
Promoting nature oonneotedness itt  a dtgttally 
augmented realtty permaoulture appltoation

Sabtne Conltn

Submtted tn partial fulflment of 
t e requtrements of Edtnburg  Napter Untverstty 

for t e Degree of
MSo Computing (User Expertenoe)

So ool of Computing

November 2021



MSc dissertatio check list

Milestioes Date if cimpletio Target deadlioe

Proposal 25/02/21 Week 3

Inttial report 14/11/21 Week 7

Full draf of t e dtssertation 18/11/21 6 days before fnal deadltne

Learoiog iutcime The markers will assess Pages Hiurs speot
Learoiog iutcime 1
Conduot a ltterature searo  ustng an 
approprtate range of tnformation 
souroes and produoe a orttioal revtei of 
t e fndtngs.

* Range of matertals; ltst of 
referenoes
* T e ltterature 
revtei/exposttion/baokground 
tnformation o apter

15-25 220  ours

Learoiog iutcime 2
Demonstrate professtonal oompetenoe 
by sound projeot management and (a) 
by applytng approprtate t eoretioal and 
praotioal oomputing oonoepts and 
teo ntques to a non-trtvtal problem, or 
(b) by undertaktng an approved projeot 
of equtvalent standard.

* Evtdenoe of projeot 
management (Gant o art, dtary, 
eto.)
* Dependtng on t e topto: 
o apters on destgn, 
tmplementation, met ods, 
expertments, results, eto.

31-43 260  ours

Learoiog iutcime 3
S oi a oapaotty for self-appratsal by 
analystng t e strengt s and ieakness of 
t e projeot outoomes itt  referenoe to 
t e tnttial objeotives, and to t e iork of 
ot ers.

* C apter on evaluation (assesstng 
your outoomes agatnst t e projeot 
atms and objeotives)
 * Dtsousston of your projeot's 
output oompared to t e iork of 
ot ers.

43-56 40  ours

Learoiog iutcime 4 
Provtde evtdenoe of t e meeting 
learntng outoomes 1-3 tn t e form of a 
dtssertation i to  oompltes itt  t e 
requtrements of t e So ool of 
Computing bot  tn style and oontent.

* Is t e dtssertation iell-irtten (aoademto 
irtting style, grammatioal),  spell-o eoked, 
free of typos, neatly formated.
* Does t e dtssertation oontatn all relevant 
o apters, appendtoes, title and oontents 
pages, eto.
* Style and oontent of t e dtssertation.

80  ours

Learoiog iutcime 5
Defend t e iork orally at a vtva vooe 
examtnation.

* Performanoe
* Confrm aut ors tp

1  our

Have you prevtously uploaded your dtssertation to Turnttinn Yes/Ni

Has your supervtsor seen a full draf of t e dtssertation before submtsstonn Yes/No

Has your supervtsor satd t at you are ready to submtt t e dtssertationn Yes/No



Authorship Declaration

I, Sabioe Ciolio, oonfrm t at t ts dtssertation and t e iork presented tn tt are my oin 

ao tevement.

W ere I  ave oonsulted t e publts ed iork of ot ers t ts ts aliays olearly atrtbuted;

W ere I   ave quoted from t e iork of  ot ers t e souroe ts  aliays  gtven.  Wtt  t e 

exoeption of suo  quotations t ts dtssertation ts entirely my oin iork;

I  ave aoknoiledged all matn souroes of  elp;

If my researo  follois on from prevtous iork or ts part of a larger oollaborative researo  

projeot I  ave made olear exaotly i at ias done by ot ers and i at I  ave oontrtbuted 

myself;

I  ave read and understand t e penalties assootated itt   oademto Mtsoonduot.

I also oonfrm t at I  ave obtatned iofirmed cioseot from all people I  ave tnvolved tn 

t e iork tn t ts dtssertation folloitng t e So ool's et toal gutdeltnes

Stgned:  

Date: 24/11/2021

Matrtoulation no: 10018353



General Data Protection Regulation Declaration

Under  t e General  Data  Proteotion Regulation (GDPR) (EU)  2016/679,  t e Untverstty 

oannot dtsolose your grade to an unaut ortsed person. Hoiever, ot er students beneft 

from studytng dtssertations t at  ave t etr grades atao ed.

Please stgn your name beloi one of t e options beloi to state your preferenoe.

T e Untverstty may make t ts dtssertation, itt  tndtoative grade, avatlable to ot ers.

T e Untverstty may make t ts dtssertation avatlable to ot ers, but t e grade may not be  

dtsolosed.

Sabtne Conltn

T e Untverstty may not make t ts dtssertation avatlable to ot ers.



Abstract

T ere ts an tnoreastng destre by urban diellers to oonneot itt  nature. T e projeot 

used augmented realtty teo nology for mobtle devtoes to enable users to explore a 

p ystoal  garden. T e atm ias to enoourage t em to tnteraot itt  t e garden and 

promote t etr  oonneotion itt  a  natural  envtronment.  T e  ‘Permaoulture  Garden 

 ppltoationn ias oreated tn an tterative destgn prooess, based on Conoeptual Blendtng 

t eory,  User-Centred  Destgn,  and  prtnotples  of  permaoulture.  Dtgttal  spaoes  and 

p ystoal garden artefaots iere merged. Testing enabled t e tdentifoation of users'  

tdeas suttable for tntegration tn t e destgn of t e appltoation. Psyo ologtoal researo  

suggested  t at  oonneotedness  itt  nature  oan  be  tnfuenoed.  T e  testing  results 

provtded  a  basts  for  assesstng  i to  aspeots  of  nature  oonneotedness  oould  be 

enoouraged by dtgttal teo nology and i to  mtg t requtre elaboration. Fooustng on 

qualttative prooedure, eleven respondents tnformed and tested t e oonoeptual destgn 

and prototype appltoation, i ereby t e so-oalled  edonto user expertenoe qualtties 

iere of partioular relevanoe and  elped olartfy tf dtgttal destgn oould promote nature 

oonneotedness.
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1 Introduction

W en   uman  aotivtties  render  resouroe  ex austion,  speotes  extinotion,  and 

ot er forms of oonftots betieen  umans and t e envtronment, nei iays of 

notiotng, respondtng, and tmagtntng are needed to move toiard to preferable 

futures. Szu-Yu (Cyn) Ltu, 2019

 s  tn  many  ot er  areas  of  everyday  ltfe  dtgttal  teo nology  ts  beoomtng  famtltar  tn 

gardens. Regardtng promoting peoplens oloseness to nature, t ts projeot tnvestigates t e 

potential of a dtgttally  augmented garden oontext to tnform sustatnable t oug t  and 

praotioe.

T e tnsptration arose i tle groitng atao ed to an urban allotment garden and i tle  

ustng an tnternet-enabled smartp one to learn about orop plant oultivation on t e spot.  

T e gardentng ootnotded itt  t e pandemto ortsts folloied by a look-doin, tn i to  time 

seemed to sloi doin, and spaoes for nei opportuntties opened up, at least for some of  

us.  Permaoulture  (s ort  for  permanent  agrtoulture)  refers  to  an  tnoreastngly  popular  

approao  tn  t e  oarbon-tntense  and  less  oarbon-tntense  areas  tn  all  iorldns 

 emtsp eres1. It offers destgn prtnotples and teo ntques to oultivate nature sustatnably 

itt out pestiotdes, pressure, or pretenoe, benefting tts tn erent regulartties and yteldtng 

plentiful.

 not er  oonstderation  oonoerned  t e  oulture  of  oonsumertsm  and  “stiokyy  dtgttal 

appltoations t at run on mobtle devtoes. T ey  ave beoome our bodtly extenston, ofen 

at  t e  expense  of  famtltartty  itt  our  tmmedtate  surroundtngs.   s  a  more  reoent 

subdtsotpltne of Human Computer Interaotion, Sustatnable Interaotion Destgn ourrently 

looks to address et toal and envtronmental problems oonneoted itt  t e adverse effeots 

of overoonsumption.

1  Ferguson and Lovell (2014) presented a oompre enstve quantitative revtei of 
tnternational publtoations about permaoulture tndtoating tts iorlditde dtstrtbution.
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Meani tle, tndtvtdual (dts-)oonneotion from or itt  nature ts studted tn envtronmental 

psyo ology and sustatnabtltty sotenoe. T e researo  of Ntsbet and Zelenskt (2013) and 

ot er  relevant  iork   ave  deltvered  tnstg ts  tnto  dtfferent  dtmenstons  of  nature 

oonneotedness.  s tt ts destrable t at t e qualtty sprtngs from t ts projeotns destgn, t e 

psyo ologtoal fndtngs are relevant to tnform tts researo  atms.

Noiadays, destgn opportuntties itt  ubtquttous oomputing are vast. By explortng t e 

options and ltmttations of an augmented realtty sofiare appltoation, t e projeot atms to 

oreate  a  pteoe  of  nature  aooesstble  to  people  tn-mtdst  an  urban  agglomeration 

o araotertsed by overfoi.

1.1 Research Aims

T e projeot atms at s oitng  oi mtxed-realtty spaoes may engage people itt  a natural  

envtronment  and   oi  t ey  may  promote  an  understandtng  of  natural  eoosystems. 

Furt er, tt atms at provtdtng an outltne of  oi to determtne i et er tndtvtdual nature 

oonneotedness iould ultimately be en anoed. T e folloitng researo  questions iere 

formulated to atatn t ese atms:

(1) In i to  iay may t e Permaoulture Garden  ppltoation engage tts users itt  

natural garden artefaotsn

(2)  s a result, are t e usersn aiareness and understandtng of nature en anoedn

(3) To i at extent may t e dtgttal Permaoulture Garden  ppltoation promote tts 

usersn nature oonneotednessn

Gutded by t ese questions, a dtgttal augmented realtty appltoation for mobtle devtoes 

ts  oreated  tn  a  user-oentred  destgn  prooess.  T e  usersn  expertenoe  of  t e  garden 

artefaots ts tnvestigated ustng a prototype of t e Permaoulture Garden  ppltoation to 

s ed ltg t on t e destgnns potential to ao teve t e researo  atms.

1.2 Repirt Structure

T e  ltterature  revtei  tn  o apter  2  presents  and  dtsousses  tnterdtsotpltnary  researo  

relevant to t e projeotns atms. T e projeotns researo  met ods are explatned tn o apter 

3. T e destgn dooumentation tn o apter 4 spans all essential steps taken tn t e tterative 
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destgn prooess. C apter 5 oomprtses a orttioal  revtei and evaluation of t e user test  

fndtngs  regardtng  t e  usabtltty  and  oentral  UX  aspeots  i tle  speotfytng 

reoommendations for furt er destgn tterations. C apter 6 summartses and dtsousses t e 

projeotns fndtngs.  gatnst t ts baokground, ansiers to t e researo  questions are gtven, 

and future  dtreotions  are  sooped.  In  o apter  7,  t e  report  oloses  itt  a  oonoludtng 

remark.

1.3 Termioiligy

For stmpltfoation, t e Permaoulture Garden  ppltoation itll be referred to tn t e rest of 

t ts report as t e ‘Garden  ppn.
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2 Literature Review

T ts o apter presents t e dtfferent researo  felds relevant to t ts projeot's researo .  

Ftrst,  User Expertenoe ts  sooped and sttuated tn  t e ourrent dtsoourse  tn Sustatnable 

Interaotion Destgn, arrtvtng at exemplary approao es t at ltnk permaoulture and UX. In 

an  exoursus  to  envtronmental  psyo ology,  nature  oonneotedness  ts  tntroduoed  as  a 

measurable oonstruot tn tndtvtduals. In support of t e projeot's tnvestigation tnto  oi 

and  to  i to  extent  dtgttal  teo nology  destgn  may  promote  nature  oonneotedness, 

Conoeptual  blendtng  t eory  and   ugmented  Realtty  teo nology  are  presented  as 

oontrtbuting felds.

2.1 User Experieoce

Defntng a oonoept of User Expertenoe (UX) ofen preoedes t e tnvestigation of  oi a 

dtgttal produot or servtoe ts peroetved by tts users.  s s oin by Lai, Roto, Hassenza l,  

Vermeeren, and Kort (2009),  t e term User Expertenoe rematns somei at open and 

unoonfned  to  a  fxed  defnttion.  T ey  separated  UX  tnto  dtfferent  oategortes,  a 

pragmatio  and  a   edonto  qualtty,  t e  later  tnvolvtng  affeot  and  expertential  and 

emotional  aspeots,  representing  more  subjeotive  user  perspeotives.  Hassenza l, 

Burmester  and  Koller  (2003)  furt er  dtfferentiated  t e   edonto  qualtty  for 

operationaltsation purposes. Henoe, a produot appears stimulamtiing tf tt addresses users' 

personal development needs to en anoe t etr tndtvtdual oapabtltties. Ideintity ts oatered 

to tf a produot medtates t e opportuntty of posttive self-expresston (Hassenza l et al.,  

2003, pp. 187-188).

MoCart y and Wrtg t (2004) tntroduoed teo nology as a felt expertenoe. T ey proposed 

a   oltstio  frameiork  itt  dtfferent  aspeots  of  meantng  oreation,   tg ltg ting  t e 

tnterrelation  and  spatio-temporal  vartabtltty  t at  toget er  make  up  an  expertential 

referenoe to teo nology. T ts oonoept of User Expertenoe transoends t e realm of task 
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effeotiveness  and s eds ltg t  upon furt er  oontextual  faotors  t at  strongly  tnfuenoe 

 uman aotion.  ooordtngly, Benyon and Resmtnt stated t at:

[...] UX oannot be reduoed to t e aot of ao tevtng goals. UX ts also oonoerned itt  

aoting  tn  a  iay  t at  refeots  one's  values,  itt  t e   edonto  o araotertstios  of 

aotion, itt  affeot and oognttion, and itt  personal or sootal enrto ment. (Benyon 

& Resmtnt, 2017, p. 4).

Hoiever  dtfferentiated  t e  soope  of  UX,  researo ers  and  praotitioners  ofen  still 

emp astse  t e metrtos  for  a  system's  peroetved  ease-of-use,  retatntng  t e notion of 

usabtltty  (C ung & Sa art,  2015).  By  oontrast,  vartous  oonftoting faotors  are  at  play, 

resulting  tn  dtfferently  nuanoed  expertenoes  before,  noi  and  afer,  as  s oin  by 

MoCart y  and Wrtg t  (2004).   s  all  aotions are  oarrted out  itt  referenoe to  users'  

oomplex   ortzons  of  sootal  values,  a  system  may  iell  oonjure  joy  i en  goals  are 

efotently atatned;  oiever, tt may be dtsqualtfed for tts peroetved tnoompatibtltty itt  

users' sootal value-systems. T e Google searo  servtoe, for example, oould be desortbed 

as notably easy-to-use, but prtvaoy tssues may negatively tnfuenoe t e overall UX. Its 

oompetitor Eoosta may be preferred tn t ts oase as tt may appear to ft beter itt  tdeas 

of  envtronmental  fatrness.  Egan,  Benyon  and  T ompson  (2017)  refeoted  upon  t e 

expertential soope of user expertenoe regardtng sustatnable destgn. T ey outltned t at  

“[...]  UX  ts  ofen  exploratory,  loosely  assootated  itt  ao tevtng  somet tng,  but  also 

oonoerned itt  t e many engagtng tnterludes along t e iay. UX ts about antiotpation, 

use and refeotion.y (Egan et al., 2017, p. 1).

Benyon (2010)  as potnted out t e tmportanoe of non-utilttartan aspeots regardtng  ts 

Human  Centred  Destgn  frameiork  P CT.  T e  aoronym  refers  to  people,  aotivtties, 

oontexts,  and  teo nologtes  and t etr  tnterdependenoe.   s  people  do not  operate  tn 

vaouo,  teo nologtes  must  aooommodate  any  faotors  tmpaoting  users'  realtties. 

 ooordtngly, people and t etr setngs must be olosely analysed to tnform t e destgn of 

an tnteraotive system. T roug out  t ts  projeot,  t e broader soope of  destgn-relevant 

aspeots  itll  foous  on  arrtvtng  at  sustatnable  destgn  deotstons.  But   oi  oould 

sustatnabtltty be made a determtntng faotor tn UXn 
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2.2 Sustaioable Ioteractio Desigo

Sustatnabtltty ias frst tntroduoed to Human-Computer Interaotion tn 2007 by Elt Blevts, 

i o obltged teo nology destgn to envtronment and resouroes proteotion, suggesting a 

orttioal  lens  for  teo nology  destgners.  He  termed   ts  novel  approao  Sustatnable 

Interaotion  Destgn  (SID)  tn  response  to  t e  problematio  oonsumption  be avtour 

prevalent tn Western oultures.   s an “aot of o oostng among or tnformtng o otoes of 

future  iays  of  betngy...  destgn  s ould  prtmartly  address  a  …  “oonoern  for   uman 

oondttions, partioular or global.y (Blevts, 2007, pp. 503-504).

In t etr evaluation of prevtous researo  about  oi destgn, teo nology and sustatnabtltty 

may be tnterrelated, Nunes and Mont  lvao (2017) elaborated furt er on sustatnabtltty 

as  a  destgn  oonstituent  and  outoome.  Sustmiinmbilaity  iin  desigin oonoerns  sustatnable 

matertal  formation and dtsposal.  T e ot er,  sustmiinmbilaity through desigin,  refers to a 

oatalyst  funotion  tnsptrtng  users  of  produots  or  servtoes  to  t tnk  and  aot  more 

sustatnably. T ey emp astsed t at sootal values, needs, and emotions play a stgntfoant 

role tn people's engagement itt  teo nology.  W at ts more, t ese faotors may even 

outperform a system's elaborate usabtltty i en tt ts dtsqualtfed as sootally tnadequate. 

(Nunes & Mont  lvao 2017, pp. 824-825).

Peretra,  Ltma  and  Baranauskas  stmtlarly  argued,  itt  referenoe  to  Don  Norman's 

postulate about sootal oomponents betng tn erent tn destgn, t at teo nology ‘embedsn a 

set of values (Peretra et al. 2010, p. 3). Posstble aotions assootated itt  a system must be  

rated  as  oompatible  itt  t e  respeotive  user's  sootal  value oomposttion:  T ose  i o 

up old sustatnabtltty destre to grasp t e i ole ptoture and prefer t etr aotions to be 

valtd beyond t e ep emeral mode of tnstantaneous tnteraotion.

Brynjarsdötr,  Hakansson,  Pteroe,  Baumer,  DtSalvo  and Sengers  (2012),  tn  partioular, 

found t at destgns itt  i to  tndtvtduals are persuaded tn t etr be avtour, for example, 

by urgtng seemtngly tsolated users to out t etr energy oonsumption, oannot alone tgntte 

sustatnable t tnktng and aoting.  T ey s oied t at  t e emp asts  on efotenoy stems 

from a  moderntst  perspeotive  tn  i to  eoologtoal  footprtnts  appear  oontrollable  by 
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optimal  be avtour  and  by  folloitng  t e  standards  of  objeotive  sotentifo  aut ortty. 

Nyström  and  Mustaqutm  (2014)  potnt  out  t at  t ts  tndtvtdualtstio  vtei  may  also 

overstmpltfy an ot eritse oomplex otroumstanoe, tn i to  sootal, polttioal and eoonomto 

leverage  potnts  oould  oontrtbute  more effeotively  to  envtronmental  proteotion.  T ey 

refer to an example tn a peer study about iater soarotty, demonstrating  oi eoonomy, 

polttios, and oulture affeot our o otoes of  oi muo  iater ie use and i et er ie aot  

eoo-frtendly or iasteful  (Nyström & Mustaqutm, 2014, p. 67).  Indeed, oonstderations 

about  sooto-oultural  tmpltoations  of  sustatnabtltty  alloi  for  more  systematio 

tnterventions regardtng t e envtronmental ortsts, suo  as publts tng t e oarbon footprtnt 

of polttioal representatives before an eleotion (Brynjarsdötr et al., 2012, p. 954).

W at  seems  most  oruotal  for  formtng  approprtate  destgn  solutions,   oiever,  ts  t e 

underlytng oonoept of sustatnabtltty. Knoiles, Blatr, Hazas and Walker (2013) refer to 

oonourrent  perspeotives  t at  revolve  around  i et er  or  not  eoonomto  groit  ts 

sustatnable, even tf not perpetuated, and i to  role teo nology destgn plays tn adapting 

our  ltfestyles.  T etr  outlook  favours  dtsruptive  approao es  suo  as  t e  'quadruple 

botom ltne'  frameiork,  i ere  only  seleoted  teo nologtes  iould  be of  servtoe:  less 

oarbon-tntense  beoause  t ey  are  dtgttal  and  sootally  oo estve  beoause  of  t etr 

deoentraltstng meo antsms (Knoiles et al., 2013, p.6).

In  sum,  SID  ltterature  appears  orttioal  of  tradttional  praotioe  and  asortbes  an  et toal  

obltgation to teo nology destgners. Hoiever, t e destgners s ould not be  eld alone 

responstble for undestred outoomes. Don Norman argues t at destgners s ould best be 

seen as  faotlttators  rat er  t an  ortgtnators  of  teo nologtoal  solutions  or  any  of  t etr 

oonsequenoes.  In one of  ts reoent texts, "To oreate a beter sootety",  e proposes a 

responstbtltty not only of destgnated professtonals but of all people partiotpating tn t e 

destgn prooess:

We oan use t ese sktlls for t e beneft of  umantty. Destgners, moreover, are tn 

a posttion to oonstder t e et toal tmpltoations of t e system, for degradation of 

t e  envtronment,  oltmate  o ange,  dangerous  stde  effeots,  and  t e  prtvaoy, 
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rtg ts, and iell-betng of t e people i o tnteraot itt  t e system. (Norman, 

2020, para 6)

2.3 Natureculture

  teo nology-enabled  s tf ts  also  proposed  by  Ltu  (2019).   ooordtng  to   er,  t e  

envtronmental ortsts oalls for "non-ant ropooentrto destgn" to fundamentally alter  oi 

 umans and nature  tnteraot  itt  eao  ot er.  T e general   uman-nature dto otomy2 

seems questionable tnsofar nature ts peroetved as a passtve, ex austible envtronment for 

 umans  i o   ave  prtorttised  t etr  needs  and  requtrements.  By  refooustng  uman 

demands to favour t e equally relevant needs of nature, a restltent oo-extstenoe may be 

establts ed.  To  ao teve  t ts,  Ltu  reoommends  a  o ange  of  perspeotive  t roug  a 

"post uman lens" (Ltu, 2019, p. 103, or “lens of permaoulturey, Ltu, Bardzell & Bardzell,  

2018, p. 2).  s an example of a ‘oo-oreation aotivttyn, Ltu presents a sensory soundbox tn 

i to  mustoal  oomposttions,  t.e.  oultural  artefaots,  are dertved from dtgttally  traoked 

natural  oomposting.  By  employtng  tnteraotion  destgn  to  ampltfy   uman-nature 

oooperation, nei opportuntties may artse.

Ltu's  oontrtbutions  to  SID  and  sustatnable  agrtoulture  butld  upon  permaoulture,  a 

p tlosop y and destgn frameiork frst publts ed by Btll Molltson and Davtd Holmgren tn 

t e late 1970s. Her atention on  uman-nature oooperation refeots t e permaoulture 

approao  of ‘iorktng itt , not agatnst naturen (Ltu, 2019, p. 2). Stmtlarly, Egan, Benyon 

and  T ompson  expltoate  t e  mertts  of  a  permaoulture  perspeotive  for  HCI.  T ey 

reoonotle  User  Expertenoe  Destgn  and  permaoulture  by  ltnktng  dtgttal  and  p ystoal  

sp eres. For t ts, t ey butld upon t e blendtng t eory presented tn more detatl beloi.

2  Kesebtr and Kesebtr (2017)  ave outltned t at “naturey ts a vartable oonoept. T ey  ave 
argued t at noiadays people mostly tdentify as separate from nature.
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2.4 Permaculture aod UX

T e  iord  permmculature oombtnes  "permanent"  and  "agrtoulture"  (or  oulture).  In 

essenoe, t e permaoulture approao  seeks looal solutions for global problems, suo  as 

food s ortage and envtronmental degradation. Its prtmary oonoern ts guaranteetng orops 

for oenturtes to oome itt out leao tng out sotls or  armtng fora and fauna (Koialeiskt, 

2019, para 2).

Permaoulture proposes to mtmto nature as aoourately as posstble. Natural eoosystems,  

i to  are seen as untts tn i to  natural ltvtng organtses, serve as models for  uman 

praotioe.  T ey are oonstdered essentially sustatnable beoause of t etr self-reltant and 

self-regulating properties. T e dtverstty of plant speotes, for tnstanoe, oorresponds itt  

nutrtent sotl, i to  tn turn oreates a plant oommuntty more adaptable to evolutionary 

and   uman-tnduoed  oltmate  o ange.   ooordtngly,  eoosystems  need  to  be  olosely 

monttored  and  tnterpreted  by  permaoulture  praotitioners.  Only  a  t oroug  

understandtng  of  any paterns,  iorktng relations tps,  and tnteroonneotedness  of  t e 

system's oomponents may yteld adequate oultivation praotioe.

Holmgren (2020) oomptled a set of prtnotples t at make up t e  oltstio destgn system of  

permaoulture.  Ortgtnally  developed to  support  agrtoulture,   e  advooates  far  broader 

appltoabtltty  of  t e  prtnotples  tn  terms  of  untversal   eurtstios  for  sustatnable  ltvtng. 

Henoe, t e permaoulture met ods and strategtes may vary dependtng on t e oontext, 

but t ey oan also be used as a general o eokltst to navtgate oomplex destgn deotstons.

2.5 Permaculture Desigo Priociples

P1. "Observe aod ioteract"

T e frst prtnotple desortbes a subtle prooess of beoomtng famtltar itt  a natural spaoe. 

W en applytng t ts prtnotple, natural  spaoes oan reveal  a very  tg  oomplextty to tts  

observers.  T ey  dtsplay  a  large  vartety  of  oomponents  and  agents,  relations tps, 

tnterseotions, dynamtos, and t ey reaot to  uman presenoe.
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P2. "Catch aod stire eoergy"

T e tmpltott  regulartty of  P2 ts a fuent energy turnover.  Plants store solar energy tn 

oomplex oarbo ydrates and seamlessly pass tt on to ot er agents, e.g. as foodstuffs for 

 umans.

P3. "Obtaio a yield"

  yteld tn permaoulture ts oonstdered posttive feedbaok, suo  as sun-rtpened frutts tn a 

food forest. Indeed, permaoulture enoourages afuenoe as a stgn of  ealt y eoosystems 

beoause orops serve a system's repltoation.

                                                                                                                                                                

P4. "Apply self-regulatio aod accept feedback":

From  a  permaoulture  perspeotive,  oorreotives  are  an  essential  part  of  natural 

eoosystems.  ny ktnd of feedbaok s ould be aoknoiledged as part of a fnely ioven, 

sometimes dtsruptive iarntng system.

P5. "Use aod value reoewable resiurces & services"

 ooordtng  to  Holmgren,  one  s ould  prefer  a  "solar  olot es  dryer"  to  a  fosstl-fuel-

poiered  tumble  dryer  (Holmgren,  2020,  p.  14).  Not  only  beoause  solar  energy  ts  

reneiable, but as a sttuational by-produot, t ts souroe of energy ts effortlessly oaug t 

and passed on as desortbed tn prtnotple 2.

P6. "Priduce oi waste"

Unltke oonsumertsm, nature  as no iaste oonoept, as everyt tng ts reoyoled.

P7. "Desigo frim pateros ti details"

Paterns emerge i en refratntng from "narroitng t e vtston" (Brynjarsdötr et al., 2012) 

and looktng at t e btgger ptoture. Holmgren reoommends zone and seotor planntng by 

oontemplating a sptder's ieb. Or  e refers to t e  erbal sptral oovertng a speotrum of 

oltmates for a dtverstty of plants.
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P8. "Iotegrate rather thao segregate"

Conneotions betieen objeots are just as relevant as t e objeots t emselves, as observed 

tn natural  symbtosts.  Holmgren refers to "jtgsai-ltke look and key relations tps" t at  

o araotertse eoologtoal oommuntties (Homgren, 2020, p. 17).

P9. "Use small aod sliw silutios"

T ts prtnotple emp astses t e advantage of small and sloi, manageable systems i to  

operate tn a self-reltant iay.

P10. "Use aod value diversity"

Permaoulture does not enoourage monooulture, as a dtverstty of plants ts less vulnerable 

to pests – tf one orop fatls, anot er may suooeed.  part from t ts,  umus ts oultivated so 

t at, tn t e longer run, polyoulture gtves beter ytelds.

P11. "Use edges aod value the margioal"

Pertp ertes appear  as t e  eart  of  tnnovation.  Ttdal  estuartes,  for  example,  oreate  a 

oomplex tnterseotion betieen land and sea.

P12. "Creatvely use aod respiod ti chaoge"

Folloitng  t ts  prtnotple,  o ange  oan  be  seen  as  an  opportuntty,  and  tt  s ould  be 

oultivated to rematn adaptive toiards unpredtotable faotors.

2.6 Nature Ciooectedoess

Permaoulture advooates oloseness to nature. Wtt tn t e soope of t ts projeot, oloseness  

to nature ts referred to as "nature oonneotedness" tn oonformtty itt  t e dtsoourse tn 

sustatnabtltty-related  dtsotpltnes,  suo  as  sustatnabtltty  sotenoe  and  envtronmental 

psyo ology.  s tndtoated by Ives,  bson, Von We rden, Dorntnger, Klanteokt and Ftso er 

(2018), t e oonoept  as been desortbed as somei at elustve. To overoome t e laok of  

oo erenoe, Ives et al. presented a oonoeptual frameiork itt  dtfferent types of nature 

oonneotions, tio of i to  are tnternal tn a subjeot. T e tnner oognttive and iorld vtei 
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oonneotions  are  partioularly  perststent  and  may  be  en anoed  by  external,  p ystoal 

enoounters itt  nature and vtoe versa.

Ntsbet, Zelenskt and Murp y (2009) postulated t e oonstruot of  inmture relamtediness  tn 

tndtvtduals.  T ey desortbed tt  as stmtlar  to t e notion of  tnoludtng nature tn oneself,  

seetng  umans as tnseparable from nature. Hoiever, t etr defnttion reao es furt er as  

tt enoompasses an aiareness and understandtng of nature expressed as "[...] emotions, 

expertenoes, and an understandtng of a  uman tnteroonneotedness itt  all ot er ltvtng 

t tngs" (Ntsbet & Zelenskt 2013, p. 2). Ltke Ives et al. (2018) t ey s oied t at t e nature 

oonneotedness appears 'tratt-ltke' and fxed but may iell be retnforoed tn an tndtvtdual. 

Mayer,  Frantz,  Brue lman-Seneoal  and Dolltver  (2009)  oonfrmed t at  vtrtual  or  real 

outdoor exposure to nature are bot  seen as effeotive.

Ntsbet and Zelenskt potnt out t at: "[t] e [...] o allenge may lte tn  oi to enoourage 

more frequent nature oontaot and determtne i et er t ts leads to any lasting o anges 

tn  nature  relatedness"  (Ntsbet  et  al.,  2013,  p.  8).  ooordtng  to  t em,  tnternaltsed 

tdentifoation and an expertential  oonneotion itt  nature  are  seen as  oentral  to  t e 

oonstruot of nature relatedness and may be assessed itt  a self-report measure, t e 

Nature-Relatedness-Soale.

2.7 Bleoded spaces

T e tdea of olosely tntegrating t e dtgttal sp ere and t e tmmedtate envtronment ias 

formulated  for  HCI  by  Paul  Dourts .  He  argued  t at  p ystoal  surroundtngs  and  our 

aotions mutually s ape eao  ot er.  If  dtgttally  enabled tnteraotions merge seamlessly 

itt  t e p ystoal iorld, a sense of presenoe takes effeot (Dourts , 2001).

Benyon's  P CT  frameiork  suggests  t at  people,  aotivtties  and  oontexts  are  destgn-

relevant, as exempltfed above. In turn, teo nologtes do tmpaot and ultimately o ange 

t etr users' aotions, resulting tn novel system requtrements. Henoe t ey open up nei 

tnteraotion spaoes: "Spaoes of tnteraotion oonstst of people undertaktng aotivtties ustng 

teo nologtes tn oontexts, P CT." (Benyon, 2014, p. 13). He s oied t at t e tmportanoe 

of t e blendtng t eory for UX destgn ltes tn oertatn regulartties itt  i to  dtgttal and 
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p ystoal spaoes may be merged. Ftrst, t e blendtng of tio oonoeptual tnput spaoes ts  

based  on  t etr  oorrespondenoes,  as  formulated  by  Fauoonnter  and  Turner  (2008). 

Seoond, dependtng on t e stabtltty of t etr struotures, a i ole nei oonoeptual output 

spaoe may be establts ed, as deptoted tn t e fgure beloi.

Figure 1. Types of coinceptumla blaeinds (Hutchiins, 2005, p. 1557)

 s tllustrated by fgure (B), an output spaoe may be furt er oonsoltdated by a "matertal 

ano or", t.e. a sensory saltent representation, as proposed by Huto tns (2005). If frmly 

establts ed, people engage itt  t e nei spaoe tn a meantngful iay, and t ey begtn to  

tn abtt tt, and t e "spaoe" beoomes a "plaoe" (Benyon, 2014).

Egan et al. (2017) tllustrated  oi a garden oould serve as a "matertal ano or" to support 

t e blendtng prooess.  Stmtlarly,  tn t ts  projeot,  one of  t e tnput  spaoes ts  a  p ystoal 

garden.    oorrespondtng  oonoeptual  struoture  ts  oreated  by  augmenting  a  dtgttal 

tnformation spaoe. Wtt  t ts, objeots tn t e garden are made t e foous tn suo  a iay 

t at users of mobtle devtoes oan engage tn a meantngful exo ange prooess itt  nature.
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2.8 Augmeoted Reality Experieoce                                                                    

 ugmented  Realtty  ( R)  permtts  an  overlay  of  medta  oontent  on  a  p ystoal  tmage 

reoorded by a oamera. It atms to merge t e p ystoal itt  t e vtrtual iorld and t us open 

a speotrum tn i to  bot  sp eres oould be expertenoed.  R ts dtfferent from vtrtual 

realtty (VR) beoause t e added tnput ts less oompre enstve and oomplements t e real  

tmage tnstead of stmulating tt.  Wtt   R,  users oontinuously refer  to vtrtual  and real-

iorld oontexts i tle engagtng tn t e  ybrtd spaoe, t e mtxed realtty. 

Constdertng  remlaity as based upon an ongotng oorrespondenoe betieen a person and 

t etr envtronment, itt  t e personns body medtating tt, teo nology may be seen as an 

“[...]  artifotal  means  to  extend  our  senses  and  t us  produoe  an  augmented,  more 

t oroug  ptoture  of  i at  ts  our  t erey  (Rufnt,  2009,  p.  11).   ugmented  realtty 

teo nology may establts  a feeltng of betng present tn a oontext. 

It  ts  itdely  applted aoross dtfferent  domatns  and  as  partioularly  served expertential 

learntng  researo  itt tn  a  garden oontext,  as  presented by  Huang,  C en,  and C ou 

(2012) tn t etr study on t e advantages of nature-based eduoation tn botanto gardens. 

Furt er, tt  as been adopted to support storytelltng tn a natural  erttage, as s oin by  

Gutmarães,  Ftguetredo  and  Rodrtgues (2015).  T e  projeot  at   and  fooused  on  a 

oomparably  small  set-up  and  sample,  demonstrating  exemplary  aspeots  of  a  mtxed 

realtty tnduoed UX.



S. CONLIN, MSo Computing (UX), 2021 26

3 Research methods

T e  projeot's  met odology  ias  ortented at  t e P CT frameiork  for   uman-oentred 

destgn as tntroduoed by Benyon (2010).  Ustng P CT,  a mtxed-met ods approao  ias 

taken,  tntegrating  qualttative  and  quantitative  data  from semt-struotured  tntervteis, 

feld observation, tterative prototype testing and from tio types of questionnatres.   

mtxed-met ods  oonoept  ias  applted  to  develop  dtfferent  aspeots  of  t e  researo  

questions (So oonenboom & Jo nson, 2017).

3.1 Methids descriptio

 Ioterviews

Semt-struotured  tntervteis  iere  oonduoted  to  understand  t e  prospeotive  users' 

expertenoes, tdeas and values beoause t ey s ould tnform destgn deotstons. T e tn-dept  

tntervteis tnvolved a set  of  open-ended questions on  t e tntervteiee's  oonoepts  of 

sustmiinmbilaity,  permmculature,  iintermctiing with inmture and  with digitmla  techinolaogy.  T e 

partiotpants'  qualttative  responses  iere  reoorded,  transortbed  and  examtned  ustng 

oontent analyses. 

 Paper prititype testog

T e  respondents'  underlytng  oonoepts  as  dertved  from  t e  oontent  analyses  iere 

oompared itt  t e permaoulture frameiork. Stmtlartties of t e respondents' tdeas itt  

t e permaoulture prtnotples iere tdentifed, and any tnoongruenoe ias also marked as  

destgn-relevant.  T e  reported  aotivtties  and  t etr  oontexts  iere  olasstfed  and 

aggregated  tnto  abstraot,  oonoeptual  soenartos  from  i to  a  oonorete  destgn  ias 

dertved and envtstoned. Based on partiotpant itreframe testing, an  R-prototype ias 

oreated and re-evaluated.
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 Nature-Relatedoess Questiooaire

Before user testing tn t e garden, t e partiotpants iere tnvtted to respond to a oompaot 

verston of t e Nature-Relatedness Soale as developed by Ntsbet, Zelenskt and Murp y 

(2009).  On  t e  6-ttem  questionnatre,  partiotpants  rated   oi  aoourately  dtfferent 

statements desortbed t etr attude toiards nature. Moreso t an tts predeoessor, t e 

oompaot  form  of  t e  questionnatre  "NR-6"  ts  fooused  on  solely  assesstng  self-

tdentifoation and aotual expertential oonneotion itt  nature. T ese are dtstinot from t e 

oonstruot of pro-envtronmental attudes (Ntsbet & Zelenskt, 2013, p. 3).   5-potnt Ltkert  

soale per ttem ias used for t e user test sesstons, i ere 1 tndtoated "strongly dtsagree" 

and 5 "strongly agree". Htg er soores tndtoate a more pronounoed nature relatedness.

 User Testog

T e user testing of t e Garden  pp prototype took plaoe tn an allotment garden. T e 

partiotpants  iere  gtven  an   ndrotd  mobtle  p one  itt  t e  Garden   pp  and  iere 

enoouraged to use tt to explore t e garden. T ey iere tnformed t at t ey iould be 

monttored for study purposes and iere tnvtted to "t tnk aloud".

 Field ibservatios

Observations durtng t e user tests iere dooumented retrospeotively and tmmedtately 

afer t e oompletion of a sesston. T e data tnoludes any observed postures, stgntfoant 

be avtour  and  expresston  of  spontaneous  t oug t  (t tnktng  aloud),  tnoludtng  any 

dtreotly reported tssues itt  t e app.

 AtrakDia

T e  trakDtff2 as proposed by Hassenza l, Burmester and Koller (2003) questionnatre 

ias oompleted by t e partiotpants afer user testing. T e questionnatre oonststs of a 21-

ttem soale itt  iord antonyms arranged on a 7-potnt semantio dtfferential soale. Eao  of  

t e ttems represents one of t e tested produot's qualtties. PQ (pragmatio qualtty), HQ-I 

( edonto qualtty/tdentity) HQ-S ( edonto qualtty/stimulation). T e  edonto qualtties HQ-I 
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and HQ-S tn partioular iere relevant tn relation to any oorrespondenoe itt  t e soores 

from t e NR-6 soale.

 Filliw-up ioterview

  folloi-up  tntervtei itt  an  open question ias  used to  generate  oomplementary 

qualttative  data:  "Telala  me  mbout  your  experieince  usiing  the  Permmculature  Gmrdein  

Applaicmtioin".  W enever tt  seemed relevant  to t e tntervteier,  t e partiotpants  iere 

asked to elaborate on a speotfo topto.

3.2 Partcipaots & Pricedure

Overall, eleven partiotpants iere reorutted to tnform t e destgn prooess at t e dtfferent 

stages.  ll iere personal oontaots itt  dtverse baokgrounds and professtons, tnoludtng 

an  aooountant,  UX  destgner,  oarpenter,  students,   otel  manager,  a  gardener,  and  a 

gardener-to-be. Four partiotpants evaluated t e fnal  destgn of  t e Garden  pp.  Tio 

partiotpants  iere  from a  oo-ltvtng  oommuntty  tn  a  rural  area,  and ntne  iere  urban 

diellers. T ey ett er ltved tn a otty or  ad moved to t e oountrystde. 

T e urban diellers matntatned some form of regular, at least ieekly tnteraotion itt  

nature tn a green spaoe, suo  as sootaltstng tn and oultivating a prtvate allotment garden 

and  an  open  oommuntty  garden.   s   obby  gardeners  t ey  used  mobtle  dtgttal  

teo nology  to  aooess  praotioal  advtoe  about  groitng  orop  plants  and  to  organtse 

oollaborative gardentng.   posttive referenoe to nature ias a relevant ortterton i en 

reorutting  t e  respondents,  based on  t e  researo er's  assumption  t at  t e  researo  

topto iould be of tnterest and t at t e destgner oould learn from t em about gardentng. 

T e ones i o partiotpated tn t e tn-dept s tntervteis all took a strong stanoe on toptoal  

tssues  oonoerntng  t e  pollution  of  t e  envtronment  and  t e  role  of  sootety.  T ey 

appeared knoiledgeable about t e prooedural meo antsms of unsustatnable ltfestyles, 

suo  as systematio iaste-produotion.
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  furt er ortterton to partiotpate tn ett er of t e prooedures ias a good knoiledge of 

Englts , as t e oomplete test sesstons and t e appltoation iere tn Englts .

T e  semt-struotured  tntervteis  iere  oonduoted  tndtvtdually  itt  fve  partiotpants  tn 

dtfferent setngs. T e user tests iere all oarrted out tn t e same looation, an allotment 

garden i ere t e plant artefaots iere set up. Before eao  sesston, a Covtd qutok test  

tndtoated t e respeotive partiotpant ias free from t e Coronavtrus.

 t t e start of t e sesstons, t e partiotpants iere t anked for fndtng time to take part tn 

t e researo  projeot. T ey reoetved an tnformation s eet and a brtef verbal explanation 

of all projeot-relevant aspeots. Next, t ey iere tnvtted to read and stgn a Consent form. 

It ias explatned to t em t at t etr personaltsed data iould be deleted upon oompletion 

of  t e  researo er's  evaluation  prooess  and  t at  t etr  publtotsed  data  iould  be 

anonymtsed. Furt er, t ey iere advtsed t at t ey oould itt drai from t e sesston at  

any time or omtt responses to tndtvtdual questions itt out any negative oonsequenoes. 

T ey  iere  tnformed t at  t e sesstons  iould take no longer  t an 45  mtnutes.  T ey 

oompleted t e frst questionnatre, t en iere tnvolved tn explortng t e garden oontext 

ustng  t e  dtgttal  artefaot,  and  subsequently  gave  t etr  ansiers  to  t e   trakDtff 

questionnatre. Upon oompletion, qualttative tntervteis iere oonduoted.

Durtng t e tnttial set up tn t e allotment garden, t e test devtoe's soreen broke. T e  

destgner  oped t at t e addttional "sptder app" iould not negatively tmpaot t e overall 

UX  durtng  t e  user  tests.  T e  deotston  ias  taken  to  tnform t e  partiotpants  of  t e 

sttuation to mttigate any tmpatrments.

3.3 Ethics

T roug out  t e  projeot,  researo  et tos  iere  ad ered  to,  as  dooumented  tn  t e 

Gutdanoe Notes of Edtnburg  Napter  Untverstty regardtng t e tnvolvement of  uman 

partiotpants tn researo  aotivtty. T e et tos tnvolved famtltartstng t e partiotpants itt  

t e  Untverstty  Poltotes.  To  sum  t ese  up,  tnfo  s eets  and  verbal  tnstruotions  iere 

provtded, explatntng all aspeots essential for deotdtng to engage tn t e tntervteis and t e 

user testing and questionnatres. Wrtten approval tn a Consent form ias obtatned from 

eao  partiotpant before eao  sesston.



S. CONLIN, MSo Computing (UX), 2021 30

T e  projeot's  Covtd-19  preoautions  folloied  t e  untverstty's  et toal  approval  for 

researo  projeots tnvolvtng faoe-to-faoe partiotpation durtng t e Coronavtrus pandemto. 

 s  t e  sesstons  iere  all  oarrted  out  tn  Germany,  looal  rules  applted,  ensurtng  t e 

partiotpants iere fully vaootnated and tested for t e Coronavtrus before t e sesstons.

3.4 Limitatios & Optios

Unless subjeotivtty ts made transparent tn t e researo  prooess dooumentation tt oannot 

be oonstdered a met odologtoal ltmttation. Instead, tt ts oonstituent of any et nograp to 

observation and reoordtng, i to  are tio understandtng aotivtties of P CT.  ooordtng to 

Henntng and Gelman,  tts  advantages  lte  tn  tts  fextbtltty  and dtverstty  of  perspeotive. 

Subjeotivtty  o allenges  and  oomplements  momentary  objeotivtty  (Henntg  &  Gelman, 

2017).  Stmtlarly,  tntervteis  and  questionnatres  tnvolve  self-reported  data.  T ey  are 

valuable subjeotive met ods and must be outltned as suo .

 not er ltmttation ltes tn t e partiotpant group stze, oonststing of eleven people, i to  ts  

too small to be representative of any target group. Furt er researo  itt  an approprtate 

sample ts requtred to establts  data valtdtty.

  more  oompre enstve  ltmttation  oonoerns  t e   uman-oentred  destgn  approao . 

 lt oug  P CT  enoourages  teo nology  destgners  to  rematn  open  toiards  users' 

perspeotives at every step tn t e destgn prooess, tt still  rtsks not arrtvtng at balanoed 

solutions for people. Unianted btases may be mttigated by reoogntstng and defntng 

poier struotures and by enoouragtng untque perspeotives.  ooordtngly, furt er researo  

tnto t e topto of dtgttally enabled nature oonneotedness iould tnolude people itt  less  

aooess to green spaoes t an are represented tn t e reported sample. Lastly, a balanoed 

 uman-nature relations tp s ould be taken tnto aooount i en ad ertng to permaoulture 

et tos. T ts oan be ao teved by observtng t e iorld t roug  a ‘permaoulture lensn.
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4 Design Documentation

T ts  o apter  presents  t e dtfferent stages  tn  t e destgn prooess of  t e Garden  pp.  

Folloitng P CT, people's vteis tnformed t e destgn at tts vartous stages. Wtt  t ts, t e 

users' oonoepts iere gradually developed tnto a dtgttal augmented realtty appltoation for 

a mobtle devtoe. Tio of t e destgn tterations iere seleoted for user tests.  ll  of t e 

system's  prototypes  itt  t etr  features  and tmplementation are  dooumented tn  t e 

folloitng.

4.1 Cioceptual desigo

T e  projeot's  objeotive,  tnvestigating  t e  potential  of  dtgttal  teo nology  to  promote 

oloseness to nature,  may best be approao ed by oonstdertng t e oonstruot's  aspeots 

separately. T e app s ould engage users itt  a natural envtronment on t e one  and 

and tnorease t etr understandtng and aiareness of nature on t e ot er.   oonoeptual 

blendtng strategy ias pursued to ao teve t ese atms.

In t e P CT understandtng part of t e destgn prooess, extsting oonoepts about nature, 

sustatnabtltty, permaoulture and tnteraoting itt  dtgttal teo nology iere eltotted tn t e 

tntervteied tnformants.  T e  oontent  analysts  s oied t at  t e  respondents'  genutne 

oonstderations  about  nature  and  sustatnabtltty  iere  somei at  stmtlar  to  t e 

permaoulture  prtnotples.  T ey  iere  partioularly  destgn-relevant,  assumtng  t at  t e 

respondents mtg t eastly adopt t e permaoulture oonoepts t at resembled t etr vtei. 

T e  Garden   pp  may  tnorease  users'  understandtng  and  provtde  nei  tnstg ts  tnto 

natural eoosystems by oomplementing addttional notions. Deptoted tn t e table beloi 

are t e oonoeptual oorrespondenoes and destgn tdeas dertved from t em.
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Tmblae 1. Coinceptumla Desigin

T e frst oonoept of t e destgn brtef (I.) atms at  tg ltg ting t e value of vegetable orop. 

 ooordtng to one of t e respondents, t e value of i at nature provtdes for  umans 

beoame  apparent  to  t em  partioularly  durtng  gardentng  aotivtties.  T e  oultivating 

praotioe ias assootated itt  time and effort i en groitng, but also oonjurtng joy i en 

eventually yteldtng orops. T ts destgn deotston II. ias taken as one of t e respondents  

 ad referred to t etr personal tdeologtoal quest of reoonotltng nature and oulture i to  

t ey sai mostly as tnoompatible opposttes.

Sensory expertenoe itt  nature beoame part of t e destgn brtef as oonoept III. Tio of  

t e respondents its ed to oontaot t etr tmmedtate surroundtng regardtng people and 

nature more ofen, rat er t an dtsoonneoting from tt  by fooustng too muo  on t etr  

mobtle p ones.

 ddresstng  t e  aie  for  naturens  oolour-speotrum  ias  t oug t  of  as  relatively 

stratg tforiard to tnolude tn a destgn t at prompts tts users to expertenoe an outdoor  

garden.  T e dtfferent oolours of  t e seleoted artefaots  tied tn naturally.  T e sensory 

touo tng of eart  (II.)  ias made part of t e p ystoal  user expertenoe destgn oonoept 

beoause tn permaoulture sotl  plays a promtnent role tn a  ealt y natural  eoosystemns 

oyole.  s one of t e respondents ias partioularly oonoerned itt  otty oulture affordtng a 
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iasteful  ltfestyle, t e destgn atmed at demonstrating  oi t e oonoept of iaste ias 

superseded tn nature, provtdtng  er itt  a posttive oounterexample.

4.2 Bleod

  mtxed-realtty  destgn  ias  explored  itt  regards  to  tts  potential  of  tntegrating 

tnteraotions itt  t e p ystoal iorld itt tn a vtrtual user foi.  s s oin tn t e table 

above, tio of t e respondents ianted to engage itt  t etr envtronment dtreotly (III.). 

T ese requtrements s oi t e approprtateness of augmented realtty teo nology itt  tts  

fextble  tnterfaoe  extendtng  tnto  t e  p ystoal  spaoe.  Folloitng  t e  blendtng  t eory, 

oonoeptual  models are stabtltsed by matertal ano ors. In t ts projeot, suttable garden 

artefaots and t etr relations tps  iere o osen as  matertal  representations.  T ese are 

suttable tnsofar as t ey s ould ex tbtt t e poier of elaborating t e partiotpants' genutne 

oonoepts.   oompre enstble model ias formed by oarefully seleoting and struoturtng t e 

representations, as tllustrated tn t e rto  ptoture beloi.

Figure 2. Rich picture
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For  t e  blend to  iork,  t e vtrtual  objeots  must  merge  seamlessly  itt  t e  p ystoal 

iorld.  To  t ts  end,  ‘basto-level  oategortesn  may be  employed (Benyon,  2014,  S.  56).  

T ese types of mental oonoepts are olosely ltnked to p ystoal expertenoes, suo  as a pat  

struoture itt  a start and endpotnt. W en destgntng a mtxed realtty expertenoe, tt ts  

essential to oonstder any oommon iays of  andltng an augmented realtty appltoation 

and oomplementary teo nology t at run on a dtgttal devtoe.

4.3 Ciocrete desigo

In t e oonorete destgn, a garden spaoe and fve ‘gutldtngn plants iere speotfed (Engels, 

2015,  para  3).  T e  plants  iere  oonoeptualtsed  as  a  oo erent  i ole  supporting  t e 

groit  of a matn edtble orop. By tnteraoting itt  t e Garden  pp, users are gradually 

led to a vegetable plant i tle learntng about and engagtng itt  dtverse  erbal plants. In 

t e destgn soenarto, tt ts tntended t at users expertenoe time and botanto tnterplay as 

faotors for ultimately obtatntng a yteld. T ey learn about plant speotfos t at foster t e 

groit  of t e matn orop plant, t.e. broooolt. T yme, for example, emtts a strong soent to 

mask t e orop plant's from pests. Nasturtium, on t e ot er  and, atraots pests, suo  as  

oabbage buterftes,  to keep t e tnseots from  armtng t e vegetable orop.   ll  agents 

employ a untque property to support t e vegetable plant's restltenoe. 

  Tmblae 2. Coincrete Desigin
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Several  tntervteiees  ad referred to  a  garden or  a  park  oontext  i ere  t ey  iould 

generally  ltke  to  tnteraot  itt  nature.  T us,  a  garden  spaoe  ias  o osen as  t e   R-

destgn's venue.  s a oentral tratt of t e Garden  pp, tts tnteraotions are struotured tnto 

tio  alternating  layers,  t e  vtrtual  and  p ystoal  oontext,  i tle  emulating  a  gradual 

tmmerston tn t e garden envtronment. W en t e  R-oamera of a mobtle devtoe oaptures 

t e p ystoal plant, desortptive tnformation ts supertmposed on t e real garden plants, 

dtsplaytng  t e  plant  name  (e.g.  t yme),  property  (emtts  soent),  and  an  toon  (soent 

symbol), t e toon representing a more oomplex tdea or t tng (Smtt , 2004, para 4). T e 

tnseot tmages represent frequent vtsttors to t e plants. T e oontent relates to t e plants' 

tnteroonneotedness itt  t e ot er agents tn t e eoosystem (II.).

On tnteraoting itt  a buton, t e system dtsplays nei overlayed tnformation, tnstruoting 

users to engage dtreotly (III. & V.) itt  t e p ystoal envtronment ("smell!").  ll seleoted 

plants not only exert a untque property, but t ey are also edtble. T e seoond output 

enoourages t e partiotpant to smelala, tmste, touch or crop t e respeotive plant, deepentng 

t e expertenoe of t e natural artefaots by engagtng t e users' senses.

On returntng to t e devtoe tnterfaoe, a nei buton oan be enabled to navtgate t e mtxed 

spaoe  furt er.  T ts  time,  t e  system  suggests  vtstting  a  oompanton  plant  ("fnd 

nasturtium tn t e garden"), tnstruoting users to looate t e next destination on t e pat  

to t e orop plant. By expertenotng tts spatial layout, tt ts tntended t at users beoome 

tnoreastngly famtltar itt  t e garden. Ustng t e appltoation and olosely observtng t e 

plants,  t e  natural  oolour  speotrum (VI.)  beoomes  saltent,  e.g.  blue  borage,  orange 

nasturtium, and orange-red tagetes. T e borage plant's trade ts aooumulating nutrtents 

by  deoompostng  and  reoyoltng  degraded  plant  matertal.   ooordtngly,  t e  augmented 

tnformation tndtoates t e stgntfoanoe of t e eart  beneat  t e borage plant. Users are 

tnstruoted to expertenoe tts qualtty by touo  (IV.).

Lastly, t e broooolt plant's frutt body s ould stand out as posttive feedbaok, t e pat 's 

fnal destination potnt  avtng been reao ed. T e vegetable orop's tmage toon symboltses 

outlery and ts tntended to represent t e  uman agenoy tn t e food o atn. T e blend itt  

t e real iorld stabtltses t e referenoe to t e real-iorld orop,  tg ltg ting tts value (II.).
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4.4 Desigo Sceoariis & Li-Fi Prititype Testog

Next, t e destgn ias envtstoned itt  itreframes and tested tndoors itt  poted plants  

ustng  an  tnteraotive  mookup  of  t e  Garden   pp.  T ts  time,  t e  system's  vtsual 

representations and t e tnteraotion foi iere tn t e foreground and iorked t roug  

itt  tio partiotpants.  Several  aspeots  of  t e oontent  and navtgation  struoture  iere 

optimtsed.

Overlay tmages and text iere added and o anged. One of t e partiotpants ias unsure 

i at  garden  artefaot  to  seek  beoause  t ey  dtd  not  knoi  t e  tndtoated  plant.  To 

overoome t ts tssue, t e plants iere deptoted on an tnstruotion soreen i to  preoedes 

t e soene tn i to  t e devtoe oamera oaptures t e real-iorld plant. 

More tssues began to emerge i en some of t e oontent appeared ambtguous, as one of  

t e test users potnted out. T e tnseots' tmages oonveyed posttive meantngs, i ereas t e 

destgnations "predator" and "pest" iere seen as negative. Consequently, t e iordtng 

ias adapted to emp astse t e supporting role of t e deptoted fauna. One of t e tnseot 

tmages ias replaoed ("laoeitng" by "bee") beoause of tts seemtngly negative properties.

Overall, t e partiotpants satd t ey iere ourtous to knoi more about t e plant artefaots. 

T ey demanded furt er tnformation suo  as t e plants' Latin names, funny names and 

trtvta, and i y t e tnseot vtsttors are partioularly atraoted to t e respeotive plants. T ts  

posed nei destgn o allenges oonoerntng t e layout arrangement, espeotally regardtng 

t e ltmtted semantio spaoe tn t e  R-soenes. Users already on t e verge of engagtng itt  

p ystoal garden artefaots as essentially tntended by t e destgn s ould not be  tndered 

by too muo  oognttive load and drtven aiay from any valuable sensory expertenoes. On 

t e ot er  and, t e test users' express its  to learn more about t e fora and fauna ts  

stgntfoant and may refer to a t oug t-provoktng qualtty of t e appltoation. 

For noi, tt ts relevant to mention t at tt ias deotded to store t e tnformation tn a more 

approprtate plaoe itt tn t e appltoation foi. Hoi t e destgn problem ias solved ts 

dooumented furt er tn t e seotions about buton types.
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T e loi-fdeltty prototype test users iere unfamtltar itt  t e  R-oamera funotionaltty 

and needed asststanoe tn oapturtng t e artefaot to trtgger t e overlayed tnformation. To 

aooommodate t em, a start soreen ias added itt  tnstruotions on  oi to oapture real-

iorld objeots.

Figure 3. Flaow dimgrmm A.

T e buton funotionaltty ias o anged. Durtng prototype testing, t e partiotpants pressed 

t e mookup tnterfaoe multiple times to aotivate a peroetved buton. Unfortunately, t ts 

ias an  R-overlayed buton t at only funotioned i en t e  R-layer be tnd t e devtoe's 

oamera ias touo ed. W en asststing t em itt  operating t e buton, one of t e testees 

got tnvolved itt  t e objeot and enjoyed tnteraoting itt  tt. 
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T e spatial expanston of t e dtgttal tnterfaoe itt  augmented realtty prompted playful 

expertenoes  along  t e  iay.  Wtt tn  t e  soope  of  t e  projeot's  researo  atms,  t e 

versatiltty of t e augmented buton objeot oould not be explored tn greater detatl. T e 

destgn deotston ias taken t at only t e funotional buton aspeot ias relevant for t e 

present. Stnoe t e test users proved to be more aooustomed to aotivating butons on top  

of mobtle soreens rat er t an be tnd t e oamera tn t e soene, t e  R butons iere 

oonverted  to  tradttional  UI  (user  tnterfaoe)  butons.  T e  users  requested  sitpe 

tnteraotions, and t ey iere noted as a "oould  ave" tn terms of a MoSCoW-prtorttistng3.

T e transttion from t e vtrtual layer to t e real-iorld artefaots iorked smoot ly and 

tntuttively for t e testees. Hoiever, tt dtd not iork iell tn t e oppostte dtreotion.  gatn,  

t e partiotpants needed asststanoe itt  rematntng on t e vtrtual pat  to t e next garden 

artefaot.  n on-soreen UI buton tn a oonststent spot ias tntegrated to medtate t e iay 

fort  on t e trajeotory. 

Figure 4. Lmyers of the Gmrdein App

3   T e aoronym refers to “Must  ave, s ould  ave, oould  ave, ionnt  avey and desortbes 
a met od tn agtle sofiare projeots balanotng t e development prooess and user requtrements (Poplt, 
C au an & S arma, 2015).
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 s part  of  t e destgn language of  t e Garden  pp,  a  vtsual  dtstinotion betieen t e 

butons on  R soenes and UI soreens ias establts ed to tmply dtfferent dtreotions tn  

navtgation. Conventional butons itt  tio arrois >> lead to t e next step tn t e vtrtual 

trajeotory, i ereas "i tmstoal" butons itt  tnseot toons  tnt at t e tnteraotion itt  

p ystoal nature.

 n  essential  adaptation  ias  made  to  tnolude  furt er  tnformation  about  plants  and 

tnseots.   t trd buton type ias tntroduoed, and t e appltoation's sequential struoture 

ias expanded. Users may noi take an optional extra leap tf t ey its .  fer navtgating 

from t e tnttial UI to t e  R-layer, t en to t e unmedtated real-iorld oontext and baok  

to t e UI, a nei UI soreen appears. T e "i tmstoal" buton and plant tmage are retatned 

from  t e  preoedtng   R-soene  on  t e  nei  soreen.  W en  t e  "i tmstoal"  buton  ts  

pressed tn  tts  nei oontext,  users  are  prompted  to  a  iebpage  itt  tnformation  on 

permaoulture gardentng, tnoludtng a desortption of t e partioular symbtosts and tts value,  

tips for tnseotiotde-free oare, general faots and trtvta.

 Figure 5. Flaow dimgrmm B.
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4.5 Siftware desigo

Lastly, t e optimtsed destgn ias tmplemented ustng t e Untty Integrated Development 

Envtronment,  i to  oomprtses  Vtsual  Studto  and  t e  Vuforta   ugmented  Realtty 

Sofiare Development Ktt for mobtle devtoes, tn i to  oase  ndrotd 9 OS ias used. T e 

destred  effeot  tn  Vuforta  ts  to  let  real-iorld  oontent  and  vtrtual  objeots  appear  to 

oonverge. If t e oamera-medtated real-iorld oontent ts modtfed by  oi users  old t etr 

devtoe, t e supertmposed vtrtual oontent moves tn a relative posttion. By t ts, t e vtrtual  

oontent seems to belong to t e real iorld. To trtgger t e overlayed tnformation itt  t e 

Vuforta  oamera,  a  marker-based met od ias o osen tnstead of  GPS devtoe  looation 

traoktng  at does not rely on external markers. 

In t ts projeot, tmages of t e markers iere added itt tn t e Untty sofiare and are 

represented by tmage targets. In t e ortgtnal destgn oonoept, t ey iere oreated itt  

p otograp s of t e seleoted garden plants.  lt oug  t e p otograp to qualtty ias rated 

as  adequate i en added to t e Vuforta  database,  t e real  plants'  tmages iere not 

tdentifed as markers by t e mobtle devtoe's oamera. Instead, more oontrasting markers 

iere oreated from pen & paper. T ey iere atao ed olose to t e plants tn t e allotment 

garden and iorked reltably, yet notably o anged t e system.

Vtsuals oomprtsed 3-D Text for t e  R-oontent and dtverse 2-D tmages as part of t e 

oonventional  UI  oontent,  so-oalled  sprttes.  Vtrtual  butons  are  a  speotal  funotionaltty 

provtded tn t e Vuforta paokage itt  i to  users oan tnteraot and mantpulate vtrtual 

objeots. Hoiever, t ey iere not ultimately oonstdered, as explatned tn t e desortption 

of  t e  prevtous  tteration.   lternatively,  UI-butons  iere  antmated  to  tnorease  t e 

appltoation's peroetved tnteraotivtty. Some of t e UI-butons noi stop t etr movements 

i en t ey are pressed.

T e tntegration of t e UI and  R-layers tnvolved speotfo presetng.  s speotfed by t e 

user-tested destgn, t e oonoept of t e pat  t roug  t e garden requtred tnformation 

about  i ere to   ead next  tn  t e garden spaoe.  Furt er,  tmages of  t e soug t-afer 

plants  iere  needed  for  ortentation.  In  Untty,  sitto tng  betieen  UI-soreens  itt  
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tnstruotions  and   R-soenes itt  real-iorld  oontent  translated tnto  a  buton-enabled 

loadtng of a mtxed tnterfaoe sequenoe. T e sofiare's matn oamera ias used to output 

t e GUI layers, i ereas a nested  R-oamera funotionaltty ias stmultaneously aotivated 

per buton as requtred. T e be avtour of t e buton objeot ias oontrolled ustng C#-

sortpting itt  a  Untty  butlt-tn  SoeneManagement  olass.   n  tntegrated  soene oounter 

enables t e buton to evoke a speotfo soene aooordtng to a referenoed tndex.

ustng UnttyEngtne.SoeneManagement;

ustng UnttyEngtne;

publto olass LoadSoene : MonoBe avtour {

   publto votd SoeneFtnder(tnt SoeneIndex)
{

        SoeneManager.LoadSoene(SoeneIndex);
    }
}

T e  oondttional  oall  of  t e   R-oamera  tn  t e  buton-enabled  soene-sitto tng 

funotionaltty  ias  essential  for  tmplementing  t e  navtgation  struoture  of  t e  mtxed-

realtty garden pat . T e optional leap to more detatls on t e saltent fora and fauna ias 

also an essential aspeot of t e overall destgn. It allois users to expand t etr knoiledge  

on t e spot and t us ias t oug t of oontrtbuting to t e researo  atm of promoting an 

understandtng of nature. Regardtng t e dtgttal prototype, t e "i tmstoal" URL buton 

itt tn t e soreen oontext ias atrtbuted itt  a sortpted be avtour, oalltng a funotion 

t at refers to a ieb address i en oltoked.

    publto olass fndUrl : MonoBe avtour {

    publto votd onCltok()
    {
         ppltoation.OpenURL(" tps://iii.tent aorefarm.oom/6-reasons-to-groi-t yme/");
    }
}

By  tntegrating  rat er  t an  segregating  t e  dtfferent  tnformation  spaoes,  users  oan 

en anoe t etr oonneotion itt  nature. By aooesstng t e augmented tnformation, users 
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may opt for a sensual expertenoe of t e garden artefaots. Navtgating t e vtrtual garden 

pat  and aooesstng t e detatled ieb tnformation may en anoe t etr understandtng of  

plant  speotfos  and  relations tps  and  make  t em  more  aiare  of  t e  natural  

envtronment. T e blendtng of t e spaoes ias explored by test users ustng t e dtgttal 

prototype.

Figure 6. User prototype testiing iin the mlalaotmeint gmrdein   
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5 Evaluation

 t t e begtnntng of t ts o apter,  a  eurtstio o eok provtdes an overvtei of t e matn 

tssues eltotted durtng t e user tests. Stnoe t e app ts a prototype and not yet an end-

produot,  tt  appears  relevant  to  provtde  reoommendations  for  t e  next  prototype 

tteration. T e  eurtstio evaluation preoedes an evaluation of t e oentral UX aspeots of 

t e Garden  pp, oontrasting suooessful tnterventions and major destgn tssues. For t ts 

purpose, t e  trakDtff and t e Nature-Relatedness questionnatre results are related to 

t e qualttative tntervtei and feld data. Based on t e fndtngs, steps for t e next destgn 

tteration are speotfed.

5.1 Heuristc evaluatio

Stnoe t e prototype's usabtltty tmpaots t e overall UX, tnoonststenotes revealed by t e 

user testing are ltsted tn t ts seotion. T ey iere sorutintsed tn terms of t etr oonformtty 

itt  olassto  usabtltty  prtnotples  as  assembled  by  Benyon  (Benyon,  2010,  p.  89). 

Complementary  recommeindmtioins (RE) are provtded as an agenda for optional future 

prototype tteration.

Uofamiliar AR-techoiligy:

  R-teo nology ias unfamtltar to t e destgner. T e trade-off of  avtng to use pen 

and paper markers tnstead of real plant tmages ias one of t e more unexpeoted 

problems. Wtt  more routine tn t e  R-trade, t e tssue iould  ave been sooped 

before and.

RE: Solave this issue with iin-depth troublaeshootiing.
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 From a user perspeotive, oapturtng real-iorld objeots itt  t e devtoe oamera 

ias not an obvtous step to take and requtred asststanoe tn eao  of t e sesstons. 

T e optimtsation measure from t e prevtous tteration oould not eltmtnate t e 

tssue.  Instead,  t e start  soreen itt  t e tnstruotion text  "oapture  plants  itt  

oamera" ias stmply overlooked by most test takers. W en t e system operation 

ias explatned, one of t e partiotpants referred to QR-oode-soanntng as a stmtlar 

prtnotple.  Hoiever,  s e  dtd  not  understand  i ere  to  aooess  t e  markers  to 

transfer t e system to a dtfferent setng for future use. Hoiever, i at dtd iork 

relatively  iell,  ias  trtggertng t e oontent  itt  t e pen and paper  real-iorld 

markers.

RE1: Give m more detmilaed mind sequeinced iinstructioin,  e.g.  stmrt screein → iinstructioin  

screein, iinstemd of hostiing the iinstructioins oin the stmrt screein.

 Furt er, t e mookup testing s oied t at on-soreen butons iere peroetved as 

tntuttive, i ereas t e  R-butons tn t e expanded UI iere not evtdent at all.

RE2: The AR-butoin desigin coulad be minimmted to siginmla thmt it requires to be mctivmted.  

Desigin m plamyfula iintermctioin for virtumla butoins, perhmps wipiing it mwmy iin the AR-spmce  

to reinder m claemr view oin the inext sceine.

Ioaccessible aod iovisible AR-cioteot:

 T e trtggertng of t e tnformation reltes on too s ort a dtstanoe to t e real-iorld 

markers.  T ts  tssue  beoame  apparent  only  tn  t e  garden  oontext  i en  t e 

partiotpants iere standtng and movtng around betieen t e plant beds. Unltke 

durtng t e mookup tests, t ey iere not seated at a table itt  t e artefaots set 

up  relatively  olose  to  t em.   ooordtngly,  t e  overlays  dtsappeared  from  t e 

soreen  as  soon  as  t e  test  takers  moved  furt er  aiay  itt  t etr  devtoe.  

Consequently, t ey  ad to adapt t etr posture to get relatively olose to t e target  

to read t e tnformation. In one oase, t ts posed a severe ergonomto problem ("tt 

 urts my baok of  avtng to bend over t at muo !").

RE: AR-cointeint shoulad be remdmblae oin the device's screein mt laemst m 1-metre distmince  

from the immge tmrget.
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 Havtng adapted t etr bodtly posture to oapture t e  R-oontent, t e test users 

enoountered nei dtfoulties i en trytng to read t e oontent. T e ieak oontrast 

of t e font agatnst t e oamera oontent makes t e font near-tnvtstble ("t e font ts 

 orrtfo", "o ange t e oolour of irtting beoause i en you've tdentifed t e rtg t 

plants, t e irtting ts too small")

RE: Similamr to QR-code-scmininiing, the AR-cointeint coulad prefermblay be stored oin the screein  

oince cmptured mind removed with min iintermctioin. Addust cointrmst mind text size.

Plaot lication ideoticatio aod path oavigatio issues:

 T e  deptoted  plants  iere  not  aliays  a   elpful  tndtoation  of  real-iorld 

oounterfetts, and some of t e test takers dtd not knoi i ere to look for t em tn 

t e garden.

RE: A iintermctive inmvigmtioin mmp wms coinceptumlaised ms pmrt of the previous itermtioin but  

coulad inot be develaoped due to laimited time resources – iintegrmte it. Alaso, iinclaude "m more  

sophisticmted modela of the plamints", ms recommeinded by test user P2 mind P3. 

 Some test takers ianted to return on t e vtrtual pat  but iere unable to take 

t ts aotion.

RE: Iinclaude m bmck butoin coinsisteintlay oin emch screein mind iin emch sceine.

Uoclearn exclusive wirdiog:

  s a oonsequenoe of t e mookup testing, unolear oontent ias replaoed, tnoludtng 

some of  t e iordtng.  Hoiever,  tt  still  dtd  not  resonate  itt  all  partiotpants. 

"W at ts permaoultureny " re t ese t e sotentifo namesn".

RE: Probe difereint wordiing with m diverse focus group to setlae oin min iinclausive botminic  

vocmbulamry.

Hiddeo iptio if further iofirmatio:

  ll  test  users  destred  furt er  tnformation  on  t e  garden  artefaots  t ey   ad 

explored.  T e  vtrtual  oontent  ias  peroetved  as   tnts  and,  to  most  people,  a  

subsequent  laok  of  tnformation  oaused  oonstderable  unpleasantness,  e.g.  P3: 

"too lttle tnformation, need to knoi more about plants". T e destgn solution 
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from  t e  paper  prototype  dtd  not  iork  oonststently:  P4:  " ave  t e 

[i tmstoal-]buton stand out more,  next to t e oontinue buton, so I  oan see 

t ere  are  tio  options".  Only  tn  one  oase  dtd  a  test  user  reoogntse  t at  t e 

"i tmstoaly buton requtred presstng. T ts resulted tn a posttive expertenoe. P1: 

"[…] t e tdea of getng s ort and olear tnfo about t e plants and tf you iant, you 

oan see more or just oontinue itt  anot er plant".

RE: Iin the UI screein cointext,  laet the "whimsicmla" butoin stmind out compmrmblay to the  

cointiinue butoin by mmkiing sure it does inot mppemr to merge with the bmckgrouind immge.

5.2 Evaluatio if UX aspects

Overall,  fndtng t e rtg t balanoe betieen t e  R- and 2D-layers rematned a deltoate 

quest. T e destgn's matn o allenge ltes tn  tnting at real-iorld exploration i tle at t e 

same  time  provtdtng  approprtate  (amount  of)  oontent.  Fortunately,  some  of  t e 

tnformants' genutne oonoepts oould be developed suooessfully by oonoeptual blendtng. 

Notably,  t e  destgn  reltably  establts es  t e  realtsation  of  t e  tnformants'  its  to 

"dtreotly  engage  itt  nature"  (III.).  It  prompted  posttive  user  expertenoes  tn  all 

partiotpants.

5.2.1 Qualitatve results

 s desortbed tn t e  eurtstio evaluation, t e oapturtng of t e markers ias not obvtous.  

On t e ot er  and, partiotpants reported t at t e trtggertng iorked very iell, P4: "good  

triggeriing of obdects!" T e posttive UX ias tnduoed by t e system's adequate feedbaok 

tn t e dtsplayed text t at appeared on t e soreen, s oitng t e plant name and tnfo.  

 s soon as t e dtsruption oonoerntng t e oamera ias resolved, an tntuttive tnteraotion 

foi betieen users and system took plaoe. T e satisfaotory destgn tnvolved a oonststent 

spot for t e oontinue buton so t at t e "i tmstoal" buton on top of t e  R-soene 

oould be tdentifed as a buton t at afforded aotivation to prompt t e next tnteraotion. 

T e partiotpants iere able to regatn a sense of oontrol as t ey oould predtot t at t e  
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buton requtred a famtltar gesture, t e on-soreen touo tng, to move foriard tn t e app,  

P4: "good combiinmtioin of the cmmerm mind screeins".

T e foi ias relevant to establts  a smoot  transttiontng from t e  R-layer to t e real-

iorld objeot, and tt ensured t e users engaged itt  t e sensual ano or. Gtven t e  tg  

denstty of opportuntty for referenoe potnts tn t e garden plants, t e tnttial oonoept (III.)  

oould  be  vastly  elaborated.  T e  oorrespondtng  destgn  oonoept  ad ered  to  t e  frst 

permaoulture prtnotple, stipulating t e users' ltteral engagement itt  nature ('observe 

and tnteraot'). Data from t e feld observation afrms all partiotpants touo ed, smelt and 

tasted t e plants, as reoommended to t em by t e system.  ll partiotpants folloied t e 

garden pat  proposed by t e app from start to end and engaged itt  all  destgnated 

plants. Some of t e more botany-savvy testees even made lttle detours on i to  t ey 

vtstted and engaged itt  more plants.

T e folloi-up tntervteis underltne t etr atraotion:

P1: "[It is] importmint to get to kinow inmture, to remlalay get iin touch with it, to tmste,  

smelala, feela it, it's importmint to kinow more mbout it."

P3: "Whmt I remlalay laiked wms the crop mind tmste iinfo."

P2: "Without m guide, I wouladin't dmre to test it...its m kiind of laemriniing"

T e  oonoeptual  blend  evoked  espeotally  memortes  and  oultnary  aneodotes  tn  t e 

partiotpants. W en tasting t e nasturtium's foier, one of t e partiotpants ias reported 

to  ave oaptured t em tn  toe  oubes durtng summer.  In  stg t  of  t e borage  artefaot 

"borage tn soup" ias referred to as "exqutstte". Personal vteis on ltfe and smtles iere 

s ared by partiotpants i en t e smell of tagetes remtnded t em of t etr time spent tn 

Franoe.  T e  promtnent  garden  plants  beoame  a  potnt  of  referenoe  t at  oonneoted 

people.

Hoiever, regardtng t e system's extraotion of more tn-dept  botanto knoiledge, t e 

mtxed-realtty oonoept ias aoknoiledged as an tntention only. P2 polttely appreotated 

t e destgn: "I laove laemriniing thiings but didin't hmve the toola for it!" In general, t e more 

sop tstioated tnput oonoepts (I., II., IV.) iere nett er stable nor dtd t ey iork for t e 

partiotpants, P3: "It’s m permmculature mpp, it shoulad be telalaiing you does it mmtch or inot,  

inot  dust  sepmrmte  plamints,  you  wmint  to  grmsp  the  geinermla  wholae  of  the  gmrdein”.  T e 
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oompantons tp of t e natural agents (II.), t e tnoluston of  umans tn t e ensemble (II.),  

expertenotng time and effort as faotors to evoke t e tdea of orop value (I.), as iell as t e 

tdea of  supersedtng iaste by deoompostng aotivtty tn a natural  eoosystem (IV.)  – all  

t ese  aspeots  iere  tnstead  not  medtated.  T us,  t e  destgn  brtef  of  tmparting  a 

‘permaoulture lensn to t e users itt  nei tnstg ts tnto natural relations tps oannot be 

seen as aooomplts ed by t e ourrent prototype.

5.2.2 AtrakDia results

T e  trakdtff2 questionnatre ias used to s ed addttional ltg t on t e appns UX. Wtt  

t e small  number of partiotpants,  t ere ts a oaveat of non-tnformative value, t.e.  t e 

quantifed responses oannot yteld stgntfoant tnstg ts beoause t e sample ts too small.  

Instead, t ey may atrtbute qualttative tnstg ts and tnform future prooedures.

Figure 7. Qumlaity qumdrmints, AtrmkDif2

T e  itdt  of  t e  so-oalled  blue-ooloured  coinfdeince  triminglae tn  t e  above  fgure 

tmmedtately dtsplays t e ltmtts of t e small sample. It expresses a stgntfoant vartanoe tn 
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values due to tndtvtdual respondents' emp asts on dtfferent dtmenstons tn t etr rating. 

Nonet eless, t e greatest overlap ts tn t e upper rtg t quadrant meantng t e users are 

atraoted to t e app.

Stmtlarly,  a oompartson of t e mean rating of t e four matn dtmenstons needs to be 

tnterpreted itt  oaution.  ll qualtties soore above average (0). Interestingly enoug , t e 

least  pronounoed  qualtty  ts  HQ-S,  tndtoating   oi  stimulating  t e  Garden   pp  ias 

peroetved by tts users. T e grap  oorresponds itt  t e oentral fndtng from t e analysts 

of t e qualttative data tn t e prevtous seotion. T e users iere ourtous to learn more. 

Figure 8. Avermge vmlaues, AtrmkDif2

In  t ts  tnterpretation,  t e elaboration  of  t e destgn  oonoerntng  t e  botanto  learntng 

ourve iould be a dtreotion tn i to  t e destgn iork oould be  eadtng.  s suo , t e HQ-S 

qualtty  iould  be  t e  potnt  of  leverage  i en  testing  a  larger  sample  for  any 

tmprovements. 

T e  desortptive  evaluation  tllustrates  i at  t e  partiotpants  found  to  be  partioularly 

posttive.  It  ias t e stmpltotty and praotioabtltty i to  oome itt  a less sop tstioated 

dtgttal  system. T e  PQ-values  iould ltkely  deorease  itt  more funotions  and   tg er 

oomplextty of tnteraotion.
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Figure 9. Semmintic difereintimla vmlaues, AtrmkDif2

T e pronounoed ztgzag patern of t e HQ-S iord patrs marks t e dtfferenoe of t ts ttem 

group  oompared  to  t e  rest.  T e  qualttyns  tn erent  tnoonststenoy  oould  refer  to 

dtsoomfort tn peroetvtng t e appns posstbtltties on t e one  and, e.g. tn tnnovation and 

oreative potential, but t en learntng t at t ese oannot be expertenoed itt tn t e gtven 
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system. Instead, as seen from t e tntervteis, t e app refratns from engagtng users tn 

furt er detatls about t e plants and t etr relations tps. Dtfferently put, t e users may 

suspeot t at t ere ts more to t e destgn t an meets t e eye, but t ey are not granted 

aooess. Constdertng t e drop of HQ-S tn average values, t e  edonto qualtty of ‘tdentityn 

soores  ts  relatively   tg ,  at  1.61.  It  oan  t us  be  stated  t at  t e  app  affords  t e 

opportuntty for self-expresston. 

Lastly, t e atraotiveness of t e app ias rated oomparably  tg . In t e tntervteis, most 

partiotpants expressed t etr admtration for t e oolours, tmages, and “very  mrtsyy style 

(P2,  folloi-up tntervtei).  Moreover,  t e  destgnerns  effort  to  strtke  a  oonvtvtal  note, 

espeotally regardtng t e systemns tnstruotive dtalogue, appears to  ave been appreotated 

by t e partiotpants. T ey found t e app ‘motivatingn.

5.2.3 Results frim the Nature-Relatedoess questiooaire

Stmtlar to t e  trakDtff, t e results from t e Nature-Relatedness questionnatre do not 

tmpart  reltable  tnstg ts  beoause  t e  number  of  respondents  ias  too  small.  It  ias 

tnteresting  to  fnd  t at  t e  results  do  s oi  at  least  tndtvtdual  dtfferenoes  t at 

oorrespond itt  t e rest of t e data oolleoted by t e ot er met ods.

In evaluating t e soale, 5 ts t e  tg est atatnable soore, tndtoating t e strongest posstble  

oonneotion to nature by an tndtvtdual and measurable itt tn t e frameiork developed 

by Ntsbet and Zelenskt (2013).  ll stx ttems iere querted on a 5-potnt-Ltkert-soale from 

i to  t e total soore ts oaloulated to determtne t e overall mean value. T e tndtvtdual 

results are as follois.

Table 3. NR-6 results (n=4)



S. CONLIN, MSo Computing (UX), 2021 52

Ntsbet  and  Zelenskt  provtde  tnformation  on  t e  average  soore  of  psyo ology 

undergraduates from t etr extenstve emptrtoal iork. It soores at 3.28 out of 5 (Ntsbet & 

Zelenskt,  2013).  Interestingly,  very   tg  soores  tn  t ts  projeot  iere  reao ed  by  tio 

partiotpants itt  t e most exposure to nature on a regular basts tn t etr everyday ltves.  

P1 ts a gardener-to-be,  and P4 ts  a professtonal  gardener.  T e ot ers iork as ofoe 

employees and prtmary teao er tratnees.  s desortbed tn t e ltterature revtei of t ts 

report,  t e  nature-relatedness  soale  atms  at  measurtng  tio  dtmenstons  of  nature 

oonneotedness.

T e sense of tnoluston tn nature ias assessed itt  t ese ttems:

 My coininectioin to inmture mind the einviroinmeint is m pmrt of my spiritumlaity

 My relamtioinship to inmture is min importmint pmrt of who I mm

 I feela very coininected with mlala laiviing thiings mind the emrth

 I mlawmys thiink mbout how my mctioins mfect the einviroinmeint

T e expertenoed nature, referrtng to an (evoked) p ystoal oontaot, ias querted itt :

 My idemla vmcmtioin spot woulad be m remote wiladeriness mrem

 I tmke inotice of wiladlaife wherever I mm

Durtng t e test, P2, itt  t e loiest soore tn nature-oonneotion, stuok 1:1 to t e garden  

pat  t e app proposed, i ereas P4 tntegrated freestyle pat s to more plants. 

 lt oug  t ese observations prompt tnteresting oonstderations, bot  questionnatres are 

genutne tools for quantitative researo . T e valtdtty of t e soalesn results ts only effeotive 

i en speotfo paterns begtn to emerge at a more stgntfoant sootal level. Wtt tn t ts  

projeot's soope, t e partiotpantsn dtfferenoe tn soore rematns t e only reltable statement 

t at  oan  be  drain  from  applytng  t e  Nature-Relatedness-Soale.  Nevert eless,  t ts 

stmple fndtng oould be a starting potnt for an tn-dept  study of dtgttally enabled nature  

oonneotedness on a broader sootal soale.
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6 Discussion

T e  projeotns  matn  fndtngs  are  summartsed  and  dtsoussed  tn  t ts  seotion.  Potential 

ansiers to t e projeotns researo  questions are outltned, and posstble approao es for 

folloi-up researo  are also oonstdered.

6.1 Aoswers ti the research questios

T e qualttative and quantitative data evaluation s oied t at, to a oertatn extent, t e 

destgnns oonoeptual model ias effeotively reoonotled. 

(1) Iin which wmys mmy the Permmculature Gmrdein Applaicmtioin eingmge its users with  

inmturmla  mrtefmcts?  It  oan  be  oonfdently  stated  t at  t e  appltoation  destgn  ias 

adequate to enable users to engage itt  t e garden artefaots, and tnteraotion ytelded 

posttive expertenoes. Moreover, t ey beoame potnts of referenoe for sootal oo eston.

(2)  As  m  resulat,  mre the users’  mwmreiness  mind uinderstmindiing of  inmture  einhminced? 

Wtt tn t e projeotns soope, an allotment garden ias oonstdered a pteoe of nature 

aooesstble to otty diellers i o frequently use mobtle dtgttal teo nology. From t e 

qualttative  data,  tt  oan  be  tnferred  t at  all  partiotpants  expanded  t etr  botanto 

knoiledge  ustng  t e  Garden   pp.  Even  tf  t e  partiotpants  dtd  not  substantially 

aoqutre more garden knoiledge tn tnteraotion itt  t e appltoation, t ey nonet eless 

oonfrmed t at t ey  ad been provtded itt  nei tnstg ts tnto, for tnstanoe, edtble 

plants, tnseot vtsttors, plant strategtes, and t e ltke.

 s t e partiotpantsn understandtng of t e appltoation model tmproved, t etr motivation 

to learn more about t e garden tnoreased. T e partiotpants t ereby beoame aiare of 

ot er stgntfoant plants avatlable for exploration.  ll users oompleted t e garden journey 

and  engaged  itt  all  artefaots.  Some  of  t e  more  botany-savvy  testers  even made 

detours to vtstt and engage more itt  t etr natural envtronment. T e user tests s oied 
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t at t e Garden  pp  as t e potential to enoourage tts users to tnorease t etr aiareness 

of  t e  envtronment.  T ts  may  lead  ultimately  to  a  beter  understandtng  of  nature. 

 lt oug  t e ourrent prototype oould not adequately tnterpret relations tps betieen 

plants,  t e  appltoation  oould  nonet eless  be  t e  rtg t  tool  to  promote  a  beter 

understandtng  of  plant  speotes  and  t etr  funotions  tn  an  eoosystem.  In  tts  furt er 

tterations,  t e destgn oould mature to beoome a Permmculature Garden  pp tn every 

respeot.

(3)  To  whmt  exteint  mmy  the  digitmla  Permmculature  Gmrdein  Applaicmtioin promote  its  

users’  inmture  coininectediness?  T e  fnal  researo  question  addressed  nature 

oonneotedness and to i at extent t e app oould promote tt.

Ntsbet  et al. s oied t at t e expertential, t.e. p ystoal dtmenston of nature relatedness 

oorrelates  itt  a  personns  self-tdentifoation  itt  nature  (Ntsbet  et  al.,  2013).   s 

dtsoussed tn t e prevtous o apter, t e appltoationns prototype fatled to oonvey t e more 

abstraot oonoepts. Hoiever, even tf t e destgn brtef ias aooomplts ed, tt does not seem 

plaustble to assume t at a sitf tnstg t tnto  uman-nature-tnteroonneotedness iould  

oause  a  long-term measurable  tmpaot  on  an  tndtvtdualns  personaltty.  Furt er  destgn 

tterations and researo  are requtred to assess tf t e Garden  pp oan  ave a measurable 

effeot on tndtvtdual nature oonneotedness.  s dtsoussed tn t e evaluation o apter, t e 

Nature-Relatedness-Soalens results only begtn to make sotentifo sense tf responses from 

larger samples are quantifed. Desptte t ts ltmttation, tnteresting starting potnts arose.

6.2 Filliw-up research

T e projeotns  approao  to tnolude fndtngs  from envtronmental  psyo ology  to tnform 

Sustatnable  Interaotion  Destgn  ytelded  several  tdeas  for  furt er  engagement.  T e 

prevtous o apter s ois t at t e  trakdtff2 soale allois separate analysts of t e dtgttal 

systemns  edonto qualtties,  ideintity and  stimulamtioin.  T e overall  values of t etr ttems 

dtffered stgntfoantly  for  tio matn reasons.  On t e one  and,  and oonfrmed by t e 

folloi-up tntervteis, most partiotpants mtssed t e stimulating learntng ourve of botanto 

tnstg t. On t e ot er  and, t e self-expresston qualtty ias more pronounoed and may 
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refer to an opportuntty for sootal oonneotion peroetved as atatnable itt  t e app.   

larger sample iould enable an examtnation of t e  edonto aspeots for oorrelations to 

peoplesn strengt  of a felt oonneotion itt  nature.  ooordtng to Ntsbet and Zelenskt and 

ot er iork t at  as been done tn t e feld (e.g. by Mayer, Frantz, Brue lman-Seneoal & 

Dolltver,  2009),  nature  relatedness  ts  assootated  itt  iell-betng  and  itt  pro-

oonservation attudes (Ntsbet et al., 2009, p. 725). Based on t etr fndtngs, Sustatnable 

Interaotion Destgn oould oreate systems for dtverse target groups. Conoerntng t e fnal 

prototype of t ts projeot, t e stimulating qualtty of t e Garden  pp oould be en anoed 

by enrto tng t e dtgttal spaoe. Gamtfoation and personaltsation oould be benefotal felds 

to be explored.   n tn-dept  look tnto t e appns  self-expresstve qualtty  tn relation to 

sootal groups from dtverse strata iould be an asset. Wtt  t ts, t e effeots of a “nature 

btasy oould be explored, i to  oauses users to oommuntoate representations of nature 

to t e ‘relevant ot ern (Coyne, 2014, pp. 24 – 31). If a larger sample ias employed, t e 

Garden  pp oould be re-evaluated by dtverse groups. T ese oould tnolude persons itt  

prevtous expertise and tndtvtduals ianting to learn t e bastos of permaoulture.
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7 Conclusion

T ts projeot atempted to s ed ltg t upon t e topto of dtgttally enabled oonneotion itt  

nature. Wtt  regards to t e et tos iorked out by t e SID oommuntty, dtgttal tools s ould 

tnform  sustatnable  oulture  rat er  t an  promoting  speed  and  ‘large-soale  systemsn 

(Holmgren, 2020, p. 19). In times of envtronmental ortses and of setltng on adequate 

solutions to oombat tt, a oollaboration of dtfferent dtsotpltnes appears yteldtng. 

T ts projeot made use of fndtngs from permaoulture and envtronmental psyo ology to 

tnsptre a destgn t at affords sustatnabtltty rat er t an dtgttal overfoi. T e opportuntties 

of  ubtquttous  oomputing s ould be  andled itt  oare.  Rat er  t an keeptng   umans 

apart from nature, dtgttal teo nology oan use tts oin potential to itt drai from t e 

soene i en tt ts good and neoessary. It oan be destgned to dtsrupt tts oin unfavourable  

perststenoe and let people reoonneot itt  t etr tmmedtate envtronments. Dtgttal devtoes 

s ould not altenate but rat er asstst us. T ey are tools to take beter oare of ourselves, 

of eao  ot er and of nature.
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Appeodix 1 – Priject Pripisal

EDINBURGH NAPIER UNIVERSITY SCHOOL OF COMPUTING
MSc RESEARCH PROPOSAL

The process of completing and reviewing the contents of this form is intended ensure 
that the proposed project is viable.  It is also intended to increase the chances of a good 
pass.  Much of the material produced while completing this form may be reused in the 
dissertation itself.

1. Student details
First name Sabine
Last (family) name Conlin
Edinburgh Napier matriculation number 10018353

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

3. Project outline details
Please suggest a title for your proposed project. If you have worked with a supervisor on 
this proposal, please provide the name.  You are strongly advised to work with a member 
of staff when putting your proposal together.
Title of the proposed project Connecting users with nature by digitally 

augmenting an ecological garden context
Is your project appropriate to your 
programme of study?

yes

Name of supervisor Mr. Callum Egan

4. Brief description of the research area - background
Please do not describe your project in this section.  Instead, provide background 
information in the box below on the broad research area in which your project sits. You 
should write in narrative (not bullet points). The academic/theoretical basis of your 
description of the research area should be evident through the use of citations and 
references. Your description should be between half and one page in length.

Sustainable Interaction Design is concerned with how to obtain sustainability in and through design 
(Nunes et al. 2017). Egan et al. (2017) suggest that permaculture may offer adequate guidance with 
regards to ethical user experience design practice. If we adopt permaculture principles as designers of 
digital technology, we may create experiences that raise ecological awareness among its users. 
At the Lions’ Gate, an experimental campus garden project, digital and material garden artefacts are 
reconciled in “blended spaces”, encouraging users to become more familiar with their natural 
surrounding (Benyon, 2011; Egan et al., 2017).
Meanwhile, many aspects need to be considered when designing an experience that enables users to 
connect with nature. Ubiquitous, at hand technology holds the potential for integrating with physical 
spaces, e.g. when projecting digitally augmented layers of information in a garden. Beyond this, the 
users require an engaging concept for making sense of and eventually inhabiting a space, e.g. by 
effectively visualising ecological coherences in the garden.
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By engaging users in a journey of uncovering information about the garden over time, they could 
gradually increase their ecoliteracy and be motivated for participating in nature preserving action.

5. Project outline for the work that you propose to complete
Please complete the project outline in the box below. You should use the emboldened 
text as a framework. Your project outline should be between half and one page in length.

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

The aims of the project are as follows:

To design an interactive system that
 raises eco-awareness among users
 improves their ecoliteracy 
 connects users with nature

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

The main research questions that this work will address include:

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

The software development/design work/other deliverable of the project will be:

- AR-application for a mobile device (open source compatible), visualising of photosynthesis activity

The project deliverable will be evaluated as follows:
Interviews will serve to determine any perception patterns of garden visitors
For meaningful visualisations, I plan to employ lo-fi prototyping during user testing, and a user 
centred / co-creation approach
A more advanced prototype in connection with a questionnaire can be used to evaluate any experience 
of felt presence in the garden

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

This work will require the use of specialist software:

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

This work will require the use of specialist hardware:



S. CONLIN, MSo Computing (UX), 2021 65

- as a “would have”: fluorometer with special camera;
 https://www.walz.com/products/chl_p700/micro-pam/introduction.html
As an alternative, a mock-up could be installed and plant activity patterns could be randomised by 
software and presented to the users as real time data
- mobile device to run AR-software
- network to connect all components

The project is being undertaken in collaboration with: n/a

6. References
Please supply details of all the material that you have referenced in sections 4 and 5 
above. You should include at least three references, and these should be to high quality 
sources such as refereed journal and conference papers, standards or white papers. 
Please ensure that you use a standardised referencing style for the presentation of your 
references, e.g. APA, as on myNapier > Your Studies > Improve your Academic & Study 
Skills > Referencing and Academic Integrity > Referencing Guidelines > SoC 
Referencing Guidelines.

Benyon, D. (2011). Spaces of Interaction, Places for Experience. Morgan & Claypool Publishers. 
ProQuest Ebook Central. Retrieved from https://ebookcentral.proquest.com/lib/napier/detail.action?
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Egan, C. & Benyon, D. (2017). Sustainable HCI: Blending permaculture and user experience. In 
Proceedings of the 2017 ACM Conference Companion Publication on Designing Interactive 
Systems (pp. 39-43). 
Egan, C., Benyon, D., & Thompson, R. (2017). Permaculture as a foundation for sustainable 
interaction design and UX. In Proceedings of British HCI 2017. Sunderland, UK: BCS Learning 
and Development. 
Fauconnier, G., & Turner, M. (2008). The Way We Think: Conceptual Blending And The Mind’s 
Hidden Complexities. New York: Basic Books. 
Grainger S., Mao, F., Buytaert, W. (2016). Environmental data visualisation for non-scientific 
contexts: Literature review and design framework. Environmental Modelling & Software 85 (pp. 
299- 318).
Knowles, B., Blair, L., Hazas, M., Walker, S. (2013). Exploring Sustainability Research in 
Computing: Where we are and where we go next’, UbiComp ’13: The Proceedings of the 2013 
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7. Ethics
If your research involves other people, privacy or controversial research there may be 
ethical issues to consider (please see the information on the module website). If the 
answer below is YES then you need to complete a research Ethics and Governance 
Approval form, available on the website: 
http://www.ethics.napier.ac.uk .
Does this project have any ethical or 
governance issues related to working with, 
studying or observing other people?  
(YES/NO)

NO

http://www.ethics.napier.ac.uk/
https://www.semanticscholar.org/author/W.-Buytaert/2771741
https://www.walz.com/products/chl_p700/micro-pam/introduction.html
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8. Confidentiality
If your research is being done in conjunction with an outside firm or organisation, there 
may be issues of confidentiality or intellectual property.

Does this project have any issues of 
confidentiality or intellectual property?  
(YES/NO)

NO

10. Submitting your proposal
1 Please save this file using your surname, e.g. macdonald_proposal.docx, and e-mail 
it to your supervisor, who will discuss it with you and suggest possible improvements.
2 When your supervisor is content with your proposal, submit it to the Research 
Proposal Upload link on Moodle, and email your internal examiner to notify them that you 
have submitted. They will leave feedback for you on Moodle.
3 Discuss your feedback from the internal examiner with your supervisor and if 
necessary make final changes to your proposal.
4 When you produce your dissertation, add your finalised proposal as an appendix.
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Appeodix 2 – Cioseot Firm aod Iofi Sheet

Consent Form

Edtnburg  Napter Untverstty requtres t at all persons i o partiotpate tn researo  studtes gtve t etr 
oonsent to do so. Please read t e folloitng and oonfrm tf you agree itt  i at tt says. 

1. I freely and voluntartly oonsent to be a partiotpant tn t ts researo  to be oonduoted by Sabtne 
Conltn, i o ts a postgraduate student at t e Edtnburg  Napter So ool of Computing. 

2. I  ave been tnformed of t e broad goal of t ts researo  study. I  ave been told i at ts 
expeoted of me and t at t e prooedure s ould take no longer t an 45 mtnutes to oomplete. 

3. I  ave been told t at my responses itll be reoorded for t e purposes of a transortption. I 
understand t at parts of my oomments may be used t roug out t e projeotns report. I 
understand t at tt ts dtfoult to anonymtse my data but my name itll not be mentioned tn 
t e report. I  ave been told t at t ese data may be submtted for publtoation. 

4. I also understand t at tf at any time durtng t e tntervtei tf I feel unable or unitlltng to 
oontinue, I am free to extt t e tntervtei. T at ts, my partiotpation tn t ts study ts oompletely 
voluntary, and I may itt drai from tt at any time itt out negative oonsequenoes. 

5. In addttion, s ould I not its  to ansier any partioular question or questions, I am free to 
deoltne. 

6. I  ave been gtven t e opportuntty to ask questions regardtng t e destgn brtef and my 
questions  ave been ansiered to my satisfaotion. 

7. I  ave read and understand t e above and oonsent to partiotpate tn t ts study. Confrmtng I 
agree ts not a iatver of any legal rtg ts. Furt ermore, I understand t at I itll be able to ask 
for a oopy of t ts oonsent form for my reoords. 

Q1. Please oonfrm you  ave read t e above and gtve permtsston for t e data you provtde to be used 
anonymously as part of t ts researo  projeot 

Yes

No

If you  ave any questions about t e above tnformation, please oontaot Sabtne Conltn – 
10018353@ltve.napter.ao.uk 

Q2. Please oonfrm your name and as a (dtgttal) stgnature i to  states you oonsent to take part tn 
t ts study. 

Stgnature
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Info S eet

My name ts Sabtne Conltn and I am a postgraduate student from t e So ool of Computing at 
Edtnburg  Napter Untverstty.  s part of my degree oourse, I am undertaktng a researo  projeot 
for my Masters dtssertation. T e title of my projeot ts: Fosteriing peoplae’s inmture-coininectediness  
with m digitmlalay-mugmeinted remlaity mpplaicmtioin mbout permmculature.  T e study itll  tnvestigate 
i et er  dtgttal  teo nology,  tn  form  of  an  augmented  realtty  app  for  mobtle  devtoes,  may  
en anoe peoplens oonneotion itt  nature.

T ank you for partiotpating tn t e study.

In  t e  begtnntng  of  t e  sesston  you  itll  be  asked  to  fll  out  a  questionnatre,  t e  “Nature-
Relatedness-Soaley. Durtng t e test of t e permmculature gmrdein mpplaicmtioin you itll be asked to 
explore t e garden, ustng t e app. You are ktndly asked to “t tnk aloudy durtng t ts part of t e  
sesston, oommenting on anyt tng relevant you enoounter tn t e app or ot eritse.   fer t e 
exploration,  you  are  asked  to  evaluate  t e  appltoation ustng  t e  “ trakDtffy  questionnatre.  
Before olostng,  you are asked to s are your tmpresstons on your user expertenoe tn a s ort  
tntervtei. 

T e sesston takes plaoe tn a prtvate allotment garden, t e address ts:
 sternieg 25, Kletngartenveretn Grüne Gasse e.V. Grüne G. 3, 04318 Letpztg.

T e researo er ts not aiare of any rtsks assootated itt  t ts aotivtty.  Overall,  t e prooedure 
s ould take no longer t an 45 mtnutes. You itll be free to itt drai from t e study at any time 
or you may leave out responses to tndtvtdual questions, itt out any oonsequenoes.

Your  responses  itll  be  reoorded  for  transortption  and  evaluation purposes.   ll  data  itll  be  
anonymtsed, and your name itll be replaoed itt  a partiotpant number, but itll not be named 
or  tdentifable  from  t ts  tnformation.  Your  data  itll  be  deleted  upon  oompletion  of  t e 
researo ers evaluation prooess.

You are ktndly asked to provtde your irtten oonsent to partiotpate tn t e study tn t e form 
provtded. If you  ave any questions i to  oould not be ansiered on t e day of t e sesston,  
please oontaot me.

Contaot Detatls 
Sabtne Conltn
Student at Edtnburg  Napter Untverstty, So ool of Computing
10018353@ltve.napter.ao.uk 
(+49)15758953596
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Appeodix 3 – Desigo Prititype

High-idelity Prititype if the Permaculture Gardeo App
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Appeodix 4 – Questiooaires fir User Testog

Questiooaire: Nature-Relatedoess-Scale

T ank you for taktng part tn t ts survey. 
Introduotion: T e psyo ologtoal oonstruot of "nature relatedness" deals itt  t e strengt  of 

oonneotion to nature t at tndtvtduals feel.

Prooedure: T e test  as stx statements of optnton t at you must rate on t e beloi fve potnt 

soale of  oi muo  you agree itt  eao . Please tndtoate your ansiers by orosstng t e boxes.

Strongly 
dtsagree

Dtsagree Neutral  gree Strongly 
agree

My idemla vmcmtioin 
spot woulad be m 
remote wiladeriness 
mrem.

I mlawmys thiink 
mbout how my 
mctioins mfect the 
einviroinmeint.

My coininectioin to 
inmture mind the 
einviroinmeint is m 
pmrt of my 
spiritumlaity.

I tmke inotice of 
wiladlaife wherever I 
mm.

My relamtioinship to 
inmture is min 
importmint pmrt of 
who I mm.

I feela very 
coininected to mlala 
laiviing thiings mind 
the emrth.
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Questiooaire: AtrakDia

T anks for taktng part tn t ts evaluation. It supports researo  tnto t e dtgttal app t at you  ave 

just tested, t e permmculature gmrdein mpplaicmtioin.

T e folloitng iord patrs represent oontrasts and oan be subdtvtded tnto furt er rating levels. 

In t e beloi example t e rating tndtoates t at t e tested produot ts qutte pleasant but does  ave 

room for tmprovement.

pleasant unpleasant

Make your assessment spontaneously. You may feel t at some iord patrs do not ft t e produot 

very iell. Hoiever, please gtve an ansier anyiay. T ere are no rtg t or irong ansiers. 

Please turn over t e page to begtn.
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Please mark one box tn every roi.

 uman teo ntoal

tsolating oonneotive

pleasant unpleasant

tnventive oonventional

stmple oompltoated

professtonal unprofesstonal

ugly atraotive

praotioal tmpraotioal

ltkeable dtsagreeable

oumbersome stratg tforiard

stylts taoky

predtotable unpredtotable

o eap premtum

altenating tntegrating

brtngs me 
oloser to 
people

separates me 
from people

unpresentable presentable

rejeoting tnvtting

untmagtnative oreative

good bad

oonfustng olearly 
struotured

repelltng appealtng

bold oautious

tnnovative oonservative

dull oaptivating

undemandtng o allengtng

motivating dtsoouragtng

novel ordtnary

unruly manageable
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Appeodix 5 – Qualitatve Data frim the User Tests

Field ibservatios & User Cimmeots frim ‘thiokiog aliud佋

P1:
- stated:   a, nasturtium, I love tt! I onoe made toe oubes from t em tn summer!
-  t t e stg t of Tagetes, remembranoe from Franoe, i en s e smelt tt:   , t ts remtnds me of a garden tn 
Franoe
- Tagetes, are t ese t e sotentifo namesn
- Borage, I love borage!
- Broooolt leaves iere nei to  er, t ey remtnded  er of mangold, tn germany t ey are dtfferent! Maybe a 
dtfferent form of broooolt
- P1 tested plants, smelt t em and tasted t em
- url iorked (yes!):   , I oan see i at tt ts about (buton ias frst not tntuttive but t en tt ias dtsoovered), 
all t e tnformation!
- dtdntnn knoi  oi to operate t e oamera:
- beter: startsoreen → ok → t yme → ok → oapture itt  oamera!
- P1 smtled a lot, s e seemed ltke s e kept  avtng great expertenoes, plant by plant. tt seemed very 
assootative! 

P2: 
- stlent and only nodded i en s e dtd t e tasks to stgnal s e understood
- tnstruotions (taste, smell, feel) are olear to P2
- tt not olear t at t e marker needs to be soanned
- i tmstoal butons tn UI soreenms dtd not stand out
- tends to just oltok t roug  →  i at else ts t eren “tnterestingy
- tntuttive: smell, taste
→ maybe btased by NR-soalen, i at ts expeoted of  er (to do itt  naturen)
- “i at ts t e meantng of permaoultureny
- ltke itt  P1, I  ad to  elp itt  tdentifytng t e plants tn t e garden
→ need more obvtous system i to  ts t e pat  t roug  t e garden

P3:
- looked at ot er plants and already ate a nasturtium before even runntng t e app
- gave tnformation about bordertng plants i ere ever s e ias
- satd s e dtdnnt knoi about t yme faot and t at ts ias tnteresting
- made lttle detours tn-betieen t e tasks, to ot er plants, to touo  t em and eat leaves

P4:
- gardener
- very botany-savvy
- seems to enjoy ialktng about tn t e garden, really knois  er iay around, as tf s ens been t ere before, 
oonneots very qutokly
- even before s e started t e app, s e already ias tn exploration-mode on t e look out for plants s end 
reoogntse
- ianted to look on  er oin tnttiative, dtdnnt need asststanoe, just t e app and t e garden
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- i tle ustng t e app, s e oomes up itt  a dtfferent aneodote eao  time, T yme, very sptrttual, 
Nasturtium: trtes tt and tnvttes me to try tt too: s artng t e expertenoe. Very strong! Good for t e blood, 
plenty of oaltum. Tagetes, I  ave tn t e oemetery i ere I iork, and I ias aliays ltke betng t ere as Inm a 
free-mtnded person eto., borage: yes, very  ealt y (before prompting t e engage-soene), ltkes to get 
tnvolved tn a talk about t e plants. 

Respioses frim the filliw-up ioterviews 

Pretester:
 ourtous
 exotted
 a btt unoomfortable
 usabtltty ias o allengtng
 I  ave to bend over tt  urts my baok
 dtstanoe bti p one and readtng ias bad
 tt doesn't feel nei to me, not so speotal, ar part not surprtstng to me
 more tnterest noi tn foiers, and  elptng t em groi
  elptng tn t etr envtronment and t etr usefulness and tnseots..tts t e i ole eoosystem

UR: Telala me mbout your experieince with the permmculature gmrdein mpplaicmtioin

P1:
 (ponders)...I found tt prety 
 also o allengtng, tf you dtdnnt knoi t e plants, ltke you assootate tt itt  i at you are looktng for
 tnstant tnformation
 praotioal and easy-to-use
 app ts tntuttive, just press a buton
 tdea of getng s ort and olear tnfo about t e plants
 and tf you iant, you oan see more
 or just oontinue itt  anot er plants
 I ltked t e oolours, tmages
  tnt at i at tt ts about
 you really get to knoi t e nature
 frst t tng
 testog if real stua
 to be able to reoogntse later i en you donnt  ave t e app (learntng)
 Hoi oan you get aooess to t e lttle oards to use t e app t oug n
 QR-oodes, tts nei, good, tdea, I  ave never seen suo  a system
 Can you use tt outstde of t e garden tn anot er plaoen Hoi does tt iorkn
 great tdea beoause tt takes you to t e garden, pus es you to explore tt
 for everyone really, from ktds to old people
 tmportant to get to knoi nature, to really get tn touo  itt  tt, to taste, smell, feel tt, ttns 

tmportant to knoi more about tt
P2:

 very stmple to use
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 very tnteresting, espeotally for t ose i o donnt really  ave oonneotion itt  suo  t tngs before
 espeotally for eduoation, gutdtng o tldren, tt oould be used for many purposes
 tf I oold make a reoommendation: o ange to oolour of irtting, beoause i en younve tdentifed t e 

rtg t plants, irtting too small, o ange oontrast, to make tt a btt more vtstble for t e test takers
 ts t ts just part of t e app, just one seotionn  re t ere more funotionsn
 Wiuld be really ciil ti have pateros ltke a frtend i ons a btologtst, I ias gotng to buy a book, a 

plant enoyolopedta
 itt  t e app tt oould be a good transttion, for people itt  no prevtous expertenoe
 ltke a small dtotionary, t at I oan s oi my o tldren, t ts plant ts edtble, a a!
 itt out a gutde, I iouldnnt dare to test tt (t e foier), tts a ktnd of learntng
 at t e end, for t e o tldren, have a biousn like a challeoge ti the usern wheo they佋ve learot 

everythiog
 I love learntng t tngs but dtdnnt  ave t e tool for tt
 paterns:  ave a more sop tstioated model of t e plants, to feel more oonfdent itt  

tdentifoation, for t e oompartson
 really good for people itt  dtfferent baokgrounds (non-experts to t e botanto feld)
 let peiple biikmark plaots ti have their iwo pirtilii
 I ltke t e art of t e destgntng, very artsy
  ave t e buton stand out more, next to t e oontinue buton, so I oan see t ere are tio options

P3:
 yelloi irtting ias not vtstble enoug , you  ave to orouo  and get really olose to be able to read 

tt, tf you get oloser to t e objeot, t en tt get larger
 I dtdnnt ltke  oi t e plants ierennt looatable, t at t ere ias no tndtoation i ere to look for t em
 t e plants donnt represents t e i ole garden, t ese are just fve tndtvtdual plants and t ey donnt 

make up t e garden..you iant to oultivate more plants tn your garden
 tts a permaoulture app, tt s ould be telltng you, does tt mato  or not, not just separate plants, you 

iant to grasp t e general i ole
 i ereas t e s ort tnformation ias really good, sometimes too general t oug , but you  ave to 

make a o otoe i at to put t ere
 i at I really ltked ias t e orop and taste tnfo, alt oug  t ts requtres you  ave t e rtg t season to 

be able for tt to iork.  t some potnt t e broooolt ts eaten up, but t e sensomotorto part ts great
 too lttle tnformation, need to knoi more about plants
 [i en s oitng t e extra funotionaltty itt  t e urls]: but you iould  ave to see t e buton more, 

not so muo  as part of t e ptoture, more next to t e next buton
P4:

 t e app ts very struotured, easy to understand
 oltoktng t roug  prtnotple self-explanatory
 plants are iell represented, t e lttle ptotures tllustrate plant and  elp to fnd out i to  plant Inm 

looktng for tn t e garden
 I ltked t at tts about permaoulture, no just t ese normte plants, ltke useful plants t at serve t e 

envtronment
 oolour-seleotion I found very appealtng
 good oombtnation of t e oamera and soreens, good trtggertng of objeots
 t e app ts very versatile, I oould tmage ustng tt outstde t ts garden tn anot er oontext
 ttns oonneotive, also nei knoiledge you oould dtsouss itt  ot er people
 to drai from t e knoiledge you get from t e app
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Appeodix 6 – Sample Recimmeodatio fir Desigo Elabiratio

Aoimated oavigatio map
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Appeodix 7 – Liw-Fidelity Prititype Evaluatio

Paper Prititype Evaluatio

Screein Issues & laikiings reported mind observed 
duriing testiing with TOL, user 1 & 2

Optimismtioin & Desigin Decisioins

Startsoreen Buton very olear (U1,2)  s journey to matn orop (broooolt) s ould 
be olear tn t e begtnntng, tndtoate a lttle 
map or timeltne

T yme (UI) - t oug t ts ias buton, oause T yme ts 
green
- not sure i at T yme looks ltke,  oi to 
tdentify plantn
-  oi to knoi i at to do to oapture plant 
onoe user  as found t e rtg t plant

- tnstead of buton tndtoate t at tts just 
non-tnteraotive tnfo

-  ave tmage on soreen to deptot plant, so 
user knois i at t ey are looktng for tn 
t e real garden

-  ave a lttle sound effeot i en rtg t 
plant ias traoked, “eup emtsm, suo  as tn 
a text msg, gtves a good feeltngy

T yme ( R1) - Wordtng not olear (englts ), “emttsy, 
“soenty and “pestsny sentenoe not logtoal 
even i en iords iere translated
→ “tnfo about i atny
- “tts trade ts to atraot parasttesn donnt t e 
pests affeot t e nasturtiumny - ts t e plant 

Make t ts tsnad out: “Produoes strong 
soent to oover soents of orop plant to 
proteot tt from parasttesy
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reststantn Wetrd., not  armontous 
tnteraotion tn nature.

- Vufortan

- Presstng buton ias olear to bot  users
- Soent symbol ias olear, U1

press buton essential

T yme ( R2) Was olear: rub tt betieen your fnger retatn

Nasturtium (UI) “agatn, t e same tssue as beforey (itt  t e 
t yme UI soreen)

Ltke t yme (UI)

Nasturtium 
( R1)

- atraots pests to keep t em aiay from 
orop plant → and i at  appens to t ts 
plant, does tt get eaten tnsteadn
- buterfy ts not a pest, only posttive 
aspeots

- atraots buterftes and grois baok 
qutokly, 

Nasturtium 
( R2)

- t e mental jump to t e poted plant ias 
really olear and tnstantaneous, users 
dtreotly tasted some of t e plant and ient 
“mm, ntoe, tastes good!y, “Leokery
 - OK buton prtor to tasting t e foiern Or 
to prooeedn

Well destgned

-  ave a foriard arroi, or sltde for 
oontinue

Tagetes (UI) Unknoin plant to user
- press “fnd tagetesy to get an tmpresston 
i at tt look ltke, maybe also a itktpedta 
ltnk

- Image and explanation s ould solve t e 
problem
- press “fnd tagetesy to get an tmpresston 
i at tt look ltke 
- t en ftp to next page
- or QR-oode

Tagetes ( R1) -as itt  buterfy, ladybtrd ts denoted only 
posttive and not assootated itt  anyt tng 
negative, suo  as t e iord predator
-atraots predatorsn  mbtvalent at frst
- orop plantn Tagetes ts a orop plant ttelf 
(even tf only for t e ladybtrds) 

- posttive iordtng for posttive antmals

Tagetes ( R2) “smells a btt funnyy - only tnstruot to smell 
tf smell ts ntoe

- suggest dtfferent tnteraotion, suo  as feel 
petals

Borage (UI) Same tssue

Borage ( r1) - “noi t ts antmal looks more  armfuly
- “polltnatorsn, aooumulates – o ose 
iordtng non-aoademtos oan understand!y 
- “maybe  ave ltnk to itktpedta artioleny
- more tnformation about plants, latin 
names, funny names, usage, you oan put 
t ts tnto a salad itt  a reotpe,  oi you 
groi t em
- i y ts t e bug gotng to t ts plant, t at's 
tnteresting

- ambtgutty, tnfo tnteresting, but not olear
- bee tnstead of laoeitng (bee ias olearer 
to be a polltnator
- provtde tnformation on symbtosts, plant 
names, trtvta, reotpes

Borage ( R2) “touo  eart  beloi, tts deoomposed and 
reoyoledy

- “beter tnstruot user to just feel t e eart  
beloi, not tng elsey
ts tt good qualtty, so tf tt ts too dry, let 
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users deotde to iater tt
→ “touo  eart y, let t em engage itt  
nature

Broooolt (UI) Same tssue, but “a , broooolt – t at Inve got 
tn t e frtdge!y

- replaoe time soale by posttive feedbaok, 
suo  us “go a ead and oropy

Broooolt ( R1) “7 ieeks to groin W at a ptty!y “Is tt 
 ealt yn Tastyny
- i at makes tt so speotal, oause you oan 
eat ttn But you oan also eat t e ot er stuff, 
per aps beoause t eynre only  erbs, 
beoause tts a proper vegetablen
- looktng at symbol: “feed t e iorldy
- “ oi do you see i en tts rtpen Need 
some tndtoationy

- symbol, replaoe by  umann

- i at makes broooolt so dtfferent from 
t e ot er plantsn

Broooolt ( R2) - orop tf rtpe ts unolear
- t e ot er plants are orops
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Appeodix 8 – Cioceptual Pribes

Semi-structured ioterview questios

[Strata, Target group analyses]
Telala me mbout your bmckgrouind, whmt do you do ms m professioin mind iin your free time?

[Topto 1]
Whmt comes to your miind whein your hemr the word ‘sustmiinmbilaity’?

[Topto 2]
Hmve you hemrd mbout permmculature? Whmt hmve you hemrd mbout it?

[Topto 3]
How much time do you typicmlalay speind iintermctiing with inmture?

[Topto 4]
How much time do you typicmlalay speind iintermctiing with digitmla techinolaogy?
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Cioceptual Sceoariis & Desigo Brief

Participanits respnnises nni tnpics 
sustainiability (S), permaculture (P), 
techninlngy (T), initeractinig  ith niature (N)

Actiiities (A)   snnitetts (s) 

snniceptual Sceniarin  

(classificatinni   
aggregatinni)

Permaculture 
Priniciples

Designi Brief

P1 S: “t e problem ts ie produoe too 
muo  iastey

 : “ienre leavtng btns...but ie  ave to 
t tnk about t e envtronmenty

C: “tn t e otty ienre foroed to iork 
agatnst nature...not muo  oontaot itt  
naturey

Peoplae withdrmw 
from uinsustmiinmblae 
city laife where they 
mre produciing too 
much wmste mind 
speind time iin 
gmrdeins to hmve 
cointmct/work with 
inmture

P6. Produoe no 
iaste

P1. Observe & 
tnteraot

S oi t at tn nature, 
t erens no oonoept of 
iaste

Faotlttate 
iorktng/oontaot itt  
nature

P2 S: “See iort  of everyt tng...ask 
myself i at oan I make of tt, rat er 
t an t roitng tt aiayny “Durtng 
Corona tt beoame olear, t at ltvtng tn 
t e otty ts only about oonsumption, 
t erens no ot er beneft to tty

 : Instead of s opptng I siap olot es 

C: oo-ltvtng/  ouse oommuntty

Peoplae swmp 
everydmy obdects to 
mvoid over-
coinsumptioin mind 
rmther repurpose 
worin-out items

P5. Use and 
value 
reneiable 
resouroes & 
servtoes

S oi options for 
“iastey repurpose

P2 P: “gatntng appreotation and 
knoiledge.. oi do oarrots aotually 
groin In t e tree or tn t e eart n Ktds 
 ardly knoi t ts...knoiledge gets 
lost...i tlst gardentng you get a 
oertatn feeltng, t at t tngs take time to 
groi. Havtng t ts expertenoe, you oan 
t en appreotate more and you donnt 
t roi stuff aiay eastlyy

 : gardentng

C: garden 

Peoplae speind time iin  
gmrdeins to laemrin 
mbout growiing 
vegetmblaes mind to 
gmiin kinowlaedge 
mbout inmture iin 
order to mpprecimte 
inmturmla products

P9. Use small 
and sloi 
solutions 

P.2 obtatn a 
yteld

 dd value to natural 
produots by 
demonstrating sloi 
orop evolution

P3 T: “Betng aiare of and oonneot itt  
surroundtng and be less dtstraoted by 
my mobtle p oney

 : “oonneoting itt  tmmedtate 

Peoplae outdoors 
diseingmge with their 
mobilaes phoines to 
perceive immedimte 
surrouindiing mind to 

P1. Observe & 
tnteraot

Enable users of 
mobtle p ones to 
oonneot itt  
surroundtng 
envtronment
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envtronmenty

C: i en gotng for a ialk tn t e park 

be laess distrmcted

P4 P: “t tnktng of nature tn t at 
iay... oi everyt tng iorks toget er, 
 oi everyt tng ties tnto eao  
ot er...t e best form of self tnterest, tn 
 armony itt  natural surroundtng...tn 
permaoulture, nature and oulture get 
oloser to eao  ot er, normally t eynre 
antonymsy

 : “ umans negatively tnterfere itt  
eoosystemsy 

C: on our planet

Peoplae refect oin 
how hummins 
inegmtivelay iinterfere 
with inmturmla eco-
systems oin the 
plaminet mind thmt they 
mre discoininected 
from inmture

P8. Integrate 
rat er t an 
segregate

S oi  oi  umans ft 
iell tnto nature,  oi 
nature and oulture go 
toget er

P5 N: “to enjoy t e mantfoldness tn t e 
oolour speotrum.  nd to realtse t at 
ie are part of nature, ie are a part of 
t e i ole...part of our envtronmenty

P: “tmpltes dtverstty, and tnoludes a 
oertatn o ange and dynamto, ttns not 
monooulturey

 : “realtse t at ie are part of naturey

C: “gotng for a ialk tn outdoorsy

Peoplae refect oin the  
vmlaue of diversity

P10. Use & 
value dtverstty

P:12 oreatively 
use and 
respond to 
o ange

P8. Integrate 
rat er t an 
segregate

S oi value of 
dtverstty

snnicrete sceniarin   persnnia:

Kuirstein wmints to speind time iin inmture, ms urbmin laife mppemrs drmiiniing. She questioins city laife with 

its over-coinsumptioin, systemmtic wmste-productioin, uinhemlathy laifestylae mind inutritioin, stress, 

iincremsed mgglaomermtioin, the laoss of cointmct with immedimte surrouindiing regmrdiing peoplae mind 

inmture whein she eingmges too ofein with her smmrtphoine.

She goes to her gmrdein, opeins up the permmculature mpp oin her mobilae phoine to laemrin more 

mbout her gmrdein mind growiing crops.
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Appeodix 9 – Priject Diary

To dons 

- revtse Hassenza l et al. tdentity dtmenston -->ok
- argue t at  trakDtff2 looks at HQ-I and HQ-S -->ok
- olartfy oonoept of nature-oonneotedness vs. nature-relatedness (Ntsbet/Ives) -->ok
- tnolude tn LR: i at ts NR oonstruotn
- elaborate destgn tdeas  (Farbe!) -->ok
- butld paper prototypes-->ok
- oonduot tntervteis-->ok
- evaluate prototypes, o ose most meantngful (oonneot= see and tnteraot itt  nature)-->ok
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- understand & try out Untty & Vuforta -->ok
- Testing dummy oonoept on  ndrotd -->ok
- text --> ok
- suns ape add oyltnders, oloud objeot oustom btn (sprttes) -->ok
- oonoeptual model of nature users -->po app--> ok
- adapt oonoept -->ok
- revtei adapted oonoept-->ok
- fnaltse  R-Prototype itt  dummy markers -->ok
- rto  ptoture -->ok
- oonoeptual model-->ok
- nei Gant o art-->ok
- Cal ematl -->ok
- oonoeptual blendtng &  R -->ok
- oonorete destgn soenartos -->ok
- Cal so retben, Übersto t so token, Fragen stellen (Met ode, PT, Gutdanoe form 8) -->ok
- itreframes-->ok
- tmplement oonoept tn Untty -->ok
- dual oamera, UI Butons -->ok
-  R-app tn androtd app --> ab to  geo eokt, ntx gefunden
- tnolude referenoe to next plants (trajeotory)
- reorutt >5 partiotpants: xx, eto. -->ok
- questionnatres (Benyon) -->ok
- folloi-up tntervtei -->ok
- set up  R-PT testing (markers, questionnatres) -->ok
 - UI btns * afernoon -->ok
- UI butons tnstead of Vbtns, to make tnput more obvtous, not so muo  expertenoe tn tnteraoting itt   R-
layers-->ok
- app tn app-->ok
- navtgation map -->ok
- style gutde -->ok
- sprtte butonsn -->ok
- addtng nei tmg target db iorkn-->ok
- send Cal o apters and meeting request -->ok(so eduled tests, met odology)
- oomplete foi tmplementation -->ok
- buton oompresston-->ok
- tnolude GUI tmages & navtgation map-->ok
- layouting -->ok
- Cal (met ods, IR)-->ok
- oopy s op, prtnt o apters, foi dtagramme, atrakdtff, oonsent ‘45n -->ok
- IR, orystal olear objeotives, researo  atms, ans questions-->ok
- test set up tn garden tn garden, tnol. real plant tmage targets -->ok
- send tnfos for tmr xx, xx, xx-->ok
- testing p1 -->ok
- testing xx -->ok
- testing xx -->ok
- testing xx -->ok
--> garden plan
--> evaluation medtan NR 

eto.
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