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Abstract

Forests are a significant resource to the national economy in terms of forest-related products, environmental impact,
and recreation. The US Forest Service manages federally owned national forests and collaborates to provide assistance to states and private individuals in management of state and private forests. Wildland fires and insect and disease outbreaks threaten the health of the forests in the US. The Forest Service is tasked with monitoring forest health
and aerial surveys contribute extensively to the achievement of this goal. However, these surveys are time-consuming and expensive. Given the current need to decrease government budgets, the organization is challenged to provide
adequate forest surveillance, while at the same time lowering cost. The addition of unmanned aircraft system (UAS)
technology could be part of the solution to this problem. Recent studies suggest UAS technology can be used to provide quality data collection regarding forest health at a lower cost than traditional methods. In order to introduce this
new technology within such a large organization, management support would be needed. This descriptive qualitative
case study explored the attitudes of key forest health personnel on the concept of UAS technology through informal
conversational interviews. Diffusion of innovations theory was used to guide the research process. The participants
included forest health program managers and data collectors from all nine geographic regions of the United States
that are managed by the Forest Service. The researcher explored their knowledge of UAS technology and its potential use in improving forest health surveillance within their programs, as well as their attitude regarding this innovation. Seventeen themes were identified including overall acceptance of the technology, reasons for favorability
and concerns about the technology, overall knowledge level as well as educational needs, uncertainty of cost effect,
and overall belief that this technology will improve data quality. The results added to the current limited literature
regarding implementation of new technology in a government organization. Implications of using UAS technology
in forest health management are presented regarding privacy, educational needs, budgets, and effects on cost and
quality. Recommendations are presented for future research.
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Background
The Forest Service, an agency that falls under the direction of the US Department of Agriculture (USDA), is an
organization comprised of personnel who manage large areas of forested public lands (“About us,” 2011) and interface with states and private landowners to provide support in the management of forests (“State and Private Forestry,” 2010). The Forest Service manages 193 million acres of national forests and grasslands in the United States,
including 155 national forests and 20 grasslands (“About us,” 2011). The mission of the organization is to sustain
the health, diversity, and productivity of the forests and grasslands in order for these resources to be able to meet the
needs of the present and future generations (“Mission,” 2008).
The value of the public forest resources to the US national economy is significant with respect to forest-related products, environmental impact, and recreation (“USDA Forest Service Strategic Plan FY 2007-2012,” 2007). National
forests, especially in the west, are a significant source of the nation’s water supply with the estimated annual value of
water flowing from national forests of $3.7 billion (Kimbell, 2010). Recreation on the national forests and grasslands
contributes an estimated $14 billion per year to the nation’s economy (“National visitor use monitoring results,”
2010). A key challenge to the organization is to protect the resources contained in national forests (“Forest Health,”
2011). Since 1990, concerns have increased due to weather extremes, severity of wildland fires, and insect and disease outbreaks that threaten the health of the forests and disrupt ecosystems (“National roadmap,” 2010). Between
65 and 82 million acres of national forests and grasslands need some type of restoration (USDA-Forest Service,
2012). This fact emphasizes the need to increase the pace and scale of restoration (USDA-Forest Service, 2012).
These facts only strengthen the idea that there is not only a need to restore, but to protect the undamaged areas and
monitor the progress of the ongoing restoration. This task will be accomplished through forest surveillance.
Surveillance of forest health is monitored by means of formal surveys of the land (Carnegie, Cant, & Eldridge, 2008).
The Forest Health Protection program is devoted to monitoring forest health (“Programs,” 2011). The program provides
technical assistance on forest health matters, especially related to disturbance agents such as pests, pathogens, and invasive plants that threaten forest resources. The most efficient and cost-effective technique related to invasive species is
the prevention of their establishment and spreading within a forest area (“Forest Health Protection,” 2011). The forests
in the United States are monitored to obtain information over time about the health of the forest in order to determine if
there are detrimental changes or improvements (Bennett & Tkacz, 2008). In order to achieve this goal, it is necessary to
obtain views of large areas of land. Aerial surveys are used in surveillance as a method to determine the status of forest
health (Woodall, Morin, Steinman, & Perry, 2010) and have played a key role in facilitating the goal of forest health
management, from the perspective of forest health and fire management (“Aerial Application,” 2009). Therefore, the
use of aircraft contributes to achieving the mission of the Forest Service by providing access to large areas of land. The
high resolution images that are needed for forestry are costly and difficult to obtain by either satellite or traditional airborne data collection using pilots and technicians (Grenzdorffer, Engle, & Teichert, 2008). Despite the benefits of aerial
support for forest health monitoring, these programs are often targets for cost-cutting (Becker, 2004).
As with any government agency, the Forest Service is tasked with decreasing operational costs (“Budget,” 2011).
The Budget for FY 2012 contained a three percent reduction for Forest Health Management-Federal Lands (“FY
2012 budget justification,” 2011). The cost related to using aerial support for forest surveillance adds to the organizational budget (Rasker, 2010). However, a recent survey involving attitudes of managers suggested that Forest
Service wildfire managers consistently ranked the cost of their efforts as the least important factor in their decision-making process (Wibbenmeyer, Hand, & Calkin, 2012).
The addition of unmanned aircraft system (UAS) technology could be one key part of the solution in reducing cost
and improving forest health management, as well as other programs such as fire, wildlife, and timber management.
The organizational change involved to implement this innovative technology would be facilitated by the support
of management within the forest health programs, as well as by employees who will use the technology within the
organization (Fernandez & Rainey, 2006). However, organizational change and acceptance of new technology can
be difficult to achieve (Chew, Cheng, & Petrovic-Lazarevic, 2006).
Currently, about one-third of the US is forested making it the fourth largest forest estate in the world and the Forest
Service manages about 25 percent of those forested lands (Blay & Dombeck, 2013). The agency is organized into
nine geographical regions illustrated in Figure 1 and each region has a forest health program manager and at least
one individual who collects forest health data (“About us,” 2011).
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Figure 1. Regions of the US Forest Service
This figure illustrates the nine regions of the US Forest Service including Northern Region (R1), Rocky Mountain Region (R2),
Southwestern Region (R3), Intermountain Region (R4), Pacific Southwest Region (R5), Pacific Northwest Region (R6), (note
there is no R7), Southern Region (R8), Eastern Region (R9), and Alaska Region (R10) presented at
http://www.fs.fed.us/foresthealth/resources/images/FS_regions.gif

Statement of the Problem
The Forest Service is challenged to provide forest health management at a lower cost. Forest Service aviation needs,
which play a large role in forest health surveillance and fire management, have been assessed many times; however,
the conclusions of these studies in terms of type, quantity, and cost differ (Bracmort, 2013). Even the most recent
of these studies (Keating et al., 2012) does not consider UAS technology, despite the fact that studies suggest that
UAS technology has the potential to provide effective surveillance to maintain forest health, while at the same time
allowing for a reduction in cost (Grenzdorffer, Engle, & Teichert, 2008; Marenchino, 2008; McCormack, 2008; &
Meszaros, 2011). Regulations were expected to be in place by 2020 to govern UAS operations (“Unmanned Aircraft
Systems,” 2008), but with the “Small UAS Notice of Proposed Rulemaking” having gone forward in February (Federal Aviation Administration, 2015), this is now more likely to be in 2016 or 2017, at least for small UASs (those
under 55 pounds). The introduction of UAS technology has the potential to be part of the solution to improve forest
health surveillance; however, the acceptance of this new technology will involve change. Because managers are
very influential in promoting organizational change (Ryan, Williams, Charles, & Waterhouse, 2008), the attitude of
program managers about UAS technology and their understanding of its potential use in their programs is crucial. At
the same time, the implementer will be the individual who will actually put the innovation to use (Rogers, 2003) and
therefore, data collectors also play a significant role in acceptance of this new technology. Because the perceptions
of key forest health personnel about UAS technology are unknown, the need for a qualitative study exploring the
attitudes and knowledge of these individuals about the use of UAS technology has emerged.
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Purpose of the Study
The purpose of this descriptive qualitative case study was to explore the attitudes of the forest health program managers and data collectors about the use of UAS technology and their knowledge level of this technology in relation
to their programs.

Theoretical Framework
The Diffusion of Innovation Theory (Rogers, 2003) was used as the theoretical framework. This research falls under
the category of organizational behavior as it involves members of the organization to implement a new innovation
as part of the standard practice. However, it also involves social psychology in that individual and cultural factors
affect the acceptance of innovations (Tolba & Mourad, 2011). The Diffusion of Innovation Theory has its roots
in social psychology. The history of conceptual and empirical study of this theory is extensive and the robustness
of the theory is the result of studies that have been conducted from many disciplines and fields (Dearing, 2009).
Rogers’ theory is appropriate for investigating the adoption of new technology and, in fact, Rogers often used the
words technology and innovation interchangeably (Sahin, 2006). The current use of the theory is evident in research
involving acceptance of new technology (Blau & Hameiri, 2010; Casanovas, 2010; Greenhalgh et al,, 2008; Peslak,
Ceccucci, & Sendall, 2010; Tolba & Mourad, 2011; & Vaccaro, Ahlawat, & Cohn, 2010).
Rogers (2003) developed the theory in an effort to understand what factors influence a person’s willingness to accept
or reject new technology. The theory was developed in terms of the social context in which individuals exist. The
four main elements of the theory are the innovation itself, communication channels, time, and the social system.
The guiding principle is that in the process of diffusion, the innovation is communicated through channels over time
within a social system (Sahin, 2006). The assumption of the theory is that in any given sample of individuals or
organization faced with accepting new technology, this process will occur.
According to Dearing (2009), diffusion of innovation theory is evolving into a science of dissemination driven by
new technologies and needs of government agencies. Dearing believes this science is being shaped by researchers in
various fields of study, including forestry. Dearing also pointed out that the adopter of the innovation is not necessarily the one who will use it. The implementer will actually put the innovation to use.
The social system in Rogers’ theory may be represented by an organization. According to Rogers, the individual and
the social system in which they exist may be affected by the innovation. In a literature review regarding the adoption of online education in universities by Casanovas (2010) concluded that the organizational culture will influence
whether the innovation is accepted.
This study was guided by the Diffusion of Innovation Theory because adopting UAS technology represents a change
for individuals as well as organizational change. Within the context of the theory, the program managers represent
the adopters, the data collectors the implementers, and the Forest Service the social system.
There are five main diffusion characteristics that influence the rate of adoption including relative advantage, observability, compatibility, complexity, and trialability (Rogers, 2003). The presence of these five factors is consistent
with faster adoption of the innovation. Rogers stressed that adopting a new innovation is difficult and that the theory
of diffusion will continually evolve over time. In a study by Vacaro, Ahlawat, and Cohen (2010) regarding adoption
of the Apple iPhone, the researchers contributed to the theory by extending the list of diffusion characteristics to
include cost, uncertainty, social relevance, and marketing design.
The model postulates that in any given sample, the subjects will fall into one of five adopter categories illustrated
in Figure 2. Few (16%) are in the innovator and early adopter category, the majority (68%) falls into the early and
late majority, and the final 16% fall into the laggard category (Rogers, 2003). The theory enables the researcher to
predict that in the group of managers and data collectors, there will be individuals who will represent characteristics
of each of these groups in a similar distribution.
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Figure 2. Bell-curve distribution for Roger’s Diffusion of Innovation Theory
This figure illustrates the distribution of the five categories for any given sample.

Many studies suggest that UAS technology can provide quality data for forest health surveillance at a lower cost;
however, there is an unanswered question whether individuals, such as program managers and data collectors, in the
Forest Service would accept the technology. Therefore, the use of a theory related to diffusion of innovation of new
technology was appropriate for this study.

Research Questions
The purpose of this descriptive qualitative case study was to explore the attitudes of the forest health program
managers and data collectors about the use of UAS technology and their knowledge level of this technology in
relation to their programs. The central research question was what perceptions do program leaders have on the use of
Unmanned Aircraft Systems in their Forest Health Management programs? The five research questions that guided
the inquiry are listed below.
Q1. What is the attitude of managers and data collectors regarding the future use of UAS technology
in their programs?
Q2. What reasons exist to contribute to the attitude of the managers and data collectors about future use of UAS
technology in their programs?
Q3. What is the knowledge level of managers and data collectors regarding how UAS technology would be
used in their forest health programs?
Q4. What is the level of understanding that managers and data collectors have regarding how UAS technology
would affect the cost of their forest health programs?
Q5. What is the level of understanding of managers and data collectors about how UAS technology might affect
the quality of data collected through aerial surveillance?

Research Methods and Design
In this descriptive qualitative case study the attitudes of forest health program managers and data collectors were
explored regarding the use of UAS technology in their programs. This was done in order to examine their inherent knowledge of the technology and its potential use in improving forest health surveillance with an emphasis
on increasing the quality of the data collected and lowering the cost of the program. To accomplish this objective,
interviews using open-ended questions were conducted with program personnel in order to gather the data. This
interview technique is used when the researcher is principally interested in descriptive, explanatory or exploratory
appraisal in order to obtain subjective data, such as attitudes (Patton, 2002).
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A qualitative design was appropriate for this study because the attitude of program managers and data collectors
about the concept of UAS technology is unknown. A case study is used to capture the complexities of a single case;
however, the single case can be made up of multiple cases (Yin, 2014; Patton, 2002). In this research, the multiple-case study design was used in which multiple cases (18 interviewees) contributed to the overall qualitative data.
The reason this design was chosen is that, unlike single case design, multiple-case design provides the possibility
of direct replication and a strong start to theoretical replication which will strengthen the findings (Yin, 2014). The
researcher was able to maintain the personnel consistency of manager and data collector as the interviewees, while at
the same time, providing the diversity within the sample consisting of personnel from all nine regions of the country.
The multiple interviews served as the case of analysis studied. The qualitative analysis centered on the presentation
of thematic analysis across the cases (Patton, 2002). The justification for choosing an interview approach for this
particular study was based on the fact that both the participants and the researcher would have the ability to take
the interview in a variety of directions for the purposes of data collection. The open-ended questions used within
the study were primarily guided by the research questions established by the researcher and Diffusion of Innovation
Theory. The interview style was informal conversational interviewing. The research questions were directed at how
the managers view UAS technology and how much they know about its potential use in their programs. A pilot study
was conducted in order to test this entire process on two individuals not involved with this research. One individual works as a wildland fire training officer and the second individual is a program manager for the Forest Service
state fire assistance program. Institutional Review Board (IRB) approval from Northcentral University (NCU) was
obtained for the pilot study alone and then later obtained for the core study.

Population
The population in this research study included individuals who are responsible for forest health protection within the
Forest Service. This group includes those individuals in management positions related to the forest health program
as well as those individuals who carry out assessments and data collection. Forest health oversight is influenced by
decisions made by high level leaders in the Forest Service to program managers in each region to those individuals
who actually collect data regarding forest health. This population was appropriate for the study because it is the
attitude of these individuals about the value of UAS technology that will determine if it will be used, since these
individuals will be most affected by its use.

Sample
The purposive, convenience sample (Marshall, 1996) was pre-determined by the regions of the Forest Service and
consisted of 18 participants. The sample consisted of the one program manager and one data collector from each of
the nine geographic regions. There is some word of caution on even using the term “sample” within a case study
(Yin, 2014), since the use of the term may mislead others to think the case comes from a larger population of like
cases. The researcher did not wish to imply that assumption. This sample was chosen because it represents the nine
regions nation-wide and included those individuals with the closest involvement with forest health activities.
Recruitment consisted of the researcher contacting the managers and data collectors from each of the nine regions.
These regions were already established and identified as well as the individuals who serve in these positions. All 18
individuals were invited to participate in the study and were informed that participation was voluntary.

Materials/Instruments
The interview questions were guided by the Diffusion of Innovation Theory. The concepts of the theory were used to
develop the questions in relation to the five research questions. These questions were derived from the researchers’
desire to explore attitudes and knowledge level of managers and data collectors about the use of UAS technology
in their programs. There were a total of 10 interview questions. Each participant was allowed as much time as was
needed to answer the questions. Prior to full study data collection, the interview instrument was pilot tested with two
individuals who are in similar positions as the full study participants in the Forest Service, but were not a part of the
full study sample. One individual works as a wildland fire training officer and the second individual is a program
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manager for the Forest Service State Fire Assistance Program. Based on the results of the pilot study and input from
the reviewers, the researcher made revisions to the interview questions. The researcher revised the interview to
include open-ended questions with follow-up questions to eliminate the possibility of simple yes or no answers. The
questions also reflected a greater clarification asking the participants to explain their knowledge of UAS technology.
Based on reviewer input, a question regarding aerial surveys was added as well as a question regarding safety. The
question related to a timeframe when the Forest Service could be ready for implementation of UAS technology in
forest health was changed to allow for an open-ended answer rather than the specific year. Finally, a way of debriefing participants was added by asking them if they had any questions about the study.

Data Collection, Processing, and Analysis
There were six steps in the data collection process. (1) Each participant completed an informed consent form. (2)
The researcher conducted one interview with each individual by telephone. (3) One hour was allotted for each
interview. (4) Because the questions were open-ended, each interviewee also had an opportunity to ask questions or
take the interview in a different direction in order to share his or her ideas regarding the topic. (5) If any program
manager would have been uncomfortable with this method, other data collection accommodations would have been
made, such as traveling to meet with that individual personally; however, this situation did not occur. (6) With the
permission of the participants, the interviews were digitally recorded. If the participant would have been uncomfortable with the interview being recorded, the researcher would have taken detailed notes from the interview. However,
this situation did not occur.
After the data was collected, the digitally recorded interviews were transcribed by an individual not affiliated with
the study. The transcribed data was reviewed manually by the researcher and two professional colleagues not involved in the research project.
Thematic analysis was used to identfy themes. This process is a form of pattern recognition achieved by careful
reading and re-reading of the data in order to identify emerging themes (Fereday & Muir-Cochrane, 2006; Patton,
2002). The three evaluators manually reviewed the data separately, but in the same manner. Having multiple evaluators review the transcripts enabled the different individuals to form themes from the data (Golafshani, 2003) and
served as a form of investigator triangulation in an effort to balance the subjective influences of individuals (Jupp,
2006). Each reviewer received paper copies of the transcribed interviews and was instructed to manually review
the data using coding, sifting, sorting, and identifying themes (Lichtman, 2013). As such, it was expected that by
utilizing the process of reading and re-reading the data, emerging themes within the collected data sets could be
identified. For example, the assigned code of [decreased risk to personnel] was present in all 18 responses regarding
potential benefit of UAS technology. Thematic analysis can help the researcher to demonstrate rigor (Fereday &
Muir-Cochrane, 2006), an important factor in conducting case study research (Yin, 2014). When research is performed in a rigorous manner it can lead to more effective practices than decisions based mainly on intuition, personal preferences, or common sense (Anderson, Lievens, Van Dam, & Ryan, 2004). With such an analysis, the findings
were obtained in an unbiased manner.
The reviewers identified categories and themes derived from the data, and identified the main common themes. It is
based on this information that the researcher utilized the data garnered through the interviews, along with data from
the literature review, in order to develop a sufficient platform from which effective, and above all accurate, conclusions were created.

Results
A total of 18 individuals were invited to participate in the study and all accepted. The sample consisted of the one
program manager and one data collector from each of the nine regions of the Forest Service for a total of 18 participants. The demographics of the sample are presented in Table 1. The average age of the program managers was 54
(M=54.89, SD=6.41) and 46 (M=46.00, SD=7.53) for the data collectors. Eight of the nine program managers and
seven of the nine data collectors were male. Of the nine program managers, eight were caucasian and one was African American. Eight of the nine data collectors were caucasian and one was Native American. Of the nine program
managers two had a bachelor’s degree, five a master’s degree, and two a doctoral degree. Of the nine data collectors
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one had some college, four had a bachelor’s degree and four had a master’s degree. The mean years of service for
the program managers and data collectors was 26 (M=26.39, SD=12.15) and 17 (M=17.33, SD=7.95), respectively.
Table 1
Demographics of Sample______________________________________________________________
			

Program Manager

Data Collector

(n=9)

(n=9)

Characteristics

Subgroup

Age

M (SD)

54.9 (6.4)

46.0 (7.5)

Range

42-62 yrs

37-57 yrs

Years Service

M (SD)

26.4 (12.15)

17.3 (7.95)

Gender

Female

1

2

Male

8

7

African American

1

0

Asian American

0

0

Caucasian

8

8

Hispanic

0

0

Native American

0

1

Other

0

0

High School

0

0

Some College

0

1

Associate Degree

0

0

Bachelor’s Degree

2

4

Master’s Degree

5

4

Doctoral Degree

2

0

Race/Ethnicity

Education

												
Seventeen themes were identified illustrated in Figure 3 including overall acceptance of the technology, reasons for
favorability and concerns about the technology, overall knowledge level as well as educational needs, uncertainty of
cost effect, and overall belief that this technology will improve data quality.
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Figure 3. Flowchart created by the author illustrating the 17 themes identified through data analysis in relation to the five
research questions.
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Accepted with stipulations. While several participants expressed that the technology would be readily accepted,
most participants expressed that UAS technology would be accepted with stipulations including the development of
a communications plan, a training plan, a strategy for implementation, and organization-wide policies. This information will be especially helpful to those individuals within the organization planning education and training of
personnel on UAS technology.
Most of the participants categorized themselves on the early adoption side of Rogers’ Theory. This factor is important because, according to the theory, the adopter will make the decision whether to invest in the innovation (Rogers,
2003). Fifteen of the 18 participants placed themselves in the category of innovator, early adopter, or early majority.
Support for UAS technology at the level of the managers is a good predictor of its acceptance within the organization. The literature supports the fact that organizations must be innovative to adapt to changing circumstances (Yukl
& Lepsinger, 2004) and in the public sector, such as the Forest Service, organizational change requires support of
top level civil servants (Fernandex & Rainey, 2006).
Table 2
Categories of Participants within Roger’s Theory
Categories

Program Managers
(n=9)

Data Collectors
(n=9)		

Innovators

3

3

Early Adopters

4

2

Early Majority

1

2

Late Majority

1

0

Laggards

0

2

Decreased risk of personnel aboard aircraft. All the study participants expressed that UAS technology would
improve safety simply by keeping personnel out of the air. One of the many benefits of UAS technology is less risk
in flight compared to traditional manned aircraft (Martinsanz, 2012).
Potential benefits. Most participants expressed that UAS technology will benefit their programs. The literature supports the participants belief and contains multiple sources that suggest UAS technology will improve surveillance
over large areas of land, whether that be for forest health monitoring (Ollero & Merino, 2004), inspecting forestry
operations (Grenzdorffer, Engel, & Teichert, 2008), glacier monitoring (Whitehead, 2010), avalanche control (McCormack, 2008), natural disaster monitoring ((Al-Tahir, Arthur, & Davis, 2011), forest fire monitoring (Everaerts,
2008), and collecting low-altitude imagery over difficult areas (Jones, Pearlstine, & Percival, 2006).
Privacy of general public. All participants expressed that the use of UAS technology will create privacy concerns
for the public. Several addressed the big brother concept and that some members of the public will worry that they
are being watched by the government. Some stated that this may be more prevalent in certain areas of the country
than others. The literature supports the fact that civil liberty and privacy groups have concerns about misuse of
UAS technology and limited oversight by the FAA in this regard (Elias, 2012). Many participants in this study expressed that a proactive approach by the organization would be best when implementing UAS technology into their
programs and regions. This important data finding can be very useful to the organization in planning a proactive
approach to public education of UAS technology in its forest health program.
Collision/FAA oversight. Several participants expressed concern that UASs may collide mid-air with other aircraft.
Many participants also expressed not only the need for FAA oversight, but that they want the direction and guidance
of the FAA regulations. Participants pointed out that the Forest Service is an organization in which personnel are
familiar with rules and regulations and they want similar guidance to address the use of the new technology. The
FAA is working closely with the UAS community to develop standards including how UASs will sense and avoid
other aircraft. Part of this effort is the UAS Traffic Management (UTM) system, being led by NASA for the FAA so
that small UAVs and other aerial platforms can co-exist, especially in airspace that will primarily be used by UAVs
(National Aeronautics and Space Administration, 2015.)
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Technology needs to be developed. Several participants stated they believed UAS technology will need to be
further developed before it could be useful in their programs. One researcher found that despite the advancing use of
UAS technology in photogrammetry, the availability of these systems is limited and development is needed in relation to the sensors and the Global Positioning System (GPS) unit of the guidance system (Meszaros, 2011). However, as manufacturers become aware of the requirements needed for UASs to complete aerial survey images, the way
will be paved for UAS technology development in this area (Grenzdorffer, Engel, & Teichert, 2008).
Fear of being replaced. Two participants expressed concern that they may be replaced by this new technology.
They enjoy flying and they do not want to see that part of their job eliminated. However, the literature supports the
fact that UAS technology will not eliminate jobs; a UAS is not without a pilot and in many cases, there may be more
crew members needed than with traditional aircraft (Everaerts, 2008).
Some lack of knowledge about UAS technology. While all participants had a clear understanding of aerial surveys
and UAS technology in general, most expressed that they do not know enough about it to know how it will affect
their Forest Health programs. Under the Diffusion of innovation Theory, the first of the five stages of acceptance of
new technology is knowledge; there must be knowledge and understanding of the concept in order to achieve acceptance (Rogers, 2003).
Desire for multiple methods of learning. Most participants expressed that they want to learn more about UAS
technology and that they want to have multiple methods of training in order to gain that knowledge. This information can be very beneficial for leaders within the organization as they plan education programs for learning about
UAS technology.
Cost-benefit uncertainty. Participants had a wide range of responses related to the potential cost benefit of UAS
technology in their programs. All participants expressed their opinion of what would happen with cost; however,
most all participants stated that they did not really know for certain how the new technology would affect their program costs. The literature suggests that aerial surveying can be conducted using UAS technology in forestry and can
provide the same high quality data as conventional methods at a much lower cost (Grenzdorffer, Engle, & Teichert,
2008; Marenchino, 2008; Rango et al,, 2009; Wallace, Lucieer, Watson, & Turner, 2012; & Whitehead, 2010).
Improved quality. All participants expressed the belief that UAS technology would improve the quality of data
collected in their programs. This belief is related to the fact that the data would be more standardized, human subjectivity would be removed, and interpretation would be more objective. The literature supports the participants’ belief
that conducting forestry surveillance using UAS technology will improve quality of the data (Lu, Li, & Tang, 2010;
& Lucieer, Robinson, & Turner, 2010).

Evaluation of Findings
Q1. What is the attitude of managers and data collectors regarding the future use of UAS technology
in their programs?
The overall attitude of the participants was positive regarding the future use of UAS technology in their programs.
However, only a few participants stated that the technology would be readily accepted. The majority of participants
said the technology would be accepted with stipulations including the development of a communication plan, training plan, strategy for implementation, and an organization-wide policy.
Participant Ma stated:
“I feel pretty positive about the technology. I’d really be a champion if we’re going to this new technology.”
Nearly all participants felt safety would be improved simply by keeping personnel out of the air.
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Participant Ma stated:
“I don’t have much of a safety concern about using the drones. . . . . the safety aspect I see is protecting the
lives of our pilots and spotters who go up into the air on this monitoring for hundreds of hours every summer
season.”
All of the participants addressed the belief that public privacy concerns will be an issue, the concept of big brother
watching over the public, the need for a social license to use this technology, and the need to be proactive in educating the public.
Participant Ma stated:
“I think we’ll need some social license to do this work . . . and I think it’s our responsibility to do that.”
Q2. What reasons exist to contribute to the attitude of the managers and data collectors about future use of UAS
technology in their programs?
The overall attitude was positive and one might postulate that the participants felt this way because many placed
themselves in the early innovator category and that they believe the organization will benefit from this new technology. The participants offered positive reasons in favor of the technology including decreased risk to personnel and
potential benefits. They also offered concerns that contributed to their attitude. These reasons included concerns for
privacy of the general public, for collision and need for FAA oversight, for the need for technology development,
and for fear of being replaced in their jobs by the technology.
Q3. What is the knowledge level of managers and data collectors regarding how UAS technology would be
used in their forest health programs?
While all participants knew what UAS technology meant in terms of the aircraft being unmanned and had an understanding of aerial survey, most expressed at some point in the interview that they do not know enough about the
technology, especially in relation to how it can be used to benefit their forest health programs.
Q4. What is the level of understanding that managers and data collectors have regarding how UAS technology
would affect the cost of their forest health programs?
Many participants simply did not know how the technology would affect the cost of their program and data collection. However, many discussed how they thought it might influence cost, whether that would be to increase, decrease, increase over time, or remain unchanged.
Q5. What is the level of understanding of managers and data collectors about how UAS technology might affect
the quality of data collected through aerial surveillance?
Most participants felt the quality of data would improve. The benefit of computer technology was compared to that
of the human eye as being more precise and accurate. The benefit of the ability to review the data multiple times
from the UAS recorded data was also addressed. Currently, when aerial surveys are completed, the person performing that survey interprets the observations and completes a sketch map. This action involves the observation of
that individual and interpretation to be placed on a map. There is no opportunity to repeat that view. If this activity
were to be completed with the use of UAS technology, the imagery could be captured by a single image, continuous
imaging, or videography, depending on the type of sensor used. This raw data will not contain individual subjectivity
of interpretation and would provide historical data that would be available for unlimited review by many individuals
at unlimited time-points.
Participant Ma stated:
“Well, of course you could remove some human error. You can’t take your eyes off the target and I would think
drones would not. And even human beings could look to the ground, even professionals, and think they see
damage this year, when it was really damage from last year. So I do think there’s some opportunity to avoid
those skips in detection . . . . and maybe avoid some of the errors in professional judgment.”
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Summar y
The Forest Service is a conservation organization that has existed for more than a century (Williams, 2000) that
faces many challenges in a changing global community with the complexities of public opinion, ecosystem management, and declining budgets (Kennedy & Quigley, 1998) to continue its mission to care for the land. The benefits of
forests to the nation and the global ecosystem are significant in terms of clean air and water, recreation, renewable
resources, and jobs (USDA-Forest Service, 2012). Research supports the use of aerial surveys to assess forest health
(Woodall, Morin, Steinman, & Perry, 2010). The role of the Forest Service in managing the health of 193 million
acres of forest and grass lands through surveillance by aerial photography and mapping carries risk and high cost
(Becker, 2004; & Carnegie, Cant, & Eldridge, 2008). Budget cuts and flat existing budgets threaten the ability of
the Forest Service to adequately monitor forest health (Becker, 2004). UAS technology is one tool that may provide
the possibility of monitoring large areas of land, including forests, as a safer, cost-saving alternative to traditional
manned aircraft (Grenzdorffer, Engel, & Teichert, 2008), especially with the ability it provides to fly at low altitudes
(Everaerts, 2008). In order to use this tool, the Forest Service would have to accept this new technology. Organizational change, especially within the public sector, can be difficult (Fernandez & Rainey, 2006). The introduction of a
major innovation within an organization can cause resistence to that change, even from the leaders (Yukl & Lepsinger, 2004). Top-management support and committment are crucial in bringing about change within an organization
(Fernandez & Rainey, 2006). Perceptions of managers is a key element in an organization to support change and
innovation, as well as effective communication and employee attitudes (Chew, Cheng, & Petrovic-Lazarevic, 2006).
The use of Rogers’ Diffusion of Innovation Theory (2003) can be helpful in determining the adoption process of
new technology.

Implications
The results of this research study have contributed to the understanding of attitudes and knowledge level of managers and data collectors, or potential users, regarding UAS technology within the Forest Service. Knowing the
attitudes and perceptions provides individuals planning to introduce this new technology with a foundation on which
to build the innovation process. The results of this study show that key personnel who will be responsible for initiating this technology have a basic understanding of the technology and a desire to learn more, are favorable to its use
in their program, have knowledge of some of the potential problems such as public concern for privacy, believe in
taking proactive steps to minimize these problems, and believe that the technology can improve cost and quality of
data necessary for their forest health programs.
Limitations include the fact that despite the participants representing managers and data collectors from all nine
national regions of the Forest Service, the results from this small sample cannot be generalized to other populations,
especially those individuals representing non-government organizations (Fernandez & Rainey, 2006).
Additionally, one of the interview questions asked the participants to place themselves into one of Rogers’ categories
regarding acceptance of innovation. Both the researcher and the external reviewers pointed out that this question was
confusing and difficult to interpret. However, most particpants expanded enough on their answer that the researcher
and the external reviewers were able to determine the appropriate category into which the participants placed themselves.

Recommendations
Several recommendations emerged from this study including the need for a proactive plan for public education about UAS technology concerning privacy issues, the need for multiple methods of education and training of
personnel to introduce the new technology, the need for education of personnel on what research has been completed
regarding UAS technology and forest management, the effect this technology will have on current budgets, potential
personnel needs regarding the use of this new technology, and education on how the technology can improve cost
and quality of data.
Most all of the 18 participants expressed that the public will have concerns about unmanned aircraft flying
over private and public property. Many felt that the Forest Service will need to have a proactive plan to educate the
public prior to the implication of UAS technology.
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Participant Ma stated:
“I think we would have to approach it very gently and gradually and have a public awareness campaign;
maybe even a demonstration. I would want to work with our communications professionals and see how we
did roll this out publically and develop some support.”
All of the 18 participants told how they would like to learn about UAS technology. There were multiple methods mentioned including webinars, videos, field demonstration, hands-on training, experience-sharing by others,
classroom, and written material. Most participants said they would like to receive the education by more than one
method.
Participant Db stated:
“A good place to discuss this with folks nationally would be at an aerial survey working group meeting; have
this be a discussion item with an individual presenting who really knew the ins and outs, the regulatory, and
some of the practical applications. Then have follow-up discussion with the group.”
Participant Dc stated:
“I tend to do better if something is presented to me in a classroom style setting, where I’m introduced to it and
I learn all the functions and how to operate it.”
Participant De stated:
“I would be interested in testing it out in a kind of hands-on manner. Actually going out with a UAS and
checking out, you know doing a little mock survey and seeing what type of data we get out of it. . . . I would
also like to see how other people are using it and using the data, both in forest heath and in related fields.”
Participant Df stated:
“I guess I would like to see an application for webinars to cover general topics and how people are using UAS
in the forest health arena, And then I would like to see some practical, hands-on application type data – to be
able to kind of kick the tires with it a little bit just to see what it can do and how it can be used in the program
and then, as a last phase, share our experience with others in the field to see if this technology would be useful
or applicable to other programs.”
Participant Di stated:
“Well, by using it. I think that’s the best way for us to learn is to just get out and do it in a limited sense.”
Participant Mb stated:
“I think some hands-on examples of maybe even some case studies specific to forest health issues and how
they were resolved . . . . I believe maybe results of case studies presented in a workshop-type of format where
people could ask questions would probably be kind of an ideal way to market it.”
Participant Me stated:
“Certainly materials that can be read are very good, videos that demonstrate how the technology is used or
how it can be used would be great . . . eventually some form of hands-on demonstration or training to learn
about it.”
Participant Mf stated:
“I would wish to learn from pilot testing in certain regions, different cover types of vegetation to see how the
mapping turned out under different scenarios.”
Many study participants also expressed the desire to know what research has already been done with UAS technology in relation to forest management. This information can be very helpful in the program planning for the introduction of UAS technology. The programs planned will need to include multiple learning methods and a thorough
coverage of what research has been done with UAS technology, both within the Forest Service and in private
orgainzations, in relation to forest health management.
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The implementation of this new technology will most likely affect the allocation of current budgets. When the FAA
has the regulations in place that will enable the organization to implement the use of UAS technology, funds will
need to be allocated to purchase the UASs. The decision will need to be made as to whether there will be a pilot use
of the technology or whether it will be simultaneously used in multiple areas of the country.
Participant Ma stated:
“Honestly, if the Forest Service was looking for a region to give it a test drive, I’d be willing to raise
my hand.”
The implementation of this technology will also require management of these changes within the organization. It
will need to be decided if existing managers can adequately handle the implentation of such a change. Perhaps there
will be a need for one person to provide oversight of the program on a national basis.
Finally, the study participants had beliefs about how UAS technology will affect the cost and quality of data in their
programs. While all participants had ideas on how the technology will affect cost, most were not sure and admitted
to only guessing about its effect. The literature supports the fact that UAS technology can reduce cost on surveillance of large areas of forested lands (Grenzdorffer, Engle, & Teichert, 2008; Marenchino, 2008; Rango et al., 2009;
Wallace, Lucieer, Watson, & Turner, 2012; & Whitehead, 2010) and this information will need to be included in the
training programs offered.
While most participants expressed the belief that UAS technology would improve the quality of their data, they
were not certain about this prediction. Research has shown that this technology can provide improved quality of
data collection for forest health monitoring over large areas of forested lands (Casbeer, Kingston, Beard, & McLain,
2005; Everaerts, 2008; Grenzdorffer, Engel, & Teichert, 2008; Jones, Pearlstine, & Percival, 2006; Lu, Li, & Tang,
2010; Marenchino, 2008; McCormack, 2008; Meszaros, 2011; & Morris, 2007) and this information will need to be
included in the training programs offered.
Recommendations for future reseach include the possibility of other quantitative and qualitative studies involving
other samples and other questions. A potentially beneficial quantitative study design may include comparison of
existing cost of data collection by manned aircraft vs. collection of the same data using UAS technology. This same
study design could be used to compare quality of data. A potential qualitative study could involve interviews or
questionnaires of members of the public on privacy concerns, especially land owners near the sites of aerial surveys.
Additional questions that could be asked may include the nature of their privacy concerns, whether these concerns
do not exist with manned aircraft surveys, and would they be willing to pay higher taxes to maintain the traditional
methods of aerial surveys of public forest lands.

Conclusions
In conclusion, the results of this study have added to the literature regarding implementing new technology into
a government organization. The literature contains fewer references on organizational change in the public sector
(Fernandez & Rainey, 2006). The perceptions of managers is a key element in an organization to support change and
innovation, as well as effective communication and employee attitudes (Chew, Cheng, & Petrovic-Lazarevic, 2006).
The perceptions identified in this study of managers and data collectors who will use the technology are crucial information to be used in planning the technological innovation of UAS technology within the Forest Service to assist
with forest health and, ultimately, ecosystem management.
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