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Farmer Mental Models of Biological
Pest Control: Associations With
Adoption of Conservation Practices
in Blueberry and Cherry Orchards

Chris J. Bardenhagen®, Philip H. Howard and Steven A. Gray

Department of Community Sustainability, Michigan State University, East Lansing, Ml, United States

Conservation practices in agriculture—such as biological pest control, provision of
pollinator habitat and cover cropping—may provide ecosystem services that are
beneficial to both farmers and wildlife. Despite these benefits, however, their use is
not yet widespread and the factors that may limit adoption are not well-understood.
In this study we tested potential associations between farmers’ beliefs about ecosystem
services and their management practices using data collected from questionnaires and
cognitive maps from 31 Michigan blueberry and cherry farmers describing their farming
systems. We found that farmers who included key biological pest control concepts in their
mental model representations reported the use of more conservation practices, and/or
participation in conservation programs, than those who did not. In addition, the timing
of management practices was a more central factor in the mental models of farmers
who included both natural predators and beneficial insects than those omitting these
factors. Finally, the farmers who included those two factors showed higher degrees of
systems thinking based on mental model metric analysis. We suggest that outreach
emphasizing the relationships between ecosystem services and the factors farmers view
as most important may positively influence communication and potential of adoption of
conservation practices and preventative pest management strategies.

Keywords: conservation,ecosystem services, agriculture, ecological systems thinking, natural predators

INTRODUCTION

Farmers are in a unique position to foster the conservation of natural resources and cultivate
ecosystem services because their decisions and behaviors have a direct impact on the environment.
For example, certain agricultural practices can positively influence crop production while
also providing societal or ecosystem benefits such as preservation of wildlife and improved
water quality (Swinton et al, 2007; Lindell et al., 2018). Such “ecosystem services” that
benefit crop production include biological management of pests, increased pollination, and
soil health through development of biota (Power, 2010; Park et al, 2018). On the other
hand, failing to adopt such practices or engaging in certain practices that may have negative
environmental influences and can have an impact on ecosystem services such as wildlife habitat
(Foley et al, 2011). In order to expand the use of conservation practices for agricultural
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pest management, educational outreach is needed to increase
farmer awareness of the ecosystem services benefits associated
with specific practices (Kross et al., 2017; Salliou and Barnaud,
2017; Penvern et al., 2019). However, research into the factors
affecting farmers’ adoption of ecologically-beneficial practices is
also critical (Halbrendt et al., 2014). Several studies have found
associations between more “complex” thinking about ecosystems
and the use of conservation practices (Vuillot et al., 2016;
Teixeira et al., 2018) but understanding of how ways of thinking,
behavior, and environmental outcomes are interrelated remains
less characterized.

Farmers' decisions on whether or not to adopt a particular
practice can be based on a variety of interests, some of which
may conflict with each other. Personal goals and motivations
for becoming a farmer can influence decision-making, creating
barriers to certain practices but conduciveness toward adoption
of others; for example, people who farm as a lifestyle choice
might be more motivated toward conservation practices (Pannell
et al, 2006; Greiner and Gregg, 2011; Prokopy et al., 2019).
Like decision-makers in other natural resource management
contexts (Stier et al., 2017), farmers might depend on university
and industry experts when determining whether to take on a
new practice or whether to continue with behaviors that are
perceived to be working or otherwise beneficial. However, a
barrier to adoption could potentially exist when knowledge
about ecosystem services is not incorporated into a farmer’s
own thinking (Wyckhuys and O’Neil, 2007). This type of barrier
has the potential to be overcome using appropriate information
sharing techniques (Gray et al., 2014; Wilke and Morton, 2015)
and, we propose, through incorporating ecological factors into
their beliefs about farming dynamics.

A “systems thinking” approach to natural resource
management considers, in a holistic manner, the way that
important factors within a system interact with each other
(Bosch et al., 2007). Instead of reducing a system to its parts,
a systems approach examines how those parts fit into the
whole (Gray et al, 2019). In a farming system, these “parts”
include not only plants, soil, and farm inputs, but also soil biota,
wildlife, water resources and runoff, and the farmers themselves.
However, the degree to which farmers are engaging in ecological
systems thinking, and how this influences their decision-making
and on-farm behaviors, requires more research.

Knowledge about these farming systems, how factors are
defined and the relationships between them can be developed
through exploration of mental models, which are frameworks
for thought that people use to understand their world (Jones
et al, 2011). Mental models are used for making day-to-
day decisions and are constructed through the acquisition
of knowledge and through experience (Carley and Palmquist,
1992; Jones et al., 2011; Moon et al., 2019). For farmers, one
manner in which this knowledge can be developed over time
is through social learning processes (Reed et al., 2010), where
information is shared back and forth with university extension
agents, scientists, and other industry partners at meetings,
outreach events, and informal situations such as farmer-to-
farmer communications that influence their decision-making
and preferences (Li et al., 2016).

Social learning processes may be a key to sustainability
for natural resource management, by enabling the sharing of
multiple stakeholder perspectives over a long term (Muro and
Jeffrey, 2008). An iterative process where decisions are made,
systems are affected, and mental models are consciously modified
to reflect the new resulting perception of reality could assist
in the development of more sustainable systems (Hjorth and
Bagheri, 2006). For agriculture, when farmers have knowledge
of how a particular conservation practice or its sub-parts fit
into a farming system, it should be reflected in their mental
models. External representations of the assumptions of these
models could enable them to make more informed decisions
about how their farming decisions potentially influence social or
environmental outcomes. While recent research has discovered
variations in farmers’ mental models based on their style of
management (Vuillot et al, 2016), less is known about the
association between the presence and absence of ecological
information on mental models, and the degree to which different
mental models affect management practices.

To better understand how farmers think about their farming
systems, and if differences in mental models are associated with
the adoption of these types of conservation practices, we focused
on the following questions:

e What are the general characteristics of farmers’ mental models
for pest management decision-making and how do these relate
to conservation practices and behaviors?

e Are conservation practices more likely to be adopted by
farmers who include biological control factors in these
mental models?

In order to study these questions, we researched blueberry and
cherry farmers’ mental models related to pest management,
including how farmers perceive natural predators to work within
their pest management systems. We paid special attention to
the practice of installing nest boxes to attract American kestrels
(Falco sparverius), a natural predator of fruit eating birds, because
nest box installation is a well-known management method used
by a substantial number of blueberry and cherry growers in
Michigan. Bird damage is a significant problem for fruit farmers
(Anderson et al, 2013), and kestrels can help manage bird
damage in blueberry and cherry orchards. Kestrels have been
found to be effective at keeping fruit eating birds out of orchards
when they are nesting in close proximity, thereby decreasing
damage to cherries (Shave et al., 2018). Nest box installation has
been found to be both inexpensive and effective for encouraging
nesting near cherry orchards in Michigan, and their use could
help to conserve and increase area populations of kestrels,
particularly where natural nesting is limited (Shave and Lindell,
2017; Shave et al., 2018). For these reasons nest boxes are an ideal
focus for studying the adoption of conservation practices within
pest management programs.

MATERIALS AND METHODS

Working with university extension and industry partners, we
used purposeful sampling methods (Patton, 2015) to identify
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Michigan blueberry and cherry farmers across a variety of
categories, including age, generational experience, marketing
strategies, and farm size. As perennial fruit crop farmers,
blueberry and cherry farmers utilize similar pest management
strategies. During in-person interviews averaging approximately
1h for each farm, we worked with farmers to create maps
of their mental models of interactions between factors in
their farming systems. We also administered questionnaires
inquiring about their farm characteristics and adoption of
sustainable agricultural practices. The mental model and
questionnaire data were combined in order to better understand
potential relationships between ecological systems thinking
and the adoption of conservation practices, and to test the
hypotheses that conservation practice adoption will be associated
with mental models that incorporate ecological concepts. We
conducted interviews covering a total of 34 farms (usually
with one individual representing the farm but in several
cases there were two). This yielded 31 valid data sets (the
first was not usable because of subsequent changes in the
interview procedure, and two interviewees did not fill out the
questionnaire). More specifics about data gathering and analysis
follow below.

Fuzzy Cognitive Mapping

FCM is a semi-quantitative method used to create an illustration
or representation of a person’s mental model about a particular
topic or phenomena (Ozesmi and Ozesmi, 2004). FCM is
increasingly used to aid natural resource management efforts
(Hobbs et al., 2002; Meliadou et al., 2012; Vasslides and
Jensen, 2016; Van der Sluis et al., 2018) and has also been
applied to farming systems management and agricultural policy
development (Fairweather, 2010; Christen et al., 2015; Pacilly
et al, 2016). FCM 1is a useful tool for understanding the
potential relationships between ecological thinking and adoption
of conservation practices (Vermue, 2017); the mapping process
may illustrate specific factors involved in farm production, and
the relationships a farmer conceptualizes between those factors
(Teixeira et al., 2018). Hence, the inclusion or omission of
biological control factors, and the degree to which those factors
are perceived to influence other aspects of the system, may
provide insight into the degree of ecological systems thinking that
a farmer employs.

The FCM mapping process consists of identifying factors or
variables of importance in a system and then visually representing
the connections between those factors, using a chalkboard,
sticky notes, or other interactive and visual methods (Devisscher
et al.,, 2016). The connections between factors on the map are
typically given a direction (does A causally influence B, B causally
influence A, or both), and a number between —1 and 1 is
provided to signify the strength of the relationship between
factors and whether it is positive or negative (van Vliet et al.,
2010). The resulting map illustrates perceptions of the important
factors in the system, and their direct and indirect relationships
to each other. Importantly, most studies report a rapidly
diminishing number of additional factors after conducting just
five to ten interviews, due to a large number of shared concepts
(Ozesmi and Ozesmi, 2004).

As graphical and “fuzzy” numerical representations of
peoples mental models, FCM structural elements may be
compared among farmers and quantitatively analyzed. Structural
characteristics such as the number of factors, number of
connections between them, and the density of connections
can be calculated and combined with other data sets for
further analysis (Ozesmi and Ozesmi, 2004; Misthos et al,
2017; Konti and Damigos, 2018). Analysis can also examine
“driving” or “transmitting” concepts—those that affect other
concepts or factors in the map but are not themselves
affected by other factors (e.g., in the case of farming
“weather” would generally be considered a driver). “Receiving”
concepts are those that are affected by, but do not affect,
other concepts in the map. “Ordinary” concepts are those
that both affect and are affected by other factors (Christen
et al, 2015; Teixeira et al., 2018). We posit that including
more ordinary concepts therefore suggests a mental model
that represents a higher degree of systems thinking because
a systems approach considers interactions between various
types of factors (human, mineral, biological) at various
scales (pest level scale, farm scale, larger ecosystem scale)
(Bosch et al., 2007).

For this study, pre-interviews were conducted with two cherry
farmers and one blueberry farmer in order to identify the key
factors associated with pest management. Factors mentioned
ranged from chemical methods of management to natural
methods (including natural predators and beneficial insects),
mammal, insect pests, and bird pests, weather, and markets.
After testing and revisions, a total of 19 factors were identified
and chosen for presentation to farmers during the mapping
process. The concept “natural predators” is considered broadly
to include insect natural enemies, predators of fruit eating
birds, and predators of mice, among other agricultural pests.
Because some beneficial insects are natural predators, there is
some overlap between these concepts. Including these concepts
in the mapping enabled us to understand how conservation
practices fit into farmers’ larger pest management mental
models in a broad sense, which then provides a framework
for understanding how a specific practice such as nest box
installation is considered.

These factors were written on squares of magnetic paper
and placed on a 2' by 3  magnetic dry erase board. Using
a technique employed by Christen et al. (2015) and Li et al.
(2016), participants were invited to add any more factors that
they felt were important aspects of the system. In our case,
they were offered blank magnetic paper squares that they
could write on and place on the map. Farmers were then
asked to evaluate whether relationships existed between each
of the factors, and to draw those relationships using lines
(Figure 1), noting the direction and the positivity or negativity
of the relationship (“If A increases, does B increase as a
result [positive] or decrease as a result [negative]?”). After the
interviews, the individual farmers’ FCMs were entered into
Mental Modeler (mentalmodeler.org), a software program that
allows the maps to be visualized in digital form; the program
was also used to analyze the FCM data for structural metrics
(Gray et al., 2013).
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FIGURE 1 | Example of a cherry grower’s mental map on the dry erase board.
Arrows represent the causal direction (does A affect B or B affect A). “+”
indicates a positive relationship (when A increases, so does B) and “~”
indicates an inverse relationship (when A increases, B decreases.) A “++" or
“— - indicates a very strong effect.

Questionnaire and Semi-structured

Interviews
Our questionnaire was designed to elicit demographic
information and farm characteristics, as well as to determine
what types of conservation practices farmers have used,
including installation of nest boxes to host natural predators.
While this overall study was designed to better understand
conservation practice adoption and ecological thinking broadly,
the practice of installing nest boxes provides a well-known and
promoted practice to use as an example. Therefore, we used
the questionnaire to also inquire about different methods of
bird damage control that farmers have used. Likert-type scale
questions (Croasmun and Ostrom, 2011) assessed farmers’
perceptions of the effectiveness of those methods [scale from
1 (not effective) to 5 (very effective)]. Farmers also were asked
about their participation in three specific state and federal
environmental and conservation programs. An early draft of the
questionnaire was tested during pre-interviews, and the final
version was administered during the in-person interviews to help
insure completion and to allow for any clarification questions.
Three semi-structured interview questions were asked after
the mapping process and questionnaire administration to capture
additional relevant information from respondents (Reed et al.,
2009). Two of the questions focused on the FCM process to gain
feedback on the method, and to inquire if anything important
pest management issues or interactions were missed due to the
nature of the FCM method. The third asked whether the farm’s
pest management was affected by the proximity of neighboring
fields or crops. The resulting in-depth data was analyzed for
recurring themes and concepts in order to discover any potential
data gaps. We focused on concepts/codes related to the timing
of pest management actions, site issues such as the effect of

woods and adjacent farmland (for example if abandoned blocks
caused pest pressure increases,) items not captured by FCM
and improvements that could be made to the research and
mapping process.

Adoption of Sustainable Practices Index

An index variable for adoption of sustainable practices was
constructed by adding the self-reported use of 14 conservation-
oriented practices (Cronbach’s Alpha = 0.831). Here “adoption”
is considered to be the farmer reported use of a practices
with an intent to have beneficial environmental, conservation,
and/or ecosystem service outcomes. The practices included
the following: the use of wildflower strips to increase levels
of food available for pollinators, cultivation or protection of
beneficial insects, the maintenance of cover crops or other
habitat for beneficial insects, scouting for beneficial insects
during regular field inspections for pests, mowing orchard
floors to manage rodents and arthropod pests, the use of
Integrated Pest Management principles, and the use of hedgerows
to reduce spray drift. The index was scored by giving one
point for each practice that a farmer self-reported using. The
index also included any reported participation in the following
programs: the Conservation Stewardship Program (CSP), the
Environmental Quality Incentives Program (EQIP), and/or
the Michigan Agricultural Environmental Assurance Program
(MAEAP). Each of these require the use of conservation and
environmental quality-oriented practices (although we simply
gave one point for participating in each program; we did
not characterize specific practices within these programs.)
For example, CSP and EQIP provide monetary incentives
for engaging in particular conservation practices such as
planting of cover crops or development of contour farming to
mitigate erosion, improvement of forages and grazing land, and
establishment of fish and wildlife habitat! MAEAP is a voluntary
certification program focused on environmental outcomes?, and
it requires practices intended to lower rates of groundwater
contamination by fertilizers and agricultural chemicals. A higher
score on this index means that a farmer has participated in a
higher total combined number of the programs and/or adopted
more of the sustainable conservation practices identified in
the questionnaire.

This index and other questionnaire data were then analyzed
in IBM SPSS Statistics, along with FCM data, in order to evaluate
trends across farmer types and conservation attitudes using -
tests, ANOVAs, and crosstabs (Lomax and Hahs-Vaughn, 2012).

RESULTS

As Table 1 shows, our final sample consisted of 16 cherry growers
and 15 blueberry growers, all in Michigan’s Lower Peninsula.
Most farms were in the major fruit growing regions near the coast

'For more information on the CSP practices see the list at: https://www.nrcs.usda.
gov/wps/portal/nrcs/main/national/programs/financial/csp/ and for EQIP see:
https://www.nrcs.usda.gov/wps/portal/nrcs/main/national/programs/financial/
eqip/

2Information about MAEAP can be found at: http://www.maeap.org
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TABLE 1 | Mean differences in mental model metrics and adoption of sustainable practices index by farm type.

Blueberry farmers Cherry farmers P-value Pick-your-own farmers Non-pick-your-own P-value
(N=15) (N =16) (N =10) farmers
Mean + SD Mean + SD Mean + SD N=21)
Mean + SD

# of factors 18.40 + 2.8 16.88 + 3.3 0.179 17.30 + 2.1 17.76 £ 3.5 0.708
# of driving factors 8.33 + 2.6 6.75+ 2.6 0.106 7.30 + 1.6 7.62 + 3.1 0.766
# of ordinary factors 6.73 + 2.6 775+ 28 0.302 6.60 + 2.6 7.57 £ 27 0.357
# of receiving factors 173+ 0.9 1.31 £ 0.8 0.173 1.70 £ 0.9 143 £0.8 0.416
# of Connections 36.00 £ 13.6 37.19 £ 8.2 0.769 35.40 £ 16.3 3719+ 7.7 0.747
C/N 198+ 0.8 225+ 05 0.276 2.06 + 0.9 215+ 05 0.736
Density 0.118 £ 0.05 0.151 £ 0.06 0.110 0.129 + 0.06 0.138 + 0.06 0.679
Complexity 0.224 £ 0.13 0.239 £ 0.18 0.795 0.248 £ 0.15 0.224 £ 0.16 0.691
Timing centrality 3.06 + 1.5 2.87 £1.2 0.696 3.02 +£1.8 293 £ 1.1 0.858
Sustainable practice adoption 8.33 + 3.9 11.07 £ 3.5 0.057 870 £ 4.4 10.16 £ 3.7 0.348

index?

aTwo farmers are omitted from this outcome due to missing data.

of Lake Michigan and had sandy soil profiles. Ten pick-your-own
operations—farms that are open to the public where individuals
can harvest fresh fruit themselves—were included in the sample.
Five out of the 31 farmers were either certified organic or utilized
organic practices for part or all of their farm. Total blueberry
and cherry acres ranged from under a quarter acre to 800 acres,
with a mean of 147. About half (15) of the farmers in our sample
reported they were 1st or 2nd generation farmers, with the other
half reporting longer farm legacies (3rd generation or more).
A large majority, 81%, reported conducting some or all of the
spraying for pest management on their farm, with 19% having
employees exclusively do spraying. The percentage reporting
current or past use of nest boxes to attract bird predators for pest
management was 45%.

We first analyzed the structural characteristics of farmer’s
mental models to look for differences between groups, illustrated
in Table 1. We found some differences between blueberry and
cherry farmers, and between pick-your-own and non-pick-your-
own farmers in our samples, but most were relatively weak.
Mean Sustainable Practice Adoption Index scores, however,
were approximately 3 points higher for cherry farmers than for
blueberry growers (P = 0.057). We also analyzed other categories,
including farm size, education level of the farmer, high vs. low
spenders on pest management, organic vs. not organic, and
found no strong differences based on these groups—we did not
compare differences by gender due to the small percentage of
women interviewed.

However, when we analyzed the content of the mental models,
we discovered stronger differences based on farmer’s inclusion
or omission of key biological control factors in their mental
maps. We found both differences in the structure of mental
models and in practice adoption, as shown in Table 2, and
qualitative differences based on the analysis of the most central
factors in mental maps (more on this in the Centrality of Factors
section below).

Table 2 shows that farmers who included both natural
predators and beneficial insects had the highest mean scores

for the sustainable practice adoption index (11.55). Those who
included neither had the lowest mean score on this index (7.29),
and those who included just one of these factors scored in
between. In other words, on average, farmers in our sample
who included one biological control factor in their mental
model had previously utilized 2 additional conservation practices
in comparison to farmers who omitted them entirely, and
respondent farmers who included two biological control factors
had utilized 4 additional conservation practices than the farmers
who omitted them entirely. Farmers who included both natural
predators and beneficial insects were also likely to include
more ordinary factors and connections than those who included
just one, or neither. We did not find strong differences for
inclusion/omission of the other two factors that were added
after pre-interviews (cultural/non-chemical practices and bird
damage), as nearly all farmers included them in their models
(omission of cultural/non-chemical practices, n = 0; omission of
bird damage, n = 3).

Group FCMs Based on Inclusion of

Biological Control Factors

Group maps were constructed for farmers who included both
natural predators and beneficial insects (Figure 2), and those that
included neither concept (Figure 3). The group maps illustrate
only the factors that were included by multiple farmers in order to
minimize idiosyncratic results (Fairweather, 2010; Vuillot et al.,
2016). Most factors that farmers chose to add are therefore
not represented on these group maps, with the exceptions of
“yield” and “profitability.” The group map for those including
the biological control factors has more connections than those
that omit both, illustrating the differences reported in Table 2
(mean of 44 connections when including both factors vs. 32 when
omitting both (p = 0.012). The map including both factors also
had a higher complexity score, which is a measure of the ratio
of receiver factors to driving factors (mean of 0.205 for farmers
including both factors vs. 0.185 for those omitting biological
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TABLE 2 | Mean differences for mental model metrics and adoption of conservation practices index by inclusion/exclusion of biological control factors in Fuzzy Cognitive

Maps'.

Both (natural predators
and beneficial insects)

One (natural predators or
beneficial insects) included

Neither (natural predators
nor beneficial insects)

P-value (ANOVA)

included in map in map included in map
(N =12) (N=12) N=7)
Mean + SD Mean + SD Mean + SD
# of factors 19.00 £ 1.9 17.00 +£ 4.0 16.29 + 2.6 0.129
# of driving factors 7.83+1.9 7.33 £ 4.0 729 +£1.0 0.882
# of ordinary factors 9.08 + 2.22 6.08 + 2.5° 6.14 +2.2° 0.007
# of receiving factors 1.42 £ 0.8 1.756+ 0.8 129+ 1.1 0.468
# of connections 43.67 + 10.62 32.25 + 8.3° 32.00 + 10.3° 0.012
C/N 233+ 0.7 1.98 £ 0.7 2.00 £ 0.7 0.387
Density 0.132 £ 0.04 0.138 £ 0.07 0.136 + 0.06 0.975
Complexity 0.205 + 0.16 0.285 £ 0.15 0.185 £ 0.16 0.317
timing centrality 3.66 £ 1.5 2.69 +£ 0.9 238 +£1.5 0.113
Sustainable practice 11.55 + 3.72 9.27 + 4.1% 7.29 £ 2.4 0.067

adoption index?

aGroups differ significantly from Pgroups in rows where shown, based on Tukey's post-hoc testing (o < 0.05).

2Two farmers are omitted from this outcome due to missing data.

control factors), although this difference was small. Interestingly,
only farmers from the group omitting biological control factors
considered “profitability” to increase fruit quality (discussed in
more detail below).

Centrality of Factors

An individual concept or factor in an FCM can be qualitatively
analyzed for the degree of centrality it has in relation to other
factors (Ozesmi and Ozesmi, 2004). A factor’s “indegree” is
defined as the total weight of relationships that are found
to affect that factor, and the “outdegree” is the total weight
of effect that the factor has on other factors; the absolute
values of indegree and outdegree added together makes up
a factor’s centrality (Nyaki et al., 2014). Generally, the more
central a factor is in a map, the more connections it has to
other factors in the map, and/or the higher weight given to
its connections.

The factors found to be the most central for the 31
farmers were cost, fruit quality, overall effectiveness of the
pest management system (“effectiveness”), pest pressure and
timing, in that order. However, as Figure4 shows, the
farmers including both biological control factors in their
mental models had much higher focus on “effectiveness”
and “timing” and less concentration on “cost” and “fruit
quality;” whereas those who included neither factor had a
greater focus on “cost; and especially on the quality of
the fruit. The results for farmers including only one factor
were in between the “both” and “neither” groups (except
for “pest pressure; for which they had centrality scores
similar to those with “both”). As Table 2 indicates, the mean
centrality of the factor “timing” was higher for farmers
including both biological control factors compared to those

omitting both (3.56 vs. 2.38, P = 0.113). In addition, Table 1
shows no strong differences for the centrality of timing by
farm type.

DISCUSSION

The mental models of the farmers in this study were quite similar
overall and did not show strong differences between blueberry
or cherry growers, or whether or not they had pick-your-own
sales. These commonalities may be due to the similar approaches
that farmers take toward pest management as perennial fruit
farmers operating in a Midwestern U.S. climate. For example,
while there are differences between organic and conventional
approaches, both are working to fight the same pest species in
similar environments. Farming could therefore be viewed as a
cultural practice, with ways of thinking that are highly convergent
for larger or macro-areas of management.

Farmers who included biological control factors in their
mental models, however, had higher rates of adoption of
sustainable conservation practices. While all of the farmers in
our sample had awareness of the factors of natural predators
and beneficial insects, many did not see them as having a
significant role, nor a reliable effect on, the farm system. Those
farmers positing a higher level of interaction or connectivity
between biological control factors and other factors in the
map, however, had a higher number of factors in their model
that both affect and were affected by other factors, and as
a result, more connections between factors. This group of
farmers also made more connections to the factor of “timing,”
suggesting an awareness of the temporal dynamics of farming
systems that are not easily represented by a static FCM.
The results therefore suggest that a higher degree of systems
thinking may be associated with a greater likelihood of adopting
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increases, so does B) and the red lines indicate a negative relationship (if A increases, B decreases). The thickness of the line indicates the average strength of the
relationship for the group of farmers, with thicker lines representing stronger effects, and thin lines representing lighter effects. The arrow indicated the direction of the
relationship (A affects B).
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increases, so does B) and the red lines indicate a negative relationship (if A increases, B decreases). The thickness of the line indicates the average strength of the
relationship for the group of farmers, with thicker lines representing stronger effects, and thin lines representing lighter effects. The arrow indicated the direction of the
relationship (A affects B).
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FIGURE 4 | The five highest-scoring factors according to their centrality, based on the inclusion or omission of the factors natural predators (NP) and/or beneficial
insects (Bl) in their maps. Percentages shown indicate the number of times a particular factor was included in the top three centrality scores for respondents divided
by the total number of top three scores (therefore the highest possible score is 33%). For example, 12 respondents included both NP and Bl in their maps: 9 had

“effectiveness” in their top three scores; the total number of top 3 scores is 12 x 3 =36, and 9/36 = 25%.

more preventative pest management strategies and other
conservation practices.

Although most farmers likely view fruit quality as having
an effect on profitability (higher quality means higher value
and/or less pick-outs), only certain farmers from the group
omitting biological control factors considered the reverse—that
“profitability” increases fruit quality. For these farmers, such
a perception could relate to situations where fruit quality can
be sacrificed to save costs if the fruit is intended for a lower-
priced market than fresh markets, such as processor markets,
because of varietal type or crop damage issues. Considering
these cases, higher profit crops result in higher fruit quality
because growers will spend more time and money to keep
the quality high. While many farmers face such situations
periodically, this difference between group mental models could
reflect that these farmers employ a more linear pest management
approach, one that is more focused on profit and cost, whereas
those including biological control factors focus more on overall
system effectiveness.

One limitation of this study that while the sample size
is appropriate for assessing group mental models, it had
less statistical power for analyzing potential associations with
behaviors. In addition, the sampling strategy was not random
and these farmers are not expected to be fully representative
of blueberry and cherry growers in Michigan, therefore the
results should be interpreted conservatively. Another limitation
is that it was cross-sectional, therefore we were unable to clearly
assess the direction of the associations between mental models
and the number of conservation practices adopted. Does the

adoption of more conservation practices lead to a greater degree
of ecological systems thinking, or does an increase in ecological
systems thinking encourage the adoption of more conservation
practices, or is there an even more complex interaction between
the two? Based on feedback regarding the FCM process in
our interviews we hypothesize that direction of causality flows
from changes in mental models to changes in behavior in
most cases, although strong economic incentives for adopting
a conservation practice may also lead to changes in mental
models. Additional research is needed, however, to clarify these
potential pathways.

Educational efforts that focus on bringing ecosystem services
concepts into farmers’ mental models, including through fuzzy
cognitive mapping, may be helpful in increasing adoption
of conservation practices. The semi-structured interview data
provides evidence that for some interviewees, the fuzzy cognitive
mapping process was helpful for better understanding the
interrelatedness of different factors, for example the place
or significance of natural predators. While more experiments
and/or evaluations of systems thinking outreach efforts are
needed to confirm the efficacy of this approach and to refine
pedagogical methods, our results suggest that such efforts
should assess farmers’ current mental models to identify
the degree to which they already converge and build upon
those existing factors and relationships. For example, Michigan
cherry and blueberry growers most frequently associated the
factor “natural predators” with the level of bird damage, pest
pressure, cost, and fruit quality, whereas “beneficial insects”
were most frequently associated with the level of pest pressure,
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cost, and cultural/non-chemical farming practices. “Cost” was
a central variable for all farmers, therefore outreach that
emphasizes the connections and feedbacks between this factor
and ecosystem service factors may facilitate more systems
thinking. In addition, “timing” was a central variable for
farmers that included biological control factors in their mental
models. Providing information about the timing of tasks
to farmers and other resource managers could be helpful
for making informed decisions about conservation practice
adoption, particularly for those who are already using more
preventative approaches. Sharing such practical knowledge
could increase awareness and even favorable perceptions of
the practice, potentially leading to higher rates of adoption
(Prokopy et al., 2019).

In addition, the process we used, and the greater use of
FCM generally, could help researchers to characterize potential
differences in mental models for other agricultural products and
for regions outside of Michigan to better inform how “ways of
thinking” and behaviors or behavioral intentions and attitudes
are related. This could be done individually, as in our study,
but group FCM workshops could provide a venue for group
knowledge sharing (Voinov and Bousquet, 2010; Van der Sluis
etal., 2018), and could stimulate discussion of ecosystem services
between farmers who are using more conservation practices and
those who are using fewer. This has the potential to shift the
highly convergent mental models of farmers toward a more
preventative approach to pest management. Greater use of FCM
may therefore help farmers develop a better understanding of
farm ecology and cultivate more ecosystems thinking (Devisscher
et al,, 2016), as well as bridge knowledge gaps between farmers
and academic researchers (Garbach and Morgan, 2017; Garcia-
Barrios et al., 2017).

CONCLUSION

This study analyzed mental models of blueberry and cherry
farmers in Michigan and their associations with conservation
practices and/or participation in conservation programs.
Those who demonstrated more ecological systems thinking,
as measured by more biological control factors in their model
and more ordinary factors—those that both affect and were
affected by other factors—were likely to report higher rates of
adoption, as well as more connections to the dynamic factor
of timing. Conversely, those who did not incorporate certain
biological control factors in their model had a greater focus
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