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Abstract
Urbanization is increasingly compromising residents’ connection to natural habitats and landscapes. With established rela-
tionships between human–nature connection (HNC) and pro-environmental behaviour and human well being, there are calls 
for effective interventions to strengthen HNC in urban settings. However, much of this research has operationalised HNC in 
narrow psychological terms. Based on an embodied framework of urban human–food connection (HFC) as a specific dimen-
sion of HNC, this article explores the role of active urban gardening in promoting different types of internal and external 
HFC and their link with pro-environmental food behaviour (PEFB). Based on a quantitative survey in Germany addressing 
vegetable gardeners in Munich (N = 254), a principal component analysis extracted four components of HFC comprising 
external body-related HFC (i.e. immediate urban garden-body activities: food harvesting and experiential food interaction) 
and internal mind-related HFC (i.e. immediate urban garden-mind activities including food discovery as well as food con-
sciousness). These were found to be statistically related to one another. Furthermore, regression analysis revealed that food 
consciousness through concerns on food consumption and environmental impacts as well as food as part of life attitude as an 
internal HFC is the sole predictor of PEFB. The study suggests an embodied HFC model emphasizing the need for local body- 
and mind-based nature connections for fostering earth stewardship. Future research should explore the relationship between 
inner dimensions of nature connectedness and external behavioural change to enable transformations towards sustainability.

Keywords Urban food production · Human–nature connection · Pro-environmental behaviour · Sustainable development · 
Urban gardening

Introduction

In our rapidly urbanising world, people are increasingly 
detached from nature (Hartig and Kahn 2016). Taking 
into consideration that the share of people living in cities 

is projected to increase from 55 to 68% by 2050 (United 
Nations 2019), the individual and societal consequences 
of humanity’s isolation from nature are in need of urgent 
attention. Urbanisation decreases access to green space and 
nature experience (Cox et al. 2018; Lin et al. 2015), which 
is crucial for mental and physical health of city residents 
suffering from stressful urban environments (Bratman et al. 
2012; Engemann et al. 2019). Another field of research has 
shown the value of nature connectedness in terms of the 
clear link between human–nature connection (HNC) and 
pro-environmental behaviour (PEB) (Braito et al. 2017; 
Frantz and Mayer 2014; Whitburn et al. 2018). PEB can 
be defined as an activity by one person or group, which 
promotes or results in a sustainable consumption of natural 
resources (Sivek and Hungerford 1990). In the face of press-
ing environmental challenges such as climate change and 
biodiversity loss, understanding human behaviour and atti-
tudes is key to foster sustainable development (Martin et al. 
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2016; McKenzie-Mohr and Schultz 2014). In this regard, 
HNC is discussed in the current sustainability research as 
a vital leverage for sustainability transformation. It requires 
further research to understand the characteristics of interven-
tions and in how far they increase HNC, which in turn  might 
effect change (Abson et al. 2017; Ives et al. 2018).

An embodied perspective on human–nature 
connection

HNC has become a topic of research attention from fields as 
disparate as environmental psychology, conservation biol-
ogy, environmental education and sustainability science 
(Clayton and Myers 2010; Frantz and Mayer 2014; Ives et al. 
2017; Nisbet et al. 2009). Psychological measures have been 
particularly prominent as a methodological approach for 
assessing HNC (Cleary et al. 2018; Lin et al. 2015; Scopel-
liti et al. 2016). To capture what it means to be connected to 
nature, current research in this field has emphasized the need 
to develop a multidimensional understanding of HNC, tak-
ing into account different internal human cognitive or affec-
tive responses about and towards nonhuman nature (Hatty 
et al. 2020; Tam 2013; Whitburn et al. 2019). However, to 
further overcome the human–nonhuman, mind-matter and 
subject–object dichotomies that obfuscate integrated forms 
of sustainability research and practice, there have been calls 
for more relational forms of sustainability research that inte-
grate internal and external relationships with nature (Walsh 
et al. 2021; West et al. 2020). Indeed, the recent scholarship 
has emphasised the need for an embodied HNC approach 
that conceptualises HNC as an interplay between internal 
and external human and nonhuman nature including mind, 
body, environment and culture (Colding et al. 2020; Cooke 
et al. 2016; Raymond et al. 2017). An embodied approach 
takes into account that “(…) humans are not just mentally, 
but also materially and physically immersed in their immedi-
ate environments” (Cooke et al. 2016, p. 2). In the context of 
sustainability transitions, an embodied perspective of HNC 
therefore emphasises that ‘‘people and societies are inte-
grated parts of the biosphere, depending on its functioning 
and life support while also shaping it globally’’ (Folke 2011, 
p. 719) (see Cooke et al. 2016).

As a way of organising the breadth of internal and exter-
nal HNC dimensions and relating them to sustainability 
transformation, Ives et al. (2018) proposed five HNC dimen-
sions. These extended along a spectrum from external to 
internal HNC. Material connections (i.e. for instance the 
need to extract and use resources) and experiential connec-
tions (e.g. through recreational use of green landscapes) 
can be understood as external ways by which humans con-
nect with nonhuman nature. Cognitive connections such as 
beliefs and knowledge as well as emotional (referring to per-
sonal attachment to nature) and philosophical connections 

(related to how humans conceive of their relationship to 
the Earth) can be understood as internally-defined connec-
tions to nature. Given the fact that research on various HNC 
dimensions is still in its infancy, recent studies have called 
for further exploration, in particular taking into account 
the neglected external material dimension of HNC (Hatty 
et al. 2020). In this regard, Artmann et al. (2020) applied 
the framework by Ives et al. (2018) introducing the concept 
of Human–Food Connection (HFC) as an interpretation of 
HNC in the context of local food production and consump-
tion. Urban food production and associated practices, such 
as urban gardening have been proposed as potential inter-
ventions to strengthen HNC in cities (Colding et al. 2020; 
Cooke et al. 2016; Turner 2011). As a focus of consider-
able research attention, many studies have suggested that 
by participating in community gardens or allotments, urban 
residents can profit from mental and physical well being, 
healthy food production, social cohesion and environmental 
learning (Breuste and Artmann 2015; Camps-Calvet 2016; 
Kingsley et al. 2009). In contrast, the study on HFC in an 
edible city in Germany by Artmann et al. (2020) showed that 
while spaces of food production increased attractiveness and 
place identity, residents rarely used the free food provided 
by the city administration on public spaces, limiting exter-
nal and internal embodied connections to nonhuman nature 
and food. Thus, more research is needed to understand the 
dimensionality of urban HFC (Artmann et al. 2020) and the 
role of active urban gardening as a potential ‘lever’ to foster 
urban HNC (Ives et al. 2018).

Human–nature connection as a means of promoting 
sustainable human behaviour and system 
transformation

HNC can be conceptualized as a ‘leverage point’ for system 
change, while recognising that, in practice, different HNCs 
are often intertwined. A strengthening of different types of 
HNC can precipitate positive impacts for sustainability at 
differing levels of influence. For example, strengthening 
internal HNC, such as emotional and philosophical connec-
tions have potential to bring about deep change to system 
behaviour, as such connections relate to system goals and 
paradigms. In contrast, focusing on external material or 
experiential connections to nature may improve human well 
being and reduce physical environmental impacts, but on 
their own may not bring about system-wide transformative 
change (Ives et al. 2018).

To strengthen HNC research in the context of sustain-
ability, further research is needed to explore different types 
of HNC (Abson et al. 2017; Ives et al. 2018) and investi-
gate how internal and external embodied HNC experiences 
manifest in sustainability practices (Cook et al. 2016). 
Indeed, human behaviour change is a critical component 
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of sustainability transformations (Klaniecki et al. 2019). 
Klaniecki et al. (2018) proposed that effective interven-
tions for deep systemic change should promote interac-
tion with local nature that fosters “(…) responsibility to 
protect nature around the globe through their lifestyle and 
consumption behaviors” (Klaniecki et al. 2018, p. 1382). 
Following Klaniecki et al. (2019), we understand HNC 
as an avenue for (re-)connecting urban residents with 
nature aiming at transforming human behaviour towards 
sustainability.

In the context of PEB and urban gardening as potential 
interventions strengthening HNC (see “the an embodied per-
spective on human–nature connection”), studies suggest that 
urban gardening can influence consumer behaviour in favour 
of organic, regional and seasonal food consumption (Win-
kler et al. 2019). However, such findings are not conclusive. 
For instance, active organic gardening has been found not to 
translate into the purchasing of organic food (Turner 2011). 
In general, food is recognised as cross-cutting issue and a 
crucial action area for sustainability transformation (Wolf-
ram et al. 2016). It is therefore evident that urban gardening 
has potential to influence urban sustainability in multidimen-
sional ways, as it intersects with issues of land use, nature 
experiences, environmental behaviours and the production 
and consumption of food. Consequently, there is a need to 
further analyse the link between various types of HNC, PEB 
and urban gardening practices.

Research objectives and paper outline

Inspired by Ives et al. (2018), who called for further research 
on the interactions among and transformational potential of 
various HNC types, this study aims to evaluate urban vegeta-
ble gardening as an embodied practice that develops internal 
and external HFC as an interpretation of HNC and shapes 
behaviour. The study applies the multidimensional frame-
work of HFC by Artmann et al. (2020) which was developed 
in the context of edible cities (see “the an embodied perspec-
tive on human–nature connection”), and responds to their 
recommendation for more in-depth studies on HFC dimen-
sions. Our objectives are to (i) explore different external and 
internal types of HFC in the context of an urban agricultural 
setting via a quantitative survey in Munich (Germany), and 
(ii) investigate how these relate to Pro-Environmental Food 
Behaviour (PEFB) of garden users.

This paper is organized as follows: “the case study sec-
tion” presents the case study in Munich, while “the methods” 
conceptually outlines HFC and its association with PEFB 
as well as detailing the survey instrument. Main results 
are presented in “the results”, which considers sociodemo-
graphic factors that can influence urban gardeners’ gardening 
experiences and behaviours (Philpott et al. 2020). In “the 

discussion”, we discuss the findings with a special focus on 
analysing relationships between HFC dimensions identified. 
Main conclusions are drawn in Sect. “the conclusion”.

Case study

Munich is the third biggest city in Germany with a popula-
tion of approximately 1.5 million inhabitants (Munich 2019). 
It is the capital of Bavaria and incorporates the main eco-
nomic centre in southern Germany. Munich has had a popu-
lation increase of 8.6% between 2011 and 2018 contributing 
to its high population density of 4912 inhabitants/km2 (State 
Statistics Bavaria 2019). In 2013 Munich had the smallest 
area of green space per capita of all German major metropol-
itan regions. Each inhabitant has  77m2 of parks, agricultural 
areas, forests and waterways available. A comparison with 
Hamburg  (206m2/capita) or Berlin  (105m2/capita) shows the 
need for public green space (Munich 2015). The long-term 
settlement development strategy by the city government sees 
potential in food production through urban gardening pro-
jects, such as municipal vegetable gardens (“Krautgärten”) 
(Munich 2013).

Vegetable gardens are a common project between farm-
ers, the City of Munich and Munich residents. Vegetable 
gardens refer to plots of peri-urban agricultural land turned 
into organic vegetable gardens in spring, which are rented 
to residents who take care of the garden between April and 
November (Munich 2016). Farmers provide fields that can 
be annually rented by citizens, who take care of the garden 
in the season. The plots have a size of either 30 or 60  m2 
and on 60  m2 plot a gardener harvest approximately 200 kg 
of vegetables (Munich 2016). A specific share of the plot 
is already cultivated by the farmers with vegetables, while 
the residents can cultivate the rest with young plants, also 
provided by the farmers. Currently, 26 sites with vegetable 
gardens can be found in and around the city as part of this 
project (see Fig. 1) whereby the city of Munich targets to 
increase the number of the gardens annually (Munich 2017).

Methods

Conceptualising human–food connection 
and pro‑environmental food behaviour

To explore which types of internal and external embod-
ied HFC dimensions are promoted through active urban 
gardening and their links with PEFB, our framework is 
based on the work by Artmann et al. (2020). Grounded in 
a city-wide survey, their overall framework analysed one 
of the first edible cities in Germany and its impacts on the 
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local population in terms of place attachment, HFC and 
PEFB. Artmann et al. (2020) extended the HNC typology 
by Ives et al. (2018) to define various external and internal 
connections with food and food-growing landscapes.

The present study responds directly to the call by Art-
mann et al. (2020) to further explore the dimensionality of 
HFC. Thus, the original framework by Artmann et al. (2020) 
had a broader scope, taking into account the role of place 
attachment (including its dimensions place dependence, 
place identity, social and nature bonding), HFC and PEFB, 
but the authors did not analyse various HFC dimensions nor 
their relationships to PEFB in depth. Their findings revealed 
that residents of the edible city rarely use the edible plants 
on public spaces resulting in partly high missing value rates 
of items related with HFC. Therefore, the authors recom-
mend further in-depth studies focusing on urban residents 
actively engaging in urban gardening and to test if HFC can 
be considered as a multidimensional construct (ibd.). There-
fore, by excluding the role of place attachment related with 
urban food production, our analyses focus solely on HFC, 
its potential various dimensions, and their relationship with 
PEFB of active vegetable gardeners.

Building on the survey items suggested for the HFC 
framework by Artmann et al. (2020), this study further 
conceptualized HFC by suggesting an embodied approach 
taking into account three concepts in the context of urban 
gardening practices: internal HFC, external HFC, and PEFB 
(see Fig. 2). Internal HFC involves cognitive and emotional 
processes as well as philosophical associations connected 
with urban gardens and food production in general. The 
embodied cognition, which links body, mind and environ-
ment (Raymond et al. 2017), was captured in the survey 
by queries asking for knowledge gained through gardening 
(related with diet or other ecological topics such mobility) 
and urban gardeners’ attitudes related with the harvested 
food assessing if the food grown in the vegetable garden is 
very healthy or tasty.

Internal emotional and philosophical HFC include feel-
ings of deep connection to nature when spending time in the 
urban garden and worldviews reflecting on concerns related 
with impacts on nature due to food production (e.g. in how 
far animals and plants shall be available for human food pro-
duction or thinking about how food consumption affects the 
environment while consuming food). External HFC includes 
activities related with the food harvested (i.e. the share of 

Fig. 1  Map of Munich and its vegetable gardens
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vegetables/herbs/fruits harvested from the vegetable garden 
in comparison to the share purchased in the supermarket) 
and direct experiences of the edible landscapes and their 
enjoyment captured by the frequency of using the edible 
areas for nature observations, recreation, physical exercises 
and socialising. Consumer food behaviour was evaluated as 
an assessment of PEFB. PEFB variables were based on those 
studied by Artmann et al. (2020), namely items referring to 
buying seasonal, regional and exotic food.

HNC dimensions cannot always be neatly partitioned. 
Indeed, Hatty et al. (2020) found that cognitive, emotional, 
and behavioural elements can be represented through a sin-
gle environmental identity dimension. As such, we designed 
the study without defining the HFC categories a priori. By 
doing so, we aimed to explore the full spectrum of embodied 
HFC taking into account external and internal dimensions, 
their relationships between each other and impacts on PEFB 
(see Fig. 2).

Data collection

Based on the HFC and PEFB conceptualisation by Artmann 
et al. (2020), a questionnaire was designed. While Artmann 
et al. (2020) focused on a city scale (i.e. edible city), items 
of our survey were adapted to our case study focusing on 
a specific case of an edible landscape component, namely 
vegetable gardeners in Munich, Germany. Five-point Lik-
ert scales were used to assess HFC and PEFB related to 
urban gardening. A single item on purchasing exotic food 
was reverse coded for analysis to ensure that high scores 
indicated high PEFB.

For implementing and extracting our multidimensional 
HFC concept, we conducted an online survey with users 
of the vegetable gardens in Munich by using SoSciSurvey 
(https:// www. sosci survey. de). Such a web-based question-
naire serves as a resource-efficient way for contacting a 
high number of people in a short time period outside of 
the gardening season (Winkler et al. 2019). The link to the 
questionnaire was sent via e-mail to contact persons of each 
vegetable garden asking them to forward the questionnaire to 
all members of the vegetable garden projects (snowball sam-
pling) (Creswell 2009). Furthermore, one vegetable garden 
coordinator was nominated to promote the survey during a 
kick-off meeting with vegetable gardeners for the garden-
ing season in March 2019. The questionnaire was online 
between February and May 2019. For ethical reasons, an in-
house data protection manager was involved in developing 
the questionnaire. The questionnaire was pre-tested by two 
experts from the city government and one farmer providing 
the land for the vegetable gardens. Based on their remarks 
the questionnaire was slightly adapted and sent out to the 
addressees.

In total, 254 gardeners answered the questionnaire com-
pletely, which equates to a response rate of 17% if assuming 
that a) all gardeners were addressed and b) one vegetable 
garden patch belongs to one response. In sum, we received 
responses from 19 out of 26 vegetable gardens which 
encompass in sum 1,521 garden patches (Munich 2018). 
The share of females with 74.8% is much higher than the 
share of male gardeners with 25.2%. Compared with the 
local demographic composition of the area, proportionally 
more females than men completed the survey (female: 51%, 

Fig. 2  Conceptual basis of 
the embodied HFC approach 
and examples of its survey 
operationalization (icon made 
by Freepix from www. flati 
con. com). (Note: All survey 
items are found in the Online 
Appendix)

https://www.soscisurvey.de
http://www.flaticon.com
http://www.flaticon.com
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male: 49%). The mode age within the survey was between 
42 and 53 years (36.6%; SD = 1.047) and lies slightly above 
the average age in Munich which is 41.2 years (Munich 
2019). However, the comparison with regional statistics 
cannot be regarded as representative since the target group 
of this study are the vegetable gardeners. To the authors’ 
knowledge, there are no statistical data on their population 
structure.

Data analysis

Firstly, descriptive statistics were calculated for question-
naire responses using IBM SPSS Statistics 25. As categories 
of HFC items were not defined a priori, we conducted a 
Principal Component Analysis (PCA) with varimax rotation 
to explore the statistical grouping of variables. PCA is a 
type of exploratory factor analysis, which explains the maxi-
mum amount of a common variance based on a correlation 
matrix taking into account the smallest number of explana-
tory factors (Field 2000). PCA is a well-suited method to 
identify dimensionalities of human–nature relationships and 
is for instance used for conceptualizing dimensions of place 
attachment (Raymond et al. 2010) and HNC (Hatty et al. 
2020).

If more than 10% of the respondents selected as an alter-
native answer option “I do not know”, items were handled as 
missing values and were deleted (Schlomer et al. 2010). The 
Kaiser–Meyer–Olkin measure of sampling adequacy was 
0.783, which shows a relatively good measure for the PCA 
and Bartlett’s test of Sphericity was significant (p < 0.001). 
According to Hammitt et al. (2000)’s criteria, we formed 
factors as follows: Eigenvalues ≥ 1.0, factor loadings ≥ 0.40, 
and items loading on more than one factor had to differ by 
0.10 in loading to be kept in the PCA (see Raymond et al. 
2010). We created summated scales and analysed the item-
to-total and inter-item correlation between the extracted 
factors. Reliability analysis was executed to examine the 
internal consistency (Cronbach’s alpha) of the items for each 
dimension of HFC.

In order to measure in how far the HFC dimensions pre-
dict PEFB, we conducted bivariate correlations between 
the mean response scores of the extracted HFC dimensions 
and further assessed these with a linear regression analysis 
to identify HFC dimensions predicting PEFB. The model 
shows no auto-correlation as the value of the Durbin-Watson 
statistic is 1.996 (Gujarati and Porter 1999) and all other 
pre-requisites for regression analysis, such as standard dis-
tribution, multicollinearity or homoscedasticity of variance 
are met.

All items, their detailed scales and identified dimensions 
after the data analyses can be found in the Online Appendix.

Results

The PCA identified four HFC dimensions with eigenval-
ues exceeding 1, which accounted for 62.0% of the total 
variance. Among the component solutions, the varimax-
rotated four-factor solution yielded the most interpretable 
results and most items loaded highly on these four with 
suitable reliabilities (Lambda2 ≥ 73) constituting cohe-
sive HFC subscales (Callender & Osburn 1979). The four 
dimensions encompassed two external HFC, i.e. food 
interaction and food harvesting, and two internal HFC, 
i.e. food consciousness and food discovery, based on 14 
of 20 possible HFC items (see Table 1).

Overall, all HFC dimensions were rated highly by sur-
vey respondents. Their grand means ranged from 3.39 
(both for experiential food interaction and food harvest-
ing) to 4.13 (food discovery as cognitive HFC) up to 4.37 
(food consciousness). Thus, residents use the urban veg-
etable gardens regularly for harvesting food (and there-
fore for physical exercises) leading also to high shares of 
picked vegetables and herbs compared to the food bought 
in the supermarket. Overall, respondents evaluated that 
the self-produced food in the vegetable garden was tasty 
and healthy, and were in generally highly aware of the 
connection between food production and environmental 
impacts. These findings were emphasised by a comment 
by an urban gardener added at an open comment field in 
the end of the questionnaire: “The vegetable garden is one 
step towards a conscious living (….). I think that we have 
adapted our eating habits. We eat what is seasonally grow-
ing (…). Vegetables from the supermarket are not tasty 
anymore since a long time”.

Regression analyses of relationships between HFC 
dimensions and PEFB revealed that the linear combination 
of the predictor variables was significant F(4, 205) = 7.59, 
p < 0.001. The coefficient of determination (R2) was 0.11, 
indicating that 11% of the variance in PEFB was accounted 
for by these variables, representing a moderate effect size 
(Cohen, 1988). As presented in Table 2, results show that 
food consciousness was a significant predictor of PEFB 
(ß = 0.26, SE = 0.06, t(208) = 3.51, p < 0.001). However, the 
other three extracted HFC dimensions show no significant 
relationships to PEFB.

Bivariate correlations with socio-demographic and other 
urban gardening related variables show mostly only weak 
relationships. The correlations showed positive but low sig-
nificant correlations between the length of patch rental and 
food consciousness (r = 0.15, p < 0.05) and food harvesting 
(r = 0.20, p < 0.01). In terms of gender, women had stronger 
food consciousness scores (r = 0.15, p < 0.05), experiential 
food interaction (r = 0.14, p < 0.05) and food harvesting 
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scores (r = 0.15, p < 0.05) compared to male respondents. 
Interestingly, education showed a weak but negative correla-
tion with food interaction (r = − 0.20, p < 0.05) and cognitive 
HFC presented through food discovery (r = − 0.14, p < 0.05) 
meaning that urban gardeners with lower education had a 
higher HFC. Age of the urban gardeners was not correlated 
with any HFC dimensions (see Table 3).

Discussion

Relationships between urban human–food 
connection dimensions

This study has examined different types of internal and 
external HFC of urban vegetable gardeners and how HFC 
is related to PEFB. Four different types of HFC were distin-
guished: food harvesting and experiential food interaction 

Table 1  Principal component analysis of human–food connection dimensions in vegetable gardens of Munich

External HFC dimensions are indicated by [EXT] and internal HFC dimensions by [INT]
a Items were measured on a five-point Likert scale ranging from 1 = never, 2 = sometimes, 3 = more than once a month, 4 = more than once a 
week, 5 = daily
b Items were measured on a five-point Likert scale ranging from 1 = strongly disagree, 2 = rather disagree, 3 = neutral, 4 = rather agree, 
5 = strongly agree
c Items were measured on a five-point Likert scale ranging from 0%, 1–25%, 26–50%, 51–75%, 76–100% (referring to the amount of food picked 
from the areas cultivated with edible plants in comparison to the food bought in the supermarket)

Component and its items Factor loading Grand mean Item mean Standard 
deviation

Food interaction [EXT] (Eigenvalue = 4.20; Variance explained: 30.0%) 3.39
How often do you use the vegetable garden 

for nature observation?a
0.83 3.11 1.06

How often do you use the vegetable garden 
for recreation purpose?a

0.77 3.20 1.11

How often do you use the vegetable garden 
for physical exercise?a

0.74 3.64 0.72

How often do you use the vegetable garden 
for picking food?a

0.43 3.82 0.55

Food consciousness [INT] (Eigenvalue = 1.93; variance explained: 13.8%) 4.37
While consuming food, I think about 

how my food consumption affects the 
environment.b

0.88 4.22 0.84

I know the connection between food pro-
duction and environmental impacts.b

0.76 4.56 0.59

My food consumption is part of my life 
attitude.b

0.76 4.33 0.85

Food discovery [INT] (Eigenvalue = 1.36; variance explained: 9.7%) 4.13
The food grown in the vegetable garden is 

very healthy.b
0.79 4.67 0.57

The food grown in the vegetable garden 
tastes very good.b

0.76 4.76 0.51

By using the vegetable garden, I learn a 
lot about other ecological topics (e.g. 
in the area of mobility, consumption, 
travelling).b

0.59 3.09 1.24

By using the vegetable garden, I learn a lot 
about food and diet.b

0.57 4.01 1.04

Food harvesting [EXT] (Eigenvalue = 1.19; Variance explained: 8.5%) 3.39
How high is the share of herbs you get from 

the vegetable garden in comparison to the 
share you buy in the supermarket?c

0.87 3.4 1.06

How high is the share of vegetables you get 
from the vegetable garden in comparison 
to the share you buy in the supermarket?c

0.81 3.4 1.30
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as forms of external HFC, and food discovery and food con-
sciousness as internal expressions of HFC. This suggests 
that practices of active urban gardening encompass various 
dimensions of HFC. The fact that various HNC dimensions 
do not operate in isolation but are related to one another 
(sensu Ives et  al. 2018), was supported by correlations 
among the extracted HFC dimensions (see Table 4). This 
supports conclusions by Tam (2013) and Whitburn et al. 
(2019) that measuring HNC by multidimensional scales 
such as cognitive and affective ones is important for under-
standing and determining interventions promoting greater 

Table 2  Regression analysis for variables predicting PEFB (N = 209)

R2 = .11
External HFC dimensions are indicated by [EXT] and internal HFC 
dimensions by [INT]

Variable B SEB ß p

Constant 2.37 .30 – .000
Food consciousness [INT] .23 .06 .26 .001
Food discovery [INT] .10 .07 .12 .119
Food interaction [EXT] .011 .06 .01 .869
Food harvesting [EXT] -.07 .04 .13 .078

Table 3  Correlations between 
HFC, PEFB and other urban 
gardening variables

External HFC dimensions are indicated by [EXT] and internal HFC dimensions by [INT]
a Correlation is significant at the .05 level (2-tailed)
b Correlation is significant at the .01 level (2-tailed)

Variable Food conscious-
ness [INT]

Food discov-
ery [INT]

Food interac-
tion [EXT]

Food harvest-
ing [EXT]

PEFB

PEFB
 Pearson correlation r .35b .22b .01 − .03 1
 N 242 225 228 228 228

Length of patch rental (1 = 1 season, 21 = 21 seasons)
 Pearson correlation r .15a − .06 .03 .20b .006
 N 251 233 238 229 241

Frequency of patch use (1 = Never to 5 = Daily)
 Pearson correlation r .12 .22b .55b .25b − .008
 N 252 234 239 239 242

Age (1 = 18–29, 2 = 30–41, 3 = 42–53, 4 = 54–65, 5 = 66–77, 6 =  ≥ 78 years)
 Spearman correlation r .08 .08 .11 .11 .02
 N 252 234 239 239 242

Gender (1 = male, 2 = female)
 Spearman correlation r .15a .10 .14a .15* .02
 N 248 230 239 239 238

Education (1 = no education certificate, 2 = secondary school leaving certificate, 3 = baccalaureate, 
4 = university degree)

 Spearman correlation r − .02 − .14a − .20a − .11 .11
 N 242 234 239 239 238

Table 4  Correlations between 
HFC dimensions

a Correlation is significant at the .01 level (2-tailed)
External HFC dimensions are indicated by [EXT] and internal HFC dimensions by [INT]

Food 
harvesting 
[EXT]

Food 
interaction 
[EXT]

Food 
discovery 
[INT]

Food con-
sciousness 
[INT]

Food harvesting [EXT] Pearson correlation r 1 .33a .18a .19a

N 239 233 222 238
Food interaction [EXT] Pearson Correlation r .33a 1 .42a .25a

N 233 239 223 238
Food discovery [INT] Pearson Correlation r .18a .42a 1 .39a

N 222 223 234 233
Food consciousness [INT] Pearson Correlation r .19a .25a .39a 1

N 238 238 233 252
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PEB. Interestingly, when comparing the four extracted HFC 
dimensions, the correlations suggest that in particular food 
harvesting as a ‘body-oriented’ HFC has the strongest and 
positive correlation with food interactions as another physi-
cal HFC. Food consciousness as a ‘mind-oriented’ HFC is 
significantly and positively correlated with food discovery as 
another cognitive dimension of HFC. While there appears to 
be a distinction between external ‘body-oriented’ and inter-
nal ‘mind-oriented’ food connections, all four HFC dimen-
sions have significant positive relationships with each other. 
The weakest relationship can be found for food harvesting 
and food discovery (r = 0.18, p < 0.01); the strongest rela-
tionship was between food interaction and food discovery 
(r = 0.42, p < 0.01). Thus, food interaction might be con-
sidered as an intermediary or ‘translating’ form of nature 
connection that links body-oriented and mind-oriented HFC.

However, the correlations do not necessarily infer causal 
relationships, and it is likely that bi-directional interactions 
exist among HFC dimensions. Indeed, this interconnected, 
multi-relational ontology is central to a systems perspective 
on human–ecological phenomena (Folke et al. 2016). For 
instance, the positive relationship between urban gardeners’ 
attitudes towards food and frequency of experiential gar-
den use can be supported by findings of Lin et al. (2014). 
They found that in particular nature orientation is a strong 
determinant of visiting urban parks compared to green space 
accessibility (Lin et al. 2014). However, the frequent use of 
the vegetable gardens for experiential food interactions can 
also be a consequence of more mind-based HFC such as 
positive attitudes towards self-grown food. Further, results 
from a study by Soga et al. (2019, p. 357) suggest “(…) 
that people with a stronger inclination towards nature sought 
out more experiences with wild flowering plants.” Future 
research is needed to understand how various dimensions 
of HFC influence each other.

Relationships between urban gardeners’ 
characteristics and urban human–food connection

Bivariate correlations with sociodemographic data show 
positive but weak significant correlations between the length 
of patch rental and food consciousness (r = 0.15, p < 0.05) 
and food harvesting (r = 0.20, p < 0.01). These findings can 
be discussed through the lens of sense of place as embod-
ied experience (West et al. 2020), describing relationships 
between individuals and their specific environments (e.g. 
Giuliani and Feldman 1993; Raymond et al. 2010). Place 
attachment is discussed as an important factor for strength-
ening HNC (Ives et al. 2017; Klaniecki et al. 2018) and 
environmental stewardship (Gottwald and Stedman 2020). 
Related studies suggest that place attachment evolves over 
time and depends among other things on the length of 

residence (Jorgensen and Stedman 2006). Also, the time 
spent in nature positively influences emotional affinity 
towards nature (Kals et al. 1999). Our findings show that 
the frequency of using vegetable gardens is significantly and 
positively associated with body-related HFC, in particular 
experiential food interaction (r = 0.55, p < 0.1) and food har-
vesting (r = 0.25, p < 0.1). This is perhaps to be expected 
given the conceptual similarity of the concepts. However, 
the relationship does support the potential for a pathway for 
reconnecting people to nature, whereby frequent interaction 
with nature can foster lifestyles and diverse practices based 
on nature (Ives et al. 2018).

Some differences were observed between results from 
this study and findings by Artmann et al. (2020). Internal 
and external HFC appeared strong in our case, with data 
depicting frequent resident engagement with urban food 
production. Conversely, Artmann et al. (2020) reported that 
edible areas providing free food on public spaces were rarely 
used (see “the introduction”). The present study showed that 
vegetable gardeners harvest more vegetables and thereby 
use the garden more often for physical exercise and learn 
more about food and diet through active gardening com-
pared to residents of the edible city (Artmann et al. 2020). 
Since the two studies used different case studies and meth-
odological approaches (e.g. comparison of a selected focus 
group in Munich vs. the whole population in the edible city 
Andernach), any conclusions that active urban gardening is 
more efficient for promoting HFC than implementing urban 
gardens in a city with lacking civic participation, is not con-
clusive. Thus, further in-depth investigations under similar 
study conditions are needed.

Correlation between the HFC dimensions, gender and 
education show only small effect sizes. Between age and 
HFC no relationships were found at all supporting the find-
ings by Cleary et al. (2018) that HNC interventions are 
important for older and younger people. Gender differ-
ences in HFC were small but significant, with women hav-
ing stronger HFC regarding food consciousness (r = 0.15, 
p < 0.05), experiential food interaction (r = 0.14, p < 0.05) 
and food harvesting (r = 0.15, p < 0.05). In fact, women iden-
tify in another case study as lifestyle gardeners prioritiz-
ing plant diversity, experiential activities and communing 
with the nature in the garden (Taylor et al. 2017). These 
indications pave the way to connect the HNC debate with 
the partnership with nature discourse and its linkages with 
feminism (Knippenberg et al. 2018) suggesting that women 
are closer to nature than men (Roach 1991). This may also 
explain why more women (74%) than men participated in 
the survey (25%) suggesting that more women are garden-
ing than men, such as also found in another German-wide 
study (Winkler et al. 2019). Some previous studies reflecting 
the role of gender in urban food production found that driv-
ers for engaging in urban agriculture do not differ between 
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men and women but that female gardeners in particular 
see themselves benefiting of stress relief compared to men 
(Robertson 2013). Taking into account that urban condi-
tions such as noisy and crowded environments can be con-
sidered as being in particular stressful (Hartig and Kahn 
2016), health benefits perceived by female gardeners might 
be one explanation for why women particularly engaged in 
urban vegetable gardens in a big city such as Munich. In 
terms of any relationship between psychological well-being 
and PEB, Whitburn et al. (2018) assumed that urban HNC 
can strengthen mental benefits, which might translate into 
PEB, or in our case internal food consciousness. Further 
research analysing drivers of female urban food producers 
are the need of women to secure supplementary source of 
food in Cameroon (Ngome and Foeken 2012) or to over-
come any racial and class-based barriers such as by black 
women activists in Detroit, US (White 2011). Since both 
issues where not relevant for this case study, it needs future 
research analysing why women are participating in urban 
gardening in Central Europe compared to men.

The weak but significant negative correlation between 
food discovery and education may indicate that residents 
with lower levels of formal education benefit more greatly 
from urban gardens. A similar result was shown in a case 
study in Barcelona, Spain (Camps-Calvet et al. 2016). In 
fact, evaluating HNC is a crucial variable to assess the effec-
tiveness of environmental education programs (Frantz and 
Mayer 2014).

The role of food consciousness

The regression analysis showed that food consciousness 
was the only HFC dimension significantly related to PEFB. 
Further, only the HFC dimension was statistically cor-
related with all the other dimensions (harvesting, interac-
tion and discovery) (see “the relationships between urban 
human–food connection dimensions”). These findings pro-
vide evidence for both the conceptual and empirical dis-
tinction between HFC dimensions, and their inherent relat-
edness. Closer examination of the items that comprise this 
dimension revealed possible explanations for why only food 
consciousness was related to PEFB. The items that loaded 
on this factor represent life attitudes, awareness and concerns 
related with food consumption without linking directly to the 
specific vegetable garden. Thus, the dimension can be con-
sidered as representing ‘indirect’ nature connections (Soga 
and Gaston 2020), possibly related to notions of environ-
mental identity (Clayton 2003). In fact, the strength meas-
ured between HNC and PEB can be influenced by taking into 
account items that indirectly measure PEB, such as environ-
mental identity (Hatty et al. 2020; Whitburn et al. 2019). 
Thus, a comprehensive meta-analysis of scientific studies 
assessing relationship between HNC and PEB by Whitburn 

et al. (2019) showed that scales using such items correlate 
more strongly with PEB than scales without including such 
items.

In contrast to food consciousness representing ‘indirect’ 
nature connections and mediating PEFB, the three HFC 
dimensions food harvesting, food interaction and food dis-
covery can be considered a more immediate human–nature 
interaction explicitly referring to the vegetable gardens. 
The negative relationships found between food harvesting 
and PEFB, and between frequency of patch use and PEFB 
(albeit nonsignificant), may be explained by urban garden-
ers who harvest more and use the garden more frequently, 
requiring less purchased food. In this regard, analysing dif-
ferent HFC dimensions and their impact on PEFB need to 
be context-specific, taking into account the close interplay 
between direct HFC via food harvesting and indirect HFC as 
sustainable food consumption. Thus, food self-provisioning 
can be considered a PEFB in terms of a positive future-ori-
ented and transformation-enabling everyday practice “(…) 
by subjects who consciously reflect on and challenge the 
food system’s deleterious social and environmental effects.” 
(Jehlička et al. 2019, p. 513). This sentiment was expressed 
by an urban resident who commented in the end of the sur-
vey: s/he supported the urban vegetable garden project as 
a way of strengthening ecological agriculture and environ-
mental education, considering this to be an activity that was 
simultaneously meaningful and enjoyable.

This statement together with the crucial role of food 
consciousness fostering PEFB can also be reflected under 
the well-known slogan "think globally, act locally". In this 
regard, our findings suggest that immediate HFC (namely 
local urban gardening and its producing immediate urban 
garden-body- and mind-related HFC-dimensions) is related 
to a broader sphere of HFC (characterising interconnec-
tions between local action and wider global environmen-
tal impacts displayed by food consciousness) that in turn 
is translated into PEFB. Thus, food consciousness and its 
related items mainly reflect concerns of food consumption 
and environmental impacts as well as food as part of life 
attitude. Indeed, other studies found that individuals’ self-
perception about pro-environmental concerns are crucial for 
predicting PEB (Carfora et al. 2017). Lumber et al. (2017, p. 
5) suggested that: “(..) the desire to protect nature may not 
be a result of connectedness solely, but serves as a route to 
connectedness in its own right”. This calls for more research 
to capture the full complexity of HNC taking into account 
positive feelings such as joy in nature and negative emotions 
when it comes to nature destruction and coping with global 
and local environmental loss (Chawla 2020).

These findings fit well into the debate on an embodied 
HNC and its role for fostering earth stewardship. Cooke 
et al. (2016) emphasised that global sustainability needs 
local entry points that can be entered by combining acting 
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(here: body-related HFC including food harvesting and food 
interaction) and thinking (here: mind-related HFC including 
food discovery and food consciousness) in our everyday sur-
roundings that are in our case study the urban vegetable gar-
dens (see Fig. 3). Therefore, based on our results, we suggest 
that there is a possible causal pathway from (i) experiential, 
‘external’ connections with food landscapes that develop 
(ii) an ‘internal’ consciousness of the importance of food 
personally and ecologically, leading to (iii) behaviours that 
express this consciousness. Exploring this pathway in more 
depth is an avenue for future research, especially the impor-
tance of developing sustainability mindsets in order to bring 
about behaviour change. For example, nature and sustain-
ability education programs should not only provide mind-
based information, but should consist of theory and practice. 
Ideas from deep ecology can provide effective practical exer-
cises to foster awareness of self and nature in the immediate 
nature such as through nature blessing, sensual nature obser-
vation or mimicking animals (Kowalewski 2002). In terms of 
urban planning and development our study supports the call 
by Colding et al. (2020, p. 7): “Planners and urban designers 
need to foster arenas in cities that promote collective action 
and where urban residents can interact with nature more 
fundamentally with their heads, hands and heart.“

In this regard, interventions for fostering strong urban 
HNC and PEB should not only take into account vegetable 
gardens and their active gardeners. In general, urban resi-
dents are considered to lack nature experience harming the 
appreciation of the natural world (Soga and Gaston 2016). 
According to Klyen et al. (2020), urban residents connect 
in terms of their knowledge, emotions or behaviours with 
various formal and informal urban green spaces and its ele-
ments, such as with river corridors, home gardens or trees. 
For children, private gardens are most preferred spaces to 
connect with nature (Hand et al. 2017). In this regard, urban 
gardening projects such as in Munich can be considered cru-
cial activities for compensating in cities often lacking private 

gardens. Statements from survey participants found in the 
open comment field in the end of the questionnaire sup-
port this assumption. For instance, one participant empha-
sised that her/his child loves to join the vegetable garden for 
harvesting since lacking a private garden for similar nature 
experiences. Another gardener expressed a desire for their 
own garden, which cannot be realised due to high rental 
prices, but was compensated through renting a vegetable 
garden. Beyond the need to compensate for a lack of pri-
vate green spaces, urban gardening projects can be a valu-
able entry point to attract various kinds of urban residents, 
who might be interested in learning about or contributing 
to urban gardening techniques, socializing, healthy food or 
nature protection. Thus, urban food production has sufficient 
upscaling potential as a mean for fostering HFC and sustain-
ability transformation (Sartison and Artmann 2020).

Study limits and future research

Limitations were related to our study methodology. First, 
by conducting an online survey spread by contact persons, 
urban gardeners without email contact or not involved in 
the mailing list, might not have been reached. However, to 
reduce this risk the survey was additionally promoted dur-
ing a kick-off meeting for the gardening season in March 
2019. Secondly, to capture PEFB the results are based on 
self-reported estimates on actual behaviour. Future research 
could further validate this by using assessment methods such 
as diaries used for analysing patterns of food consumption 
through a time series (Cheng et al. 2007).

Thirdly, the study focuses on urban vegetable gar-
dens, therefore we do not claim that the findings can be 
transferred to all types of urban food production. Recent 
research suggests that various types of urban gardens, such 
as community, allotment or oyster gardens support environ-
mental stewardship (Andersson et al. 2014; Krasny et al. 
2014; Langemeyer et al. 2018). However, if there are any 

Fig. 3  An embodied model 
for human–food connection on 
the example of urban veg-
etable gardens (adapted from 
Raymond et al. 2017, icon made 
by Freepix from www. flati con. 
com)

http://www.flaticon.com
http://www.flaticon.com
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difference between types of urban gardens and their impact 
on various HNC dimensions and PEB needs further in-depth 
research whereby our framework can function as an analyti-
cal framework.

Since food consciousness as mind-based HFC is in our 
study a key predictor for PEFB, we suggest that future 
research should further elaborate on how to assess and 
record internal HNC. In general, to deepen the understand-
ing of PEB, recent research claims that sustainability science 
needs to put more weight on the neglected inner lives of 
individuals as a means to sustainability transformation (Ives 
et al. 2020). Since our variable explaining food conscious-
ness provides only weak correlations with PEFB, future 
research should consider related psychological concepts 
such as biocentric or ecocentric values (Dietz et al. 2005), 
and exploring urban gardening and consumer behaviours 
from a social practice perspective (Strengers and Maller 
2015). Besides input for theory-action education programs, 
ideas related to deep ecology and its associated concept of 
the ecological self, emphasizing that all human and nonhu-
man objects are interconnected in a vast web of relationships 
(Bragg 1996; Naess 1973), can provide insights on how to 
further elaborate on internal HNC in the context of trans-
forming human behaviour towards sustainability. Moreover, 
to foster creativity and inter- and transdisciplinary sustain-
ability research that can be constrained by often abstract 
scientific language (see also Ives et al. 2020), we suggest 
that future urban HNC research should explore more greatly 
the “inner human nature” by linking the research subject 
(urban residents and their inner world such as mental well-
being, personal values and worldviews) and object (external 
nonhuman nature such as urban gardens).

Conclusion

Understanding different types of urban HNC is key to 
develop successful interventions for transforming human 
behaviour towards sustainability. In this paper, various 
internal and external dimensions for analysing HFC as an 
interpretation of HNC and a cross-cutting issue in sustain-
ability science were identified on the example of urban 
vegetable gardeners in Munich. A PCA revealed four com-
ponents of HFC with high construct validity and reliabil-
ity comprising external body-related HFC (including food 
harvesting and food interaction) and internal mind-related 
HFC (including food discovery and food consciousness). 
All dimensions were found to be statistically related to one 
another. The regression analysis revealed that food con-
sciousness described through concerns on food consump-
tion and environmental impacts as well as food as part of 
life attitude is the sole predictor for explaining PEFB proof-
ing the importance of internal connections with nature as 

leverage for PEFB and thus, sustainability transformation. 
Weak but most significant positive correlations with this 
predictor were found with the length of patch rental and 
female gardeners linking to discourses related with the role 
of place attachment and gender in the light of sustainable 
development. Reflections of the results show that imple-
menting edible areas in a city that are rarely used by the 
residents can lead to lower HFC compared to residents 
who are actively engaged in urban gardening. To under-
stand relationships between different HFC dimensions and 
PEFB, we developed an embodied HFC model emphasiz-
ing the need for local body- and mind-based nature experi-
ences for fostering global earth stewardship. Thus, our study 
suggests that nature and sustainability education programs 
should strengthen environmental identity by linking mind-
based information with practical nature experience. To fur-
ther explore internal forms of human–nature experience, 
future research can work with deep ecology to outweigh 
the dichotomy between humans and nature. By doing so, 
future research can identify successful practical and theo-
retical interventions for fostering an intimate relationship 
between the “inner human nature” of urban residents and 
the external nature as a basis for sustainability transforma-
tion that considers nature as worthy of protection. In this 
regard, urban gardening projects can be considered a valu-
able entry point for transforming human behaviour towards 
sustainability by attracting urban residents with various 
interests in food production.
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