the plant. When a short 
explanatory text was integrated into the poem concept of question 2, participants 
became noticably more engaged. They shifted from appreciating the effect as inter-
esting to actively exploring the tree’s responsiveness and linking changes in output to 
their touch. This indicates that the design needs an explanation to make this translation 
understandable, after which curiosity and exploration can take over.

10.7.1 Limitations
Several limitations shape how these outcomes should be interpreted. Participant 
numbers were small (n = 7–8 per test) and the Q2 group was relatively homogeneous 
(mostly university-educated, 21–25 years old). A larger and more diverse sample would 
likely reveal misconceptions, such as not all participants associating of the patch-
es with the heart rate monitor, earlier and strengthen confidence in the conclusions. 
Learning effects were also present: once participants discovered how to influence the 
output through longer engagement causing them to explore more and touch the plant, 
they evaluated that prototype more positively, suggesting first-time clarity remains a 
central design constraint. Finally, early refinement could not fully include the intended 
preparing-phase journey due to practical constraints around electricity. This reduced 
the effect of the first phase and without downshifting arousal before interaction, partic-
ipants were less sensitised for the intended plant-centred experience. Future iterations 
should therefore be tested fully in-context or preceded by a brief sensitising exercise 
that approximates the intended preparatory state.
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CHAPTER 11.
Final Design: 
Onder de Schors

We often overlook plants because they seem static and silent compared to animals, 
a bias known as Plant Awareness Disparity (PAD). This lack of attention and under-
standing makes it hard to feel empathy for them. To foster a true Connectedness with 
Nature, we need to bridge this gap. Onder de Schors addresses PAD by making the 
invisible visible. By translating hidden electrical signals into human-perceivable audi-
tory and haptic feedback, the installation proves that plants are active and responsive. 
This shifts the tree from a passive background object into a living protagonist, captur-
ing our attention and teaching us about its liveliness to build a lasting connection.

Onder de Schors is an interactive installation that allows you to physically feel and 
hear the internal life of a tree. Through a set of fabric arches, you are guided off the 
main path and invited to slow down and tune into your senses. This guides you towrds 
the interaction phase, where you can sit and physically interact with a living branch 
through touch. This contact changes the installation's feedback: the sound in the tree 
and haptic feedback in the chair change. This is done through bio-signal sensors on 
the leaves, audio speakers, and haptic bass shakers embedded in the seat.

By creating a direct, multimodal feedback loop where the plant visibly and tangibly 
responds to human presence, Onder de Schors facilitates the Information Gain and 
Attention required to address PAD to foster a sustained Connectedness with Nature 
(CWN).

11.1 Three Phased Journey
The three phases of the user journey are design as follows:

1.	 The Priming Zone (Phase 1): A series of modular fabric arches physically frames 
the tree and sensitises the user to slow down, directing attention to sensory details 
(scent, ground texture, sight) often filtered out by PAD.

2.	 The Interaction Zone (Phase 2): The core interface is a haptic-acoustic chair 
positioned before a specific branch. Non-invasive sensors on the leaves measure 
real-time changes in electrical potential caused by the tree’s water flow and reaction 
to external stimuli. These signals are processed into a synchronized soundscape and 
vibrational feedback loop.

3.	 The Reflection Zone (Phase 3): As the user exits, the final arch facilitates the 
integration of this experience, prompting a cognitive re-evaluation of their relationship 
with nature.

Figures 47 to 50 show the final prototype of each of these phases.
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Phase 1
Figure 47, Image of the first phase of the final prototype

Phase 2 - Interaction
Figure 48, Image of a person interacting with the installation in the second phase of the final prototype
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Phase 2 - close up
Figure 49, Close-up image of the second phase of the final prototype

Phase 3
Figure 50, Image of the third phase of the final prototype
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11.2 Storyboard
The storyboard of figure 51 shows how the guest is guided through the three phases 
of the installation, fostering a stronger Connectedness with Nature by bringing their 
attention towards the tree and experientially learning about its behaviour.

The fabric arches pull people into the installation, bringing attention and anticipation 
towards the tree through its framing of the tree. Through the first phase, the guest is 
guided to focus on how their different senses perceive the tree and are invited to touch 
the to touch the plant. This leads to the second phase, in which they explore the reac-
tiveness in the audible and tactile bio-signal output of the physical communication be-
tween the guest and the plant. The final arch provides the third phase, inviting guests 
to reflect on their experience and their Connectedness with Nature.

Figure 51, Storyboard of the interaction in all three phases of the installation
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11.3 Spatial Mapping and Sensory 
Priming
To achieve the calm, receptive state defined as a requirement for the Preparing Phase, 
the spatial layout utilizes a sequence of five modular arches. These arches serve two 
functions: controlling the physical flow of the user and orchestrating a psychological 
transition from the public park mindset to a plant-centric focus. The layout and senso-
ry narrative is represented in figures 52 to 55.

11.3.1 Arch Size Progression and Flow Control
The arrangement of the arches creates a directed walking flow that mitigates external 
distractions. By guiding the guest along a path hidden by the fabric, the design reduc-
es the cognitive load of navigation and minimizes visual interference from other park 
visitors.

The scale of the arches is modulated to support this emotional journey:
•	 Immersion (Arch 1-2): The second arch is larger than the first. This volumetric 
expansion creates a feeling of stepping into the tree’s world, framing the canopy and 
capturing Visual Attention.
•	 Intimacy (Arch 3-4): The fourth arch contracts in size. This physical narrowing 
fosters a sense of privacy and safety, which is essential for the user to feel comfort-
able enough to engage in the intimate interaction of the next phase.

The arches are placed at a minimum of 3 meters apart. This gives the guests the 
breathing space between each question to slow down, engage their senses, and re-
flect.

11.3.2 The Sensory Narrative
Each arch features text prompts designed to guide the guest to focus on their senses. 
Based on the co-creation outcomes of Chapter 4, these texts focus on specific sen-
sory modalities, proprioception, sight, and scent, to slow the user’s pace and ground 
them in the present moment.

Arch V: Reflection

Arch I: Grounding (Proprioception)

Arch II: Visual Attention

Arch III: Olfactory Awareness

Arch IV: Invitation and Information 
Gain

~3m distance

Arch I: Grounding (Proprioception)
Text: “This tree begins here, can you feel its roots under your feet?” 
Purpose: This immediately shifts attention from the visual horizon to the immediate physical sensation of 
walking, grounding the guest in the present location.

Arch II: Visual Attention
Text: “How does this tree move with its environment?” 
Purpose: This addresses the Attention Deficit component of PAD by explicitly directing the gaze toward 
plant movement, countering the tendency to view plants as static background objects.

Arch III: Olfactory Awareness
Text: “How does the scent change from one breath to the next?” 
Purpose: Scent was identified in the co-creation sessions as a key modality for inducing calmness. This 
prompt encourages deep breathing, which physiologically regulates arousal.

Arch IV: Invitation and Information Gain
Text: “Sit, relax, and touch the plant to form a connection. Can you notice how it reacts to your touch?” 
Purpose: This serves a critical Information Gain function. By explicitly stating that the plant reacts, it 
frames the subsequent bio-feedback as a causal communication, not random noise.

Arch V: Reflection
Text: “How did you experience communicating with the plant? Did you feel more connected?” 
Purpose: Positioned at the exit, this ensures the experience concludes with the Reflection Phase, aiding 
in the consolidation of the memory and the feeling of Connectedness with Nature.
Figure 52, Spatial mapping of the fabric arches and sensory guidance in the installation
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Figure 53, Spatial mapping of the fabric arches in the installation Figure 54, Spatial mapping of the fabric arches in the installation
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Figure 55, Spatial mapping of the fabric arches in the installation

11.4 Connected Electronics
The electronics configuration is a real-time bio-feedback loop, translating the plant's 
internal physiological state into human-perceivable modalities. This is done in three 
distinct stages, as represented in figure 56.

Stage one is the sensing (input) stage, in which non-invasive electrode patches mea-
sure the conductivity of the plant’s leaf. In the processing (translation) stage, the data 
from the patches are transformed by a Playtronica Biotron processer into Midi data. 
This midi data is then processed in Logic pro, three sounds to the signals. Two sounds 
sonify the long wave signals, from the plant’s water flow, and the short signals, from 
the plant’s reaction to its environment. One other sound represent the reaction to en-
vironmental stimulation (touch, proximity, wind, rain) in a low bass tone, which is not 
audible in the speakers but do cause the bass shaker in the chair to vibrate. The final 
actuation (output) stage plays the sounds from a speaker placed by the trunk of the 
tree and a bass shaker in the chair.

The power supply for the Playtronica Biotron is the computer battery, the power supply 
for the bass shaker is a power station connected to the amplifier, and the speaker is 
powered by an internal battery.

11.5 Sonification and Haptic Transla-
tion of Plant Activity
A key aim of the sonofication was not only to make the plant signal perceivable, but to 
make different types of plant activity experientially meaningful to participants.
In the final design, the plant signal (received as MIDI through the Playtronica Biotron) 
was translated into three output tracks, each with a different role in the experience:

1.	 A long-wave ambient sound layer
2.	 A short-wave touch-reaction sound layer
3.	 A haptic vibration layer in the chair

Long-wave ambient layer: continuous plant presence
The first track sonifies the slower, long-wave plant signal of water flow as a contin-
uous ambient soundscape. This layer was designed to communicate that the tree is 
active even when the participant is not touching it. Rather than sounding event-based 
or fragmented, it was shaped into a sustained, meditative auditory texture.

This contributes to a calm and slowed-down atmosphere and helps frame the tree as a 
continuously active organism, supporting the perception of plant liveliness.

Short-wave touch-reaction layer: legible and friendly interaction
The second track sonifies the faster, short-wave signal changes that occur in response 
to environmental stimulation (proximity, touch, wind, etc.). This layer was designed as 
a distinct touch- and proximity-reaction sound so that participants can clearly perceive 
when the plant signal changes in real time.

A soft bubble pop sound was used for this layer. This sound was chosen intentionally 
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because it is affectively supportive by making the response friendly to support en-
gagement and a positive affect. 

Haptic vibration layer: embodied plant reactivity
The third track translates touch-related signal changes into a low-frequency (inaudi-
ble) vibration in the chair through a bass shaker. This haptic layer allows participants to 
feel the plant’s response in addition to hearing it. The vibration was included to make 
the interaction more embodied and intimate. It increases attentional focus, strengthens 
the sense that the plant is reacting in the moment, and reinforces the experience of the 
tree as a lively and responsive presence.

Figure 56, Technical diagram of the components for the interaction phase of the installation

11.6 Structure
To ensure the installation’s viability in a public park context, the structural design of the 
fabric arches was developed through iterative prototyping and professional consulta-
tion.

11.6.1 Structural Logic and Assembly
The architecture utilizes a modular A-frame system constructed from spruce wood 
beams (22mm x 44mm), see figure 57. This geometry was chosen in collaboration with 
a professional stage builder to achieve a high strength-to-weight ratio while maintain-
ing a minimal aesthetic. By using a traverse beam reinforced with two diagonal struts 
to create a triangular pressure distribution, the structure achieves high rigidity with-
out the need for bulky external bracing. This minimalism is a functional requirement: it 
reduces visual clutter, thereby supporting the Calmness Mechanism and focusing user 
attention on the sensory cues of the Preparing Phase.

11.6.2 Technical Specifications and Materiality
Dimensions: Each arch stands 2600mm tall and 2700mm wide, providing a grand yet 
intimate portal for the user.

Materiality: Lightweight cotton was selected for the cladding. The semi-transparency 
of the cotton allows for a diffused, "open" feeling that prevents a sense of claustro-
phobia while still demarcating the transition into the interaction space.

Portability: The use of bolt-and-nut connections allows the structure to be fully col-
lapsible. The traverse beam detaches, and the A-frame legs rotate into a single linear 
profile, resulting in three compact components per arch for efficient transportation.

A technical drawing of the structure can be found in Appendix G. 

11.6.3 Simulation and Stability
To verify safety, a SolidWorks Simulation was conducted to test wind load resistance. 
The results confirmed that the structure remains stable in winds up to Beaufort Scale 
7. Stability is further enhanced by anchoring the legs within wooden ballast boxes 
(1200mm x 150mm x 150mm) filled with sand, providing a low center of gravity and 
high resistance to tipping without damaging the park's ground surface. The simulation 
can be found in Appendix C.
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11.7 Viability
In a real-world deployment, viability of the installation is achieved by combining a ro-
bust outdoor setup with a clear maintenance model and a plant-safe protocol.
The current prototype already demonstrates core viability: it was successfully de-
ployed in a public park, the biofeedback loop runs in real time, and the system works 
locally (without internet), which improves its reliability in outdoor contexts. The instal-
lation is also understandable in public space through the invitation and sound output, 
so both seated users and bystanders can engage. The durability of the system is en-
abled by the modular setup, enabling the swapping of all electronics when they require 
replacement.

For full-scale deployment, the current multi-battery setup would be replaced by one 
central LiFePO4 power station integrated into the seating, powering the processing 
device, speaker, and vibration setup. A practical target is a 1 kWh-class power station 
(approximately 1024 Wh) with pure sine wave AC output, such as the EcoFlow Delta 2, 
charged nightly by the host organisation. This size is suitable for a full park day, pro-
vides a stable, simple power strategy, and offers a long cycle life (around 3000 charge 
cycles to 80% capacity), which supports long term operation (EcoFlow DELTA 2 Porta-
ble Power Station | DELTA 2, n.d.). 

In the full-scale version, viability is further achieved by implementing the electronics 
as a weather-protected, low-maintenance system with: sealed housings for both the 
electronics and speaker to protect it against rain and protected cable routing. For the 
audio output, a marine-grade passive speaker, such as the Fusion XS 6.5’’ is used for 
long-term outdoor use.

To ensure operational viability, the installation will be hosted together with municipal-
ities, park organisations, and/or nature conservation organisations. These partners 
would be responsible for daily operation: charging the power station, connecting/dis-
connecting the electronics, and performing basic checks. This makes the installation 
maintainable without requiring continuous researcher presence.

Plant wellbeing is an essential part of the sustainable viability of this project. In real 
deployment, the measured leaf would be switched every morning to reduce stress on 
the leaf, and the installation would remain connected to the same tree for a maximum 
of one week before moving to another tree. This reduces impact on a single plant and 
supports the project’s aim of helping visitors connect with multiple trees over time.
To ensure safety and long term viability under various weather conditions, the struc-
ture of the fabric stands are placed in wooden bases filled with water to heighten its 
structural integrity. This enables the structure to stand in winds of up to 7 on the Beau-
fort scale.

Finally, the installation is viable in terms of long-term public value because it supports 
repeat encounters, which are central to building CWN over time in a park context. 
Rotating the installation to a different tree each week creates new experiences of plant 
reactivity and encourages visitors to return and compare, rather than treating the in-
stallation as a one-time novelty. 

Figure 57, Visuals of the structural design of the fabric arches of the installation
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11.8 Cost
Table 1 gives an itemised and categorised cost overview of the installation. The esti-
mated total cost of the installation is €5,242, including labour (~100 hours). The larg-
est cost category is electronics (€2,617 of which €1,600 are for the power station and 
computer), followed by labour (€2,000 for 100 hours). The remaining costs are com-
paratively limited and consist mainly of the fabric arches (€355), transport (€150), and 
physical interaction parts (€120). This shows that the project is primarily driven by the 
cost of the sensing, processing, audio-haptic system, and power infrastructure, rather 
than the physical framing itself.

This total includes one-time material and labour costs for one installation unit. Recur-
ring operational and maintenance costs are excluded.

Table 1, Itemised and categorised costs of the installation
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CHAPTER 12.
Evaluation and 
Results

12.1 Evaluation Setup
The final prototype was evaluated through a user test involving 19 participants expe-
riencing the full installation in a park setting. The study followed a pre-test/post-test 
design to assess the installation’s effectiveness against its objectives:

1.	 Core Objective: To increase Connectedness with Nature (CWN) by addressing 
	 Plant Awareness Disparity (PAD).
2.	 Secondary Objective: To decrease PAD specifically by increasing Attention for 
	 the plant and Information about the plant.
3.	 Design Mechanisms: To achieve this through a Calming First Phase (Preparing) 
	 and by demonstrating Liveliness (Interaction) in the Second Phase.

12.2 Methodology
Participants completed a survey measuring their baseline connection to nature and 
plant awareness before entering the installation. After experiencing the three phases 
of the installation, they completed a post-test survey (found in Appendix H) measuring 
their connection to the specific tree and their perceived changes in awareness.

Survey questions were taken from the:
•	 Plant Awareness Disparity (PAD) Scale: To measure attention, attitude, and inter-
	 est toward the tree.
•	 Connectedness to Nature Scale (CNS): Adapted to measure connection to the 
	 specific tree.
•	 Restoration Outcome Scale (ROS): To measure calmness and restoration.

12.3 Results
12.3.1 Participants and Outliers
A total of 19 participants took part. One participant (P7) was excluded from the final 
analysis due to clear signs of survey fatigue and unreflective responses, resulting in an 
effective sample size of n = 18.

12.3.2 Outliers and incomplete responses
Participant 7 was excluded from the quantitative analysis because the questionnaire 
was not completed reliably (rushed responses without reflection). The effective sam-
ple for the pre–post analyses was therefore n = 18.

For several post-test mechanism questions, such as “How much did information gain 
help increase your Connectedness with Nature?”, the number of valid responses was 
lower (n = 14–17) due to incomplete item responses. These varying sample sizes are 
reported where relevant.

12.3.3 Primary objective: Increasing Connectedness with 



148 149

Nature
The primary objective of the installation was to foster a stronger Connectedness with 
Nature (CWN). A paired-samples t-test showed a significant increase in CWN after the 
experience. Mean CWN increased from 4.56 before the installation (SD = 1.10) to 5.97 
after the installation (SD = 0.86), t(17) = 5.65, p < .001. Figure 58 shows the change per 
participant.

This indicates that, overall, the installation successfully strengthened participants’ felt 
connection with nature. However, while the general trend was positive, a closer anal-
ysis reveals a distinction based on baseline connectedness. 12 out of 18 participants 
(67%) experienced a statistically significant transformation, P3, P9, P14, P16, P18 and 
P19 had did not have a significant change. Participants with lower baseline scores 
showed the most dramatic growth, whereas 6 participants with high initial scores had a 
lower increase that was not deemend significant and 2 (P7 and P9) had a decrease. 

Qualitative interviews indicated this could be caused by experienced a ceiling effect, 
as many of the participants who did not have a significant increase described having a 
high initial CWN (3 was a biologist and 16 was a researcher in ecology), describing the 
experience as an affirmation of their existing bond rather than the formation of a new 
connection. 

12.3.4 Secondary objective: Reducing Plant Awareness 
Disparity
The secondary objective was to reduce Plant Awareness Disparity (PAD) by address-
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Figure 58, Change in CNS score before and after interacting with the installation per participant
ing Attention and Memory Deficit and Information Deficit. A paired-samples t-test 
showed a significant improvement in PAD scores after the installation. Mean PAD in-
creased from 5.01 before (SD = 1.15) to 5.95 after (SD = 0.78), t(17) = 5.69, p < .001. 
Figure 59 shows the change in PAD score per participant.

This indicates that participants became significantly more aware of plants after the 
experience.

As with CWN, the individual patterns varied. 12 participants showed significant im-
provement, while 7 did not have a significant change. In some cases, this also appears 
related to high baseline scores (ceiling effects). In other cases, participants improved 
more strongly on one PAD-related mechanism such as attention or affective attitude 
than on another.

Qualitative topical analysis
Therefore, a topical analysis of the qualitative data was conducted. In the topical anal-
ysis 2 patterns were found:
•	 10 participants mentioned feeling a strengthened CWN from interacting with the 

plant which enhanced their information about the behaviour and liveliness of the 
plant. Out of these participants, 5 specifically mentioned their increased awareness 
of the liveliness of the plant as attributing to their CWN.

•	 The other 8 participants attributed their CWN to the sensory attention gained in the 
preparing phase. Out of these 8 participants, 5 mentioned an increase in calmness 
having a positive influence on their CWN, but at a lower level than the attention 
gained. Furthermore, 5 of these 8 participants also attributed CWN to the reflection 
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stimulated by the questions and their changing awareness on their senses.
Participants therefore did not all reach connection through the same mechanism com-
bination. Instead, the installation functioned as a mechanism ecosystem with at least 
two valid pathways toward stronger CWN:
•	 Attentional pathway (calmness + attention)
•	 Informational interest pathway (liveliness + experiential information/curiosity)
	
These two pathways may cause participants to note a significant change in one aspect 
of PAD but less in another aspect of PAD. Comparing the results of the participants 
that did not have a significant increase shows an alignment with this pattern, where 
one pathway of PAD reduction (information gain or attention increase) had an increase 
while the other remained relatively the same, see figures 61 to 63. Participant 16 had 
no change, but had an initial score of 7/7, confirming the ceiling effect theory.

12.3.5 Validating the link: CWN increase due to PAD re-
duction
To test the central project hypothesis that reducing PAD is associated with stronger 
connectedness, a Pearson correlation was calculated between PAD change scores 
and CWN change scores. The analysis showed a significant positive relationship, r = 
0.68, p = 0.002 (n = 18).

This means that participants who showed a larger reduction in PAD also tended to 
show a larger increase in CWN. This is statistically consistent with the project’s core 
thesis: reducing the Plant Awareness Disparity directly leads to a stronger feeling of 
connection.

This aligns with the qualitative data, in which participants described their CWN in-
crease through the interaction with the plant and the subsequent information gain, 
while 10 attributed it to the questions focussing their attention on the plant in the pre-
paring phase.This proves the correlation between PAD and CWN to be causal, while 
the significance of each aspect of PAD to vary amongst participants.

12.3.6 Mechanism outcomes in relation to the framework
Following the framework developed in Chapter 4, the results were analysed in terms of 
four mechanism clusters in the installation:
1.	 Attention
2.	 Information
3.	 Liveliness (affective mechanism in the interaction phase)
4.	 Calmness (state-setting mechanism in the preparing phase)

This analysis combines objective pre-post shifts in validated scales, post-test mecha-
nism ratings, and correlations with PAD and CWN outcomes. This enabled an analysis 
of the achievement of the secondary and tertiary sub-design objective.

Attention as the strongest mechanism for reducing PAD
The PAD Attention subscale increased significantly, from 4.89 before (SD = 1.37) to 
6.14 after (SD = 0.68), t(17) = 4.76, p < .001.
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Participants also reported a strong perceived increase in attention toward the tree in 
the post-test mechanism items (M = 6.00 / 7, SD = 0.87, n = 17).
Attention emerged as the strongest quantitative predictor of PAD outcome:

•	 Self-reported attention increase was strongly associated with post-test PAD (r = 
0.73, p = .001, n = 17)
•	 “Attention helped me connect” was also strongly associated with post-test PAD 
(r = 0.64, p = .010, n = 15)

These findings indicate that the installation was particularly effective at addressing 
the Attention and Memory Deficit component of PAD. In practical terms, the installa-
tion successfully moved the tree from the perceptual background into the participant’s 
foreground of attention.
 
12.3.7 Information: significant increase, but mainly as ex-
periential meaning-making
The PAD Information subscale also increased significantly, from 5.00 before (SD = 
1.21) to 6.11 after (SD = 0.85), t(17) = 4.75, p < .001.

In addition, participants reported a clear subjective increase in information about the 
tree (M = 5.15 / 7, SD = 1.37, n = 17).

However, the role of information requires careful interpretation. The direct self-report-
ed information increase item showed only a weak relationship with the overall PAD and 
CWN outcomes. By contrast, the PADI Information questions (which reflects interest in 
learning more about plants, such as epistemic interest) was much more strongly relat-
ed to CWN (see Section 11.4.5).

This suggests that the installation’s contribution was not primarily factual knowledge 
transfer. Instead, it appears to have supported experiential meaning-making: partici-
pants interpreted plant behaviour, inferred responsiveness, and became more curious 
about the plant.
 
12.3.7.1 Plant liveliness as the affective mechanism in the interaction 
phase
Participants reported a strong perceived change in how lively/agentic the tree felt:

•	 Perceived liveliness change: M = 6.18 / 7 (SD = 1.01, n = 17)
•	 “Liveliness helped me connect”: M = 6.29 / 7 (SD = 0.61, n = 14)

Perceived liveliness change was positively associated with both key outcomes:

•	 Post-test PAD: r = 0.48, p = .050 (n = 17)
•	 Post-test CWN: r = 0.51, p = .038 (n = 17)

These results support the framework’s proposition that perceived plant liveliness is a 
central affective mechanism. Liveliness appears to help transform noticing and inter-
pretation into a more relational and emotionally meaningful experience of the tree.
Notably, liveliness was more strongly related to CWN than to PAD, which supports its 
role as an affective bridge rather than a purely perceptual mechanism.
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12.3.7.4 Qualitative attribution of change: Two pathways to connection
To understand how participants themselves explained their increase in connectedness, 
the post-test interviews asked them which part of the installation contributed most to 
their experience. The responses revealed a clear two-pathway split.

Informational Interest Pathway (n = 10):
Ten participants primarily attributed their increased connection to the Interaction 
Phase. They described the experience of perceiving the tree as responsive or agentic 
and interacting with it as the key reason they felt more connected.

This pathway aligns with the quantitative pattern in which liveliness and epistemic in-
terest were strongly associated with CWN.

The Receptive Pathway (n = 8):
Eight participants primarily attributed their increased connection to the Preparing 
Phase. They described slowing down, increased sensory focus, and being more pres-
ent/attentive as the main drivers of their shift in connection.

This pathway aligns with the quantitative cluster around attention and calmness.
The qualitative attribution data helps explain the variability in individual outcome pat-
terns. In the post-test interviews, 10 participants primarily attributed their increase in 
connectedness to the Interaction Phase, describing the plant’s reactivity and the in-
formation they gained through interaction as the key driver. In contrast, 8 participants 
primarily attributed their increased connectedness to the Preparing Phase, particularly 
the increase in sensory focus and attention. In addition, 5 participants explicitly men-
tioned that reflection prompted by the preparatory questions contributed to their CWN 
increase.

This pattern helps explain why some participants showed stronger change in one 
mechanism cluster (e.g., attention/calmness or liveliness/information) than in another. 
In other words, participants did not all move through the same mechanism sequence 
with equal strength. The participant-level score patterns are consistent with this inter-
pretation (see Figures 60 to 63), where some participants show marked improvement 
in one pathway while remaining relatively stable in another.

A ceiling effect also appears plausible in several cases. For example, Participant 16 
showed no measurable change but had a baseline score of 7/7, which leaves little 
room for further increase. This supports the interpretation that the installation was 
more transformative for participants with lower initial scores, while functioning more as 
affirmation for participants with already high baseline connectedness.

The two-pathway pattern helps explain why some mechanism correlations are weaker 
or more variable than expected. This qualitative result strengthens the overall frame-
work, because it shows that the installation’s mechanisms are complementary rather 
than strictly linear.
 

12.3.7.2 Calmness as a state-setting mechanism in the preparing phase
The Preparing Phase was designed to create a calmer, more receptive state before 
interaction. This was supported by both restoration and self-report measures.

First, the Restoration Outcome Scale (ROS) increased significantly:

•	 ROS before: M = 4.39 (SD = 1.13)
•	 ROS after: M = 5.57 (SD = 0.97)
•	 t(17) = 3.87, p = .001

Second, participants reported:
•	 Calmness change: M = 5.62 / 7 (SD = 1.19, n = 17)
•	 “Calmness helped me connect”: M = 5.40 / 7 (SD = 1.24, n = 15)

Perceived calmness change showed positive trend-level associations with:

•	 Post-test PAD: r = 0.47, p = .058 (n = 17)
•	 Post-test CWN: r = 0.45, p = .069 (n = 17)

Although these correlations did not reach the .05 significance threshold, the pattern 
is consistently positive and supports the intended role of calmness as a state-setting 
mechanism. Calmness appears to support receptivity, rather than functioning as the 
primary driver of change by itself.
 
12.3.7.3 A hierarchy of mechanisms for CWN: epistemic interest, liveli-
ness, calmness, attention
When correlating mechanism indicators with CWN outcomes, a clear hierarchy 
emerged.

Among the project-specific mechanism items, the strongest associations with CWN 
were:

•	 Liveliness change: r = 0.51
•	 Calmness change: r = 0.45
•	 Attention increase: r = 0.34
•	 Self-reported factual information gain: low association

A particularly important finding emerged for the PADI Information subscale, which 
showed the strongest relationship with CWN (approximately r = 0.80 in the dataset). 
This subscale reflects not only knowledge, but also interest in learning more about 
plants (epistemic interest). This suggests that the strongest “engine” of CWN in the 
installation was not factual learning alone, but the activation of curiosity and desire to 
know more.

Taken together, these results indicate a layered mechanism structure:

•	 Attention is most important for breaking the PAD bottleneck,
•	 Liveliness and calmness shape the affective quality of the encounter,
•	 and epistemic interest appears to be the strongest driver of deeper CWN.
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12.4 Results conclusion
The final evaluation shows that the installation successfully achieved its two main ob-
jectives: it significantly reduced Plant Awareness Disparity and significantly increased 
Connectedness with Nature. The positive correlation between PAD reduction and CWN 
enhancement supports the project’s core hypothesis that these outcomes are closely 
linked.

At the mechanism level, the results indicate that:

•	 Attention is the qualitatively strongest measured aspect for reducing PAD
•	 Information was qualitatively low correlated with PAD reduction, but the epis-
	 temic interest fostered by the information gain was most effective in enhancing 
	 CWN
•	 Perceived plant liveliness is an effective affective mechanism for strengthening 
	 CWN
•	 Calmness supports the receptive state needed for the interaction to work.

Finally, the qualitative two-pathway split shows that participants connected through 
different routes, confirming that the installation does not operate as a single mecha-
nism, but as a structured combination of complementary mechanisms.

These results provide the empirical basis for the discussion in Chapter 12, where the 
findings are interpreted in relation to the PAD literature and Zylstra et al.’s CWN frame-
work.
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13.1 Evaluation Results Discussion
13.1.1 Overview of the main finding
The central finding of this thesis is that the installation fostered Connectedness with 
Nature (CWN) (CWN of 4.57/7.00 to 5.97/7.00 (p<0.001)) by reducing Plant Awareness 
Disparity (PAD) (5.02/7.00 to 5.95/7.00 (p < .001). Participants reported significantly 
higher CWN and significantly lower PAD after the experience, and participants with 
stronger PAD reduction also tended to show stronger CWN increase (r=0.66). The 
qualitative results, in which participants attributed their enhanced CWN with informa-
tion gain, experiencing liveliness, and increased attention confirm that this correlation 
was a causation. This supports the design objective of the thesis:

The installation reduces PAD by address-
ing the Attention and Memory Deficit and 
Information Deficit by translating plant be-
haviour into perceptible signals of liveliness 
to improve CWN.
Therefore, the research objective of this thesis,

To explore opportunities for interactive in-
stallations to foster Connectedness with 
Nature by addressing a specific driver of 
Disconnection to Nature.
is achieved. 

At the same time, the results also refine the framework developed in the thesis to 
achieve the research objective and design objective. The installation did not work 
through one single mechanism. Instead, the results indicate a layered mechanism 
structure: attention was most important for reducing PAD, while liveliness, calmness, 
and especially epistemic interest (captured in the PAD information-related subscale) 
were more strongly associated with CWN enhancement. The qualitative attribution 
data strengthens this interpretation by showing that participants did not all describe 
the same route to connection. Rather, some participants grounded their shift in the 
Interaction Phase (reactivity, liveliness, meaning-making), while others grounded it in 
the Preparing Phase (slowing down, sensory focus, receptivity). This mechanism-sys-
tem view is essential to interpret both the consistency of the overall effects and the 
variability between individuals. This extends the Chapter 4 framework by clarifying 
which mechanisms matter and how they differ in function within the pathway from PAD 
reduction to CWN. 

A key contribution of the discussion is that the results support this thesis’ framework 
but also refine it. In particular, they suggest that Zylstra et al. (2014)’s three pathways 

CHAPTER 13. 
Discussion
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showed the strongest association with CWN. This suggests that the installation’s key 
contribution was not simply knowledge transfer, but the activation of curiosity. Thus, 
the installation’s informational strength appears to lie in making the plant interpretable 
and worth understanding, rather than functioning as an educational tool that transfers 
facts. This aligns with the design requirement of experientialising plant social be-
haviour. Through experientialising it, they can understand and experience the informa-
tion they receive, which may increase epistemic interest. 
This is represented in the qualitative data, in which 10 participants attributed their 
enhanced CWN with their interaction with the plant and how they suddenly perceived 
the liveliness of the plant. This change in perception indicates an information increase. 
However, as this is experiential and therefore not textbook information increase, this 
explains why participants may have not scored the attribution high but did mention this 
as influential in their CWN.

This finding aligns well with Zylstra et al.’s framework, but it also refines how the Infor-
mation about Nature pathway can be used in design. The current results suggest that 
the most effective form of information in this context is not detached instruction, but 
experientialised interpretability: participants notice a signal, infer plant activity, and be-
come interested in what it means. This directly supports this thesis design requirement 
4, where information supports CWN when it becomes experientially integrated rather 
than detached. The installation did not deliver a lesson about trees, it created a per-
ceptual and affective situation in which participants began to wonder about the plant 
and interpret its signals. That is a critical design insight for CWN-oriented HCI: the goal 
is not simply more information, but the activation of meaning-making through experi-
entialised information gain.

This interpretation is also consistent with the intervention literature by Barragan-Ja-
son et al.), discussed in Chapter 3.6.3, which found that contact- and attention-based 
approaches tend to outperform education-only interventions for strengthening nature 
connectedness. The present results suggest one reason why: contact and attention do 
not replace information, but make information relationally and affectively active. 

For the thesis framework, this strengthens the original claim that PAD should be 
addressed through attention and information, but it sharpens “information” into a 
more design-relevant concept: experiential information gain fosters curiosity and 
sense-making.

A further implication is that future iterations should measure these constructs more 
cleanly. While Parsley et al.’s (2020) framework of PAD describes Information Deficit 
as having little knowledge about plants, the questions in the PADI test focus on epis-
temic interest. So, to test experiential information gain as a pathway, the evaluation 
should separate: “I learned facts,” “I inferred meaning,” and “I want to learn more.”. 
The current findings already point to this, however more specific research through 
making this divide explicit increases scientific clarity and enables a better definition of 
causation.

(Information about Nature, Experience in Nature, and positive affect) did not operate 
with equal influence at the same moment in this installation. Instead, the findings sup-
port a staged hierarchy of influence: attention and experiential information primarily 
reduced PAD, while affective mechanisms (especially liveliness, with calmness as 
preparation) were more decisive for the strength of CWN.

13.2 PAD Reduction as the Perceptual 
Gateway to Connection
A central contribution of this thesis is the empirical support for PAD as a designable 
gateway to CWN. In Chapter 3, PAD was positioned as a perceptual and interpretive 
bottleneck that prevents plants from becoming meaningful participants in human ex-
perience. The final evaluation supports this framing: participants became significantly 
more plant-aware, and those with stronger PAD change also tended to show stronger 
CWN change. This aligns with the literature-based argument developed earlier, where 
PAD was treated not as a guaranteed cause of CWN, but as a condition-shaping barri-
er whose reduction makes connection more likely. 

The mechanism results strengthen this interpretation. Attention was the strongest 
quantitative driver of PAD outcomes, which is highly consistent with Parsley’s PAD 
framing and with Guerra et al.’s work on perceptual bias toward plants. PAD is not only 
a lack of information; it is first a failure of perception. In that sense, the installation’s 
strongest success was not “teaching” plants, but making the plant perceptually pres-
ent enough to be noticed, interpreted, and engaged with. This also supports Richard-
son et al.’s argument that actively noticing nature matters more for connectedness than 
exposure duration alone: the installation did not simply place participants near a tree, it 
structured their attention toward it. 

This is an important distinction for HCI and experience design. It suggests that 
plant-centred interventions should be evaluated not only on whether they deliver in-
formation, but on whether they successfully produce a perceptual shift from plant-as-
background to plant-as-foreground.

13.3 Information vs. epistemic interest
The results also clarify an important nuance in the role of information. In Chapter 4 and 
Chapter 3.6.3, the thesis argued that information supports CWN only when it becomes 
experientially meaningful. The final evaluation supports this, but with a more precise 
distinction: information” needs to be treated as two distinct constructs:

1.	 Factual information gain (eg. “I learned information about this tree”)
2.	 Epistemic interest (eg. “I am interested in learning more about plants,” captured 
	 within the PAD information-related scale items).

Self-reported information gain was clearly present, but it was not the strongest predic-
tor of either PAD reduction or CWN enhancement. In contrast, the PADI information-re-
lated subscale (which includes items closer to interest in learning more about plants) 
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er than acting as the sole driver of connection, calmness may increase receptivity by 
lowering arousal and helping participants become more present, attentive, and open to 
the later interaction. 

Importantly, the significant increase in calmness and the consistently high subjective 
ratings of calmness as helpful supports the design validity of the temporal journey, 
especially the Preparing Phase. Even if calmness is not statistically isolated as a direct 
predictor of CWN in this sample, the findings indicate that Phase 1 is functionally rele-
vant acting as a mechanism to foster connection. This is supported by the qualitative 
attribution data, in which a 8 group participants identified the Preparing Phase as the 
part of the installation that most shaped their experience of connection.

At the same time, calmness may also contribute to CWN more directly as part of the 
positive affective quality of the installation. The current study cannot fully disentangle 
these roles. Future evaluations should therefore include more specific interview and 
survey questions to determine whether calmness functions primarily as a preparatory 
condition, as an affective contributor, or as a combination of both.

Overall, the results support retaining calmness in the framework: calmness is 
a state-setting mechanism in the Preparing Phase that supports receptivity for 
plant-centred connection, while also validating the temporal design logic of the instal-
lation. And it proves the final design succesfully achieved the 6th design requirement.

13.6 Two Pathways to Connection
The qualitative attribution results indicate that participants did not all experience the 
same primary route to Connectedness with Nature. Instead, they described two re-
curring phase-based pathways through which the installation supported connection. 
These pathways can be understood as experiential patterns of perceived connection, 
not as statistically isolated causal pathways.

The first is the Attentional Pathway, in which participants primarily attributed their 
increased connection to the Preparing Phase. In this pathway, the thematic analysis 
showed that connection emerged through slowing down, focusing on the senses and 
the plant, and in some cases reflection. The shift in attention and calmness are the big-
gest influences in this pathway.

The second pathway is Informational Interest, in which participant mainly attributed 
their increased CWN to the Interaction Phase. In this pathway, the thematic analysis 
showed that connection emerged through perceiving the plant as reactive and lively, 
and through the information and meaning participants gained from interacting with it. 
The qualitative data helps explain the low correlation between the scores of the aid of 
information gain in fostering CWN and the increase in CWN scored, as described in 
13.3. It is important to note that this phase was also designed to keep attention on the 
plant. While this was not described as a main influential factor in this phase, this may 
be caused by a heightened influence of information gaina and experienced liveliness. 
However, this designed attention may describe the significant correlation between at-
tention and PAD (0.73) even if it is not a main attributed factor in the qualitative study. 
This pathway is therefore shaped by a combination of liveliness and experiential infor-

13.4 Plant Liveliness as the Affective 
bridge to CWN
Perceived plant liveliness emerged as a central affective mechanism. Participants 
rated liveliness as highly helpful, and perceived liveliness change was positively re-
lated to CWN. Furthermore, 5 participants mentioned liveilness in the qualitative inter-
views, suggesting a causal link. This supports the claim that liveliness is the affective 
mechanism between reducing PAD and enhanced CWN. It also proves the final design 
achieved the fourth and seventh design requirement. It is important to note that no 
questions were asked about viewing the plant as social, however as this is a represen-
tation of liveliness and its significant effect on CWN, I conclude that this requirement 
has been achieved.

This acts as an affective bridge from PAD towards CWN, in which the plant becoming 
perceivable as lively and responsive supported a positively valent affect towards the 
tree. This supports the Chapter 4 interpretation that plant liveliness bridges Zylstra’s 
first two pathways (Experience in Nature and Information about Nature) with the third 
pathway (positive affect). It is the mechanism through which noticing and interpreta-
tion become emotionally resonant.

This also helps explain why the installation could enhance CWN within a relatively 
short encounter. A brief experience may be enough to produce noticing and curiosi-
ty, but what makes it feel like connection rather than observation is the affective shift: 
the tree is no longer passive scenery but a responsive being. In this sense, the project 
contributes a concrete HCI operationalisation of affective integration in CWN design: 
translate biological activity into perceivable signals of liveliness.

At the same time, the liveliness mechanism should be interpreted carefully. The term 
‘liveliness’ may have been understood differently by different participants (eg. as bi-
ological activity, personality, responsiveness, or aesthetic vibrancy). This could add 
noise to survey responses and partly explain why liveliness does not always correlate 
linearly with every other mechanism metric. This measurement precision should be 
strengthened in future testing in order to better investigate the role of liveliness. 

13.5 Calmness as a State-Setting 
Mechanism
The role of calmness should be interpreted carefully. In the final evaluation, calmness 
increased significantly, and participants generally rated it as helpful for their sense of 
connection. At the same time, the correlations between calmness and PAD and CWN 
outcomes were moderate and consistently positive, but did not reach the conventional 
0.05 significance threshold in the current sample. This means that the results do not 
provide strong quantitative evidence that calmness, by itself, directly predicts CWN 
enhancement.

This pattern is nevertheless meaningful for this thesis' framework. It supports the 
interpretation that calmness functions primarily as a state-setting mechanism: rath-
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therefore be interpreted as enabling multiple routes to CWN, rather than enforcing a 
single universal sequence.

A third and important validity consideration concerns measurement interpretation. 
Participant 9’s CWN decreased in one statement, “I feel a sense of oneness with the 
natural world / this tree”. Such broad CWN statements can be interpreted differently 
pre- vs post-intervention, especially when an intervention shifts the participant from 
an abstract nature-concept toward a more differentiated or relational perception of 
plants. A person might feel less oneness in a philosophical sense while simultaneously 
feeling more relational engagement with a specific living tree. This it indicates that the 
intervention may shift interpretive frames. I suggest including a short description in the 
survey to better describe item semantics.

13.9 Adapting the Framework Based 
on the Final Evaluation
The final evaluation supports the overall framework developed in Chapters 3 and 4 and 
implemented in the final design, but it also indicates three refinements that improve 
explanatory precision. This proves that the final design achieved the first and second 
design requirement. Figure 64 shows the adapted framework.

13.9.1 From equal pathways to a staged hierarchy
Zylstra et al.'s (2014) framing treated Experience in Nature, Information about Nature, 
and positive affect as equally influential. The final mechanism results suggest a more 
differentiated structure:
•	 Experientialised information gain supports the perception of liveliness and fos-
	 ters epistemic interest
•	 Attention functions as the gateway, breaking the PAD perceptual bottleneck
•	 Affective mechanisms, as liveliness and epistemic interest function as the inte-
	 gration mechanism, transforming the encounter into a positively valent affective 	
	 connection, deepening meaning-making and sustaining engagement

Therefore, the affective state of CWN has most influence, while Interest and Attention 
have a lower interest. The updated framework can be found in figure 65. This is not a 
replacement of the underlying CWN framework, it is a project-specific operationalisa-
tion supported by empirical outcomes.

13.9.2 From a single chain to a mechanism ecosystem
The final evaluation supports representing the framework as a mechanism ecosystem 
with multiple valid pathways:
•	 Attentional pathway fostering CWN through calmness and attention
•	 Informational interest pathway emphasising liveliness and experiential informa-
	 tion gain enhancing epistemic interest but including attention

These routes describe different dominant pathways through the same designed sys-
tem towards heightened CWN. This refinement strengthens the framework because it 
explains why the installation can succeed across diverse users with different baseline 
connectedness and different preferred modes of engaging. In figure 64, these path-

mation gain and likely attention increase.

As the informational pathway also heightened attention, this could be viewed as the 
attentional pathway having a reduced impact in the second phase, perhaps due to not 
understanding what is going on. However, no systemic evidence could be found for 
this in the quantitative or qualitative data. This thesis therefore does not adhere to this 
theory. This phase-based interpretation could, however, explain why some individu-
al mechanism correlations are uneven or weaker than expected. The installation did 
not function as one fixed route in which every participant moved through the same 
sequence with the same intensity. Instead, it functioned as a structured interaction 
system in which different participants reached connection through different dominant 
mechanism combinations.

Importantly, this strengthens the validity of the installation’s Three-Phased Journey. 
This temporal journey supports multiple ways of fostering CWN, and the final evalua-
tion suggests that this design resulted in more participants experiencing an increased 
CWN. Future work can build on this by testing the pathways more directly, for example 
by isolating specific mechanisms within each phase.

13.7 Implementation Evaluation
The installation was placed outside in a park for testing and exhibiting. In total 70 
people interacted with the installation. The test was not done longitudinally, therefore 
the achievement of strengthened CWN over time could not be tested. However, it does 
prove succesful outside implementation which enables access to multiple people, 
therefore achieving design requirement 3.

13.8 Explaining variability
Two variability factors appear in the final evaluation:

Ceiling effects
Several participants started with high baseline CWN and/or high baseline PAD scores, 
leaving limited room for measurable improvement. In these cases, participants often 
described the experience as affirmation rather than transformation. This does not un-
dermine the effectiveness of the installation. It indicates that its measurable impact is 
strongest for those who are more nature-disconnected at baseline, while its value for 
highly connected individuals may be more confirmative or reflective.

Pathway differences
The qualitative data indicates that participants did not all connect through the same 
mechanism emphasis. Some participants primarily connected via the Interaction 
Phase, describing liveliness and information gain, while others primarily connected 
through the Preparing Phase, focussing on attention and calmness. Importantly, atten-
tion was also increased and kept in the Interaction phase, which helps explain the high 
effect attention has on PAD (r = 0.73). This helps explain why some individuals show 
strong change in one cluster but weaker change in another. The installation should 
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ways are represented by the yellow paths.

13.10 Implications for Design and 
Evaluation
The results indicate design implications for plant-centred public installations:

1.	 Prioritise attention before education. If the plant remains background, informa-
	 tional content alone is unlikely to matter.
2.	 Design for interpretability and curiosity, not only facts. The strongest CWN links 
	 appear when users want to know more and can infer meaning.
3.	 Make liveliness perceivable. Translating plant activity into sensory signals sup-
	 ports relational meaning and affective engagement.
4.	 Include a state-setting entry. Calmness and slowing down help users shift into a 
	 receptive mode in urban contexts.
5.	 Treat outcomes as multi-pathway. A good public installation should allow differ-
	 ent users to connect through different dominant mechanisms.

For evaluation, the findings indicate that future work should:

Figure 65, Proposed improvement of Zylstra et al.'s (2014) framework of CWN 

Figure 64, Improved 'Designable Framework Reducing PAD to Improve CWN using Affective Mechansisms'
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12.9 Limitations and boundary of claims
This study provides strong evidence of immediate, in-situ effects in a real-world park 
context, but several limitations bound the claims.

First, the sample size limits statistical power for mechanism correlations, particular-
ly for calmness. The consistent positive trend is meaningful but should be treated as 
supportive rather than definitive.

In addition, the evaluation measured short-term change. Some PAD components, es-
pecially Relative Interest, are plausibly slower-moving and may require repeated ex-
posure over time. This suports the theory proposed in Chapter 3.6.3 and suggests that 
long-term change should be tested longitudinally.

Finally, measurement ambiguity, including the terms liveliness and oneness indicates 
that future evaluations should strengthen construct clarity and triangulation between 
scales and qualitative interpretation.

These limitations define next steps required to strengthen generalisability and causal 
specificity.

13.11 Methodological discussion
Throughout the iterative design process, evaluations relied on relatively small partic-
ipant groups. For instance, the sensory inputs for calmness and the plant behaviours 
representing liveliness were initially defined in a co-creation session with only 4 par-
ticipants. Because these elements were established as provisional requirements, their 
true efficacy in fostering a positive affective state across a diverse public remained 
unverified until the final evaluation.

This reliance on small sample sizes directly impacted the contextual validity of the 
interaction design. A clear example occurred during the prototype refinement phases. 
In early testing, 14 out of 17 participants associated the installation's electrode patches 
with medical heart-rate monitors, which successfully helped them understand that a 
biological signal was being measured. However, in a subsequent refinement test with 
a different small group, only 1 out of 7 participants made this association. This stark 
variance demonstrates that small samples in early design phases can create false 
confidence in interaction legibility. Increasing the participant count and demographic 
diversity during early prototyping would have yielded a more robust, universally intui-
tive installation to address Plant Awareness Disparity (PAD).

Finally, the in-situ evaluation methodology introduced an unforeseen selection bias. 
The final user test only interviewed participants who completed the full Three-Phased 
Journey. However, due to the public nature of the park setting, there were instances 
where the interaction chair was occupied, causing some guests to only experience the 
fabric arches (Phase 1: The Preparing Phase) without engaging in the biological inter-
action (Phase 2).

Not interviewing these partially engaged users represents a missed methodological 
opportunity. These bystanders effectively formed a natural control group. Evaluating 

•	 include more specific interview questions on calmness and liveliness,
•	 experimentally isolate mechanisms (e.g., comparing versions with/without liveli-
	 ness cues, or with/without calmness phase), and
•	 improve scale alignment by using plant-specific connectedness measures and 
	 clarifying interpretive ambiguity in certain CWN items.

13.10.1 Theoretical Contributions
1. Restructuring Zylstra’s CWN Framework
This r10search empirically refines Zylstra et al.’s (2014) Connectedness with Nature 
framework. While the framework presents Information, Experience, and Positive Affect 
as equal aspects, this thesis indicates that in plant-centred installations, they operate 
as a hierarchy. Attention and information (PAD) acts as the gateway but the strongest 
descriptor of CWN is affective enhancement, such as perceived liveliness or an in-
crease in curiosity for plant information.

2. Advancing PAD Literature: The Epistemic Shift
By extending recent Plant Awareness Disparity (PAD) literature (Parsley et al., 2020; 
Guerra et al., 2024) into designable interventions, this thesis reframes the "Informa-
tion Deficit." It suggests that PAD is best reduced by experientialising information gain, 
generating the affective state of Epistemic Interest (r = 0.80), transforming a plant from 
a background object into a subject worthy of curiosity.

3. Environmental Identity and the Ceiling Effect
Supporting Clayton’s (2003) theory of Environmental Identity, the data supported the 
finding of a ceiling effect among participants with high baseline CWN. This contrib-
utes a valuable nuance to interaction design: plant-centred interventions function as 
a transformative experience for the disconnected, but as an affirming space for those 
with pre-existing ecological identities.

13.10.2 Practical Contributions
1. Designing for Curiosity over Knowledge
The thesis provides a clear mandate for environmental HCI: design for interest, not just 
information. The r = 0.80 correlation between epistemic interest and CWN change in-
dicates that interactive installations should use high-affect mechanisms to evoke ques-
tions and spark a "desire to know."

2. Operationalizing Liveliness through Systemic Signalling
The project demonstrates that translating invisible biological processes, specifically a 
tree's systemic electrical signalling, into perceptible haptic feedback is a highly effec-
tive design strategy. The data suggest that the physical translation of biodata success-
fully broke the static bias of PAD (r = 0.48) and serves as the primary relational cata-
lyst for users to perceive plants as active social agents.

3. The Three-Phased Journey as a Spatial Architecture
Finally, the project contributes the Three-Phased Journey (Preparing, Interacting, 
Reflecting) as a validated temporal journey for high-arousal environments. The data 
indicates the Preparing Phase is a physiological necessity to reduce urban distraction 
through stimulating calmness, rendering subsequent interactive mechanisms ineffec-
tive.
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their experience could have isolated the specific influence of the Preparing Phase 
(fostering calmness and attention) from the Interaction Phase (fostering information 
gain and liveliness). Understanding the difference in PAD reduction and CWN en-
hancement between these two groups would have yielded invaluable insights into the 
independent strengths of each phase within the temporal journey.

Finally, significant methodological assumption in this project was focusing early proto-
type evaluations almost exclusively on the ultimate goals, the reduction of PAD and the 
enhancement of Connectedness with Nature (CWN), rather than isolating the under-
lying mechanisms. In earlier phases, it was assumed that if PAD was decreasing, the 
mechanism of liveliness was inherently functioning.

However, the final evaluation revealed that affective layers, specifically perceived live-
liness (r = 0.51) and epistemic interest (r = 0.80), were the primary drivers of the CWN 
increase. Calmness and liveliness was not deeply investigated in earlier phases. Rather 
than focussing on liveliness it focussed more on the reduction of PAD and enhance-
ment of CWN, with the thought that liveliness was being shown through the behaviour 
shown. However, because these affective mechanisms have such a high influence on 
the installation's success, failing to evaluate liveliness and calmness directly during 
early prototyping was a missed opportunity. Conducting isolated tests on these specif-
ic affective mechanisms earlier in the process would have provided stronger empirical 
grounding for the framework and allowed for a more optimized interaction design.

13.12 Discussion conclusion
The final evaluation supports the thesis’ core claim: a plant-centred interactive installa-
tion can foster Connectedness with Nature by reducing Plant Awareness Disparity. The 
results further refine the project’s framework by showing that the installation operates 
as a mechanism system rather than a single lever. Attention appears to be the percep-
tual gateway for reducing PAD; epistemic interest and interpretive engagement form 
the strongest engine for CWN; liveliness functions as the affective bridge that makes 
the plant relational; and calmness supports receptivity, validating the temporal logic of 
the Three-Phase Journey.

Together, all evidence proves that the design hypothesis was validated.

Overall, the project contributes a tested, mechanism-based account of how plant-cen-
tred HCI can move urban park visitors from passive co-presence with trees to a more 
attentive, interpretive, and affectively meaningful relation with plant life.
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14.1 Core Findings and Synthesis
The central finding of this thesis is that Plant Awareness Disparity (PAD) is a primary 
and designable driver of DTN, and that reducing PAD is an effective route to fostering 
Connectedness with Nature (CWN). This thesis therefore has succesfully developed 
an interactive installation that fosters CWN and provides a framework to develop more 
opportunities this cause, therefore succesfully achieving the research objective:

To explore opportunities for interactive in-
stallations to foster Connectedness with 
Nature by addressing a specific driver of 
Disconnection to Nature.
14.1.1 Addressing a specific driver: PAD (Attention and 
Memory Deficit and Information Deficit)
The interview study of Chapter 4 identified a recurring experiential pattern: partici-
pants described stronger connection when plants moved from perceptual background 
to foreground, and when they could interpret plants as active, meaningful presences. 
The final evaluation then confirmed this pattern quantitatively and qualitatively: the 
intervention significantly reduced PAD and significantly increased CWN, and stron-
ger PAD reduction was associated with stronger CWN enhancement. Together, these 
findings demonstrate identify PAD as an empirically effective design strategy to fos-
ter CWN. More specifically, the findings show that PAD is most effectively addressed 
through addressing:

•	 Attention and Memory Deficit through focusing noticing and sustained percepion of 
plants

•	 Information Deficit, not through information gain solely, but more effectively 
through stimulating the affective state of epistemic interest

These two mechanisms function as the cognitive-perceptual basis of reconnection. 
Attention breaks the perceptual bottleneck that causes plants to remain green back-
ground. The final evaluation of this thesis indicates that information functions most 
powerfully as meaning-making and epistemic interest: the activation of curiosity and 
the desire to understand plant life.

Attitudinal Disparity and Relative Interest are found to be a result from addressing 
Attention and Memory Deficit and Information Deficit that grows over time through 
reflection and from posititve affective. Therefore Attention and Memory Deficit and In-
formation Deficit were defined as the designable aspects in an installation that should 
be represented through an affective mechanism of liveliness to reduce the final two 
aspects. This thesis finds that setting installations in a publically accessible natural 
setting enables guests to reduce these disparities over time, further strenghtening the 
reduction of PAD and enhancement of CWN.

CHAPTER 14. 
Conclusion
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installation in a neutral state. The sensory preparation in Phase 1 may help participants 
slow down, focus, and become more receptive to plant-centred cues.

14.2 Theoretical Contributions: The 
Updated Framework
This thesis contributes a designable and empirically tested framework for reducing 
PAD to improve CWN using affective mechanisms. Its primary theoretical contribu-
tion is the integration of botanical social science, ecological psychology, and affective 
interaction design into one operational model for plant-centred HCI and interaction 
design.

14.2.1 PAD as the designable driver of DTN
The first theoretical contribution is the evidence of PAD as an effective designable 
driver of DTN which, when addressed, creates an increase CWN. This creates a more 
precise starting point for HCI than current holistic interventions.

14.2.2 From Static Object to Living Being: a measurable 
path
The second theoretical contribution is the articulation of a measurable path from static 
object perception to living-agent perception. This path, represented by the framework 
in figure 62, is the mechanism chain through which PAD reduction becomes CWN:
1.	 Information gain makes the plant interpretable (as experiential meaning, not only 
	 facts), while epistemic interest improves affective states 
2.	 Attention foregrounds the plant in perception
3.	 Liveliness transforms interpretation into affective relation
4.	 Calmness supports state readiness for this transformation

Based on the final evaluation, the framework by Zylstra et al. (2014) was refined from 
an equal-pathways model to a staged mechanism framework, with most influence 
fromt the affective aspect of CWN than Information about Nature or Experience in 
Nature. In this framework, CWN can be fostered by reducing PAD through increasing 
attention and experiential information gain. This is done within the mechanism of rep-
resenting plant liveliness, which strengthens the positive affective state resulting from 
the decreased PAD. Preluding the installation, the mechanism of calmness is used as 
a state-setting mechanism to foster receptivity in the installation, strengthening the 
reduction of PAD.

The updated provides a testable theoretical model linking plant-centred design mech-
anisms to measurable connectedness outcomes.

14.3 Practical Implications and Viabili-
ty
This thesis also contributes a practical model for implementing plant-centred recon-

14.1.2 Temporal state-setting: the role of the Three-
Phased Journey
Another finding was the development of a Three-Phased temporal journey. This struc-
ture reflects the temporal journey that participants described in moment of high CWN, 
described in Chapter 4. The phases are:

•	 Preparing phase, in which the installation stimulates calmness by slowing pace 
through bringing attention towards sensory engagement with the plant.This stimu-
lates receptivity in the next phases.

•	 Interacting phase, in which the guest engages with the plant and experientially 
gains information about the plant. This happens through the representation of plant 
biosignals in an interaction.

•	 Reflecting phase, in which guests are stimulated to reflect on their experience.

The qualitative results of the final evaluation suggests two pathways towards CWN 
with a different combination of mechanisms:
•	 Attentional pathway (calmness + attention), mentioned by 8 participants
•	 Informational interest pathway (liveliness + experiential information --> curiosi-
	 ty), mentioned by 10 participants

The final evaluation therefore supports the validation that the Three-Phased Journey 
as a mechanism-supporting structure that enables different participants to enter the 
experience through different pathways while still contributing to the same overall out-
come.

14.1.3 Liveliness as the affective mechanism
The findings further demonstrate that liveliness is an effective affective mechanism 
through which the reduction of PAD can become positively valent and affectively 
meaningful.
Liveliness is the moment in which the plant is no longer interpreted as a static object, 
but as a lively and agentic being. Chapter 5 and 6 defines that liveliness can be repre-
sented through the translation of measurable ‘plant social behaviours’, including:
•	 Systemic electrical signalling 
•	 Nutrient sharing
•	 VOC (Volatile organic chemical) communication

By representing these behaviours through interaction, the installation made plant life 
perceptible as active and relational. This transformed attention and interpretation into 
affective responses such as curiosity, respect, care, and wonder.

14.1.4 Sensory state-setting: sight, sound, and scent as 
mechanisms for calmness
Chapter 5 concludes that sight, sound, and scent are effective senses to focus atten-
tion towards to foster calmness and prepare participants for the later interaction with 
the tree. The results show that calmness increased significantly, and 8 participants rat-
ed this phase as helpful to their experience. Although calmness was not the strongest 
statistically isolated predictor of CWN, the findings support its role as a state-setting 
mechanism.

This is an important design conclusion: in an urban park context, users do not enter an 
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empirically grounded, designable pathway for fostering CWN in everyday urban life.

Finally, all the core research objective and all sub-research and sub-design objectives 
have been achieved.

nection in public space. The final installation demonstrates that the framework can be 
used in a public park context with real users and measurable outcomes.

14.3.1 Practical design implications
The findings create a clear design strategy for future interventions:

•	 Start with state-setting: use sensory cues (sight, sound, scent) to foster calm-
	 ness and receptivity
•	 Design for attention first: make the plant perceptually foregrounded before intro-
	 ducing interpretation
•	 Enable experiential information gain: prioritise interpretability and curiosity over 
	 stand-alone factual education
•	 Represent liveliness: translate plant behaviours into perceivable signals that 
	 communicate agency and responsiveness
•	 Structure the experience temporally: use a staged journey rather than a single 
	 interaction moment

This practical sequencing is a direct contribution to HCI and public-interaction design. 
It provides a reusable blueprint for how designers can create meaningful human–plant 
encounters that go beyond awareness messaging and toward affective relation.

14.3.2 Viability in the public park domain
The application of the framework in a park context is itself a practical contribution be-
cause it demonstrates contextual viability. Public parks are high-value but challenging 
settings: users arrive with different intentions, different baseline connectedness, and 
varying levels of attention and cognitive load. The success of the intervention in this 
setting indicates that the framework can function under realistic public conditions.
The practical contribution is therefore not only the installation artifact itself, but the 
demonstration that a plant-centred, affective framework can be implemented in a 
viable public setting where users can repeatedly re-engage with plant liveliness as a 
living phenomenon rather than a one-time demonstration.

14.4 Final Conclusion
This research establishes that PAD is the critical designable driver of DTN in plant-cen-
tred urban interaction, and that reducing PAD is an effective route to fostering CWN. 
The findings demonstrate that reconnection depends on more than exposure: it re-
quires a designed shift from plant as static object to plant as living agent.

That shift is achieved by addressing attention and information deficits, and by acti-
vating affective mechanisms through Liveliness and Calmness. Liveliness creates the 
relational bridge by making plant social behaviour perceptible; calmness creates the 
temporal and sensory conditions for receptivity. The resulting framework provides 
both a theoretical contribution (a measurable, mechanism-based model validated 
through NCI outcomes) and a practical contribution (a viable public-park implementa-
tion that supports repeat engagement).

The thesis therefore advances the domain from holistic ambitions of CWN toward a 
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15.1 Recommendations
To improve this project in further studies and further develop this project to better 
achieve the objectives defined, I have defined various recommendations within the 
categories installation design, technology, sustainability and methodology.

15.1.1 Installation Design
Through the design process and final evaluation I have defined four improvements for 
the installation’s design.

First, I recommend to explore the opportunities of enabling multiple people to interact 
with the tree at the same time. In the final evaluation, sometimes people did not inter-
act in the interacting phase because there was already someone sitting in the seat. 
This causes guests to miss out on the information gain, that had a significant influence 
on reducing PAD. 

In addition to this, I recommend exploring different ways of explaining how the plant 
reacts to proximity and touch and its influence on CWN and PAD. In the final evalua-
tion, multiple participants asked what was happening. Due to the significant impact 
of information gain on PAD reduction, investigating if a more informative installation 
would improve information gain could therefore offer opportunities to further reduce 
PAD.

To strengthen CWN, I would recommend further exploration on how the first phase can 
stimulate calmness and a slow pace. Due to limited time, this was not further devel-
oped in this project. However, the significant influence of calmness on CWN proves 
that this is a great opportunity for further strengthening CWN.

Finally, I recommend exploring the influence of different affective states created by 
the installation on the enhancement of CWN. The current project focused primarily on 
calmness and perceived liveliness, but the findings suggest that the affective dimen-
sion is central to how strongly CWN develops. Future design research should therefore 
investigate which affective qualities (e.g., calmness, curiosity, wonder, intimacy, em-
pathy, or care) most effectively strengthen CWN, and how these can be intentionally 
designed through sensory translation, pacing, and interaction.

15.1.2 Technology
To enhance the installation’s robustness, strengthen the technical deployability, and 
clarity I have defined four improvement recommendations.

First, to improve signal robustness, I recommend using silver prongs/electrodes to 
measure the plant’s electrical activity. This would reduce noise and external interfer-
ence in the signal and improve measurement stability, resulting in a clearer and more 
reliable translation of plant activity into sensory output. A more stable signal would 
also make the interaction easier for participants to interpret.

To enhance the clarity of what the plant is reacting to (wind, proximity, touch, rain) 
which is changing the output, it could be beneficial to explore using machine learning 
in combination with the silver chloride (Ag/AgCl) electrodes to develop a code that 
generates different outputs for the different types of interactions with the plant. In the 

CHAPTER 15. 
Recommendations
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nisms of connectedness with nature. The current interviews produced useful descrip-
tive insights, but their general phrasing limited the ability to identify which mechanisms 
drove participants’ responses. More focused questions would improve analytic preci-
sion and help explain how different pathways contribute to connectedness.
In early prototype evaluations, liveliness should be assessed more directly. The initial 
focus on attention and information focussed on addressing plant awareness disparity 
with the idea that liveliness arose from the chosen behaviour and affective layer onto 
the concept, but reduced research in its effectiveness. So, it should be evaluated more 
explicitly to determine whether it was successfully perceived and whether it contribut-
ed to the observed effects.

Because the framework combines multiple mechanisms, future studies should test 
mechanisms both in isolation and in combination. This is improves causal interpre-
tation. Without isolating mechanisms, it remains unclear whether effects are driven 
by one mechanism, several independently, or their interaction. Such testing would 
strengthen conclusions about both the framework’s overall effectiveness and the spe-
cific contribution of each mechanism.

final evaluation test, people were sometimes confused what the plant reacts to when 
the output was changing but they were not touching the plant. Therefore, I believe that 
improving this would enable better information gain about the plant.

Finally, I recommend developing a reactivity guide for different plant species. During 
the research process, it became clear that plants differ substantially in how strongly 
they respond and how clearly their signals can be translated into interaction. For ex-
ample, the leaves of weeping willows appeared highly reactive, while pine needles 
produced much weaker responses. A structured guide comparing plant species in 
terms of signal reactivity, clarity, and suitability for deployment would make it easier 
to select appropriate plants and assess the installation’s deployability in other parks or 
contexts.

15.1.3 Sustainability
In order to achieve the Three Step Journey to more conservation action, I recommend 
exploring next steps, after interacting with the installation, that can strengthen Environ-
mental Responsibility and conservation action. 

I also suggest investigation into the long-term effects of the installation on a tree to de-
fine how long the installation can stay at one tree and how often it should change the 
leaf that is measured. This aims to minimise harm to the tree.

15.1.4 Methodology
To improve the research process and strengthen the validity of findings in future itera-
tions of this project, I recommend four methodological improvements.

First, the final evaluation should be redesigned as a longitudinal field study rather than 
only an immediate pre-/post-test. A stronger setup would include a baseline measure-
ment in the same park before the installation is introduced (e.g., one week earlier), a 
post-test directly after the interaction, and a follow-up test after one week or longer. 
This would reduce expectation bias, control for location effects, and provide better 
insight into whether repeated encounters strengthen PAD reduction over time, deepen 
CWN, and produce more durable changes in attitude, interest, or everyday plant notic-
ing. This would also enable the improvement of the reflection phase, which aimed to 
strengthen long term CWN fostering.

Future research should also include a broader participant group throughout the full 
design process, not only in the final evaluation. Much of the intermediate testing was 
done with students, which may have influenced design decisions and findings. Includ-
ing participants with more varied ages, backgrounds, and baseline connectedness to 
nature would improve the reliability and generalisability of the results.

And future research should more clearly define liveliness in the tests, as its current use 
in the interviews and questionnaire was conceptually broad. Such vague constructs 
reduce interpretability, which may cause participants to respond to different meanings 
(movement, responsiveness, social presence, etc.), making it unclear what was actual-
ly measured. A clearer definition would also support more valid item development and 
stronger comparisons across conditions.

Interview protocols should also include more targeted questions on specific mecha-



182 183

This was my first fully solo interaction design project, and throughout this process I 
have grown a lot in the various areas of interaction design, HCI, and ecology.

Beginning this process, I believed I would focus much more on the HCI of plant inter-
action using systemic electrical signalling. However, my eyes opened to how complex 
human-nature disconnection was and how many different ways this can be addressed 
thorugh interaction design. While beginning, the literature felt endless and it was diffi-
cult to select a specific area to address. Therefore, defining a direction for the project 
was quite challenging. This is where I believe I grew the most: strategically defining a 
narrative and aligning design decisions with this.

Because of the interactive nature of the installation, in the beginning I did not want to 
scope down too, because there was so much to address. But, I quickly noticed that 
my ideas were going left and right, losing its direction and therefore its effectiveness. 
Through my feedback meetings with my coaches and my Tellart mentor, I kept being 
challenged at what the core issue of my problem was. And from that, my narrative 
derived. And I noticed that by the end, my ideation was highly aligned with my project 
and during ideation I began asking myself how my ideas aligned with the strategy.

While evaluating my final results, it all became clearer to me. To explain the results, I 
had to explain the thoughts I kept having in my head but could not fully explain. This 
led to the development of my framework - the thoughts I had all along, but now organ-
ised for others to understand. This helped me realise that in future projects, I would 
like to focus on creating a strategic mapping of what I want to achieve, in order to keep 
checking if my project aligns with my whole strategy and be able to explain this to oth-
ers.

Besides this, I learned the relevance of combining test results and designerly knowl-
edge in interaction design. In many tests, I often followed what the outcomes indicated, 
while sometimes this differed from my own opinion. For example, the second and third 
protoype of the meta-concepts test scored very equally and people indicating they 
preferred the third because they felt most connected there. First I wanted to continue 
with that concept then, however, after reflecting on these outcomes with my Tellart 
mentor, we came to the conclusion that this was mainly because they felt calmer and 
calmness tends to connect. But, if I want to show liveliness and have people engage 
with the plant, the second prototype is much more interesting. This had my preference 
as well, but I was quick in believing the outcomes over my knowledge. However, with 
iterations and improvements, I believe that this outcome was much more effective than 
the other prototype. Later in the project, I did this more and more. And I aim to keep a 
reflective lens on my projects like this in the future: evaluating what exactly caused this 
and if this aligns with what I believe is best for the strategy.

Finally, even if the installation was a flop (which I am very happy it was not :) ), my 
connection with nature grew immensly during this project. A goal of mine was learning 
more about plants, and I am fascinated with how much I learned through one project! 
By being more aware of plants and our connection with them, I noticed that on my 
walks to and from my internship, I would actively focus on the plants around me. This 
would relax me on the stressfull days and inspire me on the relaxed days. Not only me, 
but even my friends who so warmly supported me during my project started noticing 
them more!

CHAPTER 16. 
Reflection
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The succes of the final installation was a massive reward. Even though I want to fur-
ther improve the installation, it succesfully engaged 70 people in nature and improved 
at least 15 people's CWN.

While one installation may not be the whole solution to the problem, this makes me 
grateful that within my city, Rotterdam, I have been able to have an influence.
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Drivers of 
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(Dis)Connection
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To test the ability of the structure to withstand being outside, simulations were done 
in Solidworks. A pressure of up to 210N/m^2, correlating to wind speeds of up to 69 
km/h, were tested to ensure it can handle wind up to a 6 on the beaufort scale. The 
tests show that the structure itself remains very stiff and will not break under these 
situations and no large displacement was measured.

Simulation stress outcome:

Simulation strain outcome:

Appendix B:
Structure 
Simulation
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Simulation displacement outcome:



206 207

A pilot session revealed that applying the MDD experiential characterisation method in
its original form in the co-creation sessions caused participants to adopt an analytical 
and objective perspective, focusing on categorisation rather than emotional experi-
ence. This reduced emotional engagement with the plant and conflicted with the proj-
ect’s aim of fostering calmness and connection. The Co-Creation method was adapted 
in three ways:

•	 Emotional ranking replaced material descriptors, allowing participants to express 
affective responses instead of objective properties. This adaptation is based on af-
fect-driven design research, which positions emotions as intentional design outcomes 
(Desmet, 2012).

•	 Participants were asked to score on a graph rather than categorical judgement, 
enabling relative comparison between interaction concepts rather than fixed classifi-
cation to promote remaining in an experiential state rather than scientific or objective 
mindsets.

•	 Co-creation replaced evaluation, shifting the focus from assessing existing ex-
periences to collaboratively imagining future human–plant interactions, consistent with 
generative co-design principles (Sanders & Stappers, 2008).

This adapted method resulted in emotionally richer and more meaningful insights, bet-
ter aligned with the project’s objective of reducing psychological arousal and support-
ing human–plant connection.

All co-creation sessions were conducted one-on-one with individual participants to 
support introspection, emotional awareness, and calm engagement, and to avoid so-
cial influence on subjective experience.

Appendix C:
Co-creation ses-
sions outcome
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The analogies for the ideation phase were treated as design tools that supported the 
generation of ideas aimed at eliciting positive affect. To avoid superficial copying, the 
analogies were analysed using structure-mapping, focusing on the relational mech-
anisms that create connection and mapping these mechanisms onto the installation’s 
interaction with plants. The analogies were interpreted through a Positive Design lens, 
focussing on pleasure, personal significance, and virtue, to ensure concepts support-
ed not only curiosity, but also connection and empathy (M.A. Desmet & E. Pohlmeyer, 
2013).

Each analogy was analysed to evaluate the participant role it implies, the relational 
mechanism through which connection is generated, and the affective outcome it tends 
to produce. This was then translated into concrete design moves across the three 
phased journey.

Appendix D: Anal-
ogy Evaluation 
Methodology
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Appendix E: Bioda-
ta Measurements
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Appendix F: Selec-
tion of First Phase 
Concept
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Appendix G: Tech-
nical drawing of 
strucutral elements
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All fabric edges ahve a double hem of 6cm (3cm folded over twice). The bottom is 
12cm that becomes a loop for the wooden rod at the bottom and is closed on both 
sides with the wooden rod inside. The top 20cm is wrapped around the traverse beam 
and then stapled (at many points to increase strength and reduce breakage) tot he 
traverse beam.
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Appendix H: Final 
evaluation survey
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Dear friends and family, thank you for supporting me in this project.

Dear reader, I hope you enjoyed reading this thesis as much as I enjoyed making it.


