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There is a complex issue by the need for strategic development of agricultural lands to 

ensure we can feed a growing world, while simultaneously reducing impacts on our 

natural resources such as water pollution from runoff, soil degradation, and habitat 

fragmentation. To address these growing concerns, researchers are looking for ways to 

optimize both agricultural production and natural resource conservation. Precision 

conservation was developed to ensure sustainable ecosystems for future generations. Our 

research evaluates conservation specialists’ ability to clearly articulate how precision 

conservation can help agricultural producers feed a growing world while simultaneously 

reducing impacts on our natural resources, I convened a panel of 20 conservation 

specialists to examine the current diverse perspectives on the progression and integration 

of precision agriculture in conservation management prescriptions through the Delphi 

Method research approach. Through the evaluation of the Delphi Method through a 

systematic review, I highlight the areas of agreeance in the field of natural resources, but 

also note the areas of concern moving forward for researchers looking to apply in their 

own research. We used the E-Delphi method to gather data through a series of three 
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surveys to test the hypothesis that the use of precision agriculture is becoming 

increasingly prevalent in the field of conservation.  

Our results support the hypotheses, suggesting that conservation specialists are, in fact, 

using precision agriculture practices in their conservation positions, but with noticeable 

variance in the confinements of which practices were utilized. Furthermore, the results 

highlight the need to provide a united message when delivering precision agriculture 

across varying agency and organizational platforms. 

 

  

 

Tags: Human Dimensions, Precision Agriculture, Delphi Method, Conservation, Private 

Landowners   
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CHAPTER 1: A Systematic Review of Applications of The Delphi Method in 

Natural Resources 

 

Abstract 

The Delphi Method is used throughout a wide range of scientific disciplines for 

collecting abundant amounts of qualitative data about topics of interest. However, the 

structure and process can be vague and variable. When researchers seek to use this 

methodological approach, it is often coupled with hesitancy and confusion. Therefore, to 

address these issues, we conducted a systematic review of articles that used the Delphi 

Method in peer-reviewed literature to collect information about specific study design, 

characteristics, and themes that can provide an outline that is transferable and applicable 

of this methodology to other disciplines, specifically, the field of natural resources. 

Within 81 peer-reviewed scientific journals, we identified 115 publications addressing 

the use of the Delphi Method in the fields of natural resources, fisheries, wildlife, and 

conservation. In greater than 70% of publications, the number of survey rounds, panel 

size, and questionnaire analysis were the most commonly documented components of the 

Delphi Method. In less than 30% of publications, time commitments, inclusion of 

reminders, and feedback to panel members were the least commonly documented 

components of the Delphi Method. My research showed that the Delphi method can 

provide insight into a wide range of natural resources topics when reported and explained 

in the methodological structure. We identified the greater weakness in reporting rather 

than the Delphi method itself. Evaluating the inclusion and documentation of each 

articles’ individual approach to the Delphi Method highlight the areas of agreeance in this 
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field, but also note the areas of concern moving forward for researchers looking to apply 

in their own research.  

Introduction 

The Delphi method was founded on a concept of ‘pooled intelligence’ from individual’s 

perspectives and judgements into a consensus opinion by a group of experts (Shariff 

2015). Using collective knowledge and expertise provides the benefit of aggregating 

ideas, opinions, and potential solutions to better understand complex questions from 

many experts. Multiple individuals can provide multiple perspectives on topics that may 

have little previously supported research (Thangaratinam and Redman 2005). The Delphi 

method uses a series of questionnaires, commonly referred to as rounds (Hasson et al 

2008), to identify a consensus of understanding of a problem. Developed in 1963 by 

Norman Dalkey (1963), the Delphi method was designed specifically to collect 

information from a group military defense experts to forecast an atomic bomb attack. 

(Dalkey 1969, Shariff 2015). Since then, this approach is recognized as a tool to 

approaching in an exploratory manner of complex topics that need direction for future 

and in-depth research (Frewer et al 2011).  The ability for identified experts on the panel 

to each contribute towards the topic at hand gives insight into the full range of 

perspectives, while specifically moving forward to pinpoint the most prominent 

responses through the narrowing down in rounds to consensus. The Delphi Method is 

recognized by several characteristics, including anonymity of participants, controlled 

feedback, the use of an expert panel, iteration of rounds, and the attempts towards 

consensus (Boberg et al 1992, Goodman 1987, Mullen 2003, Shariff 2015, Sourani and 

Sohail 2015). 
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The Delphi Method has been increasingly adopted to use collective knowledge to 

address complex problems, but still lacks widespread adoption (Padel and Midmore 

2005). The lack of adoption has been attributed to limited awareness of the method, the 

lack of clear guidance in relation to its structure, procedures, reproducibility, as well as 

the variations in its application delivery as detailed below (Sourani and Sohail 2015). In 

particular, the Delphi methodology has become more frequently used in business, 

technology, management, education, medicine, nursing, health, and family therapy 

(Kalaian and Kasim 2012). The Delphi Method has been used to establish the perceived 

ranking orders of variables, design guidelines for new groups or practices, and list out 

key indicators of a major problem that has been identified. For example, Hess and King 

(2002) identified key species indicators of focal species,  the ranking of research 

priorities in the healthcare system (Smith et al 2020) or establishing mental health first 

aid guidelines for elderly patience (Kingston et al 2009). 

Boberg et al. (1992) detailed the advantages pertaining to the Delphi method, 

specifically noting the unique depth of exploration and elicitation during each round, 

which allows participants to provide equal consideration of feedback and input on topics 

of concern. The anonymity and individualized nature of the process helps minimize 

biases associated with group pressure, status, and dominancy of powerful personalities 

(Kalaian and Kasim 2012). Colton (1994) emphasized the importance of facilitating 

communication and sharing of information among panelists throughout the Delphi 

process. Another important benefit of the Delphi method is that it promotes a personal 

stake in the research for panelists through the direct inclusion of their responses in the 

process toward establishing consensus, often resulting in greater response rates (Gupta 
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and Clark 1996). Lastly, the Delphi Method has been updated several times (e.g., 

modified, e-Delphi, policy, etc.) with different approaches to collecting the information 

from the panelists that add a great amount of flexibility for many scenarios.  

  While many of the benefits of the Delphi correspond to the flexibility of the 

approach, the flexibility can also have its disadvantages. These disadvantages include 

limited quantitative statistical tests, large time commitments for both the panelists and 

researchers guiding the process, extensive qualitative data threat requires processing and 

coding, panelist falloff due to lack of interest or scheduling conflicts (Fink-Hafner et al 

2019). Additionally, it can be difficult to define and determine consensus among the 

panelists as well as the point when consensus on a topic is reached (Donohoe and 

Needham 2009). Furthermore, the flexibility in the approach can make it difficult to 

assess what approach is the most scientifically valid given a certain scenario (Keeny et al 

2011, Hasson et al 2008).  For example, what qualifies an expert on an issue? The 

educational background, research record, years of experience, can vary considerably (or 

are even undefined) across studies (Adler and Ziglio 1996).  

There are two primary considerations that must be made when using the Delphi 

Method:  1) who will be included as an expert panelist, and 2) what methodology will be 

used to collect information from the panelists. Perhaps most foundational to the validity 

of the Delphi Method is the establishment of the expert panel. Experts should be 

individuals at the top of the field of study with demonstrable expertise, knowledge, and 

skill; demonstrate interest and willingness to collaborate and engage in discussion of a 

topic; and be interested in creating solutions to complex and messy problems (Lilja et al 

1992). Research has recommended up to 15 experts but the range tends to fluctuate 
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frequently (Linstone and Turoff 1975). The flexibility of the size of the panel is partly 

due to the limit of identified ‘experts’ for the researchers. Experts can be recruited 

through many pathways including personal connections, online recruitment, and 

professional events.  One common approach is to use the snowball method, which uses 

recommendations of experts from other individuals that were previously identified 

(Helms et al 2016).  

Once the expert panel is established, researchers must determine the appropriate 

methodology to elicit feedback on their question of interest. The original Delphi method 

format was designed with four rounds of anonymous inquiry administered through 

mailed questionnaires, with each round seeking increased refinement and specificity 

(Cookson 1986). Questionnaires during each round are composed of open-ended 

questions that collect information the next corresponding survey round. Depending on 

how the questions are initially asked, a researcher can direct the focus of the survey 

responses or allow the first-round opinions to shape what the research focus is for the 

remainder of the study (Skulmoski et al 2007). For example, Hess and King (2002) 

directed their research towards finding focal species for open spaces of wildlife in their 

region, which allowed feedback of panelists specifically within the confinements of the 

project’s specific focus determined by the researchers. In contrast, Orsi et al. (2009) 

compiled a list of criteria and related indicators surrounding ecological restoration of 

forest ecosystems and utilized the first survey’s findings to narrow down the feasibility 

and need of this list amongst panelists to develop the direction that the following surveys 

would focus on moving forward. Multiple rounds of the questionnaires typically provides 

a summarization of themes from the previous round with the intention to narrow down 
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ideas toward a common consensus. Consensus is loosely described as the panel reaching 

a majority agreement on a topic, often determined to be a two-thirds majority of 

agreeance (McMillan et al. 2016). However, there is no set requirement for the number of 

rounds needed to reach consensus 

Variations on the original methodology make the Delphi Method very flexible in 

a wide range of contexts (Keeny et al. 2011). Major renditions include Modified Delphi 

method, the Policy Delphi method, and the E-Delphi method (Mead 1991, Keeny et al. 

2011). The Modified Delphi method involves holding in-person interviews or focus 

groups rather than using a questionnaire during the first round of surveys (Hartman and 

Baldwin 1995). The Policy Delphi method uses the opinions of the panel to collect 

opinion and consensus which is understood to directly result in the implementation of a 

policy decision (Meyrick 2003). The E-Delphi method is like the original methodology 

but with the caveat that all surveying is done electronically via email or web survey 

(Toronto 2017). The Delphi method is recognized independently by its characteristics, 

which include anonymity, controlled feedback, expert panel, iteration of rounds, and the 

attempt towards consensus (Boberg et al 1992, Goodman 1987, Mullen 2003, Shariff 

2015, Sourani and Sohail 2015).  

There have been several reviews of the Delphi Method in various scientific 

disciplines (Boberg et al 1992, Sourani and Sohail 2015).  However, few have addressed 

the application of this methodology in natural resources sciences and management. 

Therefore, we sought to identify, compile, and systematically assess the use of the Delphi 

Method in natural resources.  The Delphi Method has been used in natural resources to 

develop habitat models, understand water resource issues, and eco-tourism evaluation 
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(Crance 1987, Taylor et al. 2003, Taylor and Ludd 1989). Further, the Delphi Method has 

been used as an important methodology in conservation planning, which identified focal 

species moving forward for the researchers and professionals in the United States (Hess 

and King 2002). By being able to narrow down to key species, managers can concentrate 

their efforts and more effectively manage species and habitats of concern. 

Objectives  

We systematically reviewed the use of the Delphi Method in natural resources, wildlife, 

fisheries, and forestry to compile information tied to several of the key characteristics of 

the Delphi Method. In Boolean terms, the search included “Delphi Method” AND 

“natural resources" OR “wildlife” OR “fisheries” OR “forestry”.  Specifically, we 

assessed who was included in the expert panel, the number of panelists, number of 

rounds, and the level of consensus to be obtained from peer reviewed published studies 

(Hasson and Keeny 2000, Keeny and Hasson 2005).   My objectives were to 1): compile 

research articles that address the Delphi Method in the field of Natural Resources; and 2) 

summarize attributes of the research to address common trends and patterns in the field of 

Natural Resources. 

Methods 

Article Selection 

Peer reviewed literature was collected using Web of Science provided by the University 

of Nebraska-Lincoln library system. I confined to key search terms to included “Delphi 

Method” and any of the following terms: “Natural Resources,” “Conservation,” 

“Fisheries,” or “Wildlife.” These four terms were used to obtain the greatest scope of 

articles pertaining to Natural Resources management. Our initial search generated 263 
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articles published between 1992 and 2022.  I individually evaluated each search result to 

identify their direct relevance to the Delphi Method, which was 115.  Of those excluded, 

148 articles (78%) were primarily due to articles not directly tied to natural resources 

management. Further, we excluded any manuscripts (20%) that used the Fuzzy Delphi 

method (Ishikawa et al 1993). Lastly, a few articles (2%) were not included due to the 

inability to obtain access to the original manuscript. We classified each article into 

categories that included “Natural Resources” or “Conservation” or “Fisheries” or 

“Wildlife” based on subject matter. Articles using the Delphi method discussed program 

evaluation in conservation, wetland effects on fisheries, fighting wildlife diseases, and 

strategies for sustainable management for natural resources (Hanisch et al 2012, Curzon 

and Kontoleon 2016, Naskar et al. 2018, Chen and Chen 2021).  

Article Evaluation 

We examined each article for three characteristics: questionnaire methodology, 

determination of expert panelist, and result analysis. To evaluate the questionnaire 

methodology component, we broke down eight factors that described the Delphi method. 

These factors include summarizing the: (1) number of survey rounds, (2) delivery 

method, (3) duration of entire process, (4) the variance of survey structure between each 

round, (5) length of survey availability for each round, (6) geographic range of 

distribution, (7) reminders sent for surveys, and (8) question structure. We noted 

specified the number of rounds from each article whereas indicated a yes or no whether 

the information for additional seven criteria were mentioned in the article (Table 1).   

From each article, we collected information on the Expert Panelists through two criteria: 

Diversity in Stakeholders and Reported Panelist Characteristics (Table 1). We noted if 
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the job title or research affiliation was summarized for the panels in the 115 articles, and 

categorized this under the name, “Diversity in Stakeholders.” Characteristics outside of 

job title or research affiliation was included in the Reported Panelists Characteristics. 

Which included characteristics such as descriptions that helped researchers better 

understand the panel such as, personal connection to the topic, age, geographical location, 

or other socio-demographic questions. 

 

Table 1. The characteristics of data collected from peer-reviewed articles discussing 

Natural Resources using the Delphi method from Web of Science between 04 April 2022 

and 05 May 2022.  The data was compiled on 06 May 2022.  

Questionnaire Methodology 

Number of 

survey rounds  

The number of times did panelist provide feedback. 

 

Continuous 

Delivery 

method 

 

For example: Classic, Modified, E-Delphi Yes or no 

Duration Time frame from start to finish. Yes or no 

Duration of 

each round 

 

How long each round was made available to panelists. 
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Geographic 

range 

The range of locations at which data was collected 

(i.e., international, state-wide, company-specific). 

 

Yes or no 

Reminder Was there indication of a reminder sent during survey 

collection? 

 

Yes or no 

Question 

structure 

The articled specified the type of questions used: 

Multiple Choice, Likert Scale, Ranking, or Open-

Ended. 

Yes or no 

 Determination of Expert Panelists  

Defined experts The number of individuals comprised of the panel. Yes or no 

 

Panel size Provided clear guidelines to the inclusion and 

exclusion of potential panelists. 

Continuous 

Criteria for 

selection of 

panel 

 

The inclusion of socio-demographic questions to 

evaluate bias or external influences on panelists’ 

responses. 

 

Yes or no 
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Reported 

panelist 

Characteristics 

 

The mention of who was comprised within the panel 

(i.e., what role they held, their representation). 

 

Yes or no 

Diversity in 

stakeholders 

 

Was an analysis for concluding results reported? Yes or no 

 Results and Analyses  

  

How are the  

questionnaires   

evaluated? 

 

How researchers analyzed their data collected (i.e., 

Analytic Hierarchy Process) 

Yes or no 

Consensus 

 

The stated level of consensus determined by the 

researchers. 

Yes or no 

Response rate Level of response across survey rounds. Yes or no 

Feedback to 

panelist 

Reports, Meetings, Nothing at All Yes or no 
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We identified four key components to evaluate the analysis of resulting data with Delphi 

Method from the articles pertaining to Natural Resources (Table 1). These four 

components included: (1) how the questions were evaluated, (2) how consensus was 

generated, (3) the inclusion of response rate, and (4) if there was mention of feedback 

provided to the panelists amongst the conclusion of the surveys.   

Consensus can be reached by an average of responses falling above the 

researcher-selected threshold, majority agreement amongst panelists, or to use a statistical 

ranking and weighting system to evaluate the outcome (example: analytic hierarchy 

process). The recognized variation in analysis leads to the heightened need to address the 

process that each study decides to adopt as there is little room for assumptions. We 

evaluate the recognition of clear dictations of the agreed upon consensus rate as well as 

the distinguishment between the original sample size and the final response rate that was 

received. Delphi ranges in sample sizes from as little as 5 individuals to 1000+ 

individuals, with the majority favoring the smaller collective groups, meaning that non-

response rates can quickly impact a articles’ depth and statistical significance. Lastly, for 

the collaborative and relational format of this methodology over a span of multiple 

surveys, the investment of each participant builds a unique interest in the results of the 

study. The study explores if an expectation or a precedent is typically included in articles 

to reach out post-research with result summaries and explanations.  

Analyses of Article characteristics 
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We summarized our findings using descriptive statistics (percentage, median, mean, 

standard deviation as appropriate) from the 115 articles included in the review.  All 

descriptive statistics were calculated using R (R Core Team 2022). The results ultimately 

dictate the interpretation of the study, and we take measures to see how this is being 

evaluated in natural resources. For the analysis side, the results often range from 

simplistic and straightforward reporting such as averages, lower and upper quartiles, or 

ratios, venturing as far difficult as evaluating the coefficients of variation or utilizing the 

analytical hierarchy process to run tests for common themes and correlations. 

Results 

Of these 115 articles, we categorized 22% as natural resources, 65% in conservation, 

10% in fisheries, 7% in wildlife, and 3% in forestry. Most of the articles (89%) using the 

Delphi Method have been published since 2012. The number of questionnaire rounds 

used was documented in 77% (n=89) of the articles. Of those articles, the number ranged 

from one to four rounds, with the median overall being 2 rounds (n=44), with a range 

from 1 to 4. The documentation of the chosen delivery method was reported 50% (n=58) 

of the time.  The duration, or length of the entire survey process, was noted in 28% (n= 

32) of the articles, whilst the duration of each specific survey round was reported at an 

even lower rate of 21% (n = 24). The geographical range of the panel experts was noted 

51% (n=59) of the time. The use of reminders was noted in only 5% (n=6) of the articles. 

Lastly, we took note of question structure, for example Likert-scale, free response, 

ranking, etc. to address the ideas and data in the first rounds of the survey process. In 

natural resources we found 64% (n=74) of individuals noted this characteristic of their 

methodological process. Approximately 48% (n=55) of the time articles denoted where 
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they referenced the definition of expert from in past literature or denoted their own 

unique definition. There were 79% (n=91) articles that specified the panel sizes, with a 

range from 4 to 1,273 individuals. Overall, the average panel size was found to be 51 

individuals (SD = 143 individuals). Only 50% (n=57) of the articles clarified their 

selection process for their panelists. Whereas 63% (n=72) described the diversity of roles 

or occupations that encompass the group.  Fewer (33%; n=38) included the socio-

economic characteristics of the panel.  

Table 2: The article evaluations for the Natural Resources systematic review of the 

Delphi method is listed below including the corresponding results reported for the 

presence of these attributes in all 115 articles. 
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Category Criteria Result 

Questionnaire 

Methodology 

How Many Rounds? 

 

77% (n= 89) 

 Delivery Method 50% (n = 58) 

 Duration 28% (n = 32) 

 Duration of Each Round  

 Geographic Range 51% (n = 59) 

 Reminder 5% (n = 6) 

 Question Structure 64% (n = 74) 

Determination of 

Expert Panelists 

How is an Expert Defined? 48% (n = 55) 

 Panel Size 79% (n = 55) 

Mean= 51 individuals 

Standard Deviation= 143 individuals 

 Criteria for Selection of Panel 50% (n = 57) 

 Reported Panelist Characteristics 33% (n = 38) 

 Diversity in Stakeholders 63% (n = 72) 

Results Analysis How are the questionnaires 

evaluated? 

77% (n = 89) 

 Consensus 49% (n = 56)  
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The analytical methods were specified in 77% (n=89) of the articles assessed. 

Specifically, the description of consensus was reported in 49% (n=56) and the response 

rate was reported 37% (n=43) of the articles. The response rate from the originally 

reported panel size recruited was documented. Lastly, we evaluated the reported 

documentation of feedback to panelists when the consensus is reached for final objections 

or just for informational purposes. This was found to be a rather uncommon practice, 

reported at 9% (n=10).  

Discussion 

The results of our systematic review of the Delphi Method in Natural Resources 

highlighted the variability reported in the articles that have also been previously 

described in other reviews (Boulkedid et al. 2011, Varndell 2021). The variability in 

methodology and the level of detail reported in the peer-reviewed literature may be 

connected to some of the confusion surrounding the methodology (Linstone and Turoff 

1975, Keene et al .2011). The number of rounds, panel size, and questionnaire analysis 

was found to have the greatest level of documentation, found in more than 70% of our 

articles.  The least described characteristics that we assessed were time commitments, 

inclusion of reminders, and feedback to panel members - all described in less than 30% of 

the articles.  Overall, it is important to note that no article that documented all 

characteristics that we examined in our analysis. Perhaps to aid in the greater adoption of 

 Response Rate 37% (n = 43) 

 Feedback to Panelist 9% (n = 10) 
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the Delphi Method as a useful tool to address complex problems, proper, and complete 

documentation of the methodology used should be described or assessed. At a minimum, 

we suggest a core of these characteristics that would help improve the consistency on 

how the Delphi Method is described in the natural resources.  

 Our systematic review found some consistent and highly variable characteristics 

among the articles in Natural Resources. Consistent with Dalkey’s (1964) original 

framework, the average of two to three rounds has been commonly adopted in the Natural 

Resources.  The size of the panel was variable among the articles we examined. The 

number of individuals on a panel in natural resources had a considerable range from a 

few individuals to several hundred, resulting in an average panel size of 51 individuals. 

However, other disciplines have had panels much smaller (healthcare: 8 individuals, 

Shinners et al 2021; and construction management: 16 individuals, Kermanshachi et al. 

2019).  We suggest that researchers clearly articulate panel size requirements to illustrate 

the need for panels with few individuals to many individuals.  

 Our intentions of this review of the Delphi method would be to provide insight to 

the importance of including the key aspects of the research approach for others to use as a 

guideline and thus strengthen the integrity of its reputation in the field of natural 

resources. The attributes listed in our review of literature can be used as consideration for 

a baseline of constructive characteristics that future researchers can include to bring 

consistency and clarity to the Delphi method. The mention of surveyors including the 

incorporation of reminders in their cycles of surveys was the lowest reported of all the 

characteristics considered. Ludwig 1994 recognized that the weakness in the gap of time 

that falls between initial delivery of the survey and the close can slow down the process 
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and quickly elude participants minds. To be designed as a repetitive and sequential 

process, it seems only necessary to design the method on the foundation of consistent 

communication and strategic tactics to keep individuals continually involved in the 

standings of the project (Hsu and Sandford 2007). Often response rate is drastically 

variable and difficult to predict, making the continuous and consistency of 

communication efforts essential (Hsu and Sandford 2007). The incorporation of 

consistent and necessary reminders could aid in overall success in feedback as well as 

serve as a simple way to boost morale for a project once its initial copy is received (Geist 

2010). 

When collecting exploratory data as within the Delphi method, the results include 

information that is on a topic where researchers convened the specialist of that field to 

provide feedback on. Thus, the information that comes from the results typically directly 

applies to the interest or focus of the individual’s life. The Delphi method is designed to 

summarize findings and report back to the panelists to continue the collective nature of 

the technique (Linstone and Turoff 2005). Our review found low documentation of the 

feedback delivery, raising the concern of this key collaborative opportunity. 

The e-Delphi process appears to hold a lot of promise in the natural resources. Natural 

Resource Agencies that have limited financial resources may be better able to incorporate 

technology into the delivery of surveys (Avery et al. 2005) and also create a space for 

exploratory information gathering without the financial constraints of paper survey costs 

and postage or travel needed for in-person interviews. Our findings revealed only 50% of 

researchers indicated their specific approach. With each variance from the original Delphi 

method, there could be attributes or characteristics that are purposely left out or left void 
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of mention. In the era of developing reproducible science, this finding is concerning and 

needs to be addressed by developing a clear rationale for readers to review and be able to 

replicate.  

To fully evaluate the impact individual’s experiences, careers, and socio-

demographic factors have on study results is complementary, making the criteria set for 

who is on the panel vital (Keeney et al 2006). Finding where expert opinion falls in the 

overall scheme, the characteristics to be averagely reported perceives the continual lack 

of requirement for Delphi’s data sources to be structured and justifiable (Linstone and 

Turoff 1975, Welty 1971). We suggest in particular the statistical analysis, the panelist 

descriptions and diversity, and feedback to panelists due to the literature illustrating the 

need for clarity often in these topics matched with our results surrounding their current 

reportings in natural resources. Welty (2017) focused his research on the need for 

expression of variances in panelist’s degrees of expertise which could influence results of 

a study. The need to detail statistical analysis is supported by Landeta (2006) when 

detailing a weakness in the inability to check the researcher’s methodological accuracy.  

Feedback to the panelists can arguably, the most impactful by providing 

information to the individuals most influenced and impacted by the research findings. 

Oftentimes, it is discovered in the feedback process that many individuals recognize the 

new ideas, thoughts, or solutions discovered by other comments that they otherwise 

would have never considered (Lilja et al 2011).  We suggest that heightened 

consideration of who is being surveyed and the potential factors that can be evaluated  

such: as gender, physical location, financial status, extracurricular involvement, and such 
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forth. Including potentially influential factors and how it is dictating the responses 

received, providing an environment for more avenues to explore in future research. 

 It is clear not just through previous literature but through our findings in this 

survey, that the Delphi method could benefit from more extensive reporting. With regards 

to the major implications that can come from lack of reporting, there is a need to point 

out, the problem is easily remedied. When individuals argue the weakness within the 

methodology, we argue the weakness is more so in the expectations of reporting. As 

stated above, there was not a single criterion that was not addressed at some point within 

our review.  

The information is out there, but the struggle to find it becomes the issue and 

inconvenience. The 115 articles reviewed successfully displayed the ability to answer 

complex questions in the field of natural resources while utilizing the Delphi method. 

There is a recognition that the field of natural resources will only continue to face more 

complex problems as the increase in stakeholders and external factors continue to 

develop (Dewulf et al. 2005).  
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CHAPTER 2: HOW DO WE IMPROVE PRECISION CONSERVATION 

ADOPTION?  AN APPLICATION OF THE DELPHI METHOD 

 

Abstract 

By 2050, the world’s human population is expected to increase to >9.7 billion people, 

resulting in increased pressures on food production and urbanization of rural lands. The 

increased pressure will require strategic development of agricultural lands to ensure we 

can feed a growing world, while simultaneously reducing impacts on our natural 

resources such as water pollution from runoff, soil degradation, and habitat 

fragmentation. To address these growing concerns to optimize both agricultural 

production and natural resource conservation, precision conservation was developed to 

ensure sustainable ecosystems for future generations. Precision conservation leverages 

various precision agricultural tools like yield monitor data, Geographic Information 

Systems (GIS), etc. to identify areas in fields that can be diversified to optimize financial 

return on investment while benefiting conservation. Unfortunately, the role conservation 

specialists play and their influence on the implementation and adoption of emerging 

precision agricultural practices remains in question. To ensure conservation specialists 

can clearly articulate how precision conservation can help agricultural producers feed a 

growing world, while simultaneously reducing impacts on our natural resources, we 

convened a panel of 20 conservation specialists to examine the current diverse 

perspectives on the progression and integration of precision agriculture in conservation 

management prescriptions. We used the E-Delphi method to gather data through a series 

of three surveys to test the hypothesis that the use of precision agriculture is becoming 
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increasingly prevalent in the field of conservation. Our results support the hypotheses, 

suggesting that conservation specialists are, in fact, using precision agriculture practices 

in their conservation prescriptions but with noticeable variance in the confinements of 

which practices were utilized. Furthermore, the results highlight the need to provide a 

united message when delivering precision agriculture across varying agency and 

organizational platforms.   

  

Tags: Human Dimensions, Precision Agriculture, Conservation, Private Landowners 

 

Introduction 

Continued of population growth worldwide has led to increased pressure for food 

production and urbanization of rural lands, amplifying the role of agriculture. As such, 

there is a strong need for intensive agricultural practices such as monoculture landscapes 

(e.g., transition from multi-crop to single crop) and large-scale operations across the 

United States to maximize production and optimize profits, often at the expense of 

environmental health (Berry et al 2003, McConnell 2019). Agriculture has been linked to 

many contributing natural resources issues, such as water pollution from runoff, soil 

degradation, and reduced habitat connectivity (Boutin and Jobin 1998, Moss 2008, Alam 

2014). To maximize agricultural production and natural resource conservation, the 

development of precision conservation has arisen to mitigate these concerns 

(Bongiovanni 2004). Precision conservation, akin to precision agriculture, is defined as 

the use of technologies and procedures linked to mapped spatial-temporal characteristics 
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used to implement conservation management practices such as conservation tillage, cover 

crops, and field-edge vegetation buffers across natural, or land characterized by human 

activities, and agricultural systems (Berry et al. 2003). The continued development and 

refinement of spatial technologies in agriculture and conservation provides an important 

opportunity to develop sustainable ecosystems while meeting production and profitability 

demands (Batte and Arnholt 2003).  

With technological innovations in the agricultural sector, a new paradigm shift 

has occurred with the implementation of precision agricultural practices. For example, 

switching less productive and profitable portions of a field to a lower input management 

option, such as perennial vegetation funded by a conservation program, could increase 

overall cropland profitability by 80% and reduce water pollution by 38% (Brandes et al. 

2018). Targeted conservation adoption is essential to increase crop yields and optimize 

production acreage since most of the world’s arable land is already being cultivated 

(Berry et al. 2003).   

Although advances in precision agriculture have developed rapidly and become 

more readily available, adoption of these practices remains limited. For example, 

agricultural producers in the United States maintained only approximately 20% of the 

arable acres in corn, soybeans, and rice using precision agriculture technology 

(Hellerstein 2019). Thus, there is a strong need to disseminate the advancements to 

agricultural landowners to realize the full potential of new technologies and opportunities 

to balance conservation and production. The demand to disseminate and educate to 

agricultural landowners about emerging technologies becomes essential to carry out the 

full potential of new programs, such as the Conservation Reserve Program (CRP) or the 
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Environmental Quality Incentives Program (EQIP). However, there is a need to further 

develop our understanding of how landowners make decisions and what factors influence 

adoption of these practices (Adrian 2005, Aubert 2012, Selinske 2015, Gigliotti 2019). 

Ultimately, adoption motivation is influenced by farmer’s characteristics (i.e., economic 

class, education level, or other socio-demographics), circumstances, as well as the current 

agricultural practices that are being used (Greiner et al. 2009). Understanding the 

decision-making processes and the factors mediating those processes of landowners will 

be foundational for greater adoption of precision conservation practices (Selinske et al 

2015).    

Financial and economic risk are significant components of a farmer’s decision-

making process (Nowak 1987, Daberkow 2003, Pannell et al. 2006). The primary 

characteristic for precision farming implementations is ultimately determined on the 

justification of profitable motivations. However, the decision to adopt a new conservation 

practice is not solely made on one individual’s motivation, but on factors such as on-farm 

experimentation, improved data of land characteristics for management decisions, and 

risk reduction (Batte and Arnholt 2003, Ryan et al 2003, Greiner and Gregg 2011, Lute et 

al 2018). Upon addressing financial components for adoption, the need to understand 

individuals’ intrinsic motivations such as wildlife-orientation values, mental models, and 

pro-environmental behaviors help us evaluate the likelihood of adoption (Manfredo et al 

2009, Pfrimmer et al 2017). Landowner decision-making has been attributed to reasons 

such as place attachment value, land and wildlife stewardship beliefs, and conventional 

resource production ownership objectives (Balukas et al 2019). Further, aesthetic 

preferences, information availability, parcel size, personal values, recreation activities, 
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and social factors are also highly influential on conservation decisions (Brook et al 2003). 

Gigliotti and Sweikert (2019) evaluated landowners’ attitudes and motivations in the 

Upper Midwestern region of the United States and found that landowners were 

predominately utilitarian orientated, suggesting that individuals will be more prone to 

adoption when the outcome is perceived as useful for the majority. 

A key component to increasing the knowledge and adoption of conservation 

practices is for effective conservation communication and education with a need to 

advocate the importance of conservation (Burger Jr. 2019, Jacobson et al 2006). Previous 

research has recognized the communication gap that impedes the success of conservation 

efforts nation-wide, thus placing a greater demand to uncover where exactly this gap 

occurs and its capacity of unknowns (Kamal et al 2015, Findlater et al 2019). Our 

research seeks to understand what conservation specialists understand about precision 

conservation and how they communicate with landowners about using the approach. 

Furthermore, we seek to how resources and research can better equip conservation 

specialists with the tools to confidently and effectively promote the adoption of precision 

agriculture with the purpose of benefitting conservation in intensive agricultural systems.  

The Delphi method is increasingly being used to collect information to address complex 

social problems (Nelms and Porter 1985).  Briefly, the Delphi method was founded on a 

concept of ‘pooled intelligence’ from individual’s perspectives and judgements into a 

collective opinion by a group of experts (Shariff 2015). Dalkey (1969) used the phrase, 

“Two heads are better than one,” to describe the benefits of using this approach to better 

understand complex questions by members of the group. Collecting information from 

multiple individuals obtains a combined perspective on topics that may have little to no 
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previously supported research, making opinions important to collect (Thangaratinam and 

Redman 2005). Generally, the Delphi method uses a series of questionnaires, commonly 

referred to as rounds (Hasson et al. 2000), to identify a consensus of understanding 

concerning a question or problem. 

In a review of applications of the Delphi method in natural resources, Chapter 1 

indicated the broad scope that the method has been used to address exploratory and 

complex research topics. While being used to address a wide range of issues, there was 

considerable disparity in the frequency of reporting among the 16 prominent Delphi 

Method components.  The researchers identified that the number of rounds, the panel 

size, and questionnaire analysis were found to have the greatest level of documentation, 

found in more than 70% of our articles.  The least described characteristics that we 

assessed were time commitments, inclusion of reminders, and feedback to panel members 

- all described in less than 30% of the articles.   My research showed that the Delphi 

method can successfully provide insight into a wide range of natural resources topics 

when reported and explained in the methodological structure. We identified the greater 

weakness in reporting rather than the Delphi method itself. Evaluating the inclusion and 

documentation of each articles’ individual approach to the Delphi Method highlighted the 

areas of agreeance in this field, but also note the areas of concern moving forward for 

researchers looking to apply in their own research. Overall, it is important to note that 

there was no article that documented all the components that we assessed. Furthermore, 

all the characteristics that we assessed were found in at least one peer-reviewed article. 

The authors suggest that there is a need for increasing the transparency of the 
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methodology used in hopes to strengthen the validity and application of the results to 

natural resources issues.   

Given the findings from Chapter 1, we sought to use the Delphi Method to better 

address potential communication and knowledge gaps that impedes the success of 

conservation and sustainability efforts as farmers continue to meet the production 

demands from a growing world population.  Specifically, we sought to 1) highlight the 

role conservation specialists play in contributing towards the adoption of precision 

agriculture practices on the landscape, and the efficiency of their current communication 

strategies and 2) identify informational gaps and misunderstandings in the current 

emergent field of targeted conservation and precision agriculture.  By addressing these 

two objectives, we seek to establish a baseline understanding to move forward in 

Nebraska’s communication efforts for targeted conservation delivery and implementation 

of precision agriculture across the state. 

Methods 

Study System 

Nebraska is part of the Great Plains region of central United States. The trend 

towards increased private-land ownership continues to redirect conservation efforts and 

their targeted audience. Private land ownership continues to direct conservation efforts 

and their targeted audience, with the state of Nebraska being no exception (Cortes 

Capano et al 2019). Nebraska is approximately 97% privately owned, with 92% being 

utilized for agricultural resources (Bishop et al. 2011). Nebraska has 181.7 billion m2 

utilized in farmland and ranchland, with nearly 128.7 million m of rivers and streams, 

suggesting abundant opportunities for targeted conservation approaches. Additionally, 
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Nebraska sits atop the Ogallala Aquifer, which spans 704.2 million m2 of the United 

States (NRCS-USDA 2021). In 2018, row crop production in Nebraska was estimated at 

$10 billion (USDA-NASS 2018). Nebraska has several conservation programs, agencies, 

and organizations that serve private landowners and farmers, which provides the need to 

understand the willingness of adoption throughout the region more in-depth.  

Approach 

We used an e-Delphi method, which uses an online or web-based approach to 

collect information from a geographically dispersed group of individuals for input 

(Toronto 2017). We used this method to better understand precision conservation across a 

geographically distant population. We developed a series of open-ended questions to 

elicit information on conservation specialist responses to current approaches and 

application of targeted conservation practices in precision agriculture (Appendix A). All 

interview instruments and processes were approved by the University of Nebraska-

Lincoln Institutional Review Board (IRB) (#20210720881EX) prior to the beginning of 

the research. The initial contact with panelists occurred via email correspondence and 

included a cover letter (Appendix B), and the reminder message (Appendix C).  

Panelist selection 

When selecting specialists for our panel, we identified primary objectives to 

determine who would be asked to join. This inherently justifies the confinement of our 

conservation considerations. We used the “reputation approach” (Hess and King 2001) to 

identify potential panelists in the state of Nebraska and offered them the opportunity to 

recommend other individuals to join the panel (i.e., naturalistic snowball effect; Helms et 



44 
 

al. 2017). We compiled and evaluated specialists who brought knowledge, authority, and 

insight to conservation and precision agriculture (Gupta and Clark 1996). Specifically, 

we sought individuals that met the following criteria: 1) employed with an established 

conservation organization (i.e., federal, state, NGO) in Nebraska; 2) currently employed 

in that organization; 3) the panelist’s role in conservation (e.g., biologists, administrator, 

field consultant); and 4) whether the panelist interacts directly with landowners. 

Survey methodology  

Panelists were contacted via email with instructions, summary of the intended 

research, concluded with an invitation to join the survey at a set time and date. Consent 

was received via a consent document located on each survey’s landing page with the 

required step to select the option of granting consent. Once consent was obtained, 

participants were provided access to the survey, which they could complete over a two-

week window.  

We adapted the approach described in Sourani and Sohail (2015) to conduct our 

research (Figure 1). To begin the survey process, we sent an email to each participant that 

described the process of the project and the purpose of our research so that our panel 

could make an informed decision whether they wanted to participate in the project. 

Consent to participate in the survey was collected on the landing page for the survey, 

after clicking the link in the invitation email.  Consent to participate in the research was 

obtained at the start of the three rounds.  The three rounds of the survey occurred over a 

duration of 16 weeks (July 26th, 2021-November 16th, 2021). 
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The first survey was composed of three sections: Socio-Demographic, Precision 

Agriculture, and Communication (see survey questions in Appendix A). The socio-

demographic section focused on background of the individuals from the panel that 

provided feedback, such as workplace past and present involvement, years of experience 

in conservation, and private land ownership. The Precision Agriculture section collected 

panelist’s knowledge of questions pertaining to the definition, inclusive practices, 

influences of adoption, and barriers conservation specialists face. The Communication 

section was the third component of the survey and sought to understand how specialists 

communicated precision agriculture practices to farmers and farmland owners, alongside 

purposely obtaining insight on the resources that are needed to assist in the improvement 

of future communications. The survey was composed of 24 questions structured as open-

ended, short answer format, with socio-demographic questions being multiple choice 

(Appendix A). The expected time of completion for the first round was approximately 15 

minutes. 
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Figure 1: Conceptualization of the Delphi process. 

The first survey’s responses were summarized and analyzed for major themes. 

Then, the summaries were provided to the panelists for further comments, prioritization, 

and approval in a second round of surveys. In survey one, we collected definitions of 

precision agriculture from each individual to produce a collective working definition.  To 

obtain consensus in following surveys, five researchers from the University of Nebraska-

Lincoln collectively categorized themes of our initial responses based on discussion and 

separation of reoccurring ideas. The second round of surveys provided opportunities to 

highlight further consensus amongst the group. An additional section on communication 

was added during the second survey round. The additional section included eight open 
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ended questions seeking to inform researchers about what communication avenues 

conservation specialists are using currently to interact with farmers and farmland owners 

and the struggles they perceive to hinder their success at encouraging adoption of 

precision agriculture. The last survey round sent out to the panelists collected information 

on final consensus of questions in surveys one and two as well as providing an 

opportunity for panelists to note any additional comments they may want to share based 

on the survey process or topics brought up throughout.   

We targeted the primary components of precision agriculture including defining 

jargon, clarifying practices that fall into these categories, and how professionals are 

communicating with farmers and farmland audiences. The panelists can contribute 

realistic insight into how the dissemination of information pertaining to precision 

agriculture is being delivered throughout Nebraska. Online survey communications were 

deployed via email correspondence, including links to survey questions and 

communications to address issues that arise. After the two-week mark was reached on 

survey two, the survey response rate stood at six out of twenty, leading us to add 

additional call participants to provide any assistance or field any questions that may not 

have been otherwise recognized. Previous research suggested routes such as this to 

reduce non-response in subsequent rounds (Hsu and Sandford 2007).  

 Our research project is designed to allow input from panelists, condense 

responses, and lastly gather thoughts on how the group came to the conclusions and 

consensus that they did. Lastly, we provide initial results of farmers/farmland owners’ 

surveys for comments alongside the panelist responses to provide any insight that may 

benefit participants in the future. This will be provided at the conclusion of the project 
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and does not serve a role in the data collection portion of the research, but rather a 

response to the results. The process allows for the involvement of individuals to receive 

answers to questions that our research was primarily intended to address. The entirety of 

the project was comprised of qualitative data; therefore, the analysis led with the 

intention to gain consensus. We a priori sought to obtain consensus at ≥75% agreement; 

50% is deemed acceptable (Hasson et al 2000; Chapter 1).   

Findings that reached the desired level of consensus were then restructured into 

questions for the subsequent rounds in a closed question format to either narrow down 

further or gain group agreement on the condensed results. In addition to determining 

consensus around ideas of precision conservation and agriculture, we also quantified 

relationships and frequency of occurrence of certain topics (Shariff 2015).  The topics 

addressed were perceived encouragers and discouragers of farmer’s adoption, educational 

resources needed by specialists to communicate more efficiently, and the current modes 

utilized for connecting with farmers and farmland owners.   

Results 

 

I had an overall response rate of 55% across all three surveys (survey round one: 60%, 

survey round two: 50%, survey round three: 60%).  Our conservation panel was 

characterized by 20 individuals representing eleven different state, federal, or non-

governmental agencies and organizations in Nebraska. Time commitment for survey 

completion ranged from 2 minutes and 30 seconds to an hour and 34 minutes. Our project 

schedule concluded with a sum of 16 weeks (July 26th, 2021-November 16th, 2021) 

Socio-demographics  
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Our conservation panel was identified based on the position title given upon their 

recruitment into the panel. However, whenever asked of the individual’s current 

employment, we found additional self-recognized titles of Farmer, Rancher, and 

University association (i.e., extension, academic professor). To understand our 

respondents background, we asked for respondents past employment if applicable. As a 

collective, our panelists provided input based upon a collective 232 years working in the 

field of conservation. The average reported years of experience was 21 years, with a 

range of 5 years to 50 years.    

To identify if respondents had connections to precision agriculture from a 

landowner perspective, we asked if each individual had private lands of their own. If so, 

they were directed to a series of four additional questions. Of the 11 respondents who 

answered the question, six panelists identified as owning private lands. The following 

four questions for those six panelists found that their land is utilized recreationally (n=1), 

agriculturally (n=5), and as a home site (n=1). The properties ranged in size with one 

individual reporting less than ten acres, while the remaining five individuals reporting 

greater than 100 acres. Five out of the six individuals responded that they pursue 

conservation practices on their land. Lastly, we provided the opportunity for the private 

landowners in our panel to describe how they implement precision agriculture practices 

to their properties. Responses included: no till, leaving stubble, crop rotation, use of soil 

moisture probes, planting of wind blocks, variable rate application, use of livestock, 

cover crops, grass water ways, buffer strips, soil sampling, implement seeding back poor 

productive acres, and auto-steer.     

Surveys 
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In survey one, there was final completion from 12 individuals. The survey provided 12 

statements to seek foundational input for the collective definition of precision agriculture 

researchers were working to establish. At the end of the round, we had collected 23 

practices from the agreement of the pre-identified list along with the addition of 

respondent’s submitted practices. All other questions were responded to in a free 

response fashion garnering an abundant source of data to build survey two. Socio-

demographic questions were collected and are summarized above. In Survey Two, our 

survey was accessed by 18 individuals with final completion from 10 full responses and 1 

partial response. Survey two allowed consensus of the precision agriculture to be reached 

with 80% (n = 8) agreement. After narrowing down the initial 23 practices due to 

combining similar terminology, we found 18 precision agriculture practices were 

accepted within the panel’s definition of precision agriculture.  

The frequencies of each practice were also identified with soil erosion 

management used most frequently, and skip row planting, drone, and auto-steer used 

least frequently (see Chapter 3 for more details). Lastly, ranking occurred on survey 

one’s previous question of primary influences for the adoption of precision agriculture, 

where cost ranked the highest priority and need for consistency ranked the lowest. In the 

second part of survey two, respondents were asked about communication efforts they 

utilize, which resulted in three major themes arising: postcards, word-of-mouth, and in-

person meetings.  

In Survey Three, our survey was accessed by 13 individuals with 12 full 

responses and 1 partial response. Respondents found no consensus on the primary 

influences of farmer and farmland owner adoption of precision agriculture, with an 
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agreeance rate of 67% (n = 8). Each individual (n = 12) provided feedback by means of 

free response on the biggest concerns for specialists moving forward promoting the 

adoption of precision agriculture. Respondents were given the option to provide any 

additional feedback for the researchers where six individuals shared miscellaneous input 

of comments pertaining to previous topics or questions. 

Precision Agriculture 

With 80% agreement, we received consensus on a collaborative definition of 

Precision Agriculture as “The use of targeted technology and practices with the intent to 

improve agricultural profits and minimize environmental impacts.” The definition 

selected by panelists included both the economic and environmental pieces provided in 

the definition in comparison to the other possibilities that included either one or the other. 

We sought to understand what specialists considered to fall within the framework of this 

definition by collecting a list of practices that are associated with their working 

definition. Through three rounds of surveys, we identified 18 practices from the 

collective group. The list of practices is as such: Variable Rate Application, Satellite 

Imagery, Drone, Auto Steer, Soil Sampling, Equipment Selection, Yield Monitoring, 

GPS Spray Equipment, and Alternative Crops in Locations, Plant Cover Crops, No Till, 

Grassed Waterways, Crop Rotation, Integrate Livestock, Planting and Fertilizer 

Application, Enrolling in Conservation Programs, Soil Erosion Management, and 

Artificial Intelligence. Once the list was compiled, researchers reintroduced the entire list 

to the panelists and found that none of the practices were identified as outside of their 

working definition of Precision Agriculture. This solidified the 18 practices that we 

addressed moving forward. Panelists reported their frequency of use of Skip Row 
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Planting, Artificial Intelligence, Drone, Auto-Steer, and GPS Spray Equipment in their 

conservation recommendations to be the least, at 22% (n=2). While Soil Erosion 

Management was reported most frequently used at 78% (n=7). 

In the first survey, panelists provided a list of primary influences of land tenant’s 

decisions towards adoption of precision agriculture on the landscape from their point of 

view. In consequent rounds, the influences were ranked determining the following as the 

most important factors they consider (from highest importance to lowest importance): 

Cost, Return on Investment, Knowledge, Confidence, Neighbors Influence, Term of 

Lease, Cultural Norms, Support, and Need for Consistency. Although this list is reflective 

of the panelist ranks provided,wWhen presented in the last round of surveys, only 67% 

agreed on the ranking results. We decided to move forward with lack of complete 

consensus noting the feedback for disagreement was four completely different opinions 

of the rearrangement of one influence that they uniquely recognize as more important. 

Examples of feedback of disagreement, “Lease needs to be 3rd or 4th,” or “I think 

Neighbor Influence should be higher - not the top but higher than it is...”  

Table 1: Survey participants provided the attributes they considered to encourage and 

discourage Nebraska farmers’ receptiveness to adopt precision agricultural practices on 

their lands 

Farmers’ Receptiveness to Adoption 

Encouragers Discouragers 
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-Cost (1)  

-Seeing it work on land parcels like 

their own (3)  

-potential to increase profits/ROI (7)  

-less time/energy spent (1)  

-used equipment w/technology 

already on it (1)  

-Pressure from neighbors (1)  

-Conservation Incentive (3)  

-Crop consultant opinions (1)  

-Education (1)  

-Early Adopters (1)  

-Incentives (2)  

-Providing hard, evidence-based 

proof (1)  

-Changing the measuring stick of 

success from average yield-per-acre 

to net-profit-per-acre (1)  

-Ease of use (1)  

-Privacy protection (1)  

 

-Cost (7)  

-Seeing it work on land parcels 

similar/neighbors' example (2)  

-Inability to understand/use 

technology (3)  

-Unreliability of technology (1)  

-Complexity (2)  

-Peer pressure (1)  

-Crop consultant opinions (1)  

-Short-term profit reductions (1)  

-Perception that “it’s a gimmick” (1)  

-Political divides/beliefs (1)  

-Lack of trust (1)  

-Fear of risk (1)  

-Resistance to change (3)  

-Data sharing concerns (1)  
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The feedback for the panel’s perspectives on farmers’ receptiveness to adoption 

can be found displayed in the Table 1 above. Noted encouragements for adoption 

included increase in profits and return on investments, seeing it work on similar parcels 

of land, and conservation incentives. Discouragers for adoptions included cost, resistance 

to change, and the inability to understand and use technology. Based on Nebraska's 

current knowledge of precision agriculture, panelists reported they were unsure or did not 

feel as though farmers and farmland owners have the adequate resources to adopt these 

practices in their operations. Additionally, from their perspective, 75% of respondents 

(n=9) expect less than 50% of Nebraska farmers to use precision agricultural practices in 

their operations.  

Communication 

The panel was selected on the basis that specialists directly interacted with 

landowners. To clearly understand how panelists reached out to farmers and farmland 

owners to discuss conservation enrollment, we asked panelists to identify the best ways to 

contact farmers and private landowners. Three themes emerged from our research: 

postcards (n=3), word-of-mouth/referral (n=3), and face-to-face interactions (n=5). All 

respondents noted utilizing the resources and collaboration of other conservation agencies 

or organizations in Nebraska. The majority (n=7) collaborates with another entity on a 

weekly or more basis. Of nine responses, only two recognized the incorporation of an 

agency or organization communication evaluation mechanism in place for their outreach 

to private landowners and farmers. However, no one disagreed when asked if they 

believed their agency should have an established mechanism to evaluate their 

communication methods to the public. 
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Discussion 

Conservation specialists play a pivotal role in the communication of conservation 

across privately owned landscapes (Lutter et al 2018). With Nebraska largely being 

privately owned and agriculture dominated, conservation decisions are a collaborative 

front between the farmers and farmland owners and specialists who communicate the 

resources and opportunities that decision-makers can choose from. Our results indicate 

that precision agriculture is being incorporated into the discussion with stakeholders 

across the state of Nebraska from the conservation specialists, but not without its 

difficulties of adoption, similar to many reports across the world (Cook et al 2000, Popp 

and Giffin 2000, Zhang et al 2002). Our first objective was to highlight the role 

conservation specialists play in contributing to the communication and adoption of 

targeted conservation across Nebraska’s landscape; results from our study indicated that 

conservation specialists are familiar with precision agricultural practices. However, their 

comfortability and frequency does not reflect this knowledge. Panelists provided a 

collective definition and list of practices and technologies that fall within their working 

knowledge of precision agriculture that reflected their skillsets to communicate precision 

agriculture, but when asked their expertise on the topic, none indicated a perception as 

such that they could effectively inform farmers and farmland owners.   

Our second objective identified the key facilitators and constraints conservation 

specialists observed or faced when assisting with the new precision practices and 

technologies; results from our study found that conservation specialists perceived cost, 

return on investment, and economic factors as the top factor in the adoption of precision 

agriculture. This finding is well supported in literature as the largest obstacle and 
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consideration when making decisions in the farming industry (Shruthi et al. 2017, 

McConnell 2019, Pathak et al. 2019). Panelists also noted important factors being 

knowledge of precision agriculture, confidence to implement new practices, and neighbor 

influence to dictate the decision to adopt, while highlighting those discouragements to 

adopt included the need for consistency, resistance to change, and the need for support to 

learn the new technology. Cultural norms and the resistance to change was noted as a 

hindrance frequently reflective of the research that emphasizes the need for a shift in 

landholders' perception that these new practices will enhance the achievement of their 

personal goals (Pannell et al 2006).    

Our final objective identified the informational gaps and misunderstandings for 

conservation specialists when communicating precision agriculture to farmers and 

farmland owners; our results in this study found that conservation specialists in Nebraska 

have a competent understanding of the foundational components encompassing precision 

agriculture. We evaluated competency by collecting the definition and practices that 

individual came to a consensus on and comparing to commonly cited research in the 

precision agricultural field. Additionally, we found the barriers to adoptions and the 

perception of precision agriculture adoption to be highly supported in literature. We 

utilize the findings noted above and the needs provided by panelists to provide insight 

into how to move forward with improving the communication of precision agriculture in 

the context of conservation in the future.   

  The self-efficacy of the conservation specialists, the perception that precision 

agriculture can be implemented across Nebraska’s landscape, is notably small in our 

results. When asked if farmers and farmland owners have adequate resources to adopt 
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precision agriculture in their operations, the majority reported without confidence. 

Research shows that one of the major contributors to new adoption sources from the 

recommendation or the influence of a trusted professional (Wright and Shindler 2001). If 

the individuals working directly with farmers and farmland owners are not confident in 

sharing this information, we cannot expect conservation recommendations to reflect the 

encouragement of adoption moving forward. As one respondent noted, “I don't feel like I 

have a great read on what producers need regarding precision Ag…. I work in 

conservation and my organization works with landowners, but we don't have a great 

understanding of agriculture and the reasons why producers do or don't implement 

conservation into their operation.” Kwok and Gao detail the importance of an individual 

to share information is directly linked to one’s own perception of their capabilities 

(2005). Our focus must shift to encouraging positive knowledge sharing behaviors and 

strengthening the self-efficacy of our specialists to equip them with the know-how to 

share these new practices to decision-makers (Yang and Chen 2007, Maddux 1995).  

In order for precision agriculture to be incorporated into Nebraska’s conservation 

efforts, our study suggests that it may begin with providing attention first within the 

educational and training resources provided to the conservation specialists. Finding ways 

to boost morale and confidence within the specialists such as field days with hands on 

experience, courses, and access to emerging research in the topic could lead to an 

increase in adoption from a top-down effect (Heiniger et al. 2002). The understanding of 

why conservation specialists do not feel equipped plays a key role in our research as the 

panel effectively communicated precision agriculture throughout the surveys. For 

example, Schellberg and researchers recognized precision agriculture as,   
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“An innovative, integrated and internationally standardized approach aiming to increase 

the efficiency of resource use and to reduce the uncertainty of decisions required to 

control variation on farms (2008).” Pierce and Nowak defined precision agriculture as,  

“The application of technologies and principles to manage spatial and temporal 

variability associated with all aspects of agricultural production for the purpose of 

improving crop performance and environmental quality (1999).” 

 Our final definition resulted as such,  

 “The use of targeted technology and practices with the intent to improve agricultural 

profits and minimize environmental impacts.” 

We see right away that the definition constructed by the panel reflects the key 

aspects denoted in both of the commonly cited definitions surrounding precision 

agriculture. Some research may reflect a definition that is more focused on the 

technology-driven aspect of precision agriculture, but the panel noted this while 

maintaining the focus on the purpose behind why the emerging technology is needed- 

sustainable and biologically rooted, which is oftentimes lacking in consideration 

(Stafford 2000).   

Precision agriculture practices and technologies are recognized in research as 

including GPS, GIS, yield monitors, crop scouting, remote scouting, variable rate 

application, guidance, and navigation practices and technologies (Aubert et al. 2012). 

When comparing the eighteen practices identified in our surveys, we find that there are a 

few practices that do not fall within the limitations of those listed above. These practices 

include soil sampling, plant cover crops, no till, grassed waterways, integrate livestock, 
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and enrolling in conservation programs. Oftentimes best management practices, or 

practices that are implemented with the specific purpose to improve land health and 

production, can be grouped into the same as precision agriculture (Schimmelpfennig 

2018). Although these practices may continue to contribute towards a sustainable and 

conservation-minded goal alike precision agriculture, it is important to clearly 

communicate what is uniquely within the confinements to stay consistent in 

communication efforts and when assessing the progress of its implementation across the 

state.   

Our results indicated that all respondents collaborated with other conservation 

organizations or agencies more than once a month. Aligned with the need for clear 

communication of precision agriculture mentioned above, the need for the conservation 

community to have a cohesive message across different entities will be essential for long-

lasting impacts (Jacobson 1999).  Specialist reach farmers and farmland owners through 

face-to-face meetings, word-of-mouth, and postcards. Past research extension reports 

have suggested that some landowners prefer newsletters, publications, and field tours for 

their educational delivery methods (Radhakrishna et al 2003). Considering the diversity 

in demographics that a conservation specialist may communicate with, a mixed mode 

approach to reaching new populations could be efficient and effective moving forward 

(Dillman 2014).  

Respondents, when prompted, responded with the needs and resources that could 

be provided for better communication efforts on their behalf. Responses included,  

“More experience with equipment operation/setting/troubleshooting”. 
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Another stated, 

“Face-to-face time. Ag day events are a great way to interact with producers.” 

Additionally, 

“The right sales pitch - our agency is not an "ag agency" and isn't perceived as having an 

"ag voice," so this is a tough arena for us to get into.” 

The responses showed the need for more hands on time with the practices and 

technology that they are encouraged to incorporate for targeted conservation. The 

experience directly recognizes the need for heightened confidence in each specialist 

individually, as previously discussed. The panelists also requested incorporating 

marketing techniques, such as a sales pitch into communication needs. Natural resources 

has long recommended the usefulness in message framing, incorporating this same 

strategy into specialist’s training for communication would only strengthen the message 

of an agency or organization as a whole (Davis 1995, Kolandai-Matchett and Armoudian 

2020).    

From the perspective of the panel, two questions were directed to evaluate the 

informational gaps and misunderstandings for conservation specialists when 

communicating precision agriculture to farmers and farmland owners. The most 

important factors they consider (from highest importance to lowest importance): cost, 

return on investment, knowledge, confidence, neighbors influence, term of lease, cultural 

norms, support, and need for consistency. The encouragements for adoption included 

increase in profits and return on investments, seeing it work on similar parcels of land, 

and conservation incentives. Discouragers for adoptions included cost, resistance to 
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change, and the inability to understand and use technology (Table 1). When asked why 

these barriers exist, respondents stated reasons such as,   

“Done it this way for a long time.” 

Or many comments eluded similarly as,  

“Resistance to change - we have always farmed this way - we are going to keep farming 

this way.” 

But ultimately the most noted reason was, 

“Up-front implementation costs. Not convinced it will help the bottom line.” 

In response to what information they have found could be helpful to provide to 

landowners, every single one mentioned the economic concern. For example,  

“They need to know the economic returns, ecosystem processes and how this decision 

impacts the ecosystem processes and function. How to trouble shoot the outcomes of 

practices.” 

Providing conservation specialists with as much knowledge and resources about 

conservation practice economics can leverage a discussion with landowners to get past 

the biggest hurdles and allow consideration to occur. Resources could include access to 

Conservation Reserve Program (CRP) funding, Environmental Quality Incentives 

Program (EQIP), or other state and federally funded opportunities (Barnes et al. 2020).    

Additionally, considerations found noted by conservation specialists included 

issues such as multiple decision-makers, such as non-operating landowners, that 

contribute to overall adoption (Dell 2020). For example,  
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“I do not do the farming - it is done by my nephew. We do keep certain areas in grass 

production vs. row crop production due to steep slopes, soils, etc. but those decisions are 

very broad without the use of detailed technology to define what and where.” 

 

 The role of neighbor influence and word-of-mouth spreads quickly throughout 

the rural landscape (Zeng et al 2022). Research shows that maintaining and keeping trust 

can ultimately be one of the biggest hurdles that a conservation specialist faces in the 

adoption process (Stern and Coleman 2015, Jayashankar et al 2018). Additionally, with 

many different conservation entities included within this project, we recognize that it is a 

collaborative effort. If a community has negative perceptions from one experience with a 

particular outside organization, evaluating who potentially could reach these groups and 

recruiting their help will be essential moving forward. As one responder put it, 

“There is no information that will change their minds if they have a preexisting bias 

against government programs. Perhaps the messenger is more important than the message 

in some cases.” 

Or as another  respondent stated,  

“The few landowners who have a negative experience (real or perceived loss of 

income and/or slow and unpleasant experience working with government 

programs/agencies/employees) will influence others not to participate, even though most 

experiences will be positive.” The primary objective of this project is to identify key 

components hindering the adoption process of targeted conservation implementation. We 

utilized our resources of conservation specialist input, as well as outreach opportunities 
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towards farmers and farmland owners to collect unique perspectives of the adoption 

process. For future research, a comparison of the collected input of conservation 

specialists in Nebraska with perspectives from agricultural professionals and farmers and 

farmland owners themselves would be valuable 

Our results found the Delphi method was an effective choice in addressing the 

research questions we sought to gain insight on. The Delphi method successfully 

provided a collective definition and list of associated practices and techniques, as well as 

provided copious amounts of justification and insight into the struggles and successes 

these individuals are facing when working with farmers and farmland owners. Due to the 

prior lack of documented empirical data on a complex issue, such as the conservation 

specialist’s perspective on precision agriculture, our project will serve as a catalyst and 

guideline for future research and management decisions based on the feedback collected 

(Rixon et al. 2007). Our first objective was to highlight the structure and major 

characteristics of the Delphi method in regard to our project specifically. The results 

found strength in the methodological approach through ease of using the e-Delphi survey, 

effective accumulation of qualitative input from a large group of specialists, and the 

ability to structure our Delphi method akin to the structural characteristics addressed in 

Chapter 1. Our second objective identified the conclusions gathered by researchers for 

the effectiveness and ability of the Delphi method to address research questions in the 

field of natural resources. Our project addresses an example of appropriate circumstances 

where the Delphi method is helpful in integrating individuals with relevant expertise 

together from geographically diverse regions to receive foresight to a large and relatively 

vague area of interest (Linstone and Turoff 2002).   
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The Delphi method has been recognized in literature as a flexible research 

technique on topics that are currently incomplete or vague (Skulmoski et al 2007). To the 

researcher's knowledge there is no current published research addressing the role 

conservation specialists specifically play in the influence of adoption of precision 

agriculture across Nebraska. More so, there evaluation of how they perceive their abilities 

to communicate these options to the farmers and farmland owners. Research addressing 

precision agriculture, the adoption consideration for landowners, and how to apply 

implement these new practices are available (Zhang et al 2002, Pierpaoli et al 2013, 

Cisternas et al 2020); however, the mode with which they can be received and taught can 

become difficult to locate. The Delphi method allowsresearch to be conducted in 

situations where the process and responses are never a ‘one size fits all’ concept (Rixon 

et al 2007). Our research recognizes from previous literature that there are many 

components that effect the decision-making process for adoption, such as up-front costs, 

the resistance to change, ans accessibility to resources (Daberkow et al 2003). Therefore, 

when addressing our over-arching research questions for the project, the Delphi method 

was able to capture all of these factors from the collective wisdom of specialists (Shariff 

2015).   

Timeliness of this methodology was also a concern. The original plan for the 

surveys included an 8-week schedule with two weeks for each survey to be open to 

participants and one week between each subsequent survey until the completion of the 

third survey. The entire project ended up taking 12 weeks and therefore a month longer 

than originally planned.  
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With the second-round’s low initial response, the questions quickly arose of the 

original sample size of twenty participants. Sample size discrepancies in literature are a 

point of contingency that needs clearer confinement within this methodology. Many 

weigh sample size decisions by funding capabilities, analysis capacity limits, and the 

potential cost inefficiencies related to time, product and the iteration process that can 

come with a large sample size (Needham and de Loë 1990). Weidman et al. (2011) argue 

that literature has not specified the number of experts needed for a Delphi Study thus far. 

While others provide specific recommendations such as a minimum of 8-10 individuals 

and most studies included 8-16 individuals, with some noting panels as small as 4 

individuals to more than 600 (Needham and de Loë 1990, Hallowell and Gambatese 

2010, Keeney et al 2011).  

The success of our qualitative approach with the Delphi method was recognizable 

from the first open-ended survey and the abundance of responses provided. However, 

notably this participation did not reflect a significant drop through the exhaustion of the 

rounds as expected. Survey three included a response box for any additional comments to 

be added, and we received many in-depth, unique perspectives provided that weren’t 

necessarily required. Additionally, through the surveys we were able to retrieve 

consensus through controlled feedback on topics as well as collect additional matching 

questions to extract the ‘whys’ of our panelists (Sourani and Sohail 2015).  

When evaluating the flexibility of the Delphi method, one decision discussed 

included the decision upon statistical analysis of our survey data, as research has 

reiterated that there is no preferential method (Schmidt 1997, Hasson et al 2000). Shariff 

noted the process can be utilized qualitative analysis computer packages or done 
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manually (2015). Ultimately, we wanted to provide our data as straightforward and 

simply as possible to eliminate any additional question of methodological biases or 

manipulation. Therefore, we were able to present our data with descriptive statistical 

analysis with our variable’s mean, standard deviation, mode, and range.   

One major consideration of all projects addressing the Delphi method must 

recognize the panel that provides the data received. One of the largest takeaways from the 

project was the vast knowledge this project collected over the series of 16 weeks that 

summarized experience and opinions of over 230 years of cumulative experience in the 

field of conservation amongst panelists. Sourani and Sohail (2015) noted the advantage 

of controlled feedback for panelists as it all but eliminates common barriers in diverse 

groups, such as concern of the opinion of others in the panel, domineering voices steering 

the conversation, or the ease of one individual to avoid providing their opinion. With a 

panel of eleven different state, federal, or non-governmental agencies and organizations, 

as well as a wide range of time spent in the professional field of conservation, the Delphi 

method gained feedback from all individuals.  

The conclusion of this project was the recognition as a viable solution to 

addressing natural resource topics in an exploratory fashion. Taking time to address the 

decisions and unique adjustments a researcher specifically designs their approach to the 

Delphi method towards advocates for the strength and reliability of the Delphi method. 

Allowing insight into the use of the Delphi method from our project pertaining to 

precision agriculture application in the field of conservation will demonstrate the 

versatility of the methodology for other projects in the future.  In regard to the research 

questions for our project, findings concluded that conservation specialists are, in fact, 
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aware of the foundational knowledge pertaining to precision agriculture. However, we 

found a lack the confidence or ability to implement the practices at a rate to which is 

needed or desired. In the future, research should be directed to prioritizing training 

opportunities that will familiarize conservation specialists with precision agriculture 

practices and technologies. Additionally, taking the feedback on barriers and problems 

the specialists are facing in the adoption process can help direct the discussion around 

precision agriculture and facilitate in directing where management decisions are made 

moving forward. 
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Conclusion 

 
Based upon the findings from this project, I conclude that there are three major 

takeaways from this research. The use of the Delphi Method in future studies pertaining 

to the field of natural resources will be useful in addressing complex and unnavigated 

topics. Recognizing the importance of not only using past approaches for the Delphi 

Method is pertinent; however, my project highlights the need for clear and consistent 

reporting of future methodological approaches to build on the reliability and strength of 

the methodology moving forward. 

Specifically, my research addressed the unique perspectives of conservation 

specialists and their role in implementing precision agricultural practices across the 

Nebraska landscape. The results indicated that conservation specialists do, in fact, have a 

foundational knowledge of precision agriculture through their determination of a 

collaborative definition and list of practices included within their working understanding 

of the topic. The final takeaway from the project recognized a potential area to pursue in 

future research. Conservation specialist commonly reported that they did not feel 

knowledgeable about precision agriculture. More so, their responses found that majority 

of participants also did not feel as though there were the resources and knowledge in 

Nebraska to implement the adoption of precision agricultural practices to farmers and 

farm landowner’s current operations.  

 In future studies, it will be valuable for researchers to continue to seek input from 

these conservation specialists, to learn how to increase the communication strategies and 

confidence these individuals relay to farmers and farmland owners when working on their 
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properties in the future. A solution provided for the conservation specialists and the 

confidence they need in promoting precision agriculture adoption could serve as a major 

boost in overall adoption throughout the state of Nebraska. Although the research study 

area was limited to Nebraska, the similar landscape, agricultural activity, and 

predominantly privately-owned states that encompass the Midwest suggest that this 

research could be applicable and potential significant to consider throughout the entire 

region. 

 Tangible steps for Nebraska moving forward can include integrating more 

agricultural extension research and educational programs which targets equipping 

conservation specialist with the agricultural knowledge and skillsets to directly teach the 

farmers they work with on a daily basis. The recommendation to include more 

agricultural coursework into natural resources curriculum at the university level will 

serve as a potential bridge to the comfortability conservation specialists feel as they move 

into industry jobs post-graduation and begin directly working with farmers and farmland 

owners. My research not only highlights the need for research and educational 

programming to be developed in the years to come for conservation specialists, but also 

encourages the collaboration and overlap between the field of conservation and 

agriculture at an institutional level as well as professionally across the state. Utilizing the 

help and increasing the frequency of interactions between both parties will provide a 

cohesive message and unified mission to efficiently produced agricultural products while 

mitigating the conservation needs of the future generations. 
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APPENDICES 

 

Appendix A. Survey Questions 

Survey One 

1. How would you define precision agriculture? 

2. Select all of the practices listed below that you identify as associated with 

precision agriculture. (Select all that apply) 

a. No Till 

b. Variable Rate Nutrients 

c. Crop Rotation 

d. Integrate Livestock 

e. Plant Cover Crops  

f. Satellite Imagery 

g. Drone 

h. Auto-Steer 

i. Soil Sampling 

j. Grassed Waterways 

3. List any additional practices associated with precision agriculture that were 

not listed above that you feel are important to note. 
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4. What do you believe encourages farmers’ receptiveness to adopt precision 

agriculture? 

5. What do you believe discourager’s farmers’ receptiveness to adopt precision 

agriculture? 

6. From your perspective, what factors primarily influence land tenants’ 

decisions to adopt precision agriculture practices? (Select all that apply) 

a. Knowledge 

b. Confidence 

c. Support 

d. Return on Investment 

e. Need for Consistency 

f. Cost 

g. Other: _______ 

7. Based on Nebraska's current knowledge of precision agriculture, do you feel 

farmers and farmland owners have the adequate resources to adopt these 

practices in their operations? 

a. Yes 

b. No 

c. Unsure 
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8. What percentage of Nebraska farmers would you estimate use precision 

agricultural practices in their operations? 

a. Less than 25% 

b. 25-50% 

c. 50-75% 

d. Greater than 75% 

9. How do you incorporate precision agriculture into your conservation efforts 

on Nebraska operations? 

10. Select all of the practices listed below that you identify as practices of 

conservation through precision agriculture. 

a. No Till 

b. Variable Rate Nutrients 

c. Crop Rotation 

d. Integrate Livestock 

e. Plant Cover Crops  

f. Satellite Imagery 

g. Drone 

h. Auto-Steer 

i. Soil Sampling 
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j. Grassed Waterways 

11. List any additional conservation practices associated with precision 

agriculture that were not listed above that you feel are important to note? 

12. List the biggest constraints that you face when implementing conservation 

practices on Nebraska operations? 

13. Which of the following types of organizations are you currently employed 

with? (Select all that apply) 

a. Federal Government Agency 

b. State Agency 

c. Non-Governmental Organization (NGO) 

d. Non-Profit Organization 

e. Other:______ 

14. Which of the following types of organizations have you been associated with 

in the past? 

a. Federal Government Agency 

b. State Agency 

c. Non-Governmental Organization (NGO) 

d. Non-Profit Organization 

e. Other:______ 
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15. How many total years of experience do you have in the field of conservation? 

16. Do you own private land of your own? 

a. Yes 

b. No 

i. If yes,  

1. How would you characterize your land? (Select all that 

apply). 

a. Recreational 

b. Agricultural 

c. Urban 

d. Other:________ 

2. How many total acres do you own among all of your 

properties? 

a. 0-10 acres 

b. 11-25 acres 

c. 26-50 acres 

d. 51-100 acres 

e. 101-500 acres 

f. 500+ acres 
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3. Do you pursue conservation practices on your land? 

4. Do you implement specific precision agriculture 

techniques on your property? If so, what? 

 

Survey Two  

1. Of the definitions provided below, please select which of the following 

encompasses "Precision Agriculture" most accurately to you. 

a. The use of targeted technology and practices with the intent to improve 

agricultural profits and minimize environmental impacts. 

b. The use of targeted technology with the intent to improve agricultural 

profits and minimize environmental impacts. 

c. The use of targeted practices with the intent to improve agricultural profits 

and minimize environmental impacts. 

d. The use of targeted technology with the intent to improve agricultural 

profits. 

e. The use of targeted practices with the intent to minimize environmental 

impacts. 

f. The use of targeted technology and practices with the intent to improve 

agricultural profits. 
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g. The use of targeted technology and practices with the intent to minimize 

environmental impacts. 

2. How frequently do you apply each of the following Precision Agricultural 

practices to your conservation recommendations? (Likert Scale from 1 “Not At 

All to” -4 “Very Frequently”) 

a. Variable Rate Applications (Nutrient, Irrigation, Seeding) 

b. Satellite Imagery 

c. Drone 

d. Auto-Steer 

e. Soil-Sampling 

f. Equipment Selection 

g. Yield Monitoring 

h. GPS Spray Equipment 

i. Alternative Crops in Locations 

j. Plant Cover Crops 

k. No Till 

l. Grassed Waterways 

m. Crop Rotation 

n. Integrate Livestock 
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o. Planting and Fertilizer Application 

p. Enrolling in Conservation Programs 

q. Skip Row Planting 

r. Soil Erosion Management 

s. Artificial Intelligence 

3. Of the list below, please indicate whether the following practices should be 

included within your definition of "Precision Agriculture"? (Selected for each: 

Yes, No, or Unsure) 

a. Variable Rate Applications (Nutrient, Irrigation, Seeding) 

b. Satellite Imagery 

c. Drone 

d. Auto-Steer 

e. Soil-Sampling 

f. Equipment Selection 

g. Yield Monitoring 

h. GPS Spray Equipment 

i. Alternative Crops in Locations 

j. Plant Cover Crops 

k. No Till 
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l. Grassed Waterways 

m. Crop Rotation 

n. Integrate Livestock 

o. Planting and Fertilizer Application 

p. Enrolling in Conservation Programs 

q. Skip Row Planting 

r. Soil Erosion Management 

s. Artificial Intelligence 

4. Of the factors listed below, please rank the top five that primarily influence land 

tenant's decisions towards adoption of precision agriculture on the landscape? 

(Rank Order) 

a. Knowledge  

b. Confidence 

c. Support 

d. Return On Investment 

e. Cost 

f. Neighbors Influence 

g. Need for Consistency 

h. Term of Lease 
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i. Cultural Norms 

5. In reference to the question "List the biggest constraints to you face with 

conservation adoption?" which of these have you faced personally working with 

landowners? 

a. Lack of Confidence to Implement 

b. Up-Front Implementation Costs 

c. Resistance to Change (i.e. maintaining tradition) 

d. Policy  

e. Lack of Education 

f. Excessive Paperwork 

g. Risk 

6. What have you found to be the best way to contact farmers/private landowners? 

7. Does your agency/organization have an established mechanism to evaluate their 

communication methods to the public? 

a. Yes 

b. No 

c. Unsure 
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8. What training, knowledge, etc do you need in order to equip you to communicate 

more efficiently with farmers and farmland owners about incorporating precision 

agriculture on their landscapes? 

9. From your experience, what information do private landowners need to make 

conservation decisions? 

10. How often do you utilize the resource of other conservation agency/organization 

specialists in Nebraska? 

a. Daily 

b. Weekly 

c. Monthly 

d. Annually 

e. Never 

 

Survey Three 

1. How would you rate your level of expertise on incorporating precision agriculture 

for conservation in Nebraska? 

a. I do not consider myself an expert. 

b. I am in the process of becoming an expert. 

c. I am an expert. 
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d. I used to be an expert but no longer are. 

2. Of the practices listed below, what is your knowledge level of each? (Likert Scale 

1 “Not Knowledgeable – 5 “Extremely Knowledgeable”) 

a. Variable Rate Applications (Nutrient, Irrigation, Seeding) 

b. Satellite Imagery 

c. Drone 

d. Auto-Steer 

e. Soil-Sampling 

f. Equipment Selection 

g. Yield Monitoring 

h. GPS Spray Equipment 

i. Alternative Crops in Locations 

j. Plant Cover Crops 

k. No Till 

l. Grassed Waterways 

m. Crop Rotation 

n. Integrate Livestock 

o. Planting and Fertilizer Application 

p. Enrolling in Conservation Programs 
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q. Skip Row Planting 

r. Soil Erosion Management 

s. Artificial Intelligence 

3. Do you believe your agency should have an established mechanism to evaluate 

their communication methods to the public? 

a. Yes  

b. No 

c. Maybe 

4. Would you agree with the list below, ordered from highest to lowest importance, 

of primary influences of land tenant's decisions towards adoption of precision 

agriculture on the landscape? 

 Cost, Return on Investment, Knowledge, Confidence, Neighbors Influence, Term of 

Lease, Cultural Norms, Support, Need for Consistency 

a. Yes  

b. No 

5. If you do not agree with the list above, what do you disagree with? 

6. What is your biggest concern regarding promoting the adoption of new precision 

technologies or enrolling in a conservation/incentive program. 

Please note any additional thoughts about precision agriculture and conservation in   
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Appendix B. Email Cover Letter for Web-Based Survey 
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Appendix C. Reminder Note for Delphi Method 
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Appendix D.  Article Analysis Evaluation Form 

Article  

Title: 

Citation: 

Questionnaire Methodology 

How many rounds? 

Delivery Method? (e.g., basic, modified, e-delphi, etc) 

Duration of the entire process: ______ 

Length of availability for each survey round: ______ 

Geographic Range for Survey? (e.g., local, state-wide, national, international, etc.) 

Was a reminder sent? 

Question structure? (e.g., multiple choice, Likert scale, open-ended, etc.) 

 

Determination of Expert Panelists 

How is an expert defined? 

Panel size? (e.g., sample size) 

Criteria for the selection of panel? 

What was reported on each panelist’s characteristics? 

Diversity in Stakeholders? 
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Results Analysis 

How are the questionnaires evaluated? 

Level of consensus? 

Response Rate- 

Feedback to panelists? (Reports, meetings, none at all, etc.) 
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