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Abstract:

The purpose of this study was to identify those competencies which precision agriculture professionals
perceived as needed by industry as well as how those competencies relate to importance in hiring. The
study area was limited to the states of Idaho, Montana, North Dakota and South Dakota.

This descriptive study followed the needs assessment model outlined by Borich (1980). Weighted
Discrepancy (WD) scores were generated under this model; however, they were modified to indicate a
relative importance in hiring coupled with the overall need of industry for an identified competency.
This statistic has significance in identifying the training needs of individuals entering the precision
agriculture industry as it relates to bearing on being hired. WD scores identified the most important
vocational and career competencies considered by industry professionals when hiring people to work in
precision agriculture applications.

A survey was mailed to individuals identified as population segments by utilizing the design identified
by Dillman (1978). Eighty-eight competency statements, grouped into 4 categories were measured
using two Likert-type scales, one measuring respondent perceptions of the need of industry for that
competency and the second measuring respondent perceptions on the importance those competencies
had in hiring individuals to work in precision agriculture applications.

Variations of responses between demographic groups were analyzed using a Mann-Whitney test. A
Cronbachs’s alpha test for reliability was conducted to test for survey instrument reliability. No
significant variations between demographic groups were found and the survey instrument was
determined to be reliable.

The data from this study have significant implications upon both industry and education alike. Industry
has identified those specific and unique competencies related to precision agriculture applications as
well as quantifying the importance that each of those competencies has when considering hiring
individuals to work in precision agriculture applications. Educational institutions need to react to the
voice of industry in order to be dynamic in their curricula as well as meet the needs of prospective
employees in the precision agriculture industry. The data in this study outline those identified
competencies as well as determine their importance in industry hiring situations.
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ABSTRACT

The purpose of this study was to identify those competencies which precision
agriculture professionals perceived as needed by industry as well as how those
competencies relate to importance in hiring. The study area was limited to the states of
Idaho, Montana, North Dakota and South Dakota. '

This descriptive study followed the needs assessment model outlined by Borich
(1980). Weighted Discrepancy (WD) scores were generated under this model; however,
they were modified to indicate a relative importance in hiring coupled with the overall
need of industry for an identified competency. This statistic has significance in
identifying the training needs of individuals entering the precision agriculture industry as
it relates to bearing on being hired. WD scores identified the most important vocational
and career competencies considered by industry professionals when hiring people to work
in precision agriculture applications.

A survey was mailed to individuals identified as population segments by utilizing
the design identified by Dillman (1978). Eighty-eight competency statements, grouped
into 4 categories were measured using two Likert-type scales, one measuring respondent
perceptions of the need of industry for that competency and the second measuring '
respondent perceptions on the importance those competencies had in hiring individuals to
work in precision agriculture applications.

Variations of responses between demographic groups were analyzed using a
Mann-Whitney test. A Cronbachs’s alpha test forreliability was conducted to test for
survey instrument reliability. No significant variations between demographic groups were
found and the survey instrument was determined to be reliable.

The data from this study have significant implications upon both industry and .
education alike. Industry has identified those specific and unique competencies related to
precision agricultire applications as well as quantifying the importance that each of those
competencies has when considering hiring individuals to work in precision agriculture ~
applications. Educational institutions need to react to the voice of industry in order to be
dynamic in their curricula as well as meet the needs of prospective employees in the
precision agriculture industry. The data in this study outline those identified
competencies as well as determine their importance in industry hiring situations.




CHAPTER ONE
THE PROBLEM
Introduction

In this last decade of the Twentieth century, we find ours_elv.es in the midst of the
information age. Computer technologies are ever improving and the methods in which
these technologies u’;ilize information that applies to production agriculture situations are
- reaching incredible measurés. The National Research Council (NRC), in the. 1997

publication Precision Agriculture in the 21* Century: Geospatial and Informational

Technologies in Crop Management, identified three potential effects of precision

agriculture:

* First, widespread adoption of precision agriculture may affect
employment opportunities in rural communities. Second, precision
agriculture may affect the structure of agriculture, particularly the
distribution of farm sizes. Third, more efficient and precise use of
fertilizers , pesticides, and other purchased inputs may alleviate
environmental spillovers from agriculture. (p. 79)

With these predictions come éxciting opportunities for production agriculturists.
Satellite technologies have paved the wéy for precision farming. The NRC (1997)
defines precision farming as "a management strategy that uses information technologies

to bring data from multiple sources to bear on decisions associated with crop production”

(NRC, 1997, p. 17). The gathering of data from remote sources used in conjunction with
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compufer technologies can limit field variability while decreasing inputs as well as
promote beneficial stewafdship of production lands.

When the desire to produce more product on the same amouﬂt of lénd is coupled
with the need to decrease inputs, the prodﬁctién agriculture induétry faces bther,
potentialiy more important, dilemmas. The 1980°s saw the rise of environmental
awareneés by the general public. As a nation, many questioned the farming practices of
many production agriculturists. While some allegations of poor stewardship of American -
soils were unfounded énd simply the result of an uninformed or under informed public
crying for environmental safety, some of the al-legations were true. Not all producers had
the best interest 6f the environment in mind, they were simply concerned with the bottom
line: Money in the bank.

"Policy makers have been intrigued with the concept (of site specific
management) be;;ause it facilitates environmental stewardship an(i offers the potential to
minimize enviroﬁﬁental risks from agricultural activities" ( J.S. Schepers, et al., 1998, p.
316). By applying treatments to production areas on an "as needed" basis relating to the
sub-meter ﬁeéds of the soil, producers can be&er accommodate the potential
environmental irﬁpacts of their inputs. The need. to apply fertilizers and pesticides at rates
aimed to meet average field needs is_ no longer necessary. Precision agricultpre
applications can accommodate the site specific néeds of management units.

The implementation for any of the modes of precision agriculture applications

. will require several specific things from the agriculture industry as a whole. One of these

many things is a shift in paradigms by the producer as to how they approach the
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management of their operations. Gathering, organizing and analyzing the data that are
collected by producers will drive how they manage the crops they produce.

The technoldgies, although experimental in nature, which are available today have
the potential to net farmers greéter profits while maintaining cognizant stevs'/ardship of
their land. In being a cognizant steward of their land, each ﬁroducer must 'wéigh many
factors relating to production, finances and the environment. The challénge is; however,
how cioes one implement such technologies? How will the people Whé opera‘te within
these technologies be trained? Who will train tﬁem and what, exactly, will need to be
taught?

Precision agriculture applications, including GPS/GIS information technologies,
can offer prbducers the edge as to increased yields and decreased inputs resuiting in
greater proﬁts: The Nati(;nal Research Council (1997) wrote:

In the 21% century, agriculture professionals using informa;cion ' :

technologies will play an increasingly important role in crop p_roduction

and natural resource management. It is imperative that educational

institutions modify their curricula and teaching methods to educate and

train students and professionals in the interdisciplinary approaches

underlying precision agriculture. (p. 104).

In order to prepare for the future of agﬁcu—lturai production, modern émploy’ees
must not allow themselves to be left without the training necessary for success in this aid

related fields such as natural resource management, biology, wildlife management, earth

and environmental sciences.
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- Statement of Purpose

The purposerf this study is tb determine the competencies that individuals
working with precision agricultﬁre applications will‘_need to possess in order to be
functional contributors in crop production situations in the states of Montana, North
Dakota, South Dakota and Idaho. Also, the perceived importance of these competencies |
were identified by industry professionals when considering an individual for hire to workl-

in the precision agriculture field.

" Need for Study

The new world order has brought about a global ecc;nomy. Tandem to the global
economy is the ever-increasing rieed for domestic pfoduceré of agriculturgl products to
gain an edge in the market place. Producers have little to say as to in_terqational policy on
trade. Even when their voice is heard, the wheels of intefnatibnal agriculture trade policy
grind slow anci unsteady. Whereas prdducers cannot necéssarily affect market prices,
they can affect the amounts that they produce and also control the inputs to those crops in
order to improve on the return over input ratio.

In addition to marketing issues, environmental issues that stem from agrigultliral
~ production practices have an impact on how producers make decisions related to their )
Crops. Si‘?e specific management (SSM) allows producers and crop consultants the
opportunity to apply varied amounts of product according to specific needs of each soil in

a given field. With SSM,, environmental impacts of agricultural inputs can be reduced.
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"Precision ‘Aéﬂculture may simultaneously imﬁrove farm proﬁfability and reduce
- environmental spill ovér from agriculture"” (NRC, 1997, p. 13).

In order for precision agridulture to be widely adopted and fmplemented,
prospective employees will need skills for understanding and analyzing spatially variable
data. They will also need training to be effective in on-site applications of precision .
agriculture. |

Independent and‘coopergtive consulting firms must also seek continuing
education about precision agricul"fure application technologies. These firms will be called
upon to interpret data coilected on client’s farms and will be responsible for aiding in the
(_iecision making process. The wealth of information that is held by the farmers will be
enhanced by the utilization of information technologies. However, consultants and

. fgrmers need training as to the actual processes of implementing these technological
advances.

Cutting edge technolo gies need trained individuéls to implement these
technologies and realize them to their full potential. A technology without a technician is
like a light bulb without electricity-- a great idea but by itself is worthless. The energy -
driving these technologies related to precision agriculture is qﬁaliﬁed and competent
techniciaqs. ]

"The Professional societies associated with agriculture, biology, earth sciences,
and environmental sci.ences c'ould provide guidénée in identifying necessary course work
for new professionals and additional training for existing personnel” (NRC, 1997, p. 6).

Although some community colleges and universities have begun to address the
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néeds of industry as they relate to precision agriculture technologies within their
respective curricula, most have not. Perhaps the reason why those needs have not been
addressed within the curricula c.ould be that those needs are not clearly defined.
-Moreover, perhaps those needs are changing at a rate much f_aster than that of
contemporary curricﬁlum development.

If the skills and competencies related to precision agriculture applications can be
identified and organized into cohesive and prudent categories, then curricula can be
developed to meet the industry need.. In contrast, if educationai public facilities graduéte
qualified individuals who cannot éffectively enter the workforce at a level to which they.
can serve as viable employees, then that institut_ion is not serving the public to the
capacity at wlﬁch it was designed to operate. The result will be a deficit in trained
production agﬁculture .fechnic':ians. By identifying the skills and competencies that thgse
graduates need as well as the percei\./ed needs of industry, this researcher hopes to build

_ the foundation for cﬁrricula development for precision agriculture, education anci

indﬁstry.

Objectives

In order to fulfill the purpose of this study, the following objectives have been
identified:

e8] Identify the perceived need of precision agriculture industry professionals for

specific and unique competencies in precision agriculture applications; and
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2) Determine the specific competencies related to precision agriculture applications
and their perceived importance for individuals to possess those competencies

when being considered for hire.
Definitions

Site Specific Management (SSM) -- the ability to apply inputs, such as fertilizers, based -
6n the needs of individual areas within a field, rather than making uniform
applicatioﬁs across the entire ﬁeld. (Wilkerson, 1996, p.5)

Global Positionihg 'Systems (GPS) - navigétional system consisting of a coﬁstellation of
24 satellites that send and rece_iv_e radio signals to determine locations on earth.

. Geographic 'Information Systems (GIS) - computer systems and software that organize
data into cohesiv¢ formats and render geospatial analysis opportunities from the
data gathered.

Differential GPS (DGPS) — GPS coordinates that have undergon;: correction for
ionospﬁeric and atmospheric conditi.ons. More accurate than Gi)S, it utilizes
known locations ( way points and base stations ) to correct GPS signals and
produce sub meter accuracy of coordinate.

Intérnet - a global connection of interconﬁe.cted local, mid level, or world-wide networks
(ES-USDA & ECOP. 1991).

Prodﬁction Unit ~ area where crops are produced.

Management Unit - specific areas within production units that have varying

characteristics as compared to other areas within the same production unit.
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Real Time - relates to actual readings at a specific point in time for a particular area’s .
characteristics.
Spatial Data — data collected over expanses of land.

Biomass - levels of organic matter relating to living tissues in crops.

Assumptions

This study was developed on tﬁe following assumptions:

1. .Precisiori Agriculture is an up and coming industry -revo}ution that will reciuire
trained individuals to perform. specific, technical tasks related to these new
technologies.

2. Site specific management and the precision agriculture applications that
accomrrlodate; those management methods have the poténti‘al to be widely adop‘Fed
practices. Those pracfices wi11‘, evehtually, become commonplace in the
agriculture industry.

3. The utilization of information technologies can aid in the decision m.aking process
of on farm situations.

4, There are specific and unique competencies related to pfecision agriculture that
can be identified.

5. Industry personnel can idgntify the importance of precision agricultl_lre |

competencies.




?

Limitations

This study was limited to:

The survey population will have geographic limits that are delineated by the

‘participant states of the Upper Midwest Aerospace Consortium (Montana, Idaho,

North Dakota and South Dakota).

The time at which the survey will be administered falls in the month of June,
1999.

Participants will be limited to those who are service providers for precision

agriculture or producers utilizing the concepts of precision agriculture.
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CHAPTER 2

Review of Literature

The literature review was 'approached as fchree inter-related areas that affect the
researcher’s study. Literafure review pertaining to 1) precision dgriculture technologies
about site specific management (SSM) and precision agriculture applications, 2)
information about the development of conducting needs assessments, 3) specific skill and
competency ideﬁtiﬂcation for SSM and precision agriculture application. Little is
published about the specific competencies related to precision agriculture application.

The infancy of preciéion agriculture and the ever changing and improving nature
of the skills do not lend themselves to actual .lite“rature review from a variety of reliable
sources. So in order to review published material, the researcher utilized ~ar12iCles from
professional journals and industry specific publishers of precision agriculture
information. S

In additioﬁ to the industry m.anuals and professioﬁal peri‘odicals, the researcher
has utilized telephone interviews with faculty from various community colleges and

universities in order to gain an understanding of curricula construction and delineation of

competencies to create objectives for courses.
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Precision Agriculture Technologies

' Global Positioning Systems (GPS) are the backbone to many precision farming
- applications. The necessity to know where one is on a given prociuqtion.unit, and to be-
able to gather and aﬁalyze data for a given area, is paramount to Site Specific
Management (SSM).
GPS was developed by ‘the Department of Defense as a means to simplify and add
accuracy to néngation. The system 'consists' of 24 satellites that orbit the garth and have .

the capacity to send and receive radio signals. In order to determine a given location, the

system operates in a sequence of events. Jeff Hurn, authqr of "GPS. A Guide‘ to the Next
| Utility", has identified these basic steps and categorized them into five factors tha’; all
relate to the operation of GPS satellites aﬁd receivers. "(1) The basic idea of satellite
rméiﬂg, (2). measuring your distance from a-satellite, (3) getting perfect timing, (4)
knowing where a satellite is in space, and (5) ionospheric and atmospheric delays."
(}qun, 1993, p. 14-47) \

| The distance to a satellite can be determined by how long it takes a radio signal to
reach the ground receiver from the satellite. The assumption is made that the satellite and
the receiver are both generating the same pseudo-random code at the same ex;.ct time.
The distance is determined by evaluaﬁng tﬁe length of time it takes for the code to get to |
get the receiver and comparing how late its pseudo-random code Was compared to the

receiver’s code.
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The accuracy of satellite time is the key to how well GPS operates. The satellites
are equipped with atomic clocks, which remain extremely accurate over extended periods
of time. While the clocks on board tﬁe satellites remain ever constant, receiver ’clocks are
an entirely different matter. Errors in receiver cloclg accuracy are corrected by the use of
complex trigonométric equations and by the utilization of three measuréments from -
satellites in order to determine a single location.

The three measurements are actually a series of measurements from three different
satellites. Three satellites are necessary for a three dimensional identification of locatiqn.
A fourth measureme_:ﬁt from a fourth satellite rules out any "out of line" measurements. A
fourth measurement is nécessary for "reél-time" data collection and therefore requires
receivers with four chan}'lels, one dé-voted to each satellite maklng measurements. Real
time measurements are necessary for nearly all precision agriculture equipment. Richard

F. Dunn Jr., writing for "The Precision Agriculture Buyers Guide" (1998, pg. 46), stated

 that selection of a yield monitor will allow you to "make observations and flag the
information to a GPS location during harvest ... to rote weed ﬁatchés, wet sbots, thin
stands and.other tfouble areas from the combine cab". Accurate, real-time data collection
is essential to-the fu£ure of SSM and precision farming.

The calculations that are performed in order to determine position require
knowledge of the exact whereabouts of the satellites in space. GPS satellites orbit the
earth at 10,906 miles above the surface. This distance allows for accurate prediction'c;f _
their orbits; therefore, contributing to the accuracy of measurement. Any variation from.

the normal orbit pattern is monijtored closely by the Department of Defense. So, one can
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be assured that the watchful eye of the United States military can only add to the precise
performance of these satellites. If the monitoring by the Departmeﬁt of Defense wasn’t
enough, each satellites is equipped with monitors to recérd and send data constantly in
regard to the maintenance of orbit consistency. (Morgan & Ess, 1997, p. 10)

~ Although much of the potential error that can occur with GPS equipment is
-addressed and corrected by technologies and the application of complex mathematical
formulas, some error sources are more difficult to eliminate, A layer of earth’s outer
atmosphere, the ionosphere, is composed of electronically chérged particles. These
electroni’caily charged particles can affect the speed at which light tfavels. Tonospheric
error is corrected by applying the average effect of the iox_losphere upon the speed of light
with correétion equations. Problématic; however, is the fact. that not every day in the
ionosphere is average; as a resﬁlt, this is a potential source of error.

The earth’s atmosphere is also a poténtial'soﬁrce of error. Tﬁe weather, where all
meteorological variations occur, can not be controlled nor corrected for. The advantége'
is, however, the error that occurs from this type of inconsistency is minimal. This
minimal inconsistency is approximately 1 - 20 feet. |

Yet another source of error is the result of 'f'Dilution of Precision" (DOP). The
DOP is influenced by the relative positions 6f the satellite. Position refers to hoﬁzontal, .
vertical, time and geometric measureménts. (Trimble, 1996). Computer analysis of
orbits makés DOP error less likely to occ;ur and project planning may dictate the hours at

which the greatest amount of DOP is present; therefore, allowing producers or

consultants a better idea of when they should be utilizing these technologies.
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In order to gain the sub meter acéurgcy ﬁecessary for some production operations,
differential GPS (DGPS) is utilized. DGPS is more accurate than non_-corrected GPS
coordinates. DGPS employs the use of a knowﬁ location (base station, way point) and
"‘calculates the combined error in the satellitg range data" (Hurn, 1993). The results of .

DGPS are more accurate locale data that can be incorporated into on site decision making

‘as to the micro-management of production areas. The union of GPS and precision

farming implements is a necessary relationship for SSM in addressing yield variability
within fields, as well asother existing field éondition data. Cérr, et al (1991) determined
that "applying different fertilizer treatments to contrasting soils in a field can generate
greater returns than applying a field-average fertilizer treatment”. Prec_ision agricplture
machinery and GPS/GIS. technolo gies give producers the upper hand in management of
their fields. Gathering and recording data and then analyzing that set of data specific to
varied field conditions, as to the prescribed amounts of fertilizers, can décreaée input
costs. The variable rate application of ;;roduct is an example of the union of GPS/GIS
technologies and pfecision agriculture hardware.

Information drives precision agriculture applications. GPS is a tool by which the
information can be gathered, organized and customized to site specific units. Another
tool for utilizing information technologies is remote sensing equipmént. Remote sensing,
as described by Johannsen, Carter and Willis (1998, p.13), can provide precision

agriculture by the following three advantages:

(D Much greater detail of an individual field
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'(2) Much more precisely defined colors or delineation of variations of
vegetation, residues or surface soils

3) Repeat viewing of the same scene every 2 - 7 days

As aresult of their findings, they conclude that the use of satellite imagery as an
application of precision agriculture can provide a greater availability of data. It also
provides a greater variation of the types of data and a more timely acquisition of tha;[ can
impact site decisions. |

The utilization of information techhologies, as théy apply to precision farming
practices, has the potential fo-r broad~bésed adoption. Although the ;cechilolo gies are
emerging and evolviﬁg l;efore the eyels of agriculture industry, broad-based adoption will .
hinge, most likely, .on economic factors (NRC-1997). The cost of implementation of
SSM and its tools (precision agriculture equipment) will need to be "outstripped by the
economic gains of the practice" (NRC 1997). There are several practices or farm
implements that all relate to SSM as methods of precisi'on farming. The first, variable
rate controllers allow for varied application rates of a given input (seed, fertilizer,
pesticide) for a pre-detennined.ﬁeld condition. The precise location of the pre-
determined field condition is determined anothér implement — the GPS receiver.

GPS receivers allow producers to determine the location of a given field condition
(moisture, pH, NPK values, pest pqpﬁlations) at a giveh pqint in time by collecting data
from that area aﬁd integrating them into a GIS (Geographical Infoﬁpation System)

application. The union of GPS and GIS technologies aid in the decision making process
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by creating maps or data tables that give site speciﬁc information fpf a particular point at
the time the data was collected within the production unit.

Field data recorders give producers the ability to note field conditions on a real-
time basis. By utilizing Differential GPS (DGPS) coordinate;s, the information is
transferred to a computer off site for analysi.s in mapping sofrwa;e programs.
Differentially ‘corrected GPS signals have sub-meter accuracy and build information that
is more specific than plain GPS readings.

Nav'igational systems are yef another application of precision agriculture methods.
By watching a monitor that is located in the cab of thé tractor, the operator can run the
machine in electronically c§ntrolled swaths. This technology allows the operator to make
applications of inputs or perform specific field operations. The use of GPS anci DGPS
signals are utilized in tﬁis system as well. Si-gnals are transmitted to a receiver located on
the trac;tor .and 'the machine position is displayed on the in-cellb monitor in rglation to the
field.

Yet another component of precision agriculture are information netwo?ks.
Information networks.give produceré an up to the minut.c_a report on weather forcasts,
market reports'and other important information that can aid in the decision mak,iné .
process. All of this information can be accessed by the produéer via the World Wide
Web (Internet), in familiar surroundings of home or an on-site office.

Also included as an application of precision agriculture are the technologies of

precision irrigation systems. Precision irrigation systems can all but eliminate the

necessity of multiple apblications of herbicides or liquid fertilizers by applying precisely
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controlled amounts of product that has been combined with the irrigation water. according
to site speéiﬁc infonﬁation gathered previously. By eliminating the necessity for multiple
treatments by fertilizer or pésticide equipment, inputs are minimized which result in
decreased expense to the producer.

While decreased inputs of product result in lower costs of production, there is yet
another benefit to applying SSM techniques. Environmental issues relating to the over-
application of pesticides and fertilizers can all but be eliminated by utilizing SSM
stratégies iﬁ conjunction with precision agriculture applications.

One indicator of plant health is the amount of chlorophyll present in the leaves of
the plant. éhlorophyll metering can sense the actual amount of chlorophyll present in a
given plant population. This application of precisioﬁ égricuiture, When compared to test
strips with a known (adequate) amounts of soil nutriénts, can éid in making decisions as
to fertilizer inputs in a given_area.-

The use of satellite imagery that utilizes infrared or black and white images of a
field during various stages of crop development is yet another precision agriculture
technique. Aloﬁg the same line as chlorophyll metering, satellite imagefy can indicate
biomass. When-images of.tl.le same area taken at a different time are compared to recent
limages, producers can gather information as to particulaf inputs or treatments necessary

for the site specific areas within that crop production unit.

The National Research Council in "Precision Agriculture in the 21% Century”

(1997), outlined the existing conditions that describe contemporary precision agriculture
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applications. "While its precise dimensions continue to evolve, the following features

characterize most precision agriculture applications in use or under development:

°. Data capture tends to be electronic, automated, and relatively inexpensive.
o . Data capture can occur more frequently and in more detail.
° Information either captured as a part of field operations or purchased externally,

can be considered separate inputs into the production operation. (It is also a
feature of integrated pest management and sustainable agriculture concepts.)

° Data interpretation and analysis can be more formal and analytical.

° Scientific decision rules are applicable to actual farming operations.

° Implementation of the response can be more timely and more site specific.
o Performance of alternative management systems can be quantitatively

evaluated."(p. 18) -

The specific skills related to features described have not been addressed. A
cohesive and comprehensive set objectives to meet existing industry needs has not been
as of yet. Some community colleges and universities have, in fact, developed curricula
that are attempting to meet the industry need for trained individuals competent with
precision agriculture concepts and skills.

Evolving technologies need trained people.

Precision agﬁculture services may be provided directly (i.e., for custom

hire) or may be purchased in the form of hardware and software products
embodying those services, or as combination of products and services. In

all likelihood, both forms of obtaining precision agriculture services will

coexist, with exact combination depending on such factors as the size of
operation, the technical expertise of the operator, and the density of the

local market for services. (NRC, 1997, p. 89)

Assuming that the coexisting of these two populations will occur, we are left with

the dilemma of training or r'e-trainiﬁg those individuals. The first step in the training

process is to identify just what needs to be taught. .
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The researcher has not foﬁnd a nationally adopted list of skills and competencies
relating to precision agriculture applications. Therefore, this lack of concrete
identification n;:cessitated tﬁe purpose of this stuciy.

The specific skills and competencies were derived from interview and survey
instrumentation, but the determination of need percei\(ed by industry followed the model

designed by G.D. Borich (1980). The initial step was to list competencies related to -
p'recision agricultl;re. These competencies were derived from industry, private sector,
and educational faculty survey.

Where Borich (1980) suggested that the co’mpeténcies be checked against pre-
existing activities of potential students, this stgdy used industry personnel rather than
potential students. The researcher predetermineci the corﬁpetencies within different
regions of the United States, but did not attempt that within tfle states utilized in this
study. Borich’s model will delineate the backdrop for the methodology portion of this
thesis.

Stufflebeam, et.al (1985) determined that:

- Needs assessment is a process that helps one to identify and examine both
values and information. It provides direction for making decisions about
programs and resources ... Needs assessment can be part of community
relations, facilities planning and consolidation, program development and
evaluation and resource allocation. (p.xiii)

In order for industry to adjust to cutting edge technologies, the educational needs

of precision agriculture industry must be addressed. Defined by Tyler (1971) as the gap .

between the desired and the actual, needs are categorized into 3 areas: concepts, skills or
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values. "Concepts relate directly to learners’ thinking and understanding of the behavior
and its impacts, anci whether learners can méve beyond the level of skill they receive in
the educational setting (Knerr, 1996, p.12). |

Skills, as defined by Tyler (1971) are identified as either specific or general. In
order to maintain accuracy in a needs assessment, both specific and general skills relating
the subject area must be identified.

In 1992, Mims, Novék‘, Simpson and Davis developed the conclusion that "easing
the pain of adopting new technology is not easy, but careful attentioq to user’s needs will
prevent adoption failure or sluggish adoption" (p. 672). It is imperative that acdu'racy in
skill and competency identification takes place and that the true need of the precision

agriculture industry be considered. ‘

Specific Skills and Competency Identification

The researcher, in mid Octé)ber conducted telephone interviews with educational »
professi'onals' who taught precision agriculture courses. Thé effect of conversations was
that the need for widely adopted curricula rests upon the educational institution’s
diligence towards innovativ; production practices. Production practices that utilize
satellite; technologies, applications in variable rate technbiogies, SSM conceptual
production practices, and the utilization of precision farming equipmént are some
examples of those innovative production practices (Bfase, 1998).

In interviewing Terry Brase, one of the instructors from Hawkeyé Community

College in Iowa, the researcher discovered that a panel of experts, all utilizing precision
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agriculture applications, was selected asa panel to develop the curriculum for the college.
The group initially identified all the skills and competencies related to cohesive units for
instruction. Thus, curriculum design began and eventually became implemeﬁted at
Hawkeye Community Collége (D. Adkisson, et él, 1998).

. The curricula developed from the DACUM meetings is currently on line and
‘available to participant schools. The instructional materials include units covering such
topics as GPS, GIS, Data Collection techniqus, Data Analysis, Product Generation anci '
various Agricultural Technology applications.

Another‘ model for identifying skills and competencies V\;as developed by Ohio’s
Division of Vocational and Car_eer Education. Ohio’s Competency Analysis Profile
(OCAP) "contains units (wifh and without sub units) competencies and competency
builders that identify the occupatic;nal, acadeﬁic and employability skills needed.to enter
a given occupatibn or occupational area" (OCAP profile, p.i) The OCAP profile further
analyzes the competencies by creating three levels: core, advancing and futuring. The
OCAP lists are the cumulative result of yet another panel. This panel was made up of-

employers within the given skill areas who are directly involved in the industry.
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CHAPTER 3

Methodology

In order to meet the purposes of this study, the following methods and procedures
will be developed. The chapter will be separated into five sections. These sections will
be: 1.) Population Description, 2.) Instrument Design, 3.) Data Collection Methods, 4.)
Data Analysis Procedures, and 5.) Summary. |

This is a descriptive study of the competencies related to precision agriculture
applications. It is the intention of this study to provide an up-to-date description of those -
competencies perceived by agriculture industry professionals to be significant for

employment in precision agriculture applications.

Population Description

Those individuals to be identiﬁed as population segments will be bound by the
following criteria:
1. - Employed in an agricultural industry trade that utilizes GPS/GIS technologies and
or precision farming hardware or software applications. N

2. Located within, and limited to, the states of Montana, Idaho, North Dakota, or

South Dakota.
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3. Professional crop and chemical consultants utilizing precision agric.ultu're
hardware and concepts for production agriculture pprboses.

The researcher attempted to i"dentify at least 100 individuals to constituted the |
population for the sake of this study. The potential respondents were iaentiﬁed from
.professional and telephone interviews of educational and precision agriculture industry
professionals. The researcher also identified potential respopdents from the Upper
Midwest Acerospace Consortium (UMAC) mailing list. A total of 94 individuals were
identified fo‘r the study.

| Wyoming was omitted from the study due to a lack of identifiable individuals
who fir the respondent characteristics in o?der to be included as a population segment.
The resear‘cher contact University and Cqmmunity college staff as well as Cgoperative
Extension staff in attempts to identify potential segments for population inclusion. In
addition, individuals who were regis.tered on the UMAC phbne list were contacted.
Through fﬁese attempts, the researcher was still unable to find sufficient numbers to

include Wyoming as a participant state.-

Instrument Design

The researcher utilized the survey procedures established by Dillman’s (1978)
Total Design Method (TDM). The content of the instrument was a conibination of
findings from literature review, professional correspondence, and telephone interviews

conducted by the researcher. The major categories for the survey, as well as the specific

identification of competencies were cémpiled by the 1* week of May, 1999.
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The survey consisted of two, 5-point Likert-type scales that applied to one
identified compeftenéy. (See Appendix A). .One scale measured the perceived
Importance in Hiring an individual with the identified compietency anci the other scale
measured the perceived need of }iaving that competency as related to the precision
agriculfure industry and employinent.

Oii the Importance.in Hiring co,iumn, one corresponded with low importance of
an individual posisessing this particular competency; a rating of two signified a
moderately low level of importance; a rating of three signified moderate importance; four
signified moderatély high importance; and a rating of five signified a high level of
importance in hiring an individual who posseséed that particular competency. The
second scale measured the perceived need of that competency'to precision agriculture
applicatioris with one signifying low neeci; two signifying moderately low need; three
signifying moderate need; four signifying moderately high need; and 5 signifying high
need of that competency to precision agricultural in(iustry applications. General

demographic data were collected as well.

Data Collection Methods

The data for this study will be collected using a mailed survey instrument in a two
page survey form. (Appendix A). The survey instrument for this study was developed
from both personal interviews conducted by the researcher, as well as literature review
for this stlidy. Terry Brase of Hawkeye Community Collegeiin Waterloo, Iowa was an

integral part of the survey design. Mr. Brase cooperated with the researcher by sharing
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the content from meetings about the Precision Agriculture Degree Program at Hawkeye
Cofnmupity College. In addition to the results of those meetings, Mr. Brase allowed the
researcher to view the curricular materials that were déveloped for area High School
Agricultural Education programs. These curricular materials contained objectives for
- competencies in precision agriculture épplications and survey competency statements
were derived from some of those materials. |

In addition to Mr. Brase, Dr. James Durfey, Professor c-)f Agriculture and Food

) Science at Washingtbn State Universitly was interviewed. Dr. Durfey was integral in thé
development of the four categoﬁes identified in the survey instrument. |

Consistent .with billman’s'(1978) Total Désign Method (TDM), the researcher
mailed a i)ostcard notifying respondents that they were to receive a survey for ‘the study in
the near future. Postcards were maiiec% on May 20, 1999 (Appendix B).

Tile first mailing of the'survey-instrument (Appendix A) with a cover letter
(Appendix C) was mailed May 28, 1999. Tﬁe first follow-up cover letter (Appendix D)
with another copy of the survey was mailéd on June 7, 1999. The final mailing, along

. with a .cover letter (Appendix E), was sent June .23, 1999.

A pilot test of the survey was conducted, but the returns from the pilot test were

not returned to the researcher in time to implemgnt suggested changes. Item #17, Read
and interpret Ob yielc‘i maps, from the Synthesis and Interpretative Skills category was
omitted from the data analysis after the pilot teét was returned. As well as the change due

to pilot testing concerns for clarity, a number of respondents either did not respond or

claimed that they did not understand the statement. Therefore, the researcher decided to
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Qmit that competency statement from data analysis. Those changes suggested were not
significant to the main conteﬁt of the survey. Simple wo;ding suggestic;ns on two
competencies were made; however, thoge competencies would not have been
signiﬁcaptly different in their.meanings. The change would have been for clarification
only.

Demographic déta were collecfed so that a profile of respondent characteristics
could be developed. Analysi§ of these demographic groups indicated minimal variations
between demographic groups in each of thé survey competency statements.

Thé deﬁo graphic groups are identiﬂeci in Appendix A. Job title information was
collected to distinguish bet'ween productio.n oﬁeﬁted respondenté and service providing
respondents.

Additional information about duration of employment, gender, age, educatiopal
level achieved, number of years working witﬂ precisidn agriculture applications,
percentage of time spent utilizil_mg precision agriculture software, equipment or
applications was collected. Respondents were also asked if they desired to see the re;ults

of this study.

Data Analysis Procedures

Data Analysis was conducted using SPSS© statistical software, as well as Quattro
Pro©. The sufveys were scanned using Remark© software and data entered into

spreadsheet form for further analysis.
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Following Borich’s model, the importance rating minus the likelihood of hiring
ratings produced a discrepancy score for eac?h competency. The discrepancy scores were
wéighted by multiplying the a\;erage level of importance by the discrepancy score for
each skill or competency. This will result in a Weigh@d discrepancy (WD) score. Any
WD score above zero indicateci that there is a perceived need for training in this area or a
relative level of importance as perceived by the respondent. This score yielded important
quantitative data that suggested the need for- educational entities to include these skills
and cbmpetencies into existing éurricula or to develop new courses to address these skills
and competencies.

Also where Borich (1980) focused the results of tﬁe discrepancy scores directly
back to the population studieé, this is not the case for this study. Respondents of the
survey instrument did not directly benefit from training directed to tﬁat particular
~ position.

The modification of Borich’s(1980) model for neéds asséssment yieldéd
significant WD score indicators of those competencies that are not only needed by
industry, but are eilso important in hiring. It is a specific statiétic that related directly to
the employability of a given competency.

"The needs assessment model is e'ssentially‘a self—evaluative procedure,lwhich
relies on teéchers’ judgements about their own performances" (Borich, 1980, p. 42). This
statement inferred' that those .who are directly involved in the occu;;ation can bgst identify

the needs for extended training in that particular applications. It is under this premise that

the respondent population was identified for this study. While the respondent population
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for this study did not actuélly receive the training needs that théy identify, they are the
best judges of What training is needed.

"The Mann-Whitney test evgluated the hypothesis that two inde'pendent groups
have been drawn from the same population" (Glass & 'Hopkins, 1996, p. 303). In orde;‘ to
be sure that the demographic grbupings did not independently e);ist within the population
for the study, the Mann-Whitnpy test was conducted using the respondent mean responses
for each coippetency statement. This lends statistical support that the population is in fact
heterogeneous.

"A meas.ure must-have some reliability if it is to have any validity" (Gléss &
Hoi)kins, 1996, p. 577). The Cronbach’s alpha test for reliability is a good estimate of
parallel form reliabiﬁty for tests. To ensure that the researcher did not gather data that
was generated out of measurement error, the coefficients form Cronbach’s alpha were
analyzed for each .competenc.:y‘ statement as well as thé total coefficient fof each category -
of the survey instrument. If a Cronbach’s Alpha-coefﬁcient of 1.00 is found, there is
perfect agreement between the two demographic groups when responding to identical
competency statements. ;’For research purposes, a useful rule of thumb is that reliability
should be at least .70 and preferable higher (Franke] & Wallen, 1996, p. 163).

A Cronbach’s Alpha-Reliability analysis was conducted on each of the four
categories. Category #i, Software and Basic Computer Proficiencies, reported a
reliability coefﬁcient of .9594. The second category which tested competencies relating
to Component Hardware proficiencies, repprted a reliability coefficient of .9835.

Synthesis and Interpretation Skills, category #3, reported a reliability coefficient of .9770.
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Category #4, Field Operations/ Applications, reported a reliability coefficient of .9724.
Thése coefficients indicate that the test instrument was reliable in each of the four

categories individually. The survey instrument had an overall Cronbach’s Alpha-

Reliability coefficient rating of .9731, thus indicating overall reliability of the survey

instrument.

Summary

The methodology portioﬁ of this thesis will stand as the foundation for gathéring,
compiIingz and analyzing the data that met the objectives of the study. The surveyll design
facilitated data collection and with the data analysis tool (SPSS), the researcher dev‘ised a
list of competencies that industry deems as important to precision agriculture operatioﬁs.
The use of weighted discrepancy scores yielded results that clearly identified the-
perceived importance of all identified competencies related to precision agriculture

applications as well as their importance in hiring.
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CHAPTER 4

‘Results of the Study

The study was designed to identify the competencies that industry deemed as
important in hiring perspective employees for prec;sion agriculture jobs. Further, the
study was designed to reveal specific competencies related to precision agrﬂiculture
applications. The results of the study are presented in. 8 sections: 1) Demographic data,
2) perceived level of need by industry, 3) perceived importance of individuals possessing
those competencies when considered for hiring, 4) priority of mean weighted

discrepancies related to competencies, 5) differences within group according to

demographic factors, 6) comments provided by respondents, and 7) surflmary.

Demographic Data

‘Ninety-four su&eys were mailed to individuals in the Upper Midwest Aerospace
Consortium member st;ates with the exception of Wyoming. The reméining states
included Idaho, Montana, North Dakota, and South Dakota. Of those 94 surveys mailed,
7 were returned in the initial mailing as undeliverable. Return addresses, or "address
changed" stamps allowed the researcher to contact 3 of those 7 and thus solidify the

population number at 90.
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The explanation in Table 1 delineates the return rates from two subgroups within

the respondent population. As possible source of variations in responses, the researcher

separated those respondents into two demographic groups for sake of response analysis

and reporting of response rates.

Data in Table 1 indicate 26 of the population had returned the survey prior to the

mailing of the second questionnaire. Eleven respondents responded late second mailing.

Table 1. Return Rates for Respondents.

Response Group Early Responders Late Responders Percent Returned
Service Provider 17 5 24.4
Producer 9 6 16.7
Total -3, 26 11 41.1

A Mann-Whitney U test was conducted on the responses of the early and late

responders. The same procedure was applied to service providers and producers (See

‘Table 2). There was no significant difference in the mean responses for all competency

statements when tested at the .05 probability level. In concurrence with the researcher's

major advisor and data analysis, it was determined that there was no significant difference

between early and late responders. Thus, the two groups were grouped to produce a total

sample of 37 respondents.

-
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Table 2. Distribution of Employment Type Held by the Respondents.

Type of Employment n %
Service Provider 22 59.5
Production 15 40.5

Table 2 data reveal that 59.5% (22) of the respondents were service providers,
| while 40.5% (15) of the respondents were involved in prqduction. A Mann-Whitney
analysis was performed on these two groups and those competency statements that tested
significantly différent are reported in Table 20.. Of the 37 respondents, 36 ( 91.9%) were
 male and 3 ( 8.1%) were female. Table 3 identifies the number and percentages of

respondents when separated by gender.

Table 3. Distribution of Gender in Respondent Group.

Gender n 5
Male 34 |o19
Female I3 &.1

Table 4 delin;:ates the distribution of respondents by age. Six (16.2%)
respondents \;vere between the ageé of24 -35 years of aée. Those respondents betvlveen
_ the ages of 36-45 years numberéd 15 (40.'5%)' and ﬁade up the greatest proportion of
~ respondents. Twelve (32.5%) of the respondents were between the ages of 46-55, maki;lg
up the second largest proportion of the respondent group. Respondents 56 and Qlder .

" numbered 3 (8.1%) and made up the smallest proportion of respondents. One individual
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chose not to enter his/her age in the demographic data information section. This accounts

for the decreésed n.(n = 36) for this table.

Table 4. Distribution by Age of the Respondents.

Age (in years) n %

1 24-35 6 16.2
36-45 15 ‘ 4.05
46-55 12 32.5
56 and older ‘ 3 8.1
Missing 1 T 2.7

The data complied in Table 5 identifies the proportion of respondents by highest
. level of education that respondents have received. A Bachelor's degree was the greatest
proportion of respondents educational level at 17 (47.2%). Six (16.7%) reépondents had

a high school diploma as their highest level of education.

Table 5. Distribution by Highest Levels of Respondents’ Education.

Dégree Held |n %

High School Diploma 6 16.7

Associate 3 8.3

Bachelors 17 ' 472

Masters 5 |1 139 7
PhD 4 11.1

Missing . 1 2.8
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Masters degree recipients numbered 5 (13.9%). 3 (8.3%) individuals had
achieved an Associate degree. Doctorate (PhD) récipients within the respondent g'roup.
numbered 4 (11.1%).. One individual did not respond, accounting for the n =36 for
respondent group size. When those with a high school diploma were subtracted from the
total (37-6), it revealed that 83.3% (31) held a post secondary degree.

Table 6 information identifies the distribution of respondents’ experience working
with precision agriculture hardware, eqﬁipment, or soﬁware applications. Respondents
with 0 -3 years experience numbered 16 (43.2%). Eighteen (48.6%) respondents had 4-7
years of expeﬁence. Only 3 (8.2%) respondents had accrued 8 or more years of

experience with precision agriculture technology and applications.

Table 6. Distribution of Experience Working with Precision Agriculture Hardware,
Equipment or Software.
Number of years n %
0-3 ‘ 16 43.2
la7 18 48.6
8 or more ' 3 8.2

The distribution of time that respondents devote to precision agriculture

~ equipment or applications is identified in Table 7. Thirteen (35.1%) individuals dealt
with equipment or applications in precision agriculture less than 9‘% of their time worki;lg
in this area. Five (13.5%) respondents worked with thg‘ap'plications between 10 - 19% of

their time on the job. Six (16.3%) respondents reported time devotion to precision

agriculture technologies between 20 to 29% of their time. No respondents reported
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working at the 30 - 39% level. One (2.7%) respondent identified that he/she utilized the
technologies or equipment between 40 - 49% of the time. Similarly, one (2.7%)
individual reported at the 50 - 59% level. Three (8.1%) fespondents repf;)rted utilization
at the 60 - 69% level. The sécond 1arge§t group of respondents reported that they devote
70% or greater of their work time to precision agﬁculture equipment or applications with

8 (21.6%) individuals responding.

Table 7. Distribution of Respondents by Time Devoted to Working with Precision
' Agriculture Equipment or Applications.

Percent of time. in %

0-9. 13 35.1
10-19 5 | 155
20-29 6 16.0
30-39 0 0

40-49 ' 1 2.7
50-59 ‘ 1 2.7
60-69 ' 3 8.1
70 or more : 8 21.6

Perceived Level of Need by Industry

The first objective of this study was to identify the speéiﬁc competencies related
to precision agriculture and their perceived need to industry as identified by industry
professionals. An initial review of each category competency item is presented in Tables

8, 9., 10 and 11. An analysis of the means and standard deviation for each competency
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item in the four categories of Software and Basis Computer Proficiencies, Component
Hardware Proficiencies, Interpretation and Synthesis, and Field Operation is:provided.
Respondents were asked to identify the perceived need by industry for trained
individuals with each particular competency in all four categories. A response of 1
indicated a low need and a response of 5 indicates a high need in Tables 8-15.
Competencies are arranged such that they correspond to the mean Weighted Discrepancy

(WD) scores reported in Tablés 16-19.

Table 8. Industry Need for Software and Basic Computer Proficiencies.

Question Mean Standard Deviation
Utilize GIS software to. create layouts ' 4.19 ‘ 0:81

Export date in different file formats 4.30 0.85
Utilize GIS software to create maps . | 4.41 0.76

Use prescription software for site specific farming applications 4.24 1.06
Integrate multiple software applications to perform specific operations ‘ 4.22 : 0.85

Use e-mail to comrﬁunicate with producers, suppliers and colleagues - 4.19 0.84
Operate soil sampling and recording software ‘ 3.70 1.08
Understand various file formats ] 4.14 0.86
Utilize GIS software to create graphs 3.65 1.13
Utilize basic PC and/or Mac applications for databases 4.00 0.99
Download data from the Internet ’ 3.81 1.00
Utilize basic PC and/or Mac applications tor word processing 3.83 1.10
Perform basic functions with GPS integrated software 4.17 0.87
Utilize GIS software to create bar charts 3.60 1.17 e
Utilize basic PC and/or Mac applications for spreadsheets 4.00 1.00
Navigate through the .Int_emet ) 3.80 1.11
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Table 8 reveals the mean and standard deviation (SD) for software and basic
computef proficiencies. The means range from 4.4i to 3.60 and SD range from .76 to
1.17. The ability t§ utilize a GIS software to create bar charts was the lowest .ranking
item. Based on the Likert-type scare used, all competencies in this area are needed as
revealed by the means for each item. The ﬁean responses for individual competency
statement scores indicate that the utilization of Geographic Information Systems (GIS) to
create maps is deemed the highest need for trained individuals in ‘agricultlure industry ’
with a mean of 4.41 and SD of 0.76.

Table 9 presents data that indicates the mean of need by industry for individuals
possessing competencies in component and hardware proﬁcienqies of precision
agriculture equipment. The means range from 4.35 to 3.02 with SD of .75 to 1.44. The
competency with the mean of 4.35,.had the lowest SD of .75. The competency with the
lowest mean of 3.03, had the highest Sb of 1.44. The highest ranked competency was
operate Global Positioning System (GPS) hardware devices (4.35), while the lowest was
make welding repairs on equipment (mean=3.02).

In analyzing the datd, there is a distinct break in the competency identification
with electronics and computer related items located in the upper half of the mean values
and hydraulic or other mechanical competencies located in the lower half of the mean

values.
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Table 9. Industry Need for Component Hardware Proficiencies.

Question Mean Standard Deviation
Install a variety of computer components 4.00 0.87
Troubleshoot electronic systems 3.84 1.01
Identify various types of hydraulic pumps and. their components 3.43 1.28
Operate GPS hardware devises 4.35 0.75
Explain and apply hydraulic standards 3.57 1.19
Troubleshoot yield monitors 3.94 1.10
Define basic hydraulic terminology 3.65 1.09
Calibrate yield monitors 4.03 1.04
Identify and properly connect various hydraulic fittings 3.49 1.15
Troubleshoot hydraulic systems 3.38 1.19
Install, read, or explain real time sensors 4.08 1.01
Identify and recognize hydraulic motors and their components 3.24 1.23
Identify, analyze and read hydraulic.sensors 3.41 1.19
Safely operate sprayer equipment 3.90 1.24
Perform routine repairs on hydraulic systems 3.30 . 1.29
Explain and identify electronic standards 3.54 1.14
Identify and troubleshoot hydraulic valves 3.27 1‘.23
Safely operate fertilizer spreaders 3.78 1.22
Use variable rate seeders 4.27 0.99
Have a working knowledge of heavy equipment 3.46 1.12
Troubleshoot pneumatic systems 3.13 1.16
Install yield monitors 3.68 1.13
Safely operate variable rate spreaders 3.73 1.17
Read cab monitors for field positions 3.94 1.15
Perform basic identification of pneumatic system compénents 3.21 1.16
Understand electronics terminology 3.95 0.94 =
Make welding repairs on equipment 3.02 1.44
Make general repairs on machinery 3.46 1.32
Reéognize connection continuity 3.68 1.03
Perform basic maintenance operations on equipment 3.51 1.35
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Table 10 shows the mean values and standard deviations for synthesis and

interpretation. The mean values range from 4.46 to 3.78 indicating a hi-gh need for these

competencies. The highest mean with the lowest SD is identifying the competency to

verify data integrity (4.46). In contrast, the lowest mean (3.7) competency of read and

interpret raster surfaced yield maps, has the second lowest SD of 1.13.

Table 10. Industry Need for Synthesis and Interpretative Skills.

Question Mean Standard Deviation
Develop prescriptiong for soil amendments 4.08 1.11
Develop prescriptions for pest management purposes : 4.00 l.éO
Recognize effects and determine causes 438 0.83
Read and interpret common yield maps 1.30 0.85 -
Interpret soil sample analyses and various soil data 4.23, 1.12
Interpret various maps and data projectiqns 4.30 0.85
Verify data integrity 446 0.73
Recognize valid data 4.46 0.80
Integrate maps and soil samples 4.19 1.00
Establish cropping time lines 4.11 1.07
Review and utilize historical data specific to various producer situations 4.27 1.02
Interpret crop yield information 4.22 0.75
Read and interpret raster surfaced yield maps 3.70 1.13
Read and interpret remotely sensed images and aeria'l photographs 3.94 0.94
Analyze production related problems 4.35 0.95
3.78 1.00

Read and interpret vector point yield

The mean values and standard deviations for field operations/applications are

reported in Table 11. The means range from 4.68 to 3.43. The high and low mean values

for the corresponding competencies share that relationship with the standard deviation for
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“eac':i'l, w1th the low being .63 for the high mean value, and 1.20 for that of the low mean

value.

Table 11. Industry Need for Field Operations/Applications Competencies.

Question ’ Mean Standard Deviation
Organize field testing protocols and complete using various techniques i 3.95 0.97
Identify common, regional common and noxious weeds . 4.22 0.79
Generate prescriptions for weed control requirements : 4.00 L.11
Recognize plant response to various rates of applied product ‘ 3.92 0.98
Recognize plant response to variou;s tlypes of insect related impacts 3.89 0.99.
Collect field histories 3.95 1.00
Identify/recognize stages of plant growth ‘ 4.24 0.89
Generate prescriptions for fertilizer requirements ' 4.02 1.09
Recognize plant response to various rates of moisture 3.89 0.94
Generate prescriptions for insect control requirements . 3.84 1.07
Perform sampling techniques to collect agronomic data on soils 3.95 1.00
Identify common, regional agronomic insects - 3.84 1.01
Calibrate seeders, fertilizer applicators, and equipment 4.05 1.00
Perform sampling techniques to coliect agronomic data on protein N 370 1.10
‘Set up grid mapping formats for data collection 3.70 1.18
Transfer data from desktop computer to applicator 4.24 0.89
Use DGPS to coliect geo-referenced posifions 4.24 0.93
Organize agronomic data 7 4.19 0.78
Perform sampling techniques to collect agronomic data on chlorophyll levels 3.43 1.20
Discuss requirements with applicators - 4.28 1.07
"Perform sampling techniques to collect agronomic data on plant response rates 3.60 1.04
Utilize variable rate technology for site specitic farming applications including seeder, 4.24 1.01 ~
and fertilizer applicators
Navigate using light bars and GPS guidance systems 3.73 1.12
Perform sampling techniques to collect agronomic data on crop moisture 3.62 1.14
Establish cooperative working relationships with customers, co-workers and supervisors | 4..68 0.63
Communicate effectively with customers, peers and supervisors 4.62 0.68
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Coupled high at the top of the values at 4.68 and 4.62 are the competencies to
establish cooperative working relationships with customers, co-workers, and supervisors,

and to communicate effectively with customers, peers and supervisors, respectively.

Perceived Importance of Individuals Possessing Competencies for Hiring

The second objective of the study is to the specific competencies related to
precision agricultufe applications and their perceived importance to individuals being
hired to jobs in this field. In tables # 12 - 15, the mean value and standard deviations fér

each competency are reported.

Table 12. ‘Importance of Software and Basic Computer Proficiencies Competencies
' for Hiring of Individuals.

Question Mean Standard Deviation
Utilize GIS software to create layouts 3.97 112
Export data in different file forms 392 1.09
Utilize GIS software to create maps 3.81 1.08

Use prescription software for site specific farming applications 3.79 1.25
Integrate multipie software applications to perform specific operations 3.79 1.23

Use e-mail to communicate with producers, suppliers and colleagues 3.76 1.23
Operate soil sampling and recording software 3.76 1.32
Understand various file formats 3.76 1.09
Utilize GIS software to create graphs 3.66 1.16
Utilize basic PC and/or Mac applications for databases 3.62 1.14
Download data from the Internet 3.62 1.21
Utilize basis PC and/or Mac applications for word processing 3.60 1.09
Perform basic functiéns with GPS integrated software 3.51 1.21
Utilize GIS software to create bar charts 3.38 1.38
Utilize basic PC and/or Mac applications for spreadsheets 332 1.40
Navigate through the Internet 332 1.18
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Table 12 identifies the mean and SD values for the Jmportance ratings from
respondent’s for competencies relating to software and basic computer proficiencies. The
high mean value was 3.97 and the low 3.32. ‘The highest had a relatively high SD at 1.21.
The SD values ranged from 1.08 to 1.40. Similar to.the ranking order of Need means,
Utilization of GIS software to creat'e layquts ranked high with a mean value of 3.97. The
author notes that as a whole these competencies were rated lower for importance than
they were for need (3.97 to 3.32 and 4.41 to 3.60). The lowest ranking mean was that of
" Navigate through the Internet and Utilize PC and/or Mac .applicaz‘ions for spreadsheets
with means of 3.32 and a standard deviation of 1.18 and 1.40 respectively.

Compénent I—iardwaré Proficiencies mean values and séandard deviations are
reported in Table 13. The high mean is value reported at 4.00 and the low at 2.76.
Standard Deviations fange from 0.96 to 1.5. Data indicated that these correspon(ﬁng
areas are perceived té be a high need for industry és well as important (4.0) in being
considered fér hiring. |

Table 14 reports the mean and SD values of'responses relating to Category #3,
Synthesis and Interpretive Skills. The lowest hiéh mean value iIs reported in this category
(3.95) relating to imp.ortance levels. Means ranged -from 3.95 to 3.1;1 aid SD value
ranged from 1.34 to 1.13. Similar top end groupings of mean values are reported in this_

table compared to that of Table 10, the corresponding need table of mean values and SD.
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Table 13. Importance of Component Hardware Proficiencies for Hiring of Individuals. -

Question . Mean Standard Deviation
Install a variety.of computer components . 3.46 1.10
Troubleshoot electronic systems 3.35 1.25
Identify various types of hydraulic pumps and their components 3.57 1.37
Operate GPS hardware devises ) 3.98 ' 1.07
Explain and apply hydraulic systems 3.11 1.37
Troubleshoot yield monitors . 3.54 1.30
Define basic hydraulic terminology 3.22 1.23
Calibrate yield monitors ' 3.68 1.22
Identify and properly connect various hydraulic fittings 3.08 1.38
Troubleshoot hydraulic systems . . 2.97 1.30
install, read or explain real time sensors 378 1.28
Identify and recognize hydraulic motors and their components 2.84 1.26
Identify, analyze and read hydraulic sensors 3.03 . 1.30
Safely operate sprayer equipment 3.57 1.37
Perform routine repairs on hydraulic systems 2.92 1.40
Explain and identify electronic standards 3.19 ' 1.22
Identify and troubleshoot hydraulic valves ' ) . 2.90 1.30
Safely operate fertilizer spreaders 3.46 1.38
Use variable rate technology equipment _ ' 4.00 1.15
Have a working knowledge of heavy equipm.ent 3.14 1.32
Troubleshoot pneumatic equipment . 2.79 1.32
Install yield monitors -3.38 S 132
Safely operate variable rate seeders 3.46 1.35
Read cab monitors for field position 3.70 127
Perform basic identification of pneumatic system components 2.92 1.30
Understand electronics terminology 3.76 . 128 7
Make welding repairs on equi;;ment 2.76 1.53
Make general repairs on machinery 3.24 i 1.40
Recognize connection continuity 3.49 1.20
Perform basic maintenance operations on equipment ‘ 3.35 1.46
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Table 14. Importance of Synthesis and Interpretative Skills Competencies for Hiring

of Individuals.
Question - : Mean Standgrd Deviation
Develop prescriptions for soil amendments 3.95 1.20
Develop prescriptions for pest.management purposes 3.92 1.21
Recognize effects and determine causes ) 1 - 3.92 1.19
Read and interpret common yield maps 3.76 1.28
Interpret soil sample analyses and various soil data ‘ 3.73 1.22
Interpret various map and data projections 3.70 1.22
Verify data integrity 3.70 . 1.13
Recognize valid data ‘ 3.65 1.23
Integrate maps and soil samples 3.62 1.32
Establish cropping time lines ' 3.62 1.13
Review and utilize historical data specific tq various producer situations 3.57 1.34
Interpret crop yield information . 3.43 ‘ 1.19
Read and interpret raster surfaced yield maps 3.32 1.25
Read and interpret remotely sensed images and aerial photographs 3.27 1.26
Analyze production related problems 3.24 1.32
Read and interpret vector point yield ’ 3.14 1.29

Field operations and application competency means and standard deviation are
reported in Table 15. Response means range from 4.49 to 3.05 and S.D. values range
from .93 to 1.35. Establish working relationships with cust'om'ers, co-workers, and
supervisors and communicaté effectively wi;,‘h customers, peers and supervisors reported
the highést mean of 4.49. The lowest means were reported from the ability to identify _

common, regional agronomic insects (3.05).
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Table 15. Importance of Field Operations and Applications Competencies for Hiring

of Individuals.
Question . Mean Standard Deviation
Organize field testing protocols and complete using various techniques 3.24 1.01
Identify common, regional common and noxious weeds 3.68 1.00
Generate prescriptions for weed control requirements 3.43 1.26
Recognize plant response to various rates of applied product 3.35 1.18
Recognize plant response to various types of insect related impacts 3.32 1.18
Collect field histories ] 341 1.24
Identify/recognize stages of plant growth 3.76 . 1.04
Generate prescriptions for fertilizer requirements 3.54 1.24
Recognize plant response to various rates of moisture ' ' 341 1.11
Generate prescriptions for fertilizer requirements 3.38 : 1.16
Perform sampling techniques to collect agronomic data on soils ' 3.51 1.07
 Identify common, regional agronom_ic insects 3.05 1.33
Calibrate s:eedeljs, fertilizer applicators and equipment 3.70 1.05
Perform sampling techniques to collect agronomic data on protein 332 - 1.30
Set up grid mapping formats for data collection 332 125
Transfer data from desktop computer to applicator 3.92 1.12
Use DGPS to collect geo-referenced positions 2.92 1.16
Organize agronomic data 3.87 1.11
Perform sampling techniques to collect agronomic data on chlorophyll levels 3.05 1.33
Discuss requirements with applicators 3.98 1.14
Perform sampling techniques to collect agronomic data on plant response rates 3.30 ' 1.2'4
Utilize variable rate technology for site s;;eciﬁc farming applications 4.00 1.05
Navigate using light bars and GPS guidance systems 3.46 . 1.35
Perform sampling techniques to collect agronomic data on crop moisture . 3.35 1.30
Establish cooperative working relationships with customers, co-workers and supervisors 4.49 1.07 -
Communicate effectively with customers, peers and supervisors 4.49 0.93
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Priority of Mean Weighted Discrepancy Related to Competencies

Based on Borich’s model, the modifications to Weighted Discrepancy (WD)
scores were calculated By subtracting the mean Importance in hiring from the mean of the
Need of industry for individuals possessing that competency for each‘ competency. This
process yielded a discrepancy value that was then multiplied by the mean value for need
in each competency. The WE ranged fro +20 to -4 after the calculations. Tables 16-19
show the mean WD scores for each category in rank order.

Using a modification of Borich's (1980) model for needs assessment, the values '
indicated the level of need for training that was placed on the specific competencies in
each category. No WD fell in the negative range, indicating a perceived need for training
on all competencies listed. In contrast to Borich's (1980) model, the training need
deviation-is not directed back to the respondents or members of the pobulation. Rather,
the reépondents benefit indirectly from identification of comp'etenC}; needs for traiping in
that they are, in essence, desc.ribing the employees they will hire.

Table 16 lists the ranks of the mean WD for Software and Basic Computer
Competencies. GIS applications rank towards the top of the scale as do other software
proficiencies. The highest ranking competency is Uiilizing GIS software to create
layouts (2.38), and a low competency of Navigate through the Internet (6.72) was N
reported.

Table 17 presents the ranks of the competencies for component hardware

proficiencies. Ranking at the top is the competency install a variety of computer
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componeﬁts with'a mean WD of 2.04. Also ranking high is the abi;ity to troubleshoot
electronic systems (1.87), closely followed by the ability to identify various types of
hydraulic pumps (1.86).

’I"he lowest ranking mean WD corresponds with the competency to perform basic -
maintenance operation on equipment with a mean of WD of .57. Other competencies
rélating to mechanics oriented activities rank low on ;che mean WD scores for Category

#2 Component hardware proficiencies.

Table 16. Mean Weighted Discrepancy Scores for Software and Basic Computer

Proficiencies.
Competency Statem;tnt Ww/D
~ Utilize GIS software to create layouts - ' 2.38
Export data in different file formats : ' 2.32
Utilize GIS software to create maps ' 2.14
Use prescription software for site speciﬁc farming applicatigns 2.06
Integrate multiple software applications to perform specific operations 1.82
Use e-mail to communicate with producers, suppliers and colleagues ’ , 1.81
Operate soil sampling and recording software ) 1.4
Understand various file formats _ ‘ 1.34
Utilize GIS software to create graphs ' . 1.18
Utilize basic PC and/or Mac applications for databases 1.18
Download data from the Internet ‘ 1.13
Utilize basic PC and/or Mac applications for word processing .83
Perform basic functions with GPS integrated software 0.7 -
Utilize GIS software to create bar charts 0.78
Utilize basic PC and/or Mac applications for spreadsheéts ; ) 0.75
Navigate through the Internet ‘ 0.72
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Table 17. Mean Weighted Discrepancy Scores for Component Hardware Proficiencies.

Competency WD -
Install a variety of computer components 2.04
Troubleshoot electronic systems . 1.87
Identify various types of hydraulic pumps 1.86
Operate GPS hardware devices ) 1.65
Explain and apply hydrautic standards 1.64
Troubleshoot yield monitors 1.60
Define basic ﬁydraulic terminology 1.58
Calibrate yield monitors ‘ 1.41
Identify and properly connect various hydraulic fittings . 1.41
Troubleshoot hydraulic systems C 137
Install, read, or explain real time sensors . 1.32
Identify and reco'gnize hydraulic motors and their components 1.26
Identify, analyze and read hydraulic sensors 1.29
Safely operate sprayer equipment 126
Perform routine repairs on hydraulic systems . 1.25
Explain and identify electronic standards . 1.24-
Identify and troubleshoot hydraulic valves : 1.24
Safely 6peraté fertilizer spreadérs ) 1.23
Use variable rate technology equipment 1.15
Have a working knowledge of heavy equipment 1.12 |
Troubleshoot pneumatic systems 1.10
Install yield monitors ’ 1.09
Safely operate variable rate seeders 1.01
Read cab monitors for field position 0.96
Perform basic identification of pneumatic system comp;)nents 0.96
Understand electronics terminology 0.85
Make welding repairs on equipment 0.82
Make general repairs on machinery ’ 0.75
Recognize connection con'tinﬁity 0.70
Perform basic maintenance operations on equipment_ 0.57
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Synthesis and Interpretive Skills mean WD scores are repérted in Table 18. The
highest overall of mean WD scores are reported on this scale range with a high 3.31 and a
low of 1.74. Rating high is the ability to develop prescriptions Jor soil amendments with
amean WD of 3.31. Also rating high with a mean WD of 3.03 is competency to develop
prescriptions for pest management purposes. The lowest ranking competency was
perform basic maintenance operations on equipment (0.57). Rating low on the scale, yet
highér than the majority of other category mean WD scores, is the ‘ability to read and

interpret vector point yield, with a mean WD of 1.74.

Table 18. Mean Weighted Discrepancy Scores for Synthesis/Interpretative Skills.

Competency . WD

Develop prescriptions for soil amendments 3.31

Develop prescriptions for pest management 3.03

Recognize effects and determine causes . . 2.96

Read and interpret common yield maps 2.90

Interpret soil sample analyses and various soil data - 2.77 ':
Intgrpret various map and data projections 2.44

Verify data integrity . 241

Recognize valid data 2.29

Integrate maps and -soil samples 2.26

Establish cropping time lines ' 1 2.22

Review and utilize historical data specific to various producer situations 2.19

Interpret crop yield information 2.17 .

Read and interpret raster surfaced yield maps 2.10 !
Read and interpret remotely sensed images and aerial photographs 2.03 |
Analyze production related problems B 1.88

Read and interpret vector point yield 1.74
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In the final table .of mean WD scores, a range of 2.'77 to 0.62 was-identiﬁéd.
Table 19 delineates thé highest rated competency of or;ganizing field testing protocols
and complete using various techniques (2.77). Competencies relating to week
identification and control rate high on the scale as well with WD’s of 2.28 - 2.21.
Communication skiils and the ability to establish cooperative working relationships rate

low on the scales with mean WD scores of 0.62 and 0.88 respectively.

Table 19. Mean WD Scores for Field Operations/Applications.

Competency . WD
Organize field testing protocols and complete using various techniques _ _ 2.77
Identify common, regional common and noxious weeds 2.28
Generate prescriptions for weed control requirements » ’ 2.27
Recognize plant response to various rates of applied product ‘ 222
Recognize plant response to various types of insect related impacts ‘ 2.21
Collect field histories ) . . 2.13
Identify / recognize stages of plant growth .} 206
Generate prescriptions for fertilizer requirements 1.96
Recognize plant response to various rates of moisture ] 1.89
Generate prescriptions for insect control requirements 1.76
Perform sampling techniques to collect agronomic data on soils - 1.71
Identify common, regional agronomic iqsects ) 1.66
Calibrate seeders, fertilizer applicators, and equipment | 1.42
Perform sampling techniques to cotlect agronorr;ic data on protein - 1.40
Set up grid mapping formats for data collection . ) ‘ 1.40
Transfer data from desktop c'omputer to applicator 1.38
Use DGPS to collect geo-referenced positions . 1.38
Organize agronomic data 1.36
Perform sampling techniques to collect agronomic data on chlorophyll levels 1.30
Discuss requirements with applicators ’ 1.27
Perform sampling techniques to collect agronomic data on plant response rates 1.07
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Table 19. Mean WD. (Continued)

Competency WD
| Utilize variable rate technology for site specific farming applications including seeder and fertilizer applicators | 1.03
navigate using light bars and GPS guidance systems 1.01
Perform sampling techniques to collect agronomic data on crop moisture 0.98
Establish cooperative working relationships with customers, co-workers and supervisors 0.88
Communicate effectively wit}.x customers, peers and supervisors 0.62

Table 20 denotes the results from the Mann-Whitney analysis. The starred iteﬁs

identify those competencies having significantly different responses from producers and

service providers. The first four competencies in the table tested significantly different

for need as well as importance. The final four competencies tested significantly different

only for the importance rating. Any 2-tailed significance level below .05 is considered to

be significantly different. The mean values are reported in this table as well.

Table 20. | Mann-Whitney Significantly Different Responses Between Producers and

Service Providers

Competency Statement Need Importance
Mean Mean 2-tailed Mean Mean 2-tailed

Producer Service Sig. Level Producer Service Sig. Level
Perform routine repairs on hydraulic systems 3.79 2.75 .041 3.67 2.30 007
Have working knowledge 6f heavy equipment 3.86 2.96 .035 3.67 2.65 .033
Troubleshoot pneumatic systems 3.57 2.63 .036 3.47 2.22 .010
Perform basic maintenance operations on equipment 4.00 2.92 .029 3.87 2.87 049
Safely operate sprayer equipment 4.43 3.42 .063 4.07 3.09 .037
Safely operate vaﬁaﬁle rate seeders 4.14 3.25 105 3.93 | 3.00 .049
Perform sampling techniques to collect agronomic 4.13 3.65 .198 3.87 3.13 .027
data on soils
Perform sampling techniques to collect agronomic 4.07 3:30 .051 3.93 2.78 . .004
data on protein .

* Indicates Mann-Whitney analysis identified significant difference in responses between producers and service providers at the .05

significance level.
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The top ten mean WD scores identify the perception of industry for both need to
industry for a given competency as well as the importance that competency has when it
has bearing on hiring individuals to work in precision agriculture applications. Higher
order thinking skills of synthesis, interpretation and evaluation have a far greater number
of competeﬂcies in this top ten category ( 7 out of the ten) with mean ‘WD scores ranging
from 3.31 to 2.41.

Also deemed needed and important are basic computer skills and the utilization of
GIS as essential parfs of the precision agriculture industry. with mean WD scores 0f2.38
and 2.32. In addition to the software proficiencies, field data collection and-testing

| techniques are deemed both important in hiring as well as needed by indﬁstry witha

mean WD of 2.77.

Table 21. Top Ten Competencies Ordered by Mean WD Scores.

Competencies WD
| Develop prescriptions for soil amendments . | 3.31
Develop prescriptions for pest management purposes ) 3.03
Recognize effects and détermine causes 2.96
Read a_nd interpret common yield' maps 2.90
Interpret soil sample analyses and various soil data | 2.77
Organize field testing protocols and complete using various techniques 2.717
| Interpret various rﬁap and data projections ] . 2.44
Verify valid data _ . - 2.41
" Utilize GIS software to create layouts 1 2.38 P
Export data in different file formats ] 232

Table 22 lists the mean of the mean values from each of the four categories as

well as the mean of the mean Weighted Discrepancy scores from each category. This
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table demonstrated the disparity between the means for Need and the means for
Importance. Synthesis/Interpretive skills have the highest of the Need means (4.18), while
Component Hardware Proficiencies demonstrate the lowest mean(3.64). The High mean
for importance was 3.66 from the Software and Basic Computer Proficiencies category.
The low mean for ifnportance was Component Hardware Proficiencies at 3.30. High
mean from the mean WD scores was Synthe\sis and Interpretive Skills with a WD s‘core of
2.42. The low WD mean value came from Component Hardware Proficiencies with a

WD score of 1.25.

Table 22. Category Means and Mean Weighted Discrepancies.

Category Mean of Need | Mean of Importance | Mean of WD

Software and Basic Computer Proficiencies 4.01 -] 3.66 1.42

Component Hardware Proficiencies 3.64 3.30 1.25

Synthesis/Interpretation Skills 4.18 3.60 2.42

Field Operations/Applications 4.00 - 3.60 1.59
Summary

It wés the.goal of this study to accomplish two specific objectives: 1) Determine
the perceived needs of precision agrié:ulture induétry professionals for properly trained
employees working in precisién agriculture applications. 2) Identify the specific
competencies related to precision agriculture applications and the percéived importance
of those competencies in hiring individuals to work in those applications.

In a modification of Borich's (1980) model for needs assessment, the researcher

calculated Weighted Discrepancy (WD) scores for each competency identified in the
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survey. The modified product of the calculation generated mean WD scores ranging from -
3.31 to .57.

In the first two sections of the data analysis the mean scores for each competency
were computed and analyzed. In addition to the mean‘scores, standard deviations were
generated. The researcher identified those competcn_cies.that ranked high on the mean
WD scale for each competency category as well as identified high low mean values for

responses for both need and importance in the field of precision agriculture.
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CHAPTER 5

Conclusions, Implications, and Recommendations

The purpose of this study was two-fold in nature. The initial purpose of the study
was to determine the competencies that individuals working with precision agriculture

applications will need to possess in order to be functional contributors in crop production

situations in the states of Montana, North Dakota, South Dakota and Idaho. -The

identification of unique and specific competencies related to precision agriculture
applications was the second of the study as well.
. To fulfill the purposes of this study, the following objectives were identified.
Precision agriculture professionals Were surveyed to:
1. Identify the perceived need of precision agriculture industry professionals for
trained employees to work in preéision agriculture applications.
2. Determine the specific competencies related to precision agricqlture applications
and their perceived importance for individuals to possess those competencies

when being considered for hiring.
Conclusions

1. This study generated a list of competencies that can be developed in a precision

agriculture curriculum for the training and education of prosljective employees
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within the boundaries of the states of Iciaho, Montana, North Dakota and South
Dakota. All competencies in the list are important for successful employment as
indicated by positive WD scores.

Synthesis and interpretive competencies relating to the development of
prescription applications for soil amendments and pest management practices are
highly valued corﬁpetencies for individuals to posses in precision agriculture
industry of Idaho, Montana, North Dakota and South Dakota.

The organization and completion of field testing protocols are competencies that
need to be developed in prospective employees.

The ability to utilize Geographic Information Systems (GIS) software is a
necessary componen‘é of the precision agriculture industry as indicated by the
study results.

Individuals working in precision agricuiture applications will need tlo be computer
proficient in order to funlction at a level of competence that industry.perceives as
high. Data manipulation is-of high importance in that it is necessary for

proficiency in GPS/GIS applications.

Implications

-

The data collected for this study allowed the researcher to determine the following

implications:

The need of industry for a given competency does not necessarily equate to an.

A

employment necessity when being considered for hiring into precision agriculture
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industry occupations as identified by mean values differences from each category
in the study. -

2. There tends to be a disparity in perceived industry need for a givén competency
and the importance that competency has in hiring an individual for a precision
agricultqre occupation. For example, using DGPS to collect geo-referenced
positions has a mean need of 4.24 and a mean importaqce 0f2.92, a difference of

- 1.32.

Recommendations for Further Study

’fhe following recommendatibns for further study are based upon the research
findings of this study. The follow-up or continued research of these recommendations .
will help to indicate the technical -training needs of precision agriculture industry
employees as well as further needs for étudy on this topic.

1. Conduct a study that segregates the population so that respondents can be
surveyed by occupational level ( entry level, management, etc. ) for employment
level specific competencies. Also, identify the training need for that particular
level of precision agriculture occupation..

2, Conduct a study that analyzes the variations of responses between industry
professionals and educational staff for their perception of curricular content of

courses in technical and academic training needs.
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Conduct a study that addresses how educational institutions can group the various
competencies and address them with educational level curricular units in high

schools, two year institutions, and four year universities.
Recommendations

Based upon the findings of this study, the review of literature, and interaction with

professionals in precision agriculture, the researcher has provided the-following

recommendations:

1.

The competencies identified in this study be incorporated into the existing
curricula of high schools, two year institutions and university programs.
Development of "2+2" or "2+2+2" programs that break down the cqmpeteﬁcies
into knowledge appropriéte for each educational level. Develop articulation
agreements aﬁong high schools, two year institutions and uﬁiversities to meet the
needs c->f the précision agriculture industry in .Idaho, Montané, North Dakota and

South Dakota.

" All colleges of agriculture should provide students with the opportunity to

develop competencies in GPS and GIS applications. Content area specific
applications should be developed within the curricula.
In order to facilitate the teaching of precision agriculture competencies at the high

school level, Agricultural Education Departments need to augment existing

curricula to incorporate precision agriculture competencies.
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The Agticulture Operations Technology degree program at Montana State
University-Bozeman and Montana State University-Northern need to examine
their existing curricula and accommodate precision agriculture competencies

where appropriate.
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Precision Agriculture Industry Needs Assessment

The purpose of this study is to identify the skills and competencies that individuals working with precision
agriculture applications will need to possess in order.to be an effective provider of service for employment
in agriculture and natural resource fields.

Directions: Please rate each of the following skills and competencies based on your experiences. Indicate

the need of industry for individuals who have the competencies in the left-hand column, with 1 being low °

need and-5 being high. In addition, on the right hand column rate each of the importance that each
competency has to being hired as an employee working with precision agriculture equipment and
applications. Again, 1 will signify low importance and 5 will signify high importance.

The survey should take 5-10 minutes to complete. Please take the time to rate each item on the survey.
Your response is essential to the success of the study.-

Category #1 — Software and Basic Computer Need to Importance in

Proficiencies Industry Hiring

Employee is able to... Low High Low High:

1. Utilize basic PC and/or Mac applications for 00000 00000 °
word processing.

2. Utilize basic PC and/or Mac applications for 00000 00O0O0O0O
spread-sheets.’

3. Utilize basic PC and/or Mac applications for 0O0000 00OO0OO0O
databases. s

4. Perform basic functions with GPS integrated 00000 00OO0OO0O
software. . : .

5. Navigate through the Internet. O0000 0O00OO0OO0O

6. Operate soil sampling and recording O0000 00O0OO0O
software. A

7. Download data from the Internet. O0000 0O0OO0O0O

8. Use e-mail to communicate with producers, O0000 000O0O
suppliers and colleagues. .

9. Integrate multiple software applications to 00000 0OOOOO
perform specific operations.

10. Export data in different file formats. 00000 00O0O0O

11. Use prescription software for site specific 00000 OOOOO
farming applications. ' .

12. Utilize GIS software to create maps. 00000 0O00OO0O0O0O

13. Utilize GIS software to create layouts. O0O000 00O0OO0O

14. Utilize GIS software to create graphs. O0000 0OOO0OOO

15. Utilize GIS software to create bar charts. 00000 0O00OO0OO0O

16. Understand various file formats. 00000 0OOOO0OO

17. Other(s): 00000 0OOOOO

o
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Category #2 — Component Hardware Need to Importance in

Proficiencies . Industrv Hiring
Employee is able to... : Low High Low High

Operate GPS hardware devises.. 00

Install, read, or explain real time sensors.

Install yield monitors.

Calibrate yield monitors.

Troubleshoot yield monitors.

Install a variety of computer components.

Use variable rate technology equipment.

Safely operate sprayer equipment.

Safely operate fertilizer spreaders.

© O NOU AW N

10. Safely operate variable rate seeders.

11. Read cab monitors for field position.

12. Understand electronics terminology.

13. Explain and identify electronic standards.

14. Recognize connection continuity.

15. Troubleshoot electronic systems.

16. Define basic hydraulic terminology

17. Explain and apply hydraulic standards.

18. Identify various types of hydraulic pumps
and their components.

'19. Identify and recognize hydraulic motors and
their components.

20. Identify and troubleshoot hydraulic valves.

. 21. Identify, analyze and read hydraulic sensors.

22, Identify and properly connect various
hydraulic fittings.

23. Troubleshoot hydraulic systems.

24. Perform routine repairs on hydraulic
‘systems. .

25. Perform basic identification of pneumatic -
system components.

26. Troubleshoot pneumatic systems.

27. Have a working knowledge of heavy
equipment.

28. Make general repairs on machinery.

29. Perform basic maintenance operations on
equipment.

30. Make welding repairs on equipment.

31. Other(s):

00 OO 00O O 00 00O O 00000000 0OOOODOOOO

00 OO0 OO O OO0 000 O 0000000 0O0O0O0O0O0OO00O0O

00O 0O 00 O 00 000 O 0000000000000 0O00O0O0
00 00O 00O O 00O OO0 O 000000 000O0O0O00O00O0O0O
00O OO0 00O O 00 OO0 O 0000000000000 O00O0O0O0
OO0 OO0 OO0 O 00O OO0 O 0000000000000 00OO0O
OO0 0O 00O ©O OO0 000 O 0000000 O0O0OO0O00OO00O00O
00 00O OO O 00 000 O 00000000 000O0OOOOOO0
OO0 OO OO O OO 000 O 0000000000000 OOO0OO0
00 00O OO0 O 00 000 O 0000000 O0ODOOO0O0O0OOO

Category #3 — Synthesis / Interpretive
Skills

Employee is able to...

1. Review and utilize historical data specific to 00000 000O0O
various producer situations.

2. Analyze production related problems. 00000 OOOOO

3. Establish cropping time lines. 00000 0O00O0O0CO

4. Interpret soil sample analyses and various 00000 0O000O0O

soil data.
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Category #3 — Synthesis / Interpretive

Skills - Continued

Employee is able to...

S

~

Develop prescriptions for soil amendments.
Develop prescriptions for pest management
purposes.

Integrate maps and soil samples.
Interpret.various map and data projections.
Verify data integrity.

. Recognize valid data.
. Read and interpret remotely sensed images

and aerial photographs.

. Interpret crop yield information.

. Recognize effects and determine causes.
. Read and interpret common yield maps.
. Read and interpret vector point yield.

. Read and interpret raster surfaced yield

maps.

. Read and interpret OD yield maps.
. Other(s):

Category #4 — Field Operations / Applications

Employee is able t9...

1.

2.

%

10.

11.

12.

13.

14.

Perform sampling techniques to collect
agronomic data on soils.

Perform sampling techniques to collect
agronomic data on protein.

Perform sampling techniques to collect
agronomic data on crop moisture.

Perform sampling techniques to collect
agronomic data on chlorophyll levels.
Perform sampling techniques to collect
agronomic data on plant response rates.
Communicate effectively with customers,
peers and supervisors.

Establish cooperative working relationships
with customers, co-workers and supervisors.
Collect field histories. '
Organize field testing protocols and
complete using various techniques.
Generate prescriptions for fertilizer
requirements.

Generate prescriptions for insect control
requirements.

Generate prescriptions for weed control
requirements.

Navigate using light bars and GPS guidance
systems. :
Identify common, regional agronomic
insects.

Need to Importance in
Industry Hiring
Low _Hish Low _Hich
00000 00000
O0000 0O0OO0O0O
00000 0O000O0O
O0000 0O0O0O0O0O
00000 0OO0OO0OOO
00000 0OOO0OO0OO
O0000 0O0OO0OO0O
00000 0O0OOO0OO
00000 00O0O0O
O0000 00O0O0O
00000 0O0OO0O0O
O0000 000OO0O
00000 0O00O0OO0O
00000 0O00O0OO0O
O0O000 0OO0OO0O
O0000 00O0O
00000 0000
00000 0OO0O0O
00000 00O0O
00000 0OO0O0OO
00000 0OO0OOO
00000 0OO0OO0OO
O0O000 0OO0OO0O
00000 0O0O0O
O0000 0OO0OO0CO
O0000 0OO0OOO
0O0000 0O0O0OO
0O000O0 0OO0OO0OO

© O O O O 00 O O O O O o o
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Category #4 — Field Operations / Applications
Continued

_Employee is able to...

15. Identify common, regional common and
noxious weeds.

16. Identify / recognize stages of plant growth.

17. Recognize plant response to various rates of

. applied product.

18. Recognize plant response to various rates of
moisture. .

19. Recognize plant response to various types of
insect related impacts.

20. Transfer data from desktop computer to
applicator.

21. Discuss requirements with applicators.

22. Use DGPS to collect geo-referenced
positions. .

23. Set up grid mapping formats for data
collection.

24, Calibrate seeders, fertilizer applicators, and
equipment.

25. Utilize variable rate technology for site
specific farming applications including
seeder, and fertilizer applicators.

26. Organize agronomic data.

27. Other:

Demographic Data — .

Job Title ;-

Gender:  Male Female

Age:

Highest Level of Education Completed:

Number of years working with precision ag.
Hardware, equipment, or software:

Would you like a copy of the survey results?

Need to Importance in
Industry Hiring

Low_ High Low Hich

00000 0000O
00000 00000
00000 000O0O
00000 0000O
00000 00000
00000 00000
00000 00000
00000 000O0O
00000 000O0O "
00000 00000
00000 000O0O0
00000 00000
00000 00000

High School ‘ Bachelor’ss AA/AS

Master’s Other:
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7 M Pl ALY
You have been Identified as one of the leaders in agricultural technology. 1"\
Zem currently underway oh a Master's ttosis that will identify the skills and \

competencies related to precision agriculture applications In Industry. Your
participation Is essential to the success of the study"and.Is valuable .to
agriculture Industry In the Western and Upper Mfd-Westem Uhlted States.
Within the next week you wll[be receiving a survey from me. Ifyou would *
please take the time to fill It out and send It back'In the envelope provided,

It would be a tremendous help to my study. Thank you for your time and v -::

look forward to seeing your response to the survey. . /i
X : m V- ir X
X Rick A. Perleberg - MSU Ag. Ed. Dept. /

126 CheeverHall
Bozeman,-M T-59717-
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MONTANA | Department of Agricultural and Technology Education
’ STATE ﬁgizr?; lgtaelllte Universily '

Bozeman, MT 59717-0374
406-994-3201 or 994-3691

Dear Sir or Ma’am,

Last week you should have received ‘a postcard from me explaining my study and inviting
you to become an active participant in identifying the skills and competencies related to
precision agriculture applications in the Western and Upper Mid-Western United States.
If you did not, I apologize and would like to extend that invitation now.

If you would take 5 or 10 minutes out of your day to please fill out the survey and send it
back in the self addressed stamped envelope, it would be a tremendous help to my study.

Without your participatioh and valued opinions, I can not complete the project.

I look forward to reading your responses and thank you in advance for your participation.
Thank You,

- Rick A. Perleberg
Montana State University
Agricultural Education Dept.

MSU is an equal opportunity/aftirmative action instituticn
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MONTANA | Department of Agricultural and Technology Education
3 STATE lc\:fl?;i?:r?;gtaa"te University : '

Bozeman, MT §9717-0374

UNIVRSITY 406-994-3201 or $94-3691

Dear Madam or Sir,

In the past few weeks you should have received a survey from Montana State University-
Bozeman relating to competencies in precision agriculture applications. The survey is for
a Master’s of Science thesis and your responses to the survey are an integral portion of

the study.

If you did not receive the survey, I apologize. However, if you did receive it and have not
had the opportunity to fill it out and send it back in the envelope provided please take the
time to do that now. Without the responses from industry professionals like you, the
study will not succeed. The survey will only take 5-10 minutes to complete, please do so

as soon as possible.

I have enclosed another copy of the survey, as well as an envelope to return it to MSU.
You are-an essential component of the study and your opinions are valued. Please take
the time complete the survey and return it as soon as possible.

Thank You

Rick A. Perleberg
Montana State University
Agriculture Education Dept.

* MSU is an eGual dppeorunit,/atirmative action institution
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MONTAINA. | Department of Agricultural and Technology Education

Cheever Hall
STATE Montana State University
Bozeman, MT 59717-0374
406-994-3201 or 994-3691

Dear Ma’am or Sir,

Last week you should have received a survey from Montana State University — Bozeman
relating to competencies in precision agriculture applications. The survey for a Master’s
of Science thesis and your opinions are an integral part of the study.

If you did not receive the survey, I apologize. If you did receive it, but were unable to
complete it and send it back in the addressed envelope could you please take the time to
fill out the survey and retumn it. :

I am enclosing another copy of the survey, as well as an envelope to send it back to MSU.

The survey should take you 5-10 minutes to complete. You are an essential component of
the-study and your opinions are valued. Please take the time to complete the survey.

Thank You,

Rick A. Perleberg .
Montana State University
Agriculture Education Dept.

MSU is an equal opportunity/affirmative action institution

[7
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