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Abstract

Small-scale urban agriculture is associated with positive health and environmental out-
comes. Previous studies examined factors that drive people to grow foods in urban areas
mainly drawing on qualitative data. This research investigates quantitatively what deter-
mines consumer preferences for growing foods in community gardens, informing efforts to
upscale urban agriculture. We conducted choice experiments in North America and per-
formed latent class analysis of contextual and intrapsychic factors affecting consumers’
preferences for growing foods in cities. Results show that providing tools and guidance are
the most important contextual factors affecting community garden participation. The prefer-
ences of proponents of growing foods are explained by their high subjective knowledge
about growing foods and reasons tied to the benefits of participating in community garden-
ing. Opponents of growing foods at community gardens are characterized by low knowl-
edge. The findings can be used to design policies that promote sustainable food systems in
urban areas.

1. Introduction

Current food systems encourage unhealthy dietary patterns which are major drivers of obesity
[1] and climate change [2]. Estimates show that around 20% to 30% of the global greenhouse
gas emissions originate from current food systems [3, 4]. Hence, attention has been devoted
towards more sustainable food systems; a prerequisite for the achievement of the UN’s sustain-
able development goals [5]. Ensuring sustainable urban food systems is of utmost importance,
considering that urban areas are characterized by rapid population growth, aggressive food
marketing and unhealthy diets [6, 7]. In urban areas, sustainable food systems can play a piv-
otal role in providing foods that are both healthy and environmentally sustainable [8, 9]. Inte-
grating agriculture into urban designs has been suggested as a policy tool to address challenges
associated with urban food systems [2, 10]. Small-scale urban agriculture can represent such a
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policy tool because it supports the transformation towards sustainability by acting as a source
of healthy and environmentally-friendly diets [11]. Hence, the objective of this research is to
analyze community gardens (CGs), a form of small-scale urban agriculture, as a means to pro-
vide healthy and sustainable food options to citizens.

A large body of research shows the benefits of CGs in terms of improved dietary choices, as
well as, physical and mental health [12, 13]. Particularly, CGs are linked to increased consump-
tion of locally produced fruits and vegetables, which alongside other plant-based foods and
seafood encompass diets referenced as healthy [14]. Research also suggests that they contribute
to ecological wellbeing and sustainability by reducing greenhouse gas emissions [15, 16].
Investigating reasons for participating in CGs shows that seeking healthy foods, maintaining
personal health, establishing social connection, and feelings of enjoyment are key factors [16,
17]. Nevertheless, there are some barriers that prevent people to participate in community gar-
dening, such as, being too far away from the garden (distance), not having enough gardening
knowledge and skills, not owning tools, lack of community engagement, and cost [10, 18].
These factors can be considered as contextual factors because consumers’ decisions to grow
foods in CGs can be conditional on them. In other words, not all CGs are characterized by the
same factors, which ultimately determine whether a consumer decides to grow food there or
not. For instance, if the aspect of socializing is important for a person and a CG offers commu-
nity events while another does not, this person would choose the former over the latter. Thus,
it is vital to investigate which characteristics are important to consumers, in order to imple-
ment CGs successfully and inform related interventions.

So far, empirical evidence in this regard has been sparse. While Lee and Matarrita-Cascante
[18] set out to investigate the influence of contextual factors on the likelihood of CG participa-
tion quantitatively, no study investigated consumer preferences in the context of growing
foods in CGs. This study adds to the literature by being the first to quantify consumer prefer-
ences for CGs applying latent class analysis to discrete choice experiment (DCE) data. We
determine the importance of several contextual factors on consumer preferences for participat-
ing in community gardening, such as, cost to use CGs, provision of tools, hosting social events,
guidance to garden, and distance to the garden. In addition, we add to the literature by provid-
ing insight into several intrapsychic factors affecting consumers’ preferences for CG participa-
tion. We study subjective knowledge and attitudes related to growing foods, as well as, reasons
to participate in community gardening. Specifically, we combine data from the DCE with data
regarding consumers’ intrapsychic orientations to investigate if, and if so, how consumers’
preferences are linked to their attitudes, subjective knowledge and reasons. Therewith, our
study contributes to the literature that recognizes the importance of intrapsychic factors in
guiding behavior [19, 20]; our work falls along the lines of McFadden [21], Swait [22], Solifio
and Farizo [23], and Vallin, Polyzoi [24].

In sum, we extend the literature on sustainable production and consumption aiding the
UN’s sustainable development goals by highlighting contextual and intrapsychic factors that
determine consumers’ preferences for CG characteristics.

2. Literature review and theoretical framework
2.1 Urban agriculture as sustainable food systems

To meet the demand of the rapidly growing world population food production is consistently
increased at the expense of sustainability [25]. Food systems have undergone remarkable
changes responding to rapid urbanization, dietary patterns, and increasing per capita incomes
[26]. The transition is characterized by an increase in food mileage, and substantial processing
and packaging of foods [27], leading to unsustainable and unhealthy diets [28] dominated by
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meat, dairy, eggs, refined sugar, refined fat and oils [29]. This unsustainable nature of modern
food systems calls for a transformation towards more sustainable systems to ensure healthier
dietary patterns and preservation of the environment. In this regard, urban agriculture has
been mentioned in the Lancet Commission [2] report as one strategy to support the transfor-
mation. Currently, urban food environments can be characterized as “lose-lose” diets because
they represent energy-dense foods that are heavily processed, and are high in saturated fats
and added sugars [14]. This suggests that reducing access to unhealthy foods or increasing the
availability of healthy food alternatives rich in produce is crucial to realize win-win diets.

Urban agriculture can be a unique source of “win-win” diets for the fast growing urban
population [14]. A recent review indicates that urban agriculture can address key societal chal-
lenges including climate change and public health in the global north [15]. Schram-Bijkerk,
Otte [30] also showed that urban gardening can improve dietary choices, increase physical
activity and reduce stress. Furthermore, the review by Warren, Hawkesworth [31] found some
positive associations between urban agriculture, and food security, dietary diversity and nutri-
tional status. CGs as a form of urban agriculture have benefits directly related to the actual
growing of foods. This has been conceptualized using ecological models that link human
health to ecological wellbeing [e.g. 32]. These models suggest that CGs address some of the
health and environmental challenges that face society. In this context, Artmann, Sartison [17]
showed that innovative nature-based solutions including urban gardening can foster pro-envi-
ronmental food consumption and experiential human-food connection. In terms of environ-
mental sustainability, Vavra, Danék [16] and Kulak, Graves [33] showed that CGs can reduce
greenhouse gas emissions. While the causal impacts of CGs on health and environmental out-
comes have yet to be fully established, they are widely recognized as being one policy option to
support sustainable development [34, 35].

2.2 Theoretical framework

According to previous literature, important factors underlying participation in community
gardening are health benefits, access to fresh and better tasting foods, nature enjoyment,
socialization, stress reduction, and leisure. At the same time, contextual factors that can limit
participation are technical assistance to gardeners, funding to establish CGs, time demand, dis-
tance to gardens, and community engagement. This is important given that theoretical and
empirical works propagate contextual factors as influential in consumer behavior [36, 37]. If
the goal is to implement CGs successfully, it is of paramount importance to address these fac-
tors. This research aims to close this gap in the literature.

2.2.1 Contextual factors influencing growing food at CGs. Educational and technical
assistance for CG projects are often cited as facilitators of successful community gardening
[38-40]. For instance, examining the resources needed for successful urban agricultural proj-
ects in New York City, Cohen and Reynolds [38] found that technical assistance to practition-
ers is a crucial factor. Specific forms of technical assistance can include provision of gardening
advice, demonstration gardens, and guidance by volunteers and staff to new gardeners to
ensure a continued participation in CGs [38, 41, 42]. While previous studies indicated the
importance of addressing such lack of assistance based on qualitative interviews, they did not
test how a specific type of assistance determines consumers’ preferences for CGs quantita-
tively. In this study, we provide a quantitative, empirical analysis of whether and how provision
of guidance to garden influences consumers’ preferences for CGs.

Costs to use gardens are consistently associated with the success of CG projects. In a survey
conducted to assess shared challenges among 445 CGs in the U.S. and Canada, Drake and
Lawson [43] found that lack of funding is one of the key challenges, and Cohen and Reynolds
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[38] reported similar challenges. Literature review-based studies also identified costs to use
CGs as one of the impediments to successful operation [10, 44]. In addition, these studies
show that poor access to appropriate tools (soil, compost, seeds, etc.) places a limitation on
participants’ ability to grow food continually in CGs [10, 44]. Again, the results are based on
qualitative studies, which limits a quantitative determination whether and how costs to use
CGs, and access to equipment influence participation. Our study directly addresses these issues
by investigating them quantitatively.

Another barrier to a successful development of CGs is lack of stakeholder engagement [10].
Drake and Lawson [43] discussed that the time and commitment required to pursue gardening
activities may deter some people from participation. On the other hand, lack of knowledge and
awareness can also be an obstacle [39]. One strategy to increase community engagement is pro-
moting networking and learning across social communities [10]. This may involve organization
of social events to increase integration and knowledge exchange [39]. Nevertheless, there is a lack
of deeper understanding of how social events influence decisions to grow foods. In this study, we
contribute to the literature by empirically analyzing how social events affect this decision.

Finally, distance to a garden site is listed as another barrier to effective implementation of
CGs [40]. This barrier is associated with the transportation needs to get to CGs, especially for
those that are not within walking and bicycling distance [45]. While the previous literature
observed the negative effects of distance on CG participation, empirical analysis regarding the
effects of transportation modes is non-existent. In this study, we consider three modes of
transportation (on foot, by bicycle, and by car) to shed light on how they influence consumers’
decisions regarding small-scale urban agriculture.

2.2.2 Intrapsychic factors influencing growing food at CGs. The role of intrapsychic fac-
tors, such as, attitudes and subjective knowledge, in explaining behavior in various contexts
has been recognized in the social psychology and marketing literature. In this section, we
review the relevant literature to inform a theoretical framework demonstrating the roles of atti-
tudes, subjective knowledge and reasons in driving consumer behavior.

Attitudes are one of the most studied intrapsychic factors in the literature. Ajzen
[46, pp. 188] defined attitudes as “the degree to which a person has a favorable or unfavorable
evaluation or appraisal of the behavior in question”, stating that attitudes are antecedents of
behavior in that they determine the intention to the intended behavior. Related to CGs, envi-
ronmental psychologists identified attitudes as antecedents of pro-environmental behavior
[37]. Other researchers showed the same for energy conservation behaviors [36], and healthy
eating behaviors [47]. Most of the existing studies contend that attitudes are a key impetus for
behavior changing interventions. Hence, the success of gardening interventions can hinge on
consumers’ attitudes. In this regard, Somerset and Markwell [48] investigated the impact of
school-based food gardening programs on students’ attitudes towards vegetables and fruits
consumption. They found positive results. Lee and Matarrita-Cascante [18], and Grebitus,
Printezis [49], considered attitudes as drivers of urban agriculture participation and found atti-
tudes to be important. We test the effect of attitudes on CG participation.

Knowledge is also linked to consumers’ behavior. It can be conceptualized in three different
ways: subjective knowledge, objective knowledge and usage experience [50, 51]. Accordingly,
the first one is related to the individual’s self-perceived knowledge based on experience while
the second one represents the individuals’ actual knowledge based on accurate information
stored in long-term memory. Subjective knowledge can play a greater role than objective
knowledge in consumer decision-making process, as it can determine the level of uncertainty
depending on the strength of one’s self-belief and experience. In fact, the previous literature
provides empirical results that support this argument in various contexts including sustainable
food consumption [52]. Hence, we test the role of knowledge on CG participation.
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In addition, “reasons” can be considered important with regards to intrapsychic factors.
Modern rational choice theory postulates that “a rational agent has beliefs and desires, and acts
so as to satisfy his or her desires in accordance with his or her beliefs” [53, pp. 1]. The same
authors asserted that this theory overlooks the role of reasons in preference formation, mainly
because the theory ignores the fact that individuals can modify or revise their preferences, for
example, as a result of responding to reasons. Recognizing the role of reasons, these authors
developed “a reason-based choice theory”. Earlier philosophical works also recognize the
importance of reasons in rational decision-making. Some examples of such works are cited in
Dietrich and List [53] including Parfit [54], Wallace, Pettit [55] and Raz [56]. In line with this
literature, we seek to understand the role of reasons related to decision making using the
example of growing foods in CGs. Here, we anticipate that consumers’ preferences for CGs
depend on various reasons, which can act as motivating or constraining factors. Thus, we
examine whether reasons for CG participation influence consumer preferences for growing
foods.

In Fig 1, we provide a summary of our theoretical framework showing pathways for the
linkages and interactions between consumers’ choices for growing foods at CGs, and contex-
tual and intrapsychic factors. The framework also shows the possibility of combining choice
data with data representing intrapsychic factors to provide a deeper understanding of consum-
ers’ behavior in the context of growing foods at CGs.

3. Data and methods
3.1 Ethical approval

Before we embark on collecting data, we sought ethical approval from the Institutional Review
Board (IRB) of Arizona State University. The IRB of the University determined that the proto-
col is considered exempt pursuant to Federal Regulations 45CFR46 (2) Tests, surveys, inter-
views, or observation on 3/14/2017. IRB ID: STUDY00005935. The study included informed
consent by participants being informed prior to beginning the online survey that “Filling out
the questionnaire will be considered your consent to participate.”

3.2 Sampling and data collection

The data for this study was collected in North America. To account for variations in terms of

socio-economic situations and availability of CGs, two states were selected for the data collec-
tion: Arizona and Michigan. In Arizona, Phoenix was chosen as (sub-)urban area because it is
one of the most populous cities in the USA, which is also located in one of the most populous

counties in the country. Urban areas with a high population density are ideal for urban
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agriculture given the necessity for sustainable farming practices to ensure food security and
economic growth in a more sustainable manner. This is in line with Phoenix’s recognition for
urban agriculture to strengthen social and ecological benefits in the face of rapid urbanization,
which converts agricultural areas to urban built-up areas [57]. Moreover, Phoenix’s unique cli-
matic condition presents a great opportunity for year round food production.

In Michigan, Detroit was chosen because it is associated with areas declared as food deserts
with a history of lack of access to healthy foods [58, 59]. This provides a unique opportunity for
small-scale urban agriculture, where residents can grow foods themselves to satisfy their con-
sumption needs. The choice of Detroit was also motivated by the fact that its rich tradition of
urban gardens is becoming an important driver of its’ fast growing economy [60]. This is reflected
in the city’s planning and development initiatives, which starts incorporating urban gardens into
its’ overall development programs. Evidence indicates that in 2019 the Detroit area had around
1,600 gardens and farms benefitting more than 25,000 residents [61]. This justifies the choice of
Detroit as a study area concerning the drivers of successful small-scale urban agriculture.

Data collection was administered using the Qualtrics survey platform where a sample of
participants were recruited to take part in the survey. In total, 397 participants returned fully
completed questionnaires from each site. The characteristics of the participants, who took part
in the survey, can be seen in Table 1. Accordingly, more than half of the participants are in the
age category of 25-54 years in both Phoenix and Detroit with the rest being either below or
above this category. About 46% (Detroit) and 47% (Phoenix) were female, respectively. The
household size in both cities was approximately 3 persons on average, and 25% had children in
the household. Some 16% of participants in Phoenix were high school graduates (or below),
with this being true for around 23% of respondents in Detroit. About 30% of participants in
Phoenix had a college degree (27% in Detroit). The remainder had a 2-year degree or above
(52% Phoenix, 48% Detroit). Overall, our samples are comparable to the distribution of the U.
S. population in terms of key variables shown in Table 1.

3.3 Discrete choice experiments

Discrete choice experiments are used to measure preferences for products and services differ-
entiated by their attributes [62]. Thus, we employ the DCE approach to elicit consumers’ pref-
erences for CGs to grow foods. First, we identify relevant attributes and their levels. In this
study, we identify five attributes after reviewing the literature. The attributes represent the con-
textual factors discussed in section 2.2.1, which include distance to CG, whether tools are pro-
vided to garden, whether social events are organized, whether guidance to garden is provided,
and the fee to use the CG. Table 2 summarizes the attributes and their levels. The distance to
garden attribute was specified to be 10 minutes from home one way, and varies by mode of
transportation. The cost to use the garden can be zero, as some gardens may not charge any
fee at all, for example, if the city or a foundation is covering the cost. The other cost levels were
chosen based on cost for CGs in the study area.

Next, we used the Ngene software [63] to create the experimental design, combining the attri-
butes and levels to build alternatives, which in turn are used to produce choice sets. The final
design contains 12 choices sets, which were created using a D-efficient fractional factorial design.
Each choice set has two alternatives. In addition, an opt-out option was included to increase the
realism of the choice scenarios as individuals can opt-out from growing food at CGs. Respon-
dents were told to imagine that they would like to grow food at a CG. They would have a 200
square feet (3mx6m) plot of land at the CG big enough to provide two persons with a good
amount of produce each week. An example of a choice set is shown in Fig 2. Given the hypotheti-
cal nature of our DCE, we used a ‘cheap talk script’ to reduce hypothetical bias (see S1 Appendix).
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Table 1. Characteristics of survey participants in comparison to the US population.

Variable % of the sample % of the US population
Phoenix Detroit
Age in years
<20 2.8 6.0 25.4
20-24 8.6 7.8 6.9
25-34 22.9 16.4 13.8
35-44 15.6 18.4 12.6
45-54 16.6 16.9 13.2
55-59 9.5 12.1 6.7
60-64 6.3 6.8 6.1
65-74 15.4 12.8 8.8
75-84 2.0 2.3 4.5
Gender (female) 47.1 46.9 50.8
Education
Less than high school 2.0 2.3 12.4
High school graduate 16.4 22.7 27.1
Some college 29.9 26.7 20.6
2-year degree 12.6 9.6 8.4
4 year degree 252 26.7 19.4
Doctorate or Professional degree 13.9 12.1 12.1
Race
While (one race) 83.6 72.0 72.7
Black (one race) 4.0 17.4 12.7
Household size (mean number of persons) 3 3 3
Household has children 25.69 25.2 27.9
Employment —
Employed 55.92 56.16 59.3
Unemployed 8.1 5.8 3.7
Other 35.98 38.04
Annual household income
Less than $10,000 5.8 8.6 6.3
$10,000 - $49,999 44.3 42.06 35.8
$50,000 - $99,999 36.8 36.02 30.0
$100,000 - $149,999 9.6 9.3 14.6
More than $150,000 3.5 4.0 13.3

https://doi.org/10.1371/journal.pone.0243949.t001

3.4 Intrapsychic factors

As discussed in section 2.2.2, we are interested in understanding the influence of intrapsychic
factors on CG participation. To achieve this objective, we include questions regarding attitudes
and subjective knowledge about growing foods in CGs, and about reasons for participating in
CGs. Attitudinal and knowledge questions were developed by [64] and contained eight items
that were evaluated on a bipolar 7-point scale [65]. Examples of such questions include “Grow-
ing food is excellent”/”Growing food is poor”, “I have had a lot of exposure to growing food”/”I
have had no exposure to growing food”. Reasons for participating in CGs included 28 items.
Here, respondents were asked to what extent they agree or disagree with the respective item to
be a reason to participate in community gardening based on a 7-point Likert scale from

“strongly agree” to “strongly disagree”. The items included statements regarding
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Table 2. Attributes and their levels.

Attribute name Level Coding
Distance to garden 10 minutes by car Dummy
10 minutes by bike Dummy
10 minutes on foot Reference
Tools provided Yes Dummy
No Reference
Social events organized Yes Dummy
No Reference
Guidance to garden provided Yes Dummy
No Reference
Cost to use the garden ($) 0, 100, 200, 300 Ordinal

Note: Coding indicates how the attributes were coded to include them in the subsequent analysis

https://doi.org/10.1371/journal.pone.0243949.t1002

environmental sustainability, healthy foods, taste, food security, social connection, gardening
skills, and physical activity. The items included in this question were derived from the litera-
ture, such as, from a variety of surveys developed for the Community Food Project Evaluation
Toolkit [66].

3.5 Analytical strategy

3.5.1 Discrete choice modeling. Using data from the DCE we employ discrete choice
modeling which is rooted in utility theory [21]. Specifically, we assume that individuals partici-
pate in CGs if their utility from participation is maximized. We further assume that individuals
maximize their utility by making choices among alternatives of CGs described by different
contextual attributes. Therefore, the utility, U, of an individual, n, among, g, alternatives of
CGs in choice situation, t, can be formulated as:

U,

ngt

=V,

ngt

+ £

t (1)

Where V,, is the deterministic part of utility, and &, is the random part of utility. This recog-
nizes the randomness of utility because the analyst cannot observe all the factors that can influ-
ence individuals’ utility. The analyst can only observe the factors that the individual faces [67].
In the case of choices of CGs to grow foods, the analyst only observes a limited set of contextual
factors that affect participation. Because utility is fully known to the individual making choice
decisions, she chooses alternative, g, if the utility obtained from this alternative is strictly
greater than the utility obtained from alternative, k. In addition, because utility is random, ana-
lysts can only predict choices of individuals using probabilistic models. Thus, the probability

Option A Option B
10 minutes from home one way By car On foot
Tools provided No Yes None of
Social events organized Yes Yes these
Staff and volunteers provide guidance | Yes No
Cost to rent per year $100 $100

Fig 2. An example of a choice set.

https://doi.org/10.1371/journal.pone.0243949.9002
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of choosing alternative, g, can generally be expressed as:

U, > U, Vg#k
P, - oo @)
gng - gng < Vnk_Vnkﬂ Vg 7& k

Therefore, for alternative g to be chosen, the difference between the error terms should be less
than the difference between the deterministic parts of the utility for all Vg # k. Estimation
requires the specification of the cumulative distribution of the probability function over the
density of the error terms.

Py = [Hey — e < Vi = Vo Vg £ R (e, )dle,) ®)

Different probabilistic models can be specified depending on the assumptions placed on the
distribution of the error terms [67].

3.5.2 Latent class models. Following the framework discussed in 3.5.1, the probability, p,
that an individual, #, chooses alternative, g, over alterative, k, can be modeled as:

-

e (@

ngt G _B.X
§ ePningt
g

where 8, X, represents the deterministic part of utility, V,,,, expressed as the product of the
vectors of explanatory variables, X,,.,, and the corresponding vectors of the estimated coeffi-
cients, 3,,. Eq (4) is the simple logit model, which has important limitations related to handling
preference heterogeneity [67]. Latent class (LC) models can address these limitations by
accounting for unobserved heterogeneity across segments of consumers [68]. Specifically, LC
models allow for the identification of latent groups, which are allocated to different classes.
Members of consumers across classes have heterogeneous preferences whereas those within a
class have homogeneous preference. The peculiar feature of the LC models is that they allow us
to use not only consumer characteristics but also intrapsychic factors to determine class mem-
bership. This feature makes them popular in the literature concerned with using intrapsychic
factors to explain consumers’ preferences. We also employ these models as our study focuses
on linking consumers’ preferences for CGs to their intrapsychic constructs.

In the case of LC models, the utility function in Eq (1) can be decomposed into a choice
model and a membership model. Thus, according to Boxall and Adamowicz [68], we specify a
joint probability that an individual, #, is allocated to class, ¢, and chooses alternative, g, as:

c ewnzn e/’)cxngt
P”gt - Zc:l lzc . ewnzn‘| lzG ePXngt (5)
= g

where w. denotes the class-specific vector of estimated parameters, and Z, represents consum-
ers’ characteristics and intrapsychic variables. These variables include Age (age in years);
Household size (number of persons in a household); Gender (dummy variable 1 if female, oth-
erwise 0); Attitudes (attitudes towards growing foods in CGs); Knowledge (familiarity and
experience with growing foods in CGs); Reasons_Food_Health (food and health related rea-
sons for CG participation); Reasons_Social_Emotion (social and emotional related reasons for

CQG participation). For the latter four variables, scores are calculated for each respondent based
on weights obtained from factor analyses.

There is a standard procedure of normalizing the estimated membership coefficients of one
of the classes to zero to identify membership parameters for the other classes, which should be
described relative to the normalized class [68]. The optimal number of classes is commonly
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determined based on the minimum statistical information criteria such as Akaike Information
Criteria (AIC), Corrected-AIC (CAIC), and Bayesian Information Criteria (BIC) [69]. We
implement the same approach in the present study. The LC models are estimated using the
maximum likelihood procedure [67]. Once the estimated coefficients in 3, are obtained, will-
ingness-to-pay (WTP) can be calculated for each class by dividing the negative of the coeffi-
cients of non-monetary attributes by the coefficients of the cost attribute.

3.5.3 Factor analysis. As stated in section 3.4, we measure the different intrapsychic vari-
ables based on ordinal scales resulting in ordinal responses. These responses can be used as
explanatory variables in econometric models dealing with consumer behavior. However, the
question of how to treat them is unsettled in the literature. Some researchers collapse ordered
responses into binary variables by using arbitrary cutoff points. One shortcoming of this
approach is the possibility of losing important information [70]. Another approach includes
using factor analysis [71], which enables us to condense a large set of ordinally scaled and corre-
lated items into a few independent common factors underlying a latent construct. We employ
such analysis with varimax rotation to extract factors underlying the latent intrapsychic con-
structs including participants’ attitudes, subjective knowledge, and reasons. We determine the
reliability of the extracted factors using Cronbach’s alpha. Factor scores are calculated for each
respondent based on predicted values of the factors, yielding the weighted sum of standardized
scores. These scores are subsequently used as explanatory variables in the analysis.

4. Results and discussion

4.1 Consumers’ attitudes, subjective knowledge, and reasons related to
growing foods

Table 3 presents the results of the factor analysis for subjective knowledge and attitudes. The
overall Kaiser-Meyer-Olkin criterion (KMO) and Cronbach’s alpha determine whether there
is strong internal validity between items, and whether the data is adequate for factor analysis.
The items loaded on two factors each interpretable as subjective knowledge or attitudes. The
former is described by exposure, familiarity and experience with growing foods while the latter
represents consumers’ favorable evaluation of growing foods. In this study the factor loadings
differed slightly from the original work by [64] where “favorite activity” was not included in

Table 3. Factor analysis of subjective knowledge and attitudes towards growing food (rotated factor loadings matrix).

Phoenix Detroit

Factor 1 Factor 2 Factor 1 Factor 2
Items Subjective Knowledge Attitude Subjective Knowledge Attitude
Growing food is excellent 0.179 0.854 0.124 0.909
Growing food is desirable 0.176 0.868 0.192 0.873
I am very positive about growing food 0.272 0.823 0.328 0.853
I like growing food very much 0.556 0.635 0.623 0.597
T have had a lot of exposure to growing food 0.909 0.181 0.898 0.190
I'm extremely familiar with growing food 0.905 0.222 0.909 0.211
I have had a great deal of experience with growing food 0.919 0.193 0.928 0.164
Growing food is my favorite activity 0.621 0.514 0.695 0.418
Cronbach’s alpha 0.872 0.912 0.919 0.891
KMO 0.881 0.875

Note: Weights shown in bold indicate a strong relationship between the item and the factor.

https://doi.org/10.1371/journal.pone.0243949.t003
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the knowledge factor. Nevertheless, we can assume that someone who has a favorite activity is
likely to have more knowledge regarding this activity compared to a person who does not par-
ticipate in this activity. Furthermore, the item “I like growing food very much” loaded highly on
both factors for Detroit. To be consistent with the factors for Phoenix, we sort this item under
factor 2, as it is more likely to represent attitude than knowledge about growing foods in CGs.
Factor analysis results regarding reasons are presented in Table 4. In the first round of anal-
yses we found several cross-loading items, and hence followed Hair, Black (16) and Hair (17)
to find solutions for cross-loading items. First, we tried different rotation methods to eliminate
such items using STATA software, and define distinct factors. However, this did not solve the
problem. In such situation, the next step is to exclude these items and perform the factor analy-
sis with the remaining items. In the final analysis, we excluded six items (see S2 Appendix) and
used principal component factor analysis with varimax rotation to generate our factors. This
gives rise to factor loading without cross-loading issues indicating the presence of distinct fac-
tors. As indicated above, we used Cronbach’s alpha and KMO to determine the reliability of
the extracted factors. The results for the remaining items confirm the existence of strong inter-
nal validity and that the data are adequate for factor analysis. The factor analysis revealed two
independent factors. Since, CGs are often associated with benefits related to social engage-
ment, emotional feelings, personal health, and improved access to quality foods, we consider

Table 4. Factor analysis of reasons for CG participation.

Items

Eat more produce

Eat more organic food

Eat fresher food

Eat food that tastes better
Spend less money on food
Feel better about food origin
Be more physically active
Eat less fast food

Better able to provide food for my family
and myself

Donate/give extra food to other people
Learn new gardening skills

Be healthier emotionally

Be healthier mentally

Be healthier physically

Feel safer in the neighborhood

Make friends

Learn about running a small business
More family time

Teach my family/friends to garden
Feel stronger connection to my culture
Cronbach’s alpha

KMO

Phoenix Detroit
Factor 1 Factor 2 Factor 1 Factor 2
Food and health related | Social and emotional related | Food and health related | Social and emotional related
reasons reasons reasons reasons
0.831 0.271 0.776 0.362
0.738 0.309 0.721 0.333
0.866 0.217 0.877 0.208
0.836 0.290 0.800 0.334
0.722 0.325 0.741 0.352
0.787 0.358 0.777 0.329
0.661 0.486 0.714 0.428
0.607 0.468 0.669 0.468
0.655 0.527 0.709 0.477
0.669 0.450 0.695 0.401
0.699 0.410 0.629 0.483
0.698 0.513 0.659 0.519
0.716 0.469 0.709 0.481
0.751 0.404 0.823 0.329
0.356 0.769 0.376 0.779
0.485 0.636 0.457 0.655
0.216 0.770 0.151 0.848
0.367 0.707 0.461 0.734
0.472 0.654 0.501 0.671
0.317 0.788 0.379 0.742
0.956 0.898 0.966 0.915

0.972 0.975

Note: Weights shown in bold indicate a strong relationship between the item and the factor.

https://doi.org/10.1371/journal.pone.0243949.t004
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the two factors as being representative of two streams of reasons for CG participation: food
and health related reasons and social and emotional related reasons. Main items representing
the former include reasons tied to eating tastier, fresher, and more organic foods, and being
emotionally, mentally and physically healthier. The latter is represented by reasons that relate
to making friends, feeling a stronger connection to one’s culture, having more family time and
feeling safer in the neighborhood. That said, it is worth clarifying the loadings related to the
items “learn new gardening skills” and “learn about running a small business”. Evidence sug-
gests that people seek new gardening skills to grow foods themselves, which ultimately can
improve their food choices [38]. Thus, it is not unrealistic that the former item loaded on fac-
tor 1. Learning about running a small business from participation in CGs can have social and
emotional elements because it provides social benefits, for example, in terms of support for the
unemployed [72]. Thus, the latter item is directly related to the social and emotional reasons in
factor 2.

Because variables representing attitudes, subjective knowledge and reasons are used as
explanatory variables in the subsequent latent class analyses, they should not suffer from muti-
collinearity. To test this, we calculated correlation coefficients. Results show that no correlation
coefficient is greater than 0.5 [73] (see S3 Appendix). Thus, we conclude that multicollinearity
is not an issue.

4.2 Consumer segmentation regarding preferences for CGs

4.2.1 Estimation results from latent class models. We estimate up to 10 classes with and
without covariates to determine the optimal number of classes for the LC model. The log-like-
lihood and pseudo R-squared values reveal improved model performances as the number of
classes increase, suggesting the existence of multiple latent groups in the samples. Searching
for the optimal number of classes with covariates suggests five or six classes depending on the
statistical information criteria. The BIC, CAIC and BIC (L?) reveal six classes for both samples
in Phoenix and Detroit. The results from this estimation are presented in Tables 5 and 6 for
the samples from Phoenix and Detroit, respectively.

We start by describing results for the Phoenix sample. Looking at Table 5, the probability
that a consumer belongs to class one, class two, class three, class four, class five, and class six is
24%, 19%, 18%, 16%, 12% and 11%, respectively. Consumers in class one (24%) attach positive
utility to most of the characteristics of CGs. Specifically, they derive positive utility from partic-
ipating in CGs where gardening tools, guidance to garden and social events are provided. The
same is true for CGs where the cost to use them is low and which are accessible by bike within
ten minutes from home. The estimated coefficient for the no CG option is highly negative as
compared to the estimates in other classes. This option explains around 28% of the choice vari-
ances next to the cost attribute, which explains 30% of the variances (see S4 Appendix). Mem-
bers of this class are more likely to be male and young. They are associated with favorable
attitudes and subjective knowledge about growing foods in CGs. Their participation in CGs is
likely to be motivated by reasons related to improved food choice, personal health, social
engagement, and emotions. Thus, we name this class as proponents of growing foods.

Class two (19%) contains consumers who are more likely to be young. Non-monetary attri-
butes are not significant in this class but the estimated parameter for the no CG option is sig-
nificantly negative suggesting a preference for participation in CGs. This can be associated
with their subjective knowledge about growing foods in CGs and their reasons for CG partici-
pation, which are tied to social and emotional benefits. In fact, the relative importance of the
no CG option is approximately 65% indicating that the total variability in choice was sensitive
to this option. However, the only attribute, which affects their preferences for CG participation
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Table 5. Estimation results from latent class models-Phoenix.

Class probability

Choice model

Ten minutes by car

Ten minutes by bike
Tools provided

Social events organized
Guidance provided

Cost to rent a plot

No CGs

Class membership model
Constant

Age

Gender (Female)
Household size
Subjective knowledge
Attitude
Reasons_Food_Health
Reasons_Social_Emotion
Final Log likelihood

Class 1

Proponents of growing
foods

0.24

-0.215 (0.201)
0.583 (0.275) **
2.118 (0.378)"**
0.846 (0.266)"**
1.742 (0.372)***
-0.0131 (0.0016)***
-3.617 (0.515)***

2.643 (1.183)"*
-0.046 (0.017)***
-1.075 (0.516)**
0.609 (0.244)***
0.594 (0.260)"*
0.735 (0.284)"**
1.175 (0.291)***
0.799 (0.289)"**
-2993.99

Note: Values in parentheses are standard errors.

(%

Gk

Gk

’ represents statistical significance at 10% level,
> represents statistical significance at 5% level, and

represents statistical significance at 1% level

https://doi.org/10.1371/journal.pone.0243949.t005

Class 2

Content with price

0.19

-0.049 (0.166)
-0.171 (0.177)
0.151 (0.155)
0.189 (0.142)

0.012 (0.128)
-0.0021 (0.0007)***
-2.270 (0.274)***

2.973 (1.222)***
-0.070 (0.020)***
-0.837 (0.537)
0.612 (0.245)"**
1.016 (0.299)***
-0.081 (0.263)
0.273 (0.299)
1.245 (0.340)***

Class 3
Prefer to walk

0.18

-0.795 (0.199)***
-0.745 (0.288)***
1.062 (0.222)***
-0.145 (0.260)
0.739 (0.186)***
-0.0188 (0.0015)***
-2.144 (0.393)***

0.717 (1.277)
-0.013 (0.017)
-1.499 (0.549)***
0.707 (0.252)***
0.663(0.266)"**
0.999 (0.289)"**
0.872 (0.264)"**
-0.018 (0.287)

Class 4

Price sensitive

0.16

-0.291 (0.342)
0.566 (0.668)
1.364 (0.514)***
-0.201 (0.427)
1.193 (0.386)***
-0.050 (0.0046)"**
-0.414 (0.538)

0.469 (1.236)
-0.014 (0.016)
-1.130 (0.529)**
0.743 (0.249)"**
0.809 (0.265)"**
0.712 (0.257)"**
0.445 (0.229)"
-0.321 (0.287)

~ |||

Class 5

Prefer to use car or
bike
0.12

0.557 (0.257)**
0.691 (0.295)"**
1.408 (0.213)***
-0.169 (0.214))
1.299 (0.261)***
-0.006 (0.001)***
1.573 (0.336)***

2.021 (1.273)
-0.040 (0.018)**
-0.288 (0.561)
0.373 (0.263)
0.206 (0.289)
0.132 (0.252)
1.003 (0.292)***
( )

0.627 (0.304)*

Class 6

Opponents of growing
food

0.11

-0.959 (0.511)*
-0.751 (0.621)
1.103 (0.517)**
-0.203 (0.401)
0.728 (0.562)
-0.0143 (0.003)***
2.434 (0.552)***

significantly, is cost. This attribute is also the second most important attribute in this class
explaining 18% of the choice variances. Thus, we name this class as content with price.

Consumers allocated to class three (18%) are likely to be represented by male consumers

with a large household. They derive positive utility from provision of tools and guidance to
garden. However, their preferences for traveling by car and by bike are significantly negative,
thus they are labelled as prefer to walk consumers. These consumers derive negative utility
from the no CG option, which accounts for 19% of the choice variances. The cost attribute
explains half of the choice variance (50%) in this class. These preferences for growing foods in
CGs can be associated with their positive attitudes, subjective knowledge, and beneficial food
choice and personal health related to CG participation.

Class four (16%) is devoted to consumers who are more likely to be represented by male

consumers with a large household. They derive positive utility from provision of tools and
guidance to garden. However, most of the variability in choices is explained by the cost attri-
bute (79%). In addition, the absolute value of the estimated cost coefficient is the highest in
comparison to the estimated coefficients in the other classes, which indicates that increasing

costs generates the highest disutility for CG participation. Thus, we label this class as price sen-
sitive. Although preferences in this class are positively linked to favorable subjective knowledge
and attitude, these consumers grow foods in CGs only if the cost of doing so is very low.

Class five (12%) belongs to consumers who are likely to be represented by relatively young
consumers. They have positive preferences for the no CG option, which represents non-
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Table 6. Estimation results from latent class models-Detroit.

Class probability

Choice model

Ten minutes by car

Ten minutes by bike
Tools provided

Social events organized
Guidance provided

Cost to rent a plot

No CGs

Class membership model
Constant

Age

Gender (Female)
Household_size
Subjective knowledge
Attitude
Reasons_Food_Health
Reasons_Social_Emotion
Final Log likelihood

Class 1

Proponents of growing

foods
0.28

0.157 (0.171)

0.391 (0.247)

2.671 (0.288)"**
1.194 (0.221)***
1.735 (0.216)***
-0.0135 (0.0012)***
-3.273 (0.521)***

1.773 (1.026)*
-0.033 (0.015)**
-0.159 (0.505)
0.605 (0.219)***
0.419 (0.238)"
0.404 (0.254)
0.719 (0.247)"**
0.297 (0.254)
-3117.23

Class 2

0.22

0.112 (0.126)
-0.022 (0.121)
0.353 (0.131)**
0.359 (0.136)"**
0.229 (0.121)*
0.0006 (0.0006)
-1.737 (0.257)***

2.238 (1.066)"
-0.051 (0.016)***
-0.265 (0.532)
0.561 (0.225)"**
0.383 (0.257)
0.081 (0.263)
0.476 (0.274)*
0.953 (0.299)"**

Price insensitive

Class 3

Content with tools and
guidance

0.18

0.356 (0.180)**
0.222 (0.253)
1.551 (0.238)***
-0.012 (0.262)
1.232 (0.201)***
-0.013 (0.0013)***
-0.240 (0.293)

0.817 (1.112)

-0.009 (0.016)
0.136 (0.538
0.303 (0.237
0.212 (0.245
0.554 (0.278)**

0.779 (0.279)***
(

)
)
)
)
)
0.062 (0.263)

Class 4

Price sensitive

0.15

-0.937 (0.347)***
0.944 (0.598)
0.477 (0.469)
0.572 (0.373)
0.715 (0.374)*
-0.041 (0.0034)***
-1.102 (0.505)**

-0.229 (1.113)
-0.009 (0.016)
0.510 (0.526)
0.565 (0.229)"**
0.186 (0.244)
0.403 (0.258)
0.435 (0.234)*
-0.242 (0.255)

Class 5

Prefer to use car

0.09

0.904 (0.236)"**
-0.185 (0.276)
0.468 (0.185)"**
0.053 (0.258)

0.296 (0.218)
-0.0026 (0.0011)***
0.871 (0.317)***

-0.671 (1.322
-0.013 (0.019
1.031 (0.618)"
0.495 (0.248)"*
0.151 (0.287)
0.128 (0.289)
-0.072 (0.304)
0.634 (0.347)"

)
)

Class 6

Opponents of growing
food

0.08

-2.165 (1.155)"
-6.271 (5.208)
1.095 (1.274)
-0.817 (1.247)
0.611 (1.259)
-0.0221 (0.0078)***
2.405 (1.249)*

Note: Values in parentheses are standard errors.

(%

’ represents statistical significance at 10% level,

Gk

> represents statistical significance at 5% level, and

Gk

represents statistical significance at 1% level

https://doi.org/10.1371/journal.pone.0243949.t006

participation in CGs. However, they obtain positive utility from participating in CGs where
tools and guidance to garden are provided. This positive utility can be explained by their rea-
sons for CG participation, which include benefits related to improved food choice, health, and
social and emotional feelings. In terms of attribute importance, 24%, 21% 19%, and 17% of the
choice variances are explained by the attributes representing costs, no CG option, whether
tools, and guidance to garden are provided or not, respectively. What makes members of this
class distinct is their significantly positive preference for traveling by car or by bike to CGs.
Thus, we label consumers in this class as prefer to use car and bike consumers.

The last class, class six (11%) contains consumers who are more likely to be characterized
as being females, older, and small in household size in comparison to consumers in other clas-
ses. These consumers can be regarded as opponents of growing foods in CGs for the following
reasons. They derive positive utility from provisions of tools and guidance to garden but they
have a highly positive preference for the no CG option. As also indicated in section 3.5.2, class
membership results are interpreted relative to this class. Given that the other classes are posi-
tively associated with two or more intra-psychic factors, members of this class have the oppo-
site intrapsychic orientations in terms of unfavorable attitudes and low subjective knowledge.
Further, they are more likely to be negatively associated with the reasons for CG participation.
Thus, the tendency of non-participation is likely explained by their negative intrapsychic con-
structs. The cost attribute explains 41% of the choice variance followed by the no CG option
(23%) and the attribute indicating whether tools are provided or not (11%).
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Table 6 presents the estimation results for the sample obtained from Detroit. The probability
that a consumer belongs to class one, class two, class three, class four, class five, and class six is
28%, 22%, 18%, 15%, 9% and 8%, respectively. Class one (28%) includes consumers who are
likely to be overrepresented by young individuals in large households. They react positively to
all non-price attributes. In addition, they have the highest negative reaction to the no CG
option. As a result, we label these consumers as proponents of growing foods. Their positive pref-
erences for CGs can be associated with a high subjective knowledge and reasons tied to the ben-
efits of CG participation in terms of improved food choice and personal health. While the no
CG option and the cost attributes explain much of the choice variance (24% and 30%, respec-
tively), members of this class attach the highest utility to tool-provision and guidance to garden.
These attributes explain 20% and 13% of the choice variance, respectively (see S5 Appendix).

Consumers in class two (22%) are also likely to be young with a large household. They differ
from consumers in the other classes in that they seem to be price insensitive albeit the estimated
coefficient for the cost parameter is insignificantly small. It accounts for only 6% of the choice
variance. Therefore, we call this class price insensitive. Members of this class derive higher utility
from tools provision, guidance to garden, and social events. They have significantly negative
preferences for the no CG option suggesting a preference for participation in CGs. They are
likely to be interested in the benefits of CGs associated with improved social engagement and
emotions, which can explain their negative preference for non-participation in CGs. In terms of
relative importance, the no CG option explains 58% of the choice variance while the attributes
social events organized and tools provided account for 12% of the variance each.

Class three (18%) entails consumers who derive positive utility from participating in CGs
where tools and guidance to garden are available. They also derive positive utility from using
cars to get to the CG. While they do not show any distinctive preferences in comparison to the
other classes, they can be identified by their strong preferences for gardening tools and guid-
ance to garden attributes. These attributes explain 20% and 16% of the choice variance, respec-
tively. Thus, we refer to these consumers as content with tools and guidance. The results related
to intrapsychic constructs in the membership models suggest that these preference structures
are likely to be explained by favorable attitudes about growing foods in CGs and beliefs about
the food choice and personal health benefits.

Class four (15%) is more likely to be represented by consumers with a large household size.
This class is labelled as price sensitive, as its members are likely to derive highly negative utility
from the cost attribute compared to the other classes. In addition, this attribute accounts for
the greatest proportion of the total choice variance (72%). The only non-monetary attribute
that has a significantly positive influence on consumers’ utility in this class is the guidance to
garden. However, members derive negative utility from the no CG option indicating their
preference for CG participation. Their participation in CGs is likely to be motivated by reasons
related to improved food choice and personal health.

Class five (9%) is likely to be overrepresented by female consumers with a large household.
They obtain significantly higher utility from receiving gardening tools and traveling by car.
These positive preferences can be related to their motivation for CG participation, which is the
ability to build social relationships and enjoy positive emotional attachment to their neighbor-
hoods. Their strongest positive preferences for traveling by car distinguishes them from the
other classes. This attribute comes first in terms of relative importance explaining much of the
choice variance (25%). Thus, we label members in this class as prefer to use car consumers.
Another notable result in this class is the positive preference for the no CG option, which is
the second most important attribute (24%) in this class. Thus, despite their socially-oriented
motivation to participate in CGs, members in this class may support non-participation partic-
ularly if gardening tools are unavailable and if the gardens are not accessible by car.
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Table 7. WTP values ($).

Attribute

Phoenix

Ten minutes by car

Ten minutes by bike

Tools provided

Social events
organized

Guidance provided
Class probability
Detroit

Ten minutes by car

Ten minutes by bike

Tools provided

Social events
organized

Guidance provided

Class probability

Class 1

Proponents of growing
food

NS

44.6 (22.949)***
161.9 (22.758)***
64.7 (17.989)"**

133.2 (18.790)***
0.24

Proponents of growing
food

NS

NS

197.6 (22.659)***
88.5(17.130)***

128.5 (14.917)***
0.28

Note: NS = not significant

https://doi.org/10.1371/journal.pone.0243949.t007

Class six (8%) can be labelled as opponents of growing foods because they have the strongest
positive preference for the no CG option. These consumers mainly consist of older individuals
with fewer household members. Membership in this class is likely to be based on unfavorable
intrapsychic orientations. These negative orientations explain the strongest positive preferences
for non-participation. In fact, this class does not show positively significant preferences for the
non-monetary attributes suggesting their skepticism about CG participation. The no CG option
is the third most important attribute accounting for 12% of the choice variance next to the cost

and traveling by bike attributes, which explain 33% and 31% of this variance, respectively.

4.2.2 Segment-specific consumer valuation of CG characteristics. To directly compare
consumers’ preferences in Phoenix and Detroit, we report segment-specific WTP values for
each attribute in Table 7. Though we translate the value into WTP in U.S. Dollars, we interpret
this as a relative value rather than an absolute value given it is derived by dividing the coeffi-
cients of the non-monetary attributes by the negative coefficient of the cost attribute. Results
reveal differences in consumers’ valuations of CG characteristics across segments and samples.
In both samples, the “proponents of growing food” consumers in class one are willing to pay
more for most of the CG characteristics while the “Opponents” in class six have insignificant
WTP values albeit those in Phoenix have positive WTP for the provisions of tools. The former
attaches the highest values to tools, guidance and social events in the order of ranking. How-
ever, the only transportation mode that received significantly positive valuation by these con-
sumers is traveling by bike in Phoenix. The “Price insensitive” consumers in class two have
insignificant WTP values in Detroit while this is true for the “Content with price” consumers
in class two in Phoenix. In both samples, the highest WTP values are found for the “Prefer to
use car and bike” consumers in Phoenix and for the “Prefer to use car” consumers in Detroit.
While the former consumers in Phoenix are willing to pay more for the CG characteristics

Class 2 Class 3 Class 4 Class 5 Class 6

Content with Prefer to walk Price sensitive | Prefer to use carand | Opponents of growing

price bike food

NS -42.3 (10.097)*** NS 92.3 (46.109)** -67.1 (37.335)"

NS -39.7 (15.433)*** NS 114.6 (50.953)** NS

NS 56.5 (13.936)*** 27.1(9.809)*** | 233.3 (49.801)*** 77.2 (38.368)"*

NS NS NS NS NS

NS 39.3 (10.602)*** 23.7 (7.056)*** | 215.3 (50.623)*** NS

0.19 0.18 0.16 0.12 0.11

Price insensitive | Content with tools and Price sensitive | Prefer to use car Opponents of growing
guidance foods

NS 26.9 (14.027)* -22.7 (8.152)*** | 345.3 (158.739)** NS

NS NS NS NS NS

NS 117.3 (19.669)*** NS NS NS

NS NS NS NS NS

NS 93.2 (15.866)** 17.3(9.255) | NS NS

0.22 0.18 0.15 0.09 0.08
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except social events, the latter consumers do this only for using a car to travel to a CG and pro-
visions of tools. We find negative WTP values for the Phoenix sample in the classes “Oppo-
nents of growing food” and “Prefer to walk”, which indicates that consumers in these classes
are willing to accept compensation to travel by car or by bike to offset the disutility from using
such transportation modes. In Detroit, similar preference structures are observed for the
“Price sensitive” consumers. These consumers have the lowest WTP values in both sample
sites due to their strong sensitivity to costs to use CGs but they are only willing to pay more for
CGs where guidance to garden is provided in Detroit.

5. Discussion

A deep understanding of the drivers of growing foods in CGs is crucial to inform future CG
interventions supporting the transformation of current food systems towards more sustainable
systems. In this study, we aim to provide empirical evidence regarding the influence of contex-
tual and intrapsychic factors on consumers’ preferences for growing foods in CGs.

First of all, results from the latent class models show the existence of preference heterogene-
ity across segments of consumers. Findings suggest that both, contextual and intrapsychic fac-
tors, play important roles in determining this preference heterogeneity. In terms of the former,
the availability of gardening tools stands out as the strongest determinant of consumers’ pref-
erences for growing foods in CGs, irrespective of location. This is demonstrated by the highest
value consumers attach to it in most classes albeit differences in magnitudes. While previous,
qualitative studies noted the importance of this contextual factor for successful CG projects
[e.g. 38]; they did not show the level of importance. Most CGs offer at least a few tools but the
high importance consumers attribute to it means that this is something that CGs could look
into further to identify how many and what tools are most desired. Moreover, the results sug-
gest that provision of tools can be the most important entry point for policy aimed at successful
implementation of CGs in urban settings.

Guidance to garden is also important and most consumers consistently attach high values
to it. This result again confirms qualitative findings, which emphasized the need for specific
forms of technical assistance to practitioners of gardening to achieve success in CGs [38, 40].
Our results also cater to the literature that considers urban agriculture as part of nutrition-sen-
sitive food systems. For instance, Weinberger [35] pointed out that input provision and capac-
ity building are particularly useful for increasing the uptake of nutrition-sensitive agriculture
in urban settings. Discussing the requirements for successful nutrition-sensitive urban agricul-
ture, Gerster-Bentaya [74] also noted the necessity of assistance in terms of providing advice
for urban farmers and gardeners regarding nutrition-sensitive crops. Thus, our results point
towards the need for policy initiatives aimed at extending specific forms of assistance to
encourage consumers to grow foods in CGs.

The effects of social events are less pronounced than the above contextual factors. In addi-
tion to being valued lower than tools and guidance, only a small share of consumers attached
significantly positive values to social events (24% in Phoenix and 28% in Detroit). However, in
Detroit, 50% of the total respondents derive higher utility from this contextual factor despite
half of them having insignificant valuations due to their insensitivity to price. While these
results do not wholly contrast previous qualitative findings regarding the importance of social
events for successful CGs [75], they show that this factor is not as strong as tools and guidance
provisions. Given the stark difference between Phoenix and Detroit, reasons might lie in how
many other events are accessible to individuals in the respective areas. This could be an indica-
tor for other locations as well, regarding what factors are most important when it comes to
promoting small-scale urban agriculture.
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In relation to this, distance to CGs is not strongly related to consumers’ preferences in most
segments. For instance, the results displaying preferences for transportation modes show that
only 36% of the total consumers in Phoenix and 27% in Detroit obtain higher utility from
using a bike or a car to get to CGs. On the other hand, 18% of consumers in Phoenix prefer
traveling on foot to traveling by car or by bike. Past research indicated transportation needs to
get to CGs as barriers to community gardening [45] but this may be true only for a few con-
sumers. Our results confirm previous findings that only few consumers need transportation to
get to CGs [16]. Research also indicated that CGs are often located in surrounding neighbor-
hoods giving easy access to CGs especially in areas with low socioeconomic status and no ade-
quate transportation [76]. This is likely to be the case in Detroit which is associated with low
socioeconomic status and is known for the presence of several urban CGs [77]. Hence, this
may explain the smaller share of consumers, who need transportation in Detroit compared to
Phoenix. However, it is worth mentioning that this result does not apply to all consumers in
Detroit given that some consumers attach the highest WTP to traveling by car to CGs. Under-
lying reasons of why these consumers prefer traveling by car could be investigated by future
studies.

Regarding cost to use CGs, most consumers in Phoenix and Detroit seek reduced cost.
These results echoed the outcomes of a review study by Weidner, Yang [10], who indicated the
importance of affordability and cost for upscaling of urban agriculture. Our results show that
the cost factor is particularly important for some consumers (around 15%) in both study loca-
tions as they show highly negative reactions to it. These consumers’ valuations of growing
foods in CGs are lower than other consumers’ valuations. Price sensitive consumers in Detroit
value using a car to get to CGs negatively. Also, a large share of consumers in Detroit have
insignificant valuations of the contextual factors indicating low preferences. Thus, our results
suggest that consumers in Detroit are less willing to pay for growing foods in CGs than con-
sumers in Phoenix.

The finding that a considerable share of consumers focus mainly on the reduced cost to use
CGs suggests the need for prioritizing CG projects given a limited availability of funding [38].
For instance, local government agencies and other support organizations can prioritize CG
projects which are in dire need of financial support or which involve financially-stricken con-
sumers. The price sensitive consumers live in large households, which may suggest that these
consumers live in disadvantaged urban neighborhoods with a large population where CGs
tend to cluster. This amplifies the importance of prioritizing such consumers for financial
support.

In terms of intrapsychic factors, our results illustrate the explanatory power of such factors
on consumers’ preferences for growing foods. Almost a quarter of the total sample in Phoenix
can be seen as proponents of CGs because of the association between their significantly posi-
tive preferences for CG participation and their favorable intrapsychic orientations. The same
is true for about a third of the consumers in Detroit. On the other hand, we also see that the
intrapsychic factors explain why other groups of consumers tend to oppose CG participation.
About 10% of the sample in Phoenix are opponents, which is likely linked to their unfavorable
intrapsychic orientations related to CG participation. The same holds for approximately a sim-
ilar share of consumers in Detroit.

These results suggest that for some consumers, who are not interested in growing foods,
changing their intrapsychic orientations using relevant strategies may constitute one policy
option to encourage growing foods in CGs. This is particularly policy relevant because psycho-
logical orientations are associated with sustainable consumption behaviors [78]. One strategy
can be to integrate food gardening activities into school curriculums, as this has been shown to
foster skills and favorable attitudes towards vegetable and fruit consumption [48]. In addition,
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the fact that informational strategies are linked to sustainable behaviors [37, 79], such strate-
gies could also be useful for cultivating favorable attitudes and motivations for growing foods.

Further inspection of the results indicate that strongly favorable attitudes are related to pref-
erences for traveling on foot to CGs. For some consumers, especially in Phoenix, such attitudes
towards growing foods in CGs can supersede the disutility from long walking time. On the
other hand, some consumers, who strongly agree with the reasons (benefits) for participating
in CGs, are associated with using a car or a bike as a transportation mode. This suggests that
the disutility from transportation cost to travel to CGs would be overruled by the benefits from
participating in CGs. Furthermore, high scores on reasons related to social and emotional ben-
efits of participating in CGs seem to be weakly associated with guidance to garden but strongly
related to social events. Thus, social and emotional related reasons can increase the preferences
for social events in CGs.

6. Conclusion

After testing our conceptual framework by employing latent class analysis to choice experi-
mental and survey data, four main conclusions can be drawn from this study. First, by using
latent class models, we show the importance of combining consumers’ choices for contextual
factors with their intrapsychic orientations to understand their preferences for growing foods
at CGs. Findings indicate that consumers are heterogeneous in their preferences for CG attri-
butes, and this heterogeneity can be explained by their attitudes and knowledge about growing
foods, and by their reasons for participation in CGs. Consumers with favorable intrapsychic
orientations seek to grow food in CGs, while those exhibiting the opposite orientation are
skeptical of such practices. These results confirm previous literature that shows how pro-
foundly intrapsychic factors can influence consumers’ preferences in various contexts [52, 80,
81]. Given the role of intrapsychic orientations on sustainable consumption and production,
the latter group of consumers could be assisted with educational and informational interven-
tions to counter negative orientations and provide motivation for growing foods.

Second, our results suggest that the provision of gardening tools and technical assistance in
terms of gardening guidance are the most important contextual factors for consumers to grow
foods in CGs. In contrast, distance to garden and the availability of social events in CGs are
less pronounced in their effects. These results have important implications for sustainable
urban CGs. Stakeholders supporting CGs might want to focus on the material provided and
on technical resources. Our quantitative findings are in line with evidence from previous quali-
tative studies [38, 40].

Third, while cost to use CGs are important for most consumers, it is the most important
contextual factor for one group of consumers. These consumers react also highly negatively
when it comes to choosing CGs based on other contextual factors. Nevertheless, the stark
influence of the cost factor suggests the need for prioritizing CGs for public and private finan-
cial support.

Fourth, most consumers favor growing food in CGs if the contextual factors examined in
this study are addressed. This is a favorable outcome considering the importance of sustainable
food systems and the role that CGs could play in developing these further in (sub-)urban
areas.

These conclusions should be seen in light of the limitations of our study. First, our study
may suffer from hypothetical bias, which is a general problem in any stated choice experiment.
There is evidence showing consumers behave differently in hypothetical versus actual situa-
tions [82], creating divergence between what consumers say and what they do in reality. How-
ever, evidence also shows that this bias can be reduced by using ex-ante hypothetical bias
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mitigation strategies [83]. One strategy is as a cheap talk script [84], which we used in this
study. Second, given that we collected data using an online panel, our study may be susceptible
of self-selection bias [85]. We attempted to reduce this bias by increasing the sample size.
Third, while we show the roles played by attitudes, subjective knowledge and reasons in con-
sumers’ choices for CGs, we did not investigate how these concepts are related to each other.
However, our correlation analysis suggests that they are unlikely to be highly related. In any
case, this can be an area of research for future studies. Fourth, in this study, we use data from
Phoenix and Detroit only as described in the preceding sections. Given that this cannot be
considered to be a representative sample for the U.S. population, future research could repli-
cate our study by extending the research to other states to compare results.
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