www.nature.com/scientificreports

scientific reports

W) Check for updates

Structural equation modeling
reveals decoupling of ecological
and self-perceived outcomes

In a garden box social-ecological
system

Laura S. Tuominen'™, Samuli Helle?, Heikki Helantera?, Patrik Karell*®, Lauri Rapeli®,
Douglas Richmond'3, Timo Vuorisalo! & Jon E. Brommer!

It is well known that green urban commons enhance mental and physical well-being and improve
local biodiversity. We aim to investigate how these outcomes are related in an urban system and
which variables are associated with better outcomes. We model the outcomes of an urban common—
box gardening—by applying the Social-Ecological Systems (SES) framework. We expand the SES
framework by analyzing it from the perspective of social evolution theory. The system was studied
empirically through field inventories and questionnaires and modeled quantitatively by Structural
Equation Modeling (SEM). This method offers powerful statistical models of complex social-ecological
systems. Our results show that objectively evaluated ecological outcomes and self-perceived
outcomes are decoupled: gardening groups that successfully govern the natural resource ecologically
do not necessarily report many social, ecological, or individual benefits, and vice versa. Social capital,
box location, gardener concerns, and starting year influenced the changes in the outcomes. In
addition, the positive association of frequent interactions with higher self-perceived outcomes, and
lack of such association with relatedness of group members suggests that reciprocity rather than

kin selection explains cooperation. Our findings exemplify the importance of understanding natural
resource systems at a very low “grassroot” level.

Ever-increasing natural resource demands emphasize the issue of their sustainable governance'2. Especially
shared natural resources, the commons, need well-functioning governance to avoid overuse leading to a resource
depletion, the so-called tragedy of commons®. Theoretical and empirical studies in social sciences and evolution
have shown that under certain conditions shared natural resources can be governed sustainably*~’. Sustainability
is broadly defined as the patterns and outcomes to promote human needs while maintaining the biophysical
conditions for life"®. To achieve sustainability, we need to integrate both the human needs and ecological aspects
as well as variables influencing them, hence treating natural resources as social-ecological systems®’. Here, we
study an urban common, box gardening, with the aim to predict what aspects of the resource or resource users
associate with better ecological and gardener-perceived outcomes. In our study, ecological outcomes are objec-
tively measured, and gardeners self-assess the outcomes related to their needs. Urban commons are collectively
owned and governed resources located in an urban space!®!l. They give an interesting and relevant context for
the study of natural resources as they enhance urban biodiversity and urban resilience while also being subject
to land use and interest conflicts'>™*,

In this study, we apply the Social-Ecological Systems (SES) framework®"® to identify critical variables pre-
dicting more positive outcomes in urban box gardening'®. The SES is a comprehensive framework based on
extensive empirical research and designed for discipline integration®”!”!%. The core idea of SES is that because
sustainable governance of shared resources is a social dilemma involving collective action, solving it depends on
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many aspects of participants, the resource system in question, and governance arrangements>'®. To this end, the
SES framework considers eight sub-systems: the interactions (I) between actors (A), governance system (GS),
resource system (RS) and resource units (RU) creating outcomes (O) and operating in wider social, economic
and political settings (S), and in relation to other ecosystems (ECO)*. Using the SES framework to study urban
and suburban areas as well as integration of social and biophysical data has been called for". Here, we measure
the ecological and self-perceived outcomes and investigate how they depend on variables from actors, govern-
ance and resource subsystems.

We expand the SES framework from the point of view of evolutionary explanations of cooperation®®, and
include the relatedness between resource users as an additional indicator?*2. We study the influence of related-
ness on the outcomes together with the stability of groups and repetition of interactions. While similar variables
related to reciprocity and trust can be seen as parts of the traditional SES subsystems™**, we treat them separately
for two reasons. First, we wish to facilitate cross-talk between SES literature and evolutionary biology. In evolu-
tionary biology, two contrasting explanations offer to solve the problem of sustainable resource use, even when
prudent use of the resource results in personal costs, namely direct fitness benefits through relatives (kin selec-
tion), and indirect fitness benefits via reciprocal mutually beneficial cooperation®. Relatedness between actors, or
association of cooperative individuals increases the probability of cooperation evolving and being stable because
the benefits are then shared by family members (kin selection), or other cooperative individuals**°. Repetition
of interactions and stability of groups are predicted by game theory to increase cooperation, because they allow
reciprocity and thus higher benefits to cooperators than non-cooperators even when they are unrelated>?.
Repetition of interactions also increases the possibility of social control and efficiency of group functioning
and communication*?. Positing the variables separately facilitates the comparison between the evolutionary
explanations for cooperation. Second, by treating these variables as a separate subsystem highlights their position
as an intermediate between the individuals and the governance system.

We consider urban gardening in 1 m? garden boxes in public land as a social-ecological system. Urban box
gardening is an example of the urban green commons, which includes parks and greenery, allotments, com-
munity gardens, and many other forms of shared resources in urban context'>*. Urban commons are a relevant
case for SES studies, as they offer multiple benefits and ecosystem services'>*” while facing also several common
governance challenges such as inadequate management of the public space, low volunteer participation, or lack
of knowledge and institutional support'*?. In industrialized countries urban gardeners are not necessarily eco-
nomically dependent on urban gardens, but still their popularity is growing®. Urban gardening is an example
of new forms of self-organization, citizenship, awareness and more cooperative land use'#*. Urban box garden-
ing offers an interesting comparison to the community gardens and domestic gardens where food security and
well-being benefits, socio-economic attributes and governance structures have been extensively studied!*'¢*0,
For example, the box gardens are small with no commercial aspect or food security emphasis, which leads to
differences in motivations and therefore in system dynamics'?’. As the economic outcomes are limited, it is likely
that the non-tangible outcomes, such as joy of gardening, connection with nature, healthy lifestyle and social
community, play an important role**-*!. In addition, the social, personal, and ecological benefits have seldom been
studied concurrently, especially with regard to factors that contribute to success in achieving these benefits?*2.
We assume that urban box gardeners vary in succeeding in resource governance, both in ecological and self-
perceived outcomes®**?, and aim to model these outcomes and predict them by applying the SES framework.

In the system we focus on, the garden boxes are provided for free by the city to groups of citizens that enroll
in the project. Urban garden boxes provide a useful system allowing quantitative analyses of governance®. Firstly,
as the garden boxes are small and in a public space, an independent observer is able to objectively and precisely
quantify ecological outcome, such as diversity, quantity and quality of cultivated species. Secondly, as all the
groups are registered when they apply the boxes, it is possible to study gardeners" perceptions and aspects of the
social part of the system using an electronic questionnaire. Thirdly, there are several gardening groups governing
the garden boxes and each group operates independently, which allows a quantitative comparison of group struc-
ture. Typically, in local SES and urban commons case studies, just a few replicate resource systems are compared
and studies are more descriptive”'®*, but quantitative modeling of SESs has increased over the recent years after
many calls for improvement'®*>. Modelling multiple outcomes and several putatively important SES-framework
subsystems is necessary for analyzing the SESs quantitatively while still accounting for their complexity (Fig. 1).

Our study questions and hypotheses are the following:

(1)  Is the self-perceived outcome associated with the ecological outcome in the urban garden box system?
While outcomes are typically divided into socio-economic and ecological outcomes'®, here we expect the
outcomes to be positively correlated. In this system, the livelihood importance is assumed to be low, but
the other benefits are diverse?’, and therefore, we conceptualize the socio-economic part of the outcomes as
the multiple benefits known to be relevant for box gardening. It contains 12 different self-assessed benefits,
including benefits related to the cultivations (create biodiversity, self-sufficiency, beautify the area, and
fresh vegetables), which are in this case assumed to be positively related with producing good-quality and
diverse harvest i.e. ecological outcome™®. Ecological outcome represents diversely the objectively evaluated
aspects of gardening success. In this way, we are also able to investigate if self-assessed ecological outcomes
differ from the objectively evaluated ecological outcomes.

(2) Which aspects of the SES framework subsystems (actors, governance and resource) are associated with
changes in the outcomes in the urban garden box system? Our selection of variables into the study is based
on the original framework of Ostrom®* and prior knowledge on urban gardening®-*°. We expect a positive
association between outcomes and variables related to the resource due to higher resource amount (box
number), higher motivation and knowledge (effort), higher productivity (shade), and lower risks outside
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Figure 1. A simplified schematic diagram of the social-ecological system (SES) framework applied for urban
gardening system in this study®. Sub-systems Actors, Governance, Resource and Evolutionary theory may
influence the Outcomes, which itself is composed of Self-perceived and Ecological outcomes. The Self-perceived
and Ecological outcomes may or may not be associated with each other in this system. To facilitate dialogue
between evolutionary biology and SES literature and combine variables from somewhere between actors and
governance, we treat Evolutionary theory as a subsystem.

urban areas (privacy)®*?$40-42. We expect the variables from the governance sub-system to have a positive
influence on outcomes due to higher motivation and shared strategy (rules), trust in everyone's partici-
pation and shared knowledge (involvement)****>*4, Variables related to the actors are expected to have a
positive effect on outcomes due to social benefits and aggregate contributions (group size, others number),
reciprocity and trust (social capital), and a negative effect due to higher cost of self-organizing (group size),
lack of knowledge and experience (starting year), negative experiences (damage) and lack of control on
the resource state (worries)>>*1*>#* (for more details consult Table 1). The variables have not been studied
jointly before in this context and therefore we have no clear prediction on how their interrelations will
influence the results.

(3) What, if any, is the importance of the variables derived from evolutionary theories in the urban garden box
system? We expect that stable gardening groups that are composed of relatives, where individuals interact
more frequently with each other are more successful in creating positive outcomes due to kin selection,
reciprocity and efficiency**>. We examine the variables in a separate subsystem in order to compare the
evolutionary explanations for cooperation and increase dialogue between evolutionary biology and SES
theory.

To examine these questions, we adhere to Structural Equation Modeling (SEM)* that allows the construc-
tion of unobserved latent variables for the scientific constructs of interest (for a flowchart of the research activi-
ties see Fig. 2). The few occasions SEM has been used successfully when studying SESs support the method's
applicability*®*. First, we perform a confirmatory factor analysis (CFA) to evaluate whether the proposed two
latent factors, i.e. self-perceived and ecological outcomes, can be reliably measured by the specific indicator vari-
ables recorded here, and whether these two are associated. The outcomes by definition consist of several aspects’
and can be measured differently depending on the context!®. Their modelling as latent variables enables us to
include multiple measures of scientific constructs in one model and increase our understanding of the relative
importance of these different measures. Second, we construct a full SEM to explore which variables belonging
to the different SES framework and evolutionary theory subsystems are associated with the self-perceived and
ecological outcomes (Fig.1).

Results

Garden boxes in Turku. In 2019 there were 664 garden boxes in 228 different locations in the urban area of
the city of Turku. We collected data from two sources, field inventories and questionnaires, and combined them
for the analyses resulting in a sample size of 121 gardener locations. All the variables used in the analyses, with a
full description and expected associations, are found in Table 1.

Measurement model for ecological and self-perceived outcomes. First, we applied CFA to con-
struct a measurement model with ecological and self-perceived outcomes as latent variables. The latent variables
were correctly measured by their indicators (Fig. 3). We investigated how well the model fits the observed data
by a global fit of the model*’. The models can be over-rejected due to our relatively small sample size, and we
used Swain's correction factor (in this study = 0.965) to correct the model fit indices. The Swain corrected global
fit of the CFA model to the data was acceptable (chi-square value = 35.070, df = 26, p value = 0.110, RMSEA =
0.056, RMSEA 90 % C.I. = 0.000 / 0.099, CFI = 0.946). All the indicators had significant loadings onto their latent
variables (p value < 0.005).

A more positive ecological outcome was associated with an increase in species number, economic value, qual-
ity, number and area of cultivations, and a decrease in weeds (Fig. 3). A more positive self-perceived outcome was
associated with an increase in social, individual and ecological benefits (Fig. 3). The standardized factor loadings
indicate that the most important indicators for the ecological outcome were species number, economic value and
area of the cultivations, respectively. For the self-perceived outcome, the self-perceived ecological benefits had
the highest, individual benefits the second-highest, and social benefits the lowest standardized factor loading.

Scientific Reports |

(2022) 12:6425 |

https://doi.org/10.1038/s41598-022-10178-z nature portfolio



www.nature.com/scientificreports/

panunuo))
uerd e
99zSWOISTD PUE ST PAIeYs 0} NP 7O 3 T U0 3ANISoq | dpewr Jou pey dnoid oy 1o (uerd 19y10 10 saxoq syexedss pey Loy) puey sa[nx ,saqnu feuonerddQ s§H
-210J2q yIom a1 10§ ueld e opewr pey dnoid o) payels yuspuodsar ayy,
SO WYSAS IIUBUIIAOL)
J13}U2D URQIN Y} IPISINO SYSLI JOMO[ 0) NP 7O 2§ TO UO dANISOJ . (ap1s proi 4auad 1) vare eatd ssay 1o Koeaud UoTIEI0] 6SY
w (352105 L35 “pooyroquSrou Jomb) eare ayearsd 10w € U P2JEIO] SEM XOg
wAranonpoid 19y3ry 01 anp 7O X 10 U0 2ANISOJ Kep a3 JO 906 < 10 ABp 2} JO 906 > uns 0} 2rnsodxa s UOIILIO] XOg apeys L was4s jo Ayranonpord 6oy
(urays£s 3urrorem
sc2c98PI[MOW pue uonEATIOW 19YSIY 03 9nP 7O 3 TO U0 SANISOJ 232 10400 uapIed £q uonuaaaid paam ‘pajured saxoq ‘syuerd ayy 10§ 1059 SAMI[IDBY PAIONISUOI-UBWNY HSY

J1nq 11oddns ‘uone[nsur) SALIJULAUT p[ay SULINP PIAIIS]O 1I0PD BIX

99¢2318] 104 81 9715 UAYM Furdusyeyd
SI0W ST UOTII® JATNII[[0D IOAIMOY ;o JUNOUIE 3DINOSIT JUIDIYNS IOW 0} NP 7O B T UO IANISOJ

dnoi§ 1ad roquinu xoq Suruspren

Joqumu Xogq

L UI2)SAS 90IN0S3I 3Y) JO IZIS ¢

wdIsAs 3In0say Y

7O Pue [ U0 133pd papdadxy

x0q 12d suonjeAN|NO [[€ JO BAIY

SUOTIEAII[ND JO BaIR

x0q 12d sa109ds pajeAn[nd aY) JO S[ENPIAIPUL JO JOqUINN

SUOIJRATIIND JO Joquunu

(%) x0q 19d spaam Jo eare Jo a3eI19A0D)

Spaam

(uonrpuod Juaf[adxa ¢ - jue[d peap () xoq 1od suoneAnnd [[e jo Lend)

Aypenb

eare / saqunu x Aiyenb x doys e woiy 3ySnoq Suraq 0 Jusgeamba st suoreAn N Jo anyea STWOUdY *(3) X0q 1od SUOTIEATI[ND JO IN[EA JTWOUOIT

AM[BA dTWOUOd

x0q 12d sarads pareanno jo roqunN

Ay1s10A1p sodadg

saInseaul aWOIINO ﬁmo_woﬁoum 0

aA0qe se anfe, ‘sa[qelaSaa ysaly pue eare oy AJnneaq Louamdyyns-jjas KIs1aArporq ajeard — SuruapreS Xoq Wolj PaAIdaI s)yauaq [ed130[003 paaradiad-y[as ¥ jo asodwod y

s)gauaq [eor3o[0oq

2A0qE SB oN[eA "UONEIdI [ed1sAYd pue UOTIEXe[d] [EJUIW ‘MOY-MOUY ‘UOTIIUU0D dInjeu — Juruapred Xoq W01y paAladal sjjauaq [enpIAIpUI paadIad-Jjas # jo aysodwod v

s1yauaq [enpIAIpU]

(s1youaq ¥ 34 Jo [[e

JO[ B 9A1D21 PIP) § — (SIYAUIQ § Y} JO AU JATDAI JOU PIP) () dN[BA "7 =10] € [ = B ) = OU I PIAI2I Pey A3y} IYIaYM Pajels Juapuodsal ay) yauaq [oea 10, "UdIP[Iyd Jo
uorjeonpa pue Jurfaay Arunwwod Arurej 1o spuatyy yim awm Lrenb Krunwuros oy ur pue)s - SuruapreS xoq WIOI} PaAIRAI SIJAU] [B1D0S paAadIad-J[as  jo ayrsodurod v

S)JaUdq [e190S

Sadnseatr aWodINo ﬁm\rﬁvu.uw&w,:mw 10

sawodnQ O

uonezifeuonerddo

Jureu d[qeriep

Jureu d[qerieA S

nature portfolio

https://doi.org/10.1038/s41598-022-10178-z

(2022) 12:6425 |

Scientific Reports |



“($107 womnsQ X eIpuadeN ‘600¢ WOINSQ) UOTJZIUBSIO-J[S LM PIJBIDOSSE 2q 0} PUNOJ SI[QELIBA STS oT8
» ()M payIew S9[qeLIeA "dqerrea Sunorpaid yoes 10y pajuasaid axe satrooino [es1307009 pue pasrediad-J[as oY) wo sduanyur paydadxa ayy, Apms sty ur uonezijeuorerado a1 jo uondriosap
pue wo)sAs Juruapred ueqin Joy sALI0AY} ATBUONN[OAD PUE YIOMIWEJ (SHS) SWISAS [e0130]007-[B100S 3} JO SI[qeLIeA A3 9Y) SISI[ 9[qe) STYT, ApniS 2} 10 PJOd[oS SI[qeLIeA JO ISIT °T d[qeL

nature portfolio

www.nature.com/scientificreports/

ysnxy pue £3101d191 0) anp 7O R 1O UO 2ANISO SIaUIUINS 21y Ayqiqess sdnoid jo Lyiqess ¢
1r'eT : : Bs 10 snoraaxd 1o/pue Towrwns 3y} 1940 sadueyd s uonisodwod dnoid ayy, it Jo
19130 10 s10quSIou ‘spuaLy ‘sroquidaur Arurey 1ay)0 ‘(syuared 1o/pue
£SToqUIaW AJTUre] Uaam1aq SIYAUIQ PaIeys 0) anp 7O 3§ 1O UO dANISOJ UAIP[IYD) s1aquuiatu Arurej 119y} a1om dnoid Suruapred oy ur aydoad ssaupaje[ar ssaupaje[aI 7

J1 uondrosap 1oy, ‘stoquiaw dnoid a1y 03 ssoupajefal s Juspuodsay

czhousdye 1YSiy pue £101d1da1 0) aNp 7O X 1O UO 2ANISOJ

KepL1aAd - yauow
20uo uey) ssof Jowrwns 3y Surmp sSuneowr dnoid oy jo A>uanbay ayy,

sguneawr dnoin

suonoeraur jo uonnaday 19

q L1091} Areuonnjory

epecSOUALIAAXa aantsod pue sna) 411901d1931 Jo surIou 03 NP 7O B 1O UO JANISOJ

dnoig yooqaoey s 1ouspred oy ur 1o pooyroquSou

o) ut 3urpaay Ayrunururod e pue £q-siassed uroxy yoeqpasy aaneSou J0 9AT)
-1s0d ‘s1ouapied 1oyyo Sunsow 9jdoad mou Sunesur ‘s1oy1o spremoy dpay
‘s19)0 woiy dppy—yeyded [e100s 0] paje[al sa[qeLIea g Jo ajisodwod y

[endes [erog

JJended evos / suriou 9y

AH =PpauIaduod

1391B1S 92IN0S31 31} [o11u0d 01 AJfIqeut Jo 3uraa) 01 anp 7O X 10 U0 2AneSIN K15 pue Jua1Xa JWOS 01 / 0 =3[NI] & ISN{ pue [[2 18 J0U) $3SNBD IIYI0 10 SILLIOM
sfewep [ewUe WSIEPULA JNOQR PULYDIOJI] SALLIOM § Judapuodsar ayf,

(5191gu02) saouatIadxa aaneSou 03 anp 7O 2 TO U0 2ANeSIN Jou 10 s1eaf snotaaid Jupnp aFewrep
e i : : $9X0q 3} 03 duop aFewrep jo pury awos paoudtadxa pey juspuodsar oyT,

pSaduareyd Surajos ur aduaradxa s3] 01 anp 7O 33 1O UO ANEIIN (£=6102-0=910¢) Suruapred xoq parreys pey Juapuodsar ayy 1eak ayJ, 1eaf Sunaeig

saduarradxs jsed 10 ioum_a 2%

[;SUONNQLIU0D
91e30133e 01 anp 1O uo santsod ‘ Surziuedio-Jjas Jo $1500 1YY 01 NP 7O U0 A1ETIN

(eaxe 10130 / yaed) uonedO] SUrES UT SuTUIpIES
x0q 21oM Inq dnoid sjuapuodsax oy 03 Surduojaq Jou apdoad jo JoquinN

IaquIinu SI_YIQ

dnoi3 yoes ur spdoad jo roquinN

azis dnoid

xSI010¢€ JUBAI[I JO JoquInN TV

V s10)0y

wepionedoned renba a1ow Ut 3511y 01 NP 7O R 1O UO 2ANISOJ

10U JO SUOTJBAT}[ND Y}
J0 2185 Sunye) ur ySNoud PIA[OAUT SEM JUOAIIAS JT MIIA § Judpuodsar ayy,

JUaUWIDA[OATT

sassaoo1d Suruonoues / Jurroyruoy §SH

uonjezieuonerddo

Jureu d[qeriep

Jweu d[qerteA SIS

https://doi.org/10.1038/s41598-022-10178-z

(2022) 12:6425 |

Scientific Reports |



www.nature.com/scientificreports/

Phase 1. \

» Researchcontext

« Sustainable natural resource management
and green urban commons

* Researchaim

*  What variables lead to positive outcomes in
an urban gardening system

»,
/ Phase 2. \

Data collection — summer 2019

Introduction

» Based on Social-Ecological Systems
(SES) framework and Evolutionary
explanations for cooperation

* Ecologicalfield data - June / July / August
»  Social questionnaire data - June / August
* Data analyses

»  Structural Equation Modelling (SEM) to
k model the study system and its outcomes/
%

Phase 3.

* Main conclusions and implications
» Research - SES research applications

» Practice — governance of urban commons y,

‘ Discussion] ‘ Methods and Results]

Figure 2. A research flowchart of the study.

Contrary to our hypothesis, the self-perceived outcome and ecological outcome were not significantly correlated
(correlation = 0.132, p value = 0.385).

SES framework and evolutionary subsystems of importance in urban garden boxes. The SEM
investigated if variables belonging to the actors, resource, governance, or evolutionary theory subsystems were
associated with self-perceived and/or ecological outcomes (Fig. 4, Table 2). In the model, the global model fit
indices are not available due to multiple imputation method to handle missing values (see methods*®). However,
the aspects indicating reliable estimates are met, namely model convergence and small standard errors®. Start-
ing year, a variable belonging to the actors subsystem, associated positively with both of the outcome latent vari-
ables, meaning that their values increased when box gardening was more recently started. Social capital (actors
subsystem) associated positively with self-perceived outcome. Worries (actors subsystem) was negatively associ-
ated with self-perceived outcome. If people had answered they were considerably worried if something would
happen to their cultivations over summer, the less outcome was obtained. Group meetings, a variable belonging
to the evolutionary theory subsystem, associated positively with self-perceived outcomes. When the group inter-
acted more frequently, the outcome was higher. Shade from the resource subsystem associated positively with
the self-perceived outcome. If the group's boxes were located in a sunnier spot, the outcome was higher. Some
other predictors belonging to the concept actors were quite close to significant (Table 2). Larger groups obtained
more self-perceived outcome (group size: p value = 0.063) and a respondent who reported damage obtained
more self-perceived (damage: p-value 0.085) as well as ecological (damage: p value = 0.090) outcome.

The variance explained for the ecological outcome latent variable was modest, 36.3% (S.E. = 11.2%, p value
=0.001), but the SE model explained the variance in the self-perceived outcome latent variable well, 84.8% (S.E.
=10.7%, p value < 0.001).

Discussion

We apply the SES framework and evolutionary theory in a novel way to gain insight into the governance of urban
garden boxes by self-organized gardening groups in the city of Turku in Finland. We find that (1) self-perceived
and ecological outcomes in this urban gardening system are not associated. Against expectations®®*”*, gardeners
who succeed in terms of ecological outcomes, i.e. good quality produce and species diversity do not necessarily
self-evaluate to have succeeded ecologically, socially, and individually. We also find that (2) particular characteris-
tics of the gardening group (starting year, worries and social capital) are associated with changes in the outcomes
(especially self-perceived) in urban gardening. In contrast, few of the aspects related to governance system and
resource associate with the outcomes. In addition, (3) we find that relatedness between resource users, a poten-
tial evolutionary explanation for cooperation, was not relevant in our case. However, repetition of interactions
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Figure 3. The model for ecological and self-perceived outcome -latent variables and their reflective indicators
in an urban gardening system. The covariance between the latent variables, factor loadings for each reflective
indicator (all significant) and error terms for the reflective indicators are presented (unstandardized estimates

/ standardized estimates bolded) (see Table S5 online for p-values and standard errors for each estimate). The
error terms for the reflective indicators are shown after the arrows pointing to the indicators and they signify the
variance not explained by the respective latent variable they are loading onto.

indeed positively influences the self-perceived outcomes of urban gardening, suggesting that reciprocity is more
important than kin selection in this context.

We first examined whether the multiple observed variables included in the study adequately measured self-
perceived and ecological outcomes in the urban garden box resource system. The SES case studies rarely include
more than one measure at a time, even though research would benefit from including multiple references***>!.
Several measures describe more genuinely the multidimensional and complex reality of natural resource systems.
Our model fitted the data satisfactorily and all our measured variables had significant loadings onto their latent
variable. In urban gardening research the typical ecological performance measure is either the species diversity
or the gardeners" evaluation of their harvest, which simplifies the numerous aspects related to the harvest or
yield*>*”#, Socio-economic performance has been measured for example, by self-organization, livelihood, gender
equity or different socioeconomic factors'®***. As the outcome measures are so various we encourage future
studies of urban commons to include multiple measures of outcomes or benefits to arrive at a more holistic
understanding of the system®'.

The SEM approach offers sound statistical benefits when using many indicator variables to describe a latent,
because it accounts for the measurement error, thereby providing more realistic estimates and acknowledging
the difficulty in measuring the outcomes exhaustively**. Therefore, the conclusions based on latent variables are
more general. When considering SES research, different studies can measure and compare the same concepts but
operationalize them differently depending on the data and study aims. Lastly, SEM approach allows investigating
the relative importance of different measures for the outcomes. Considering our latent variables, ecological ben-
efits (to create biodiversity, self-sufficiency, to beautify the area, fresh vegetables) was the most important measure
for the self-perceived outcome and species diversity was the most important measure for the ecological outcome.

Against expectations, ecological and self-perceived outcomes did not correlate significantly?”*% Therefore,
independently of the gardening success, the gardener can report to receive e.g. much or little quality time with
friends and family, mental relaxation, and fresh vegetables. It seems that the importance of the physical resource
is lower than expected* and the immediate human needs in this case might be fulfilled even when the ecologi-
cal outcome is low. The importance of the resource for livelihood has been found to increase its sustainability™,
which can partly explain the loss of connection here. The relationship between social and ecological aspects in
social-ecological systems is complex and studies have found both positive, negative and no correlations between
outcome variables®®*>*!. As we were able to evaluate objectively the ecological outcome and compare it to the
self-perceived one, our findings imply that people governing an urban common might consider they have reached
satisfactory ecological benefits even though in reality this is not the case. However, our study sample is small and
further work is needed to confirm if similar dynamics exist in other natural resource systems.

Interestingly, the self-evaluated ecological benefits were found to best measure the self-perceived outcome
while still being uncorrelated with the ecological outcome. This contradiction suggests the need to strengthen the
link between the local biodiversity outcomes and people's perception of them when designing urban commons
governance. Local species diversity is found to be connected to the ecological resilience in cities, which is one
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Figure 4. The SEM results for the variables belonging to the sub-systems Actors, Governance, Resource and
Evolutionary theory, predicting the two latent variables Self-perceived and Ecological outcomes described
by their reflective indicators. The regression coeflicients presented by arrows pointing to the latent variables
show the significant (p value <0.05) associations between the predictors and the outcomes (note that the
non-significant predictors were not omitted from the model, see Table 2). The estimates presented are
unstandardized estimates and their standard errors are presented in brackets. Error terms signifying the
variance not explained by the model are included for latent variables and the reflective indicators.

of the main goals of the gardening projects'. Based on our results, we can recommend that when the ecological
outcomes are monitored in practice, it should not only happen through self-evaluation. Previous studies indicate
that gardener motivations and knowledge influence e.g. the species diversity and therefore information consider-
ing these aspects should be available for gardeners to improve ecological outcomes™?®. The complex relationship
between the outcomes points out the unfortunate (but not unexpected) fact that the immediate human needs
often differ from sustainable ecological conditions'.

We demonstrate that SEM can be used to localize what are the most important variables associated with
changes in outcomes in an urban garden box system. However, to maintain our sample size, we performed
multiple imputations, which prevents us to study global fit indices for the model. First, against our expectations,
members in gardening groups that started a longer time ago (starting year) reach less self-perceived as well as
ecological outcomes. Previously it has been found that the gardening experience increases the total yield*? and
we assumed that the knowledge gained through gardening years would have a positive influence on outcomes®*!
but, perhaps, the enthusiasm of starting a new “hobby” might outweigh the experience. The rest of the significant
associations were all related only to the self-perceived outcome. Gardening group members who obtain more
social capital (help, positive feedback and networking) over the summer feel that they receive more outcomes,
similarly to earlier studies related to community gardens where longer collective action as a positive outcome
correlates strongly with social cohesion and trust®’. The finding emphasizes the social importance of the activity,
which may be generalized to a wider natural resource governance®.Gardeners who worry about damage such
as vandalism, theft or animal damages happening to their cultivations (worries) evaluate to receive less from
the activity, as assumed. The variable was placed under the “past experiences” of the actors sub-system but it
could be also related to the “mental models and knowledge of SES™. The worries were stated at the beginning
of summer, meaning that they do not necessarily associate with actual experiences but rather with gardeners’
negative attitudes. The open and public location can create uncertainty related to risks and gardeners" control,
which influences the outcomes*.

We found that the sunnier place the box was located in, the more self-perceived outcome was received. It
was the only significant predictor from a SES framework sub-system resource, and, associated with the produc-
tivity of the system (RS5)°. Previously it has been found that the size of the resource system i.e. garden size or
box number in our case strongly influences plant species richness, which was not found in our study?®. Taken
together, our analyses suggest that SES framework variables mainly related to the level of the individuals coop-
erating in governing the resource (actors) are of importance in our urban gardening system, especially in terms
of self-perceived outcomes.

We were unable to find many associations between the ecological outcome and our predictor variables, which
indicates low importance of the physical harvest as a motivator, supporting previous findings*. We also found
that variables from governance subsystem, involvement indicating the fair division of labor, and rules were
not significant predictors, contrary to many other natural resource systems'>. However, in community gardens
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Latent variable Independent variable | Estimate ‘ S.E ‘ p value
Actors
Starting year 0.338 0.167 | 0.043
Worries —-1.848 0.413 | 0.000
Group size 0.235 0.126 | 0.063
Damage 0.833 0.484 | 0.085
Others number 0.042 0.062 | 0.502
Social capital 0.351 0.114 | 0.002
Evolutionary theory
Stability —-0.543 0.376 |0.149
Self-perceived Outcomes ON | Relatedness 0.699 0.451 |0.121
Group meetings 0.283 0.116 |0.014
Governance
Involvement 0.364 0.544 | 0.504
Rules 0.093 0.425 |0.827
Resource
Box number 0.040 0.105 | 0.705
Effort 0.017 0.353 | 0.961
Shade 0.751 0.314 |0.017
Privacy 0.206 0.347 | 0.551
Actors
Starting year 0.395 0.172 | 0.022
Worries 0.155 0.361 | 0.667
Group size -0.061 0.054 | 0.260
Damage 0.951 0.561 | 0.090
Others number 0.040 0.073 | 0.587
Social capital 0.182 0.134 |0.174
Evolutionary theory
Stability 0.478 0.422 | 0.256
Ecological Outcomes ON Relatedness —-0.074 0.311 |0.812
Group meetings 0.071 0.137 | 0.607
Governance
Involvement 0.086 0.680 | 0.899
Rules -0.222 0.491 |0.651
Resource
Box number -0.042 0.086 | 0.626
Effort -0.199 0.346 | 0.566
Shade -0.326 0.299 |0.277
Privacy -0.071 0.304 |0.814

Table 2. SEM Results for the Structural Model (Fig. 3). This table presents the unstandardized estimates for
the regression coefficients, their standard error and p value for all the independent variables predicting each
latent outcome variable in the urban gardening system. The significant values (p <0.05) are in bold. They
signify a meaningful predicting power of the independent variable on the latent variable when including all the
other variables and the covariances between the independent variables in the model.

monitoring and sanctions are not assumed to be important as free-riding in the form of the physical resource
is not perceived so negatively because of the low importance of the harvest*. Less than 40 % of variance in
ecological outcome was explained in our models while for the self-perceived outcome the number was over 80
%. Therefore, we encourage future studies to include additional predictors to reach better understanding of the
aspects mediating ecological outcomes'>*>3. The literature on urban gardening is largely based on community
gardens and domestic gardens, and these kinds of urban gardens are markedly different from garden boxes. One
clear difference is that community and domestic gardens are organized and governed in a different way, and
when different motivations drive the participants, the dynamics also change'.

In previous studies factors such as gender, region of origin, neighborhood, motivations and time spent
gardening have been found to influence changes in plant species diversity’>*%. Our findings are partly based on
questionnaire data, where the non-respondents can differ from the observed respondents. For example, non-
respondents can be gardeners not experiencing positive outcomes, and their exclusion could weaken the links
between the predictors and outcomes. The garden box scheme, run by the City of Turku, collects no personal
information and we therefore lack background knowledge on the profile of urban gardeners in this scheme. Our
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survey was distributed in multiple ways contacting all the gardeners (directly to registered users, social media
and by leaflets placed at the garden boxes); we achieved a high response rate of about 50%**>. Arguably, this high
response rate safeguards the findings from strong biases due to non-responsiveness. However, the possible bias
toward overrepresentation of the successful respondents prevent us from making clear conclusions about why
and when gardeners fail entirely in this activity. Clearly, however, subsequent studies of gardening box systems
would benefit from including more socio-demographic characteristics®.

Our third study question considered if the variables relatedness, stability of groups or repetition of interac-
tions, derived from evolutionary theory would be relevant in our study system?>?’. None of them were found
to associate with the ecological outcome, but we were able to show that more frequent interactions significantly
influence positively the self-perceived outcome. Relatedness, an important aspect explaining cooperative behavior
in non-human world, is thus not notably significant when controlled by stability and group meetings*. However,
in line with other studies showing how indirect fitness benefits drive cooperation in humans*>*' more self-
perceived social, individual-level and ecological benefits were received in groups where members interact more
frequently with each other. Furthermore, as emotions and other psychological mechanisms seem to mediate
human cooperation in many contexts, it is possible that self-perceived benefits, even if dissociated from biologi-
cal fitness, could foster sustainable resource use in many SESs*. The presence of face-to-face communication
is known to be an important variable in forming sustainable resource governance® and repeated interactions
increase collective action in community gardens***. When group members meet more often, it can improve
mutual trust, division of labor and efficiency facilitating collective action?*?*. There's also more opportunity for
social control, which eventually leads to the correlation of strategies within groups and makes the actors more
cooperative’. Due to the high importance of face-to-face communication in literature and our finding being
in line with other studies, we can suggest that frequent interactions is a major indicator for working natural
resource governance®’,

Conclusions

Our findings suggest that the decoupling of ecological and self-perceived outcomes stems from the aspect that
they mainly are impacted by different variables. Due to limited scope of our study, we note that further work
in similar systems is needed to establish the finding and the causal linkages. However, a combination of self-
evaluated as well as objectively measured outcomes seems relevant in analyzes of natural resource governance.
In particular in urban gardening projects, where both social and ecological resilience of cities is a key aim, the
disconnection highlights the need for more ecological awareness'**”. Although urban garden boxes have only a
small effect on urban resilience, their cumulative local influence can be higher through well-working spatial and
temporal coordination'®. Our results both have practical value for urban commons governance, and contribute
theoretically to SES research by highlighting perspectives from evolutionary explanations of cooperation®. Even
if slightly limited by the small sample size, we were able to model the self-perceived and ecological outcomes of
the activity as latent variables including multiple measures, which has a great advantage when comparing dif-
ferent systems and case studies'**>*¢. Our results emphasize the social importance of the activity, and highlight
the importance of frequent interactions to positive outcomes in natural resource governance’*?>*”. Diminishing
outcomes with time suggest it’s important to carry out long term studies in order to understand the motivations
of actors and their effects on the ecological and social impacts. Despite their differential effects, the variables we
here identify correlating with outcomes are mostly aspects pertaining to the actors in the system. We, therefore,
believe our findings exemplify the importance of understanding natural resource governance systems at a very
low “grassroot” level.

Methods

Urban garden boxes in the public space. This study was conducted in 2019 in the urban area of a
medium-sized city of Turku (population about 200 000) in Southwestern Finland and focused on a group of
urban box gardeners enrolled in the city's gardening program. The city provides one or more garden boxes (each
1 m? in size) and soil for free for people who volunteer to take care of them. The gardeners self-organize, can
cultivate whatever they desire and the boxes are placed where the gardeners choose as long as they are on public
land. Each year the demand exceeds the supply as the city distributes only a limited number of boxes. In 2019
there were 664 garden boxes in 228 different locations (Fig. 5). The boxes were located widely around Turku area,
however mainly in the city center.

Modifying the SES framework for urban garden boxes. First, we considered which variables in the
second-tier variable list of the SES framework®'> are potentially relevant to urban gardening outcomes (Table 1;
a complete list see Supplementary Table S1). The variables of the framework are not all intended to be used in
every case study'®: the addition or exclusion of the variables as well as their explicit operationalization depends
on the context. We were especially interested in actors directly involved in resource governance, in their decision
making and local conditions for resource sustainability. To this end, nine SES variables and three evolutionary
variables were chosen to predict nine outcomes. We based our data collection on this selection. Some of the SES
variables were operationalized by one measured variable (e.g. size of the resource system = box number), while
some were operationalized by a higher number of measured variables (e.g. number of relevant actors = group
size and others number).

Data collection. Data was collected by field inventories and two questionnaires sent to the gardeners in
summer 2019. The field inventories aimed to collect variables objectively measuring the ecological outcome
and the SES resource sub-system. The field data was collected from all of the urban gardening boxes (664) in all
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Figure 5. Map of Turku city area presenting the locations of the urban box gardening groups. The boxes were
distributed around Turku quite evenly (on the left all the locations), however concentrating on the city center
(augmented map on the right). The black circles represent groups, who answered the questionnaire and the
green triangles the groups, who didn't answer the questionnaire.

locations (228) in the Turku area. The garden boxes were inspected three times five weeks apart (June, July and
September). The average values per box over the summer are used in the analyses. During each visit, to assess
the ecological outcome, the cultivated species were identified and counted, their quality and area cover were
evaluated and the area covered by weeds was estimated (Table 1). In addition, the garden box location was evalu-
ated for the average shade, privacy, and possible damage to the cultivations or boxes (Resource system, Table 1).
Extra effort (RS4 human-constructed facilities) was recorded for the group if any kind of additional effort was
observed, as this was seen as a sign of motivation®~.

To elaborate the economic benefits of gardening, the estimated economic value of cultivations per box was
included as one measure of the ecological outcome. While this is atypical in SES research, it is an additional
aspect of gardening success. After each field inventory, an approximate sales price (€) for buying the gardened
product in a shop in Turku (foodie.fi, 2019) was computed. The price €/piece was calculated for each plant and
the price €/kg was calculated for the species according to their area (m?) and information acquired of the average
yield kg/m? for each species®®. In addition, the final economic value was multiplied by the quality of each species.

Two questionnaires were sent to the gardeners, one before and one after summer 2019, using an electronic
questionnaire (made in Webropol 2.0 online surveys) (see Supplementary Table S2 & S3 online). All the enrollees
were contacted through the city programs gardener registry. Overall, 121 gardeners answered at least one survey,
which was 53.1% of all the registered groups. The response rate is considered acceptable for representation (60
+/—20°*) and the analyses were performed to these units®. As the boxes are applied by an electronic form, we can
assume that an electronic questionnaire is accessible and that the gardeners have an equal chance of answering.
We enhanced the response rate by advertising the survey in the program's Facebook group as well as distribut-
ing a short information package at each box. There is no information considering the demographic attributes
of all the enrollees, nor can we assume the gardeners to represent the attributes of the population of Finland or
Turku in general. Therefore, a limitation for our study is the inability to investigate how the respondents differ
from non-respondents in these aspects. As all the gardeners were approached and the response rate is high, we
can assume that our data covers the gardener group sufficiently. In addition, there is no visible geographic bias
in the representation of the respondents compared to the non-respondents and the questionnaire answers cover
the areas where boxes are found (Fig. 5). In addition, the respondents represent adequately the starting years
of all the groups (the proportional numbers: overall / survey in 2019: 39,47% / 35,83%, 2018: 21,49% / 25,83%,
2017:15,79% / 10,83% and 2016: 23,25% / 27,50%).

The questionnaires collected data to measure the two variables belonging to the subsystem governance (rules,
involvement), six variables belonging to the subsystem actors (group size, others number, starting year, damage,
worries, social capital), three variables belonging to the subsystem evolutionary theory (group meetings, related-
ness, stability) and three variables measuring self-perceived outcome (social, individual and ecological benefits)
(see all questions Tables S2 & S3 online, all variable definitions Table 1). Next, we describe some variables that
may need further clarification. The relatedness was estimated as the respondent's description of their family
connections in the group. They stated if people in their gardening group were their family members (children
and/or parents), other family members, friends, neighbors, or others. The social capital was formed as a com-
posite consisting of questions about reciprocity, feedback and social networks related to the activity?>>. The
after-summer questionnaire asked about 14 different benefits potentially obtained from the garden box activity to
measure the self-perceived outcome. This list of benefits was partly based on the self-identified expectations from
the survey before the summer, and partly on previous research?®*"%3, The respondents were asked if they received
these benefits during the summer and hence constituted a self-evaluation of the outcomes. 12 of the benefits
were grouped into 3 categories depending on if they were related to individual, social or ecological benefits. To
have 4 in each category, overall happiness (not possible to group under one category) and new acquaintances
(not an expected benefit) were excluded from the analysis. The benefits were not studied separately due to the
limitation of our small sample size.
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The information collected through the field inventories was connected to the information collected from the
surveys by a name the group had stated for themselves when registering to the city. The surveys were planned for
gardening groups, but some respondents reported taking care of the boxes alone. There were questions (rules,
involvement, group meetings, relatedness and stability), which could not be answered sensibly by a one-person
group, and therefore these answers had to be excluded from these questions (NA).

Modeling the urban gardening resource system using structural equation modeling. Struc-
tural equation modeling (SEM) combines factor analysis and path analysis into a single statistical framework?!.
The main advantage of SEM is the possibility to construct multiple-indicator latent (unobserved) constructs that
represent constructs of scientific interest while accounting for measurement error. Our analyses were primarily
based on an a priori hypothesized but simplified social-ecological framework (Fig. 1). First, we applied con-
firmatory factor analysis (CFA) to construct a measurement model with ecological and self-perceived outcomes
as latent variables, each measured by reflective indicators (i.e., indicators are assumed to be causally affected by
the underlying latent variable)*. The ecological outcome in the urban garden boxes was measured by six indica-
tors recorded during the field inventories; the number of species per box (the marker variable used to scale the
latent variable by fixing its loading to 1 and intercept to zero), number of cultivations per box, area of cultiva-
tions per box, average quality, average economic value and coverage of weeds per box (Table 1). The number
of cultivations was divided by 100 and coverage of weeds and economic value were divided by 10 to avoid too
large unique variances of the indicators. The self-perceived outcome of garden box activity was measured by
three indicators quantified in the questionnaire; i.e. social benefits (the marker variable), individual benefits and
ecological benefits (Table 1). All these indicators were continuous variables (Table 3). The indicators measuring
each latent variable correlated with each other (Tables 4 and 5), as required for reflective indicators assumed to
be causally linked with the same latent*. To compare the indicators" relative differences the fully standardized
parameter estimates for the factor loadings were reported.

The two latent variables were modelled simultaneously to investigate their association. The global fit of this
model to the data was evaluated by a chi-square test and the following fit indices: root mean squared error of
approximation (RMSEA) and comparative fit index (CFI)*. In the chi-square test, the p value over 0.05 signifies
acceptable model fit, since the null hypothesis is testing whether the model-implied variance-covariance matrix
equals that of the observed data. The cut-off values of fit indices for an acceptable model fit are for RMSEA =<
0.06 and CFI > 0.90*%. The models for small sample sizes can be over-rejected and therefore we used the Swain's
correction factor (in this study = 0.965) to evaluate model fit using the R function swain.

Second, in the same framework, we regressed the variables from the actors, governance, resource, and evo-
lutionary theory subsystems on the two latent variables, self-perceived and ecological outcomes to investigate
which of the individual variables would statistically predict the outcomes. Most of the predictor variables were
coded as binary for the analysis, except for two ordinal and four continuous variables, which in the analyses are
both treated as continuous (Table 3). The variables regressed to the latent variables did not present significant
correlations with each other, showing that multicollinearity was not an issue here (Table $4 online)*. The global
model fit indices are not available for the second model due to multiple imputations to handle missing values
(see below®).

Our data contained non-normal continuous response variables (i.e. indicators), and therefore we used a
robust maximum-likelihood estimator (MLR)*. Our sample size (n = 121) is relatively small for SEM analysis,
which can cause convergence issues and bias in parameter estimates®’. The rule of thumb for a sufficient sample
size of 10 observations per 1 free parameter was not realized for the measurement model (114:28) or the second
model (114:58)*% However, it has been found that a small sample size might not face these issues when factors
are defined by 3 or more indicators, 5 or fewer latent variables are created and an ML estimation is utilized®".
In addition, when the model converges within a small number of iterations (max 50) and parameter estimates
are reasonable, including relatively small standard errors, the results for local parameter estimates are not biased
owing to a small sample size*. In this study, all of the above-mentioned requirements were fulfilled.

The CFA model excluded 7 observations as they contained missing data in all of the variables. Missing data
for independent variables in the second model was dealt by multiple imputation (MI)*. In MI, multiply imputed
datasets are created where the missing values are substituted, analyses are performed for each dataset and the
results are combined. The main advantage of MI is to account for the uncertainty of estimating missing data by
considering the variability between the datasets. To assure the reliability of the results (point estimates and their
SEs) in the presence of over 60% missing data in some variables and maintain statistical power for our sample
size, 100 imputed datasets were generated for our analyses®. MI can be used to obtain reliable results for non-
normal data, small sample size as well as high proportions of missing data®. The missing values for indicators
(treated as dependent variables in all models) were not imputed in the datasets, but the model was estimated
for each imputed dataset using full information maximum likelihood (FIML)®. Analyses were conducted using
Mplus (Version 8.5)*. Mplus code for performing the MI and models are provided in the supplementary mate-
rial (Fig. Sla-c. online).

Ethical approval. This study was conducted by the University of Turku. It collected opinions from human
participants in a garden box scheme operated by the City of Turku by means of a questionnaire amongst gar-
den box participants. Participation in the study was voluntary. A link to the survey was sent out to participants
directly by the City of Turku without involvement of the University of Turku. In addition, links to the survey was
distributed via social media and was advertised as a flyer left anonymously on the garden boxes. The question-
naire did not contain questions allowing identification of individuals. As a consequence, the information for
this study was gathered in a manner where no personal information was collected by the University of Turku

Scientific Reports |

(2022) 12:6425 | https://doi.org/10.1038/s41598-022-10178-z nature portfolio



www.nature.com/scientificreports/

Variable name ‘ Mean ‘ Median ‘ Min ‘ Max ‘ S$.D ‘ % of missing | Variable type
Self-perceived outcome

Social benefits 2.72 3 0 8 1.97 | 41.32 Continuous
Individual benefits 4.83 5 1 8 1.78 | 41.32 Continuous
Ecological benefits 4.38 4 0 8 1.94 | 41.32 Continuous
Ecological outcome

Species diversity 3.22 3 0.60 8.33 1.66 | 8.27 Continuous
Economic value 1.47 1.01 0.001 |11.77 |1.56 |8.27 Continuous
Quality 3.87 4 2 5 0.73 |8.27 Continuous
Weeds 0.43 0.2 0 425 0.73 | 8.27 Continuous
Number of cultivations | 0.73 0.46 0.03 5.21 0.76 | 8.27 Continuous
Area of cultivations 0.44 0.43 0.06 1.30 | 0.23 |827 Continuous
Resource

Box number 2.71 2 1 15 2.44 |0.83 Continuous
Effort 0.38 0 0 1 0.49 |8.27 Binary
Shade 0.65 1 0 1 0.48 |8.27 Binary
Privacy 0.45 0 0 1 0.50 |8.27 Binary
Governance

Rules 0.48 0 0 1 0.50 | 63.64 Binary
Involvement 0.75 1 0 1 0.44 | 64.46 Binary
Actors

Group size 3.04 2 1 23 322 |0 Continuous
Others number 2.45 2 0 15 292 |41.32 Continuous
Starting year 1.7 2 0 3 122 |0.83 Continuous
Damage 0.23 0 0 1 0.42 |60.33 Binary
Worries 0.46 0 0 1 0.50 | 17.36 Binary
Social capital 341 3 0 8 1.71 |41.32 Continuous
Evolutionary theory

Group meetings 4.31 5 1 6 1.61 |60.33 Ordinal
Relatedness 0.40 0 0 1 0.49 |0.83 Binary
Stability 0.28 0 0 1 0.45 |41.32 Binary

Table 3. Descriptive statistics for the variables used in the analyses. This table reports descriptive statistics
on the outcome and predictor variables. The data for the 121 gardening groups consists of information from
different sources (field, two questionnaires), which leads to varying amount of missing values reported here.
The variables were treated in the analyses as continuous or binary. See the description for each variable in

Table 2.
Variable name Social benefits Individual benefits Ecological benefits
Social benefits 1.000
Individual benefits 0.388 1.000
Ecological benefits 0.508 0.643 1.000

Table 4. Correlation matrix for self-perceived outcome indicators. Correlation matrix for the continuous
reflective indicators (social, individual and ecological benefits) measuring the latent variable Self-perceived
outcome. All correlations are significant (p value <0.05).

that would allow identification of individual human participants. The study does not fall under the Declaration
of Helsinki. The University of Turku adheres to the Finnish national ethical standards of research with human
participants, as specified in the Code of Research Conduct of the Finnish National Board on Research Integrity
(TENK) (Decree 1347 of 15 November 1991). The study protocol and data management are all in accordance
with the EU General Data Protection Regulation (GDPR) principles. All participants were provided with the
required information about the project, data protection and participant rights through a GDBR-compliant pri-
vacy notice. Informed consent was obtained from all participants when they submitted the information and
agreed to participate in the project. The responding to the questionnaire is considered to be written informed
consent as the respondents were fully informed by the privacy notice and the questionnaire did not collect any
personal information nor include sensitive questions. The data provided can be used for publication. Given our
study followed the above outlined criteria, no ethical review is needed according to the Finnish ethical guide-
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Variable name Species diversity | Economic value | Quality | Weeds | Number of cultivations | Area of cultivations
Species diversity 1.000

Economic value 0.541 1.000

Quality 0.318 0.260 1.000

Weeds —-0.258 -0.211 -0.124 1.000

Number of cultivations 0.370 0.302 0.177 —-0.144 | 1.000

Area of cultivations 0.517 0.248 0.248 -0.201 |0.288 1.000

Table 5. Correlation matrix for ecological outcome indicators. Correlation matrix for the continuous
reflective indicators (species diversity, economic value, quality, weeds, number of cultivations and area of
cultivations) measuring the latent variable Ecological outcome. All correlations are significant (p value <0.05).

lines when review is required in human research (https://tenk.fi/sites/default/files/2021-01/Ethical_review_in_
human_sciences_2020.pdf). The guidelines for ethical review in research with human participants are intended
for research designs where ethical review is not regulated separately in the Medical Research Act (488/1999).

Data availability
The datasets generated during and/or analyzed during the current study are available from the corresponding
author on reasonable request.
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