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Abstract

Integrated pest management (IPM) programs combining multiple compatible pest control tactics can result in 
effective commodity protection, pesticide use reduction, and cost savings – yet establishment of IPM programs 
is still low in many areas of the United States. While several potential causes of and solutions to low adoption 
rates exist, our focus is on the often-neglected human aspect of IPM. IPM educators who serve as the conduit of 
IPM research and advice to IPM practitioners often face challenges in areas that are less scientific and more social, 
such as communication and teaching. The skills needed in these areas (e.g., conflict management and resolution, 
needs assessment, negotiation, training, and informal education) are sometimes neglected in the professional 
development of future IPM educators, to the detriment of their ability to work with practitioners to encourage 
adoption of IPM programs. We explore these challenges, including a survey of current IPM educators, and propose 
areas of communication skills that could be included in the professional development of future or early-career IPM 
educators.
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Modern integrated pest management (IPM) has its genesis in the 
‘supervised control’ and ‘integrated control’ concepts developed 
in the mid-20th century by University of California entomologists 
(Smith and Smith 1949, Stern et al. 1959). While the definition of 
IPM has changed over time (sometimes obscuring its intent – see 
Ehler 2006), traditionally, IPM programs are visualized as cycles 
consisting of scouting, identifying, monitoring, implementing man-
agement actions, and evaluating. Management actions in IPM try to 
combine tactics including chemical, biological, mechanical, cultural, 
and physical control methods. The goal of an IPM program is to 
use multiple compatible management methods simultaneously – in 
an ecologically and economically sound manner – to maintain pest 
populations at desired levels. IPM strategies are applicable to many 
fields including agriculture, forestry and natural resources, urban 
and structural pest control, and human and veterinary pest control. 
End goals will vary among fields (e.g., desiring nondamaging levels 
of pests in agriculture versus needing complete elimination of urban 
pests like cockroaches) and so too will the applicable strategies.

The use of multiple management methods together has resulted 
in well-documented environmental and economic benefits attribut-
able to IPM. For instance, IPM programs can lead to reductions in 
the number of pesticide applications and the concentrations used 
(Williams et  al. 2005, Weddle et  al. 2009, Shahraki et  al. 2011), 
though direct economic savings may or may not be realized (e.g., 
Williams et al. 2005, Shahraki et al. 2011). Reduction in pesticide 

use and increased rotation of pesticide classes also helps delay de-
velopment of pesticide resistance, which costs U.S.  agriculture up 
to $10 billion annually across all classes of pests (Pimentel 2005, 
Gould et  al. 2018). A  decreased health cost burden from worker 
pesticide exposure could also be expected with less frequent pesti-
cide use (Gilden et al. 2010, Damalas and Eleftherohorinos 2011). 
IPM can reduce pesticide and allergen exposure to residents in public 
housing and children in schools (Miller and Meek 2004, Nalyanya 
et  al. 2009). While labor costs may increase on time spent moni-
toring for pests, there often is a corresponding reduction in time 
spent applying pesticides, and work time lost due to reentry restric-
tions after pesticide applications may decrease. Overall, less money 
is spent on pesticides (which may include chemical, botanical, or 
microbial formulations) in an IPM program (Williams et al. 2005, 
Weddle et al. 2009, Shahraki et al. 2011). Further, IPM programs 
may help preserve beneficial insects, which provide an estimated 
annual $57 billion in ecological services including pest control and 
pollination (Losey and Vaughan 2006). The rising demand for envir-
onmentally friendly services can also boost the clientele of a business 
if they offer IPM-based programs.

Despite the benefits of IPM, its realized use is often not as high 
as expected or hoped (LeBude et al. 2017, Stetkiewicz et al. 2018). 
Estimates of IPM adoption and implementation rates in the United 
States vary considerably and are complicated by the many definitions 
of IPM (i.e., Bajwa and Kogan (2002) list 67 definitions!). Fewer 
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than 10% of the definitions outlined by Bajwa and Kogan (2002) 
mention human or sociological considerations, and those that do are 
almost exclusively in reference to human health considerations when 
using pesticides. In agriculture, rates of true IPM, defined hereafter 
as a program using standardized monitoring, integration of multiple 
compatible management tactics, and recordkeeping, are estimated 
to be as low as 4–8% of total US crop acreage (Ehler and Bottrell 
2000). If IPM is instead defined as only insect, weed, or disease 
scouting, then adoption rates in U.S. agriculture, as a percentage of 
total acreage, appear to be rather high [i.e., 86% in cotton, 81% in 
corn (when also considering crop rotation), 75% in vegetables, 72% 
in fruit and nuts, 56% in soybeans, and 50% in wheat; Agricultural 
Statistics Board 2001]. However, IPM is more than just scouting, 
and critical components of true IPM are generally practiced infre-
quently. For instance, recordkeeping occurs on only 24% of fruit and 
nut acreage, and the results of scouting are considered when making 
management decisions on only 34% of soybeans (Agricultural 
Statistics Board 2001). In a study of IPM in urban landscape man-
agement companies focused around Atlanta, GA, IPM (i.e., scouting 
only) appears in 69% of businesses (Hubbell et al. 2001). This rate 
dropped to 39% when counting true IPM programs, which con-
tained other components such as recordkeeping and evaluation.

What factors, barriers, or misunderstandings are restricting IPM 
adoption, and how can we improve upon adoption rates? One re-
cent suggestion is to return to the original concepts of ecology 
and evolution that form important bases of IPM to focus through 
the lens of a single, standardized definition of IPM (Peterson et al. 
2018). This would clarify the confusion around what IPM really is 
and how to use it. A recent publication in this journal (Dara 2019) 
suggested a reorganization of IPM to incorporate important aspects 
that have not been formally stated or previously recognized. Human 
factors are a critical aspect incorporated into this new framework 
for IPM. These human factors are the psychosocial descriptors of 
how and why people think and act in certain ways (e.g., motivation 
and beliefs) and how people relate to one another (e.g., communi-
cation methods, trust, and relationships). These human factors, or 
the ‘human element,’ also serve as a social factor in the recently ex-
plored Social Ecological Systems approach to IPM (Magarey et al. 
2019). The roles of people, communication, and related topics are 
also addressed as a priority by the USDA Federal Integrated Pest 
Management Coordinating Committee in their revised National 
Roadmap for IPM (USDA 2018). We will expand on these human 
factors, with a focus on communication and education among those 
who teach and practice IPM, exploring why they are so important to 
increasing the adoption and success of IPM, where we are currently 
lacking in this area, and how we can address shortcomings.

Why People Are So Important

All aspects of IPM involve people, from those who teach and advo-
cate IPM, such as Extension professionals and IPM consultants (here-
after referred to as ‘IPM educators’), to those who use IPM, such as 
farmers, nursery owners, pest control company workers, and other 
stakeholders (hereafter referred to as ‘IPM practitioners’). In fact, 
communication among IPM educators and between IPM educators 
and IPM practitioners (and the general public) is a key component 
in the new IPM model proposed by Dara (2019). The relationship 
between the IPM educator and practitioner is the engine that powers 
IPM adoption and implementation. The IPM educator must provide 
authentic participation in the IPM program being suggested by lis-
tening to the needs and capacities of the practitioner. These needs 
and capacities must then be incorporated during development of an 

IPM program and creation of meaningful training opportunities for 
the IPM practitioner. Targeting training and education to the specific 
characteristics of each IPM practitioner may encourage higher adop-
tion rates (McNamara et al. 1991). In-depth working knowledge of 
the system being managed (e.g., field crops versus forest manage-
ment, corn versus tomatoes, etc.) is needed by the IPM educator in 
order to make informed recommendations. This helps make a suc-
cessful program and also eases communication with the IPM practi-
tioner, who is likely very experienced in their system. Demonstrated 
knowledge of the system and communication based on mutual re-
spect between the educator and practitioner can help foster initial 
trust in the educator’s abilities and intentions. This trust is critical to 
gain the buy-in required for an operation to try IPM if it is not al-
ready used and to follow recommendations. The importance of trust 
is not a new concept or issue. For example, lack of trust is commonly 
cited as a primary reason why underserved minority landowners 
who own forests in the southern United States do not utilize gov-
ernment assistance or seek help from professional foresters (Dwivedi 
et al. 2016, Schelhas et al. 2018). While not explicitly dealing with 
IPM programs, these studies emphasize the importance of trust be-
tween teachers and practitioners.

The IPM practitioners ultimately drive the system by deciding if 
IPM is going to be practiced and, if so, to what extent. Beyond this 
initial decision, these are the individuals who perform the day-to-day 
work of scouting for pests, identifying and reporting problems, ap-
plying management tactics, and evaluating the efficiency and efficacy 
of the management program. The commitment of IPM practitioners 
to using IPM and performing IPM-related duties to the best of their 
ability decides the success of the IPM program, which ultimately af-
fects the long-term continuity of that program.

Current Challenges

What are potential current deficits in addressing the human as-
pect of IPM? Individuals who become IPM educators can have 
a wide variety of prior experiences in learning, consulting, and 
managing IPM based on their specific field, their work experience, 
and/or their education. It is unlikely that one specific area will 
need improvement at all institutions or for all new IPM educators. 
To get a better understanding of the variety of possible challenges 
in teaching IPM, we informally surveyed 12 early- to mid-career 
IPM educators (and entomological colleagues) about their past 
and present experiences with communicating about IPM, what 
they had to learn on the job, and what they wish they knew prior 
to starting their position in Extension as an IPM educator. The 
questions in Table 1 were asked to each IPM educator. Questions 
were asked either by e-mail or on the phone depending on the 
needs of the interviewee. Interviewees were associated with uni-
versities or university Extension services. Interviewees spanned the 
country, representing 9 states and 10 institutions. Lists containing 
up to the 20 most common words or phrases used in responses to 
each question were generated using TagCrowd (www.tagcrowd.
com). Common words (e.g., the, an) were excluded. These lists 
showing the most repeated words were used along with comparing 
and contrasting responses to identify themes. These represent the 
‘repetition’ and ‘similarities and differences’ scrutiny techniques 
for theme identification, respectively (Ryan and Bernard 2003). 
Selected question responses and identified themes are shown in 
Table 1. Responses covered a spectrum of individual challenges 
and experience levels, emphasizing that changes should be indi-
vidual or institution-specific. However, there were clear common-
alities across participants’ responses.
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Question 1: ‘What were your experiences with 
science communication/extension prior to starting 
your position?’
IPM educators generally spoke of a lack of experience or training 
in nonacademic, face-to-face communication with IPM practitioners 
and/or the general public. Experience levels with agricultural or 
more Extension-style communication varied widely. However, even 
respondents who had some Extension experience giving talks prior 
to their career noted a lack of opportunities during graduate school 
to lead and develop Extension programming. More traditional, 
research-based graduate degrees and postdoctoral experiences 
(e.g., scientific conference talks) were common among respondents. 
Experience communicating in informal educational settings was 
often limited to outreach to school-aged children, as insect outreach 
programs are fairly common at large universities or science museums 
(e.g., Iowa State University Insect Zoo: https://www.ent.iastate.edu/
insectzoo/, the Bug Bowl at Purdue University: https://extension.
entm.purdue.edu/bugbowl/).

Question 2: ‘Thinking about the communication 
aspects of your current position: did you feel 
adequately prepared for the job when you started?’
Nearly equal numbers of respondents said they felt prepared to 
work as an IPM educator as those who said they did not (7 vs 
5, respectively). Respondents who reported feeling more prepared 
for their work had prior experiences working with Extension 
faculty and opportunities to deliver more traditional extension 

presentations. Respondents overwhelmingly noted that they had 
to go through intensive on the job learning in Extension-style com-
munication as their prior learning had been only with traditional 
formal teaching.

Question 3: ‘What aspects of communication or 
other interpersonal skills did you have to learn on 
the job in your position? How long did it take for 
you to feel comfortable in those skills?’
When lacking prior experience, IPM educators reported that on the 
job development of these skills took 1–2 yr before they began feeling 
comfortable in their own interpersonal communication with IPM 
practitioners or other stakeholders. Hands-on, interactive activities 
were noted as particularly challenging forms of communication 
to learn. Management of emotions and conflict in IPM educator-
practitioner relationships was singled out as difficult skill to learn 
and one that had to be developed entirely on the job. Many who ob-
tain extension jobs do so in fields which may be outside their formal 
training and must do intense independent learning about their new 
field or system on their own time. Based on anecdotal evidence from 
our own and our peers’ experiences, some nonextension profes-
sionals believe ‘extension is extension’ and ‘you just have to learn a 
new system’ – two phrases which, while technically correct, do not 
remotely convey the effort and time required to do these things ef-
fectively. After training deeply in a highly specific area during their 
education, IPM educators often start their career from scratch in an 
entirely different field, having to cover a wide variety of topics.

Table 1. Results of a survey of IPM educators

Question Identified Themes Example Response

What were your experiences with science  
communication/extension prior to starting 
your position?

Lack of leadership opportunities 
during graduate school 

Large variation in speaking/teaching 
opportunities during graduate school 

Unfamiliarity with informal teaching 
and new modes of communication 
(online classes, social media)

‘NONE. I had done a few presentations for youth and 
some pesticide applicators, a few scientific presenta-
tions while in graduate school, but I would have never 
thought I’d be a science communicator. … It was pretty 
minimal.’

Thinking about the communication aspects 
of your current position: did you feel ad-
equately prepared for the job when you 
started?

Intensive on the job learning 
Large variation in preparedness 
Familiarity with only traditional  

formal teaching styles

‘I was not prepared for extension when I started my pos-
ition … I was not prepared to establish an extension 
program, nor was I really aware of what such a pro-
gram should look like. I think I would have benefited 
from knowing that outreach and extension were vastly 
different.’

What aspects of communication or other  
interpersonal skills did you have to learn 
on the job in your position? How long did 
it take for you to feel comfortable in those 
skills?

Difficulty with hands-on or in person 
activities 

Uneasiness with conflict management 
Adaptability as a key characteristic

‘I am still figuring out how best to maneuver situations 
where there is inherent conflict … As a new(ish) pro-
fessional, it can be difficult to establish credibility in 
charged situations and only as you stay in a position 
longer can you create that credibility over time.’

What were the biggest challenges you faced 
in terms of communicating, teaching, and 
developing or maintaining professional  
relationships (e.g., between you and a 
grower/client) in your position?

Time management balance between  
relationships and communication and 
other professional responsibilities 

Earning and maintaining trust

‘… one challenge was my relative inexperience in more 
active forms of teaching with an extension audience. 
I had some exposure to active teaching techniques with 
undergraduates, but there are challenges unique to ex-
tension in implementing these approaches.’

What, if anything, related to the previously 
discussed areas do you wish you had more 
training or experience with before starting 
your position?

Broader background in relevant topics 
Management of programs and people 
Evaluating program success and needs 
Training in Extension-style  

communication

‘Some essential things I wish I had training in are; cus-
tomer service, extension assessment and analysis (using 
more social science type stats), and conflict resolution. 
Other topics I wish I had more knowledge in but are 
probably not essential would be graphic design and 
social media analytics.’

A single representative response is given for each question. Themes identified in the responses to each question show the commonalities in the respondents’ 
experiences.
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Question 4: ‘What were the biggest challenges 
you faced in terms of communicating, teaching, 
and developing or maintaining professional 
relationships in your position?’
The biggest challenges respondents identified included time manage-
ment in balancing practitioner/client relationships and other profes-
sional duties, gaining trust of stakeholders, budget constraints, and 
the huge breadth of expected knowledge. Nearly, all respondents 
touched on the effort and time required to earn the trust of their new 
clientele. It can take years for someone new – particularly when not 
from the geographical area in which they obtained their job – to gain 
the trust of local farmers, ranchers, or natural resource managers. In 
many regards, this cannot be taught in an organized setting and is 
part of growing each relationship over time.

When discussing challenges, we cannot ignore the fact that 
some respondents reported incidents of communication issues with 
IPM practitioners stemming from sex, gender, or age bias. One re-
spondent said, ‘Even after 2 yr of being in this position, I still have 
a grower that refuses to let me set foot on his farm because I’m not 
from [that state], [am] a relatively ‘young’ female, and wasn’t raised 
growing [commodity]’. While communication issues rising from 
discrimination based on age, sex, gender identity, race, or sexuality 
cannot be properly explored in this manuscript, these issues do need 
to be addressed within both IPM and science in general.

Question 5: ‘What, if anything, related to the 
previously discussed areas do you wish you had 
more training or experience with before starting 
your position?’
Respondents all noted some activity related to a career in Extension 
that they wish they had been trained on or even been informed 
about prior to starting their position. Evaluating program impact 
and training in informal Extension-style communication were high-
lighted. One respondent wanted to know ‘How to build an exten-
sion program! What are the expectations of a specialist (vs. county 
agents), especially one with split research responsibilities? What 
are the guidelines for designing program content and evaluating it? 
What are the recommendations for tracking inputs and outputs?’ 
General skills in management of programs, budgets, and people were 
also desired.

Improving IPM Communication

Skills related to enhancing the relationship between the IPM edu-
cator and the practitioner deserve attention, as that relationship 
influences the adoption and success of an IPM program. Like the 
challenges discussed here, any needed improvements in developing 
IPM educators will vary by individual and institution. Natural sci-
ence knowledge (e.g., statistics, biology, chemistry, etc.) is what 
many future IPM educators get plenty of during their education. 
But social science and liberal arts skills (e.g., communication, soci-
ology, psychology, etc.) are often largely neglected at science-heavy 
research institutions, despite future IPM educators needing a broad 
background in these skills in addition to the scientific knowledge. 
Identifying and addressing these gaps can help future IPM educators 
form effective relationships with IPM practitioners from the begin-
ning. Two major initial areas on which focus could be placed are 
communication and teaching.

Communication plays heavily into the applied skills of persua-
sion and conflict management and is instrumental in the ability of the 
IPM educator to gain the trust and respect of the IPM practitioner 

(Breetz et al. 2005, Ahmadvand and Karami 2007). Those with ef-
fective communication skills – which should be based in two-way 
communication, or listening and asking questions, not just talking 
– almost always make more effective and influential IPM educators 
(Leeuwis 2004). Based on experience, those lacking these essential 
communication skills rarely excel in this area. Unfortunately, formal 
instruction on how to communicate is rarely a requirement during 
traditional graduate education in agriculture, natural resources, and 
life sciences. Interested individuals often have to seek out this training 
on their own time. Based on the anecdotal evidence presented here, 
extension professionals have a high likelihood of needing to learn 
most of these communication lessons on the job. Based on the au-
thors’ experience and interviewee stories, communicating to the 
general public, or any nonscientifically trained audience, is never as 
easy or straightforward as it may seem, even for the most prolific and 
polished scientific speakers and writers. Collaborations with human-
ities programs and professional science communicators could pro-
vide fruitful continuing education opportunities for IPM educators 
and other scientists to ease these challenges.

Future IPM educators need instruction on teaching in informal 
settings away from lecture-style academic courses and research talks. 
IPM educators must be able to communicate with industry profes-
sionals, landowners, and children and families through writing, 
speaking, and media outlets such as radio, television, and online plat-
forms like blogs and social media (Allen et al. 2010, Brownell et al. 
2013). Training on how to interact with the media is also needed 
(Ruth et  al. 2005). Infographics and other visual communication 
products can be critical in communicating information, making de-
sign and artistic skills desirable and collaborations with professional 
scientific artists even better. How to conduct and evaluate effective 
IPM education should also receive time during the professional de-
velopment of IPM educators (Engel and van den Bor 1995, Strong 
et al. 2010). Individual or institution-level needs assessment in the 
form of surveys or other tools should help explore what specific 
training and education can be created or improved. Strengths and 
weaknesses will vary, so there cannot and should not be a one-size-
fits-all solution.

Here we have addressed part of the human aspect involved in 
IPM from the view of IPM educators. Similar assessment of IPM 
practitioners would likely reveal a separate, but overlapping, set of 
challenges and needs. Keeping records of scouting and management 
efficacy and providing training on pest recognition and scouting 
techniques for employees are just two areas where IPM practitioners 
may encounter human-related roadblocks to successful adoption of 
IPM. These are areas in which IPM educators may also potentially 
assist the practitioner.

Some may say that we’re advocating for too much extra work 
and training, that the time in graduate school is finite, and that 
no one can possibly learn everything they’ll need to know during 
this period in their life. We agree – one cannot possibly get 100% 
prepared for their future job during graduate school. But many of 
the communication concerns brought up here could be addressed. 
Perhaps IPM internships, where students shadow or work with an 
experienced IPM educator (e.g., an Extension professional), would 
help future IPM educators be effective more quickly in their careers. 
New training programs for recently-hired Extension professionals 
focused on communication and other interpersonal considerations 
could also help educators settle into their role faster.

Here, we explored the communication aspect of the human 
factors involved in IPM. Going forward, IPM educators, practi-
tioners, and other professionals should consider all the human 
factors that affect IPM and create strong collaborations with our 
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colleagues in applicable fields, such as psychology and sociology, 
when conducting research or training. Recognizing and showing 
appreciation for the important roles that all people play in the im-
plementation and success of IPM will encourage engagement in 
and retention of IPM programs. Seeing people as an integral part 
of IPM, not something outside of it, will push IPM adoption and 
success to new heights.
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