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Abstract: Previous studies on global food security have indicated that in order to sustain the global
population by the year 2050, a significant increase in food production will be needed. Consequently,
it is crucial that today’s students are educated to realize this increasing food demand. One of the
problems is that currently too few students seem to be interested in pursuing studies in the fields
of agriculture and related sciences. By exploring three research questions, this study assesses the
extent to which high school students in each of the 67 counties in the U.S. state of Alabama are
being exposed to agricultural-related science courses. For the purposes of this assessment, the high
schools were grouped by zones—Northern, Central, Southern and the Black Belt. Relevant high
school data, including courses offered, were compiled from Alabama’s Department of Education
2017 directory. Microsoft Excel and SPSS software were used to analyze the data. The findings of
this study demonstrated that there are spatial differences in agriculture-related courses offered in
high schools in Alabama’s Northern, Central and Southern regions. Future research should further
investigate what percentage of high school students actually choose agriculture or related disciplines
as their professional career paths after graduating from high school.
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1. Introduction

Attracting the next generation of farmers and agricultural professionals in the United States
remains a great challenge in the agricultural sector. It is reported that, over the years, fewer and fewer
students are attracted to agriculture and agriculture-related courses (Zahn 2012). According to the
U.S. Department of Agriculture (USDA), which is entrusted with the task of improving economic
opportunities in the rural areas of the U.S., over 57,000 jobs are created in agriculture, environment and
renewable natural resources every year in the U.S. However, only 35,400 new graduates are available
to fill these positions, leaving a huge shortfall of over 22,500 graduates annually (Purdue 2015).

It has been widely recognized by federal and state governments, their education departments,
and many national-level bodies that considerable efforts are needed to change the perceptions of high
school students towards making agriculture their career choice. In the past, the U.S. school system
provided agricultural education through vocational training mainly for students who wanted to
become agricultural producers or intended to pursue their career in the off-farm agricultural industry
after high school graduation. This approach was part of a broad strategy to address the shortage of
human capacity in different industries (Alabama Department of Education 2008).

This strategy is often viewed as an element of national policy to boost education development
on specific national needs, such as Science, Technology, Engineering, and Mathematics (STEM)
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and agriculture-related fields in the different regions and at the national level (Ilnicki 2009). Such
government efforts are aimed at supporting regional and national social-economic development and
improving education in general (Aitbayevaa et al. 2016). Under this approach, central and local
governments often use grants and other instruments, thereby contributing to the concentration of
higher educational institutes in certain cities or territories (Veeravalli 2010). This generally creates
spatial patterns in the U.S. education system with centers at different levels and with different subjects
dominant in different regions where this policy is implemented.

Alabama, like many other states, has adopted such national policies in its educational system to
fill the deficit of the next generation of professionals in the agricultural industry. Alabama’s school
system seeks to expose students as early as middle and high school levels to agriculture-related courses
as a way of changing students’ perceptions of agriculture. As discussed in Section 2, Alabama has
established a number of courses designed to equip students with the knowledge and skills needed for
various agriculture-related careers.

Research Questions

This study sought to analyze the distribution of high schools in Alabama that introduce students
to agriculture-related fields. In this regard, three research questions have been explored:

1. Does the average number of high schools which offer courses in agriculture-related fields differ
across Alabama’s regions (Central, North, and South as well the Black Belt)?

2. Does the average number of high schools with courses in agriculture-related fields in Alabama’s
Black Belt differ from the rest of the state?

3. Does the average number of agriculture-related courses in high schools vary across
Alabama’s regions?

2. Literature Review

Agricultural education in Alabama, as across the country, provides a wide range of experiences
to students both in and outside of the classroom. Some of these experiences are promoted and
accomplished through organizations such as 4-H, a non-formal arm of the U.S. agricultural education
model for youth development, and the Future Farmers of America (FFA), a leadership development
organization which complements the formal or in-school part of the agricultural education system
(Agclassroom.org 2017).

However, Alabama’s education system has developed some unique ways to promote agriculture
among high school students. High schools in Alabama have the option of offering any one or
combination of five agriculture-related course concentrations, namely: Agribusiness Systems; Plant
Systems; Animal Systems; Environmental and Natural Resources Systems; and Power, Structural,
and Technical Systems. The Agricultural Science course is a foundation course that is offered to
all ninth through twelfth-grade students. This Agricultural Science course provides students with
essential knowledge, along with the training needed to work in this field. On-site visits and work
shadowing are the techniques used to impart deeper understanding in these fields of agriculture
(Alabama Department of Education 2008).

High school freshman students in Alabama are offered an Agricultural Science Exploration
course. This course helps students gain knowledge and skills related to the agriculture industry. Some
of the topics discussed in this course are soil science, conservation, plant science, animal science,
agricultural-marketing, aquaculture, woodworking and power mechanics. Teachers go beyond the
curriculum to include specific and relevant community interests. Courses are designed to encourage
critical thinking, leadership skills, integration of technology, and use of the scientific method.

Alabama’s Department of Agriculture works in tandem with the Department of Education to
achieve the goal of developing a quality and motivated workforce to enhance the agricultural economy
of the state. While careers in agriculture, forestry, and agriculture business in the state are on the
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rise exponentially (Alabama Department of Education 2008), industries and businesses are facing
critical shortages of manpower. Continued shortages of manpower may affect agriculture and related
businesses significantly. In these circumstances, the Department of Education has taken several steps
to address the problem. To date, the Department has:

1. Established internship programs in collaboration with the private sector for high school students
so that students’ interest in agriculture can be enhanced.

2. Opened multipurpose centers with the aim of enhancing youth involvement in agribusiness
and forestry.

3.  Started workforce development programs that can increase career awareness of agriculture,
forestry and agribusiness among public school students.

4. Enhanced the number of agriculture-science programs by 15%.

5. Organized career awareness programs to ignite passion among youth for agriculture, agribusiness,
and forestry.

Such initiatives are widely attractive and welcomed among students and stakeholders. A Shelby
County young farmer stated that: “Teaching students about agriculture at an early age plants seeds of
hope for growing a stronger agricultural future in Alabama” (Moore 2016). The hands-on education,
which is provided to students in preparatory classes in Shelby County, Alabama, involves shoveling
and tilling fertilizers into the soil and planting trees, bringing students closer to agriculture in the
days ahead. In other words, the Farmers’ Federation can do a great job in building awareness about
agriculture among students at an early age (Moore 2016).

Conceptual Framework

Researchers have indicated that the education system should design courses that support the main
drivers of the local economic activities (Wang 2010). Moreover, the spatial distribution of educational
institutions is examined in relation to the possible role of education as a driver for economic growth
(Wang 2010).

Such an approach makes it possible to determine whether macro-areas exist where the teaching of
specific subjects or scientific fields is dominant in comparison with other regions. Thus, four regions of
Alabama—North, Central, South, and the Black Belt (Figures 1 and 2)—were investigated as possible
different ‘macro academic” areas in reference to agriculture-related courses. In addition, the Black
Belt area is considered as being possibly distinct from the rest of Alabama because of the area’s rich,
black soils.

The teaching of specific subjects also has an unequal spatial distribution at the municipal,
regional, national and global levels. Higher education institutions with courses in certain subjects are
concentrated in specific centers or regions, which can be caused by the structure of a regional economy
or due to historical reasons (Frenkel and Leck 2017). Each such center has its own area of influence,
named by some researchers an “academic region” (IInicki 2009). The influence area of the “academic
region” includes an administrative unit (for example, a county) where the educational institute is
located and can also include the neighboring administrative units (Ilnicki 2009).
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Figure 1. Map of Alabama demonstrating the three primary different regions.
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3. Methodology

Data Collection and Analysis

Data concerning high schools that offer agriculture-related courses were compiled from two
sources for each of Alabama’s 67 counties using the Alabama’s Department of Education directory
(Alabama State Department of Education 2017) and personal communication from a senior official in
the Department of Education (Jacob Davis, per, comm.). SPSS version 25 was used for data analysis,
and the chi-squared test was used for pairwise comparisons: Central-North, Central-South, and
North-South, as well as the Black Belt region and the rest of the state. For this, the corresponding
contingency tables were generated. In cases where more than 20% of the cells had expected frequencies
of less than 5, Fisher’s exact test was used as the more appropriate method of comparison (Kim 2017).

The following twelve counties were identified and included in Alabama’s Black Belt area: Bullock,
Choctaw, Dallas, Greene, Hale, Lowndes, Macon, Marengo, Pickens, Perry, Sumter, and Wilcox.

Corresponding dummy variables were created with value “1” for the Black Belt counties and
value “0” for all other counties. Then, the chi-squared test was used to check the difference in the
proportions of the schools where agriculture-related courses are offered.

Considering the presence of many ‘zeroes’ in the data, the Mann-Whitney test was used for a
comparison of the average number of high schools with agriculture-related courses per 10,000 persons
across counties, then a probability of p <= 0.05 was chosen as the significance level.

The shape files from the U.S Geological Survey (USGS) National Boundary Dataset (NBD)
(U.S. Geological Survey, National Geospatial Technical Operations Center 2018) were used for
developing maps. The spatial distribution of agriculture-related courses was illustrated using Esri
ArcGIS software 10.4.1 version.

Hence, in accordance with the National Center for Health Statistics” (Ingram and Franco 2012)
population scale, cities with a population of 10,000 or under are categorized as small, and cities with a
population between 10,000 and 50,000 are classified as medium in size. Thereby, the cities within the
Alabama counties that were used in this study were classified as small- to midum-sized (i.e., 10,000).
Therefore, the denominator 10,000 scale was used to make the data more suitable for analysis.

4. Results and Discussion

In general, the 310 Alabama High Schools reported 366 examples of introducing their students
to agriculture-related fields. Two high schools (0.6%) reported courses related to three different
concentrations within the agricultural fields; 52 high schools (16.8%) reported courses related to two
different agricultural fields, and the remaining 256 high schools (82.6%) indicated one agricultural
field. General agricultural science was the course reported most often (118 schools), while no school
reported Floral design (Figure 3). Therefore, Floral Design was excluded from further analysis.

Figure 4 shows the spatial distribution of high schools with courses in agriculture-related fields
across Alabama’s counties. A visual inspection of this figure indicates that high schools with courses
in agriculture-related fields are more concentrated in the North and South of Alabama. This may be
due to strategies that are in place to prepare students for the specific regional agricultural market.
According to the Alabama Agricultural Statistics report, agriculture-related industries, such as animal
production, are located in the northern part of the state (USDA NASS 2017).
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Figure 3. The frequencies of agriculture-related courses in Alabama’s high schools.
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Figure 4. The spatial distribution of high schools with agriculture-related courses across
Alabama’s counties.

The presentation and discussion of the three research questions explored in this analysis are
reflected in the following sub-section.
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4.1. Spatial Differences in Agriculture-Related Courses Offered in Alabama’s Black Belt Counties and the Other
Alabama’s Counties

Table 1 displays the results of the comparison of the average number of high schools with an
agriculture-related course in Alabama’s Black Belt area and the rest of the State.

Table 1. Agriculture-related courses in Alabama’s Black Belt area, compared with the rest of the State.

The Average Number of High Schools with
Agriculture-Related Courses by County, per ~ Mann-Whitney p-Value
10,000 Inhabitants Test Z-Statistics (2-Tailed)

Black Belt Area The Rest of Alabama

Agriculture-Related Fields

Total high schools with

agriculture-related courses per 1.653 1.253 —0.948 0.343
10,000 persons

Agricultural Placement 0.145 0.021 —1.435 0.151
General Agricultural Science 0.130 0.442 —2.947 0.003
Agriculture Construction 0.608 0.273 —1.851 0.064
Power Mechanics 0.000 0.005 —0.821 0.411
Animal Systems 0.000 0.024 —1.294 0.196
Plant Systems 0.159 0.147 —1.447 0.148
Agriculture Business Systems 0.078 0.088 —1.012 0.311
Environmental and Natural 0.041 0.042 0810 0.420
Resource Systems

Aquaculture 0.000 0.007 —0.956 0.339

Table 1 indicates only one significant difference in agriculture-related courses between Alabama’s
Black Belt and the rest of the state: the average number of high schools offering the General Agricultural
Science course in the Black Belt counties (0.130) is statiscally significantly lower than other counties
(0.442). All other differences are statistically insignificant.

4.2. Spatial Aspects of the Prevalence of Agriculture-Related Courses in Alabama’s High Schools

Table 2 reflects the results of the comparison across Alabama’s regions of the prevalence of courses
related to agricultural fields in high schools (the total number of high schools is in parentheses).

Only a few significant differences in the prevalence of courses related to agricultural fields in high
schools across Alabama’s regions were evident. Courses related to Agribusiness Systems were offered
more often in high schools in the North (20 schools, or 15.4% of all high schools), compared with the
Central region (3 schools, 3.20%) and the South (5 schools, 5.90%).

Courses related to Agricultural Science were also studied more often in the Northern high schools
(31 schools, 23.80%) compared with the South (10 schools, 11.80%), while the difference between the
Northern and Central regions was insignificant at the 0.05 level.

Courses related to Plant Systems were studied in the Northern high schools (16 schools, 12.30%)
less often compared to the South (20 schools, 23.50%).

Courses within the Environmental and Natural Resources Systems field were studied in high
schools in the Central region (8 schools, 8.40%) more often than the South region (1 school, 1.2%).

In general, the results show that the prevalence of the majority of the courses does not differ across
Alabama’s regions (7 related to agricultural fields out of 11 investigated, including “Floral design”).

Table 3 displays the prevalence of Agricultural Science courses in high schools in Alabama’s Black
Belt area in comparison with the rest of Alabama. The total number of high schools is in parentheses.

Table 3 shows two significant differences between the Black Belt and the rest of Alabama. Courses
related to General Agricultural Science were studied in high schools in the Black Belt area (2 schools,
9.50%) less often compared to the rest of Alabama (116 schools, 40.10%). In contrast, courses related
to agricultural construction were studied in high schools in Alabama’s Black Belt area more often
(10 schools, 47.60%) compared to the rest of Alabama (64 schools, 24.10%).
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Table 2. The Prevalence of courses related to agricultural fields in high schools across Alabama'’s regions.

The Number of High Schools The Percentage of High

Courses with Agriculture-Related Schools with x? Statistics (g_-,[‘; ailll‘:;)
Courses Agriculture-Related Courses
North (130) South (85) North (130) South (85)
High schools offering 31 10 23.80% 11.80% 4861 0.027
Agricultural Science
Agricultural Placement 0 3 0% 3.50% 4.653 0.060a
General Agricultural Science 53 30 40.80% 35.30% 0.65 0.42
Agriculture Construction 26 22 20% 25.90% 1.026 0.311
Power Mechanics 1 3 0.80% 3.50% 2.145 0.303a
Animal Systems 1 4 0.80% 4.70% 3.506 0.081a
Plant Systems 16 20 12.30% 23.50% 4.643 0.031
Agriculture Business Systems 20 5 15.40% 5.90% 4.516 0.034
Environmental and Natural 6 1 4.60% 1.20% 1.93 0.249a
Resources
Aquaculture 0 2 0.00% 2.40% 3.088 0.155a
Central (95) South (85) Central (95) South (85)
High schools offering 14 10 14.70% 11.80% 0.343 0558
Agricultural Science
Agricultural Placement 3 3 3.20% 3.50% 0.019 >0.999a
General Agricultural Science 35 30 36.80% 35.30% 0.047 0.829
Agriculture Construction 26 22 27.40% 25.90% 0.051 0.822
Power Mechanics 0 3 0.00% 3.50% 3.41 0.103a
Animal Systems 5 4 5.30% 4.70% 0.029 >0.999a
Plant Systems 16 20 16.80% 23.50% 1.254 0.263
Agriculture Business Systems 3 5 3.20% 5.90% 0.784 0.479a
Environmental and Natural 8 1 8.40% 1.20% 4957 0.087a
Resource Systems
Aquaculture 2 2 2.10% 2.40% 0.013 >0.999a

a—p-value of Fisher’s Exact Test is reported because more than 20% of the cells have expected frequencies of less
than 5.

Table 3. The prevalence of courses related to agriculture in high schools in Alabama’s Black Belt area
in comparison with the rest of the State.

The Percentage of High Schools

The Number of High Schools with . . 2 . p-Value
Courses Agriculture-Related Courses with Agriculture-Related X* Statistics @ Tailed)
Courses
The rest of The rest of
Black Belt (21) Alabama (289) Black Belt (21) Alabama (289)
High schools offering 7 48 33.30% 16.60% 3.752 0.072a
Agricultural Science
Agricultural 2 4 9.50% 1.40% 6.834 0.056a
placement
General Agricultural 2 116 9.50% 40.10% 7.783 0.005
Science
Agriculture 10 64 47.60% 22.10% 6.991 0.008
Construction
Power Mechanics 4 0 0% 1.40% 0.294 >0.999a
Animal Systems 0 10 0.00% 10.00% 0.751 >0.999a
Plant Systems 25 50 9.50% 17.30% 0.848 0.547a
Agriculture Business 1 27 4.80% 9.30% 0.50 0.706a
Systems
Environmental and
Natural Resource 1 14 4.80% 4.80% 0.00 >0.999a
Systems
Aquaculture 0 4 0.00% 1.40% 0.294 >0.999a

a—p-value of Fisher’s Exact Test is reported because more than 20% of the cells have expected frequencies of less
than 5.

Calculated values for skewness (1.965) and kurtosis (2.747) indicate significant departures from
the mean number of agriculture-related courses studied in Alabama’s high schools. However, the
acceptable range is £2 for skewness and +4 for ‘excess’ kurtosis, as calculated by SPSS (Kim 2013).
Thus, the data distribution departure from a normal distribution is not substantial.

There were no significant differences in the mean number of agriculture-related courses studied
in Alabama’s High Schools (Table 4).
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Table 4. A comparison of the mean number of agriculture-related courses studied in Alabama’s High
schools across the three regions.

Mean . p-Value

Means Difference t-Statistics (2 Tailed)
North-Central ~ 1.185 (North) 1.179 (Central) 0.0057 0.105 0.916
North-South 1.185 (North) 1.177 (South) 0.0081 0.142 0.887
Central-South  1.179 (Central) 1.177 (South) 0.0025 0.042 0.967

4.3. Spatial Differences in Agriculture-Related Courses across Alabama’s Northern, Central, and
Southern Regions

The number of high schools with an agriculture-related course was calculated for each county in
Alabama. Then, the recorded values were normalized for 10,000 inhabitants, based on the average
population of the relevant counties. The average value was calculated for the Northern, Central, and
Southern regions of the State. Furthermore, these values were compared using the Mann-Whitney test.
The results are reported in Table 5. Only three significant differences were found.

Table 5. A comparison of the average number of high schools with agriculture-related field learning
(per 10,000 inhabitants) in Alabama’s northern, central, and southern regions.

Mann-Whitney

Means Test's Z-Statistics p-Value (2 Tailed)
The total number of high schools with teaching
in the agricultural field per 10,000 inhabitants

North-Central 1.421 1.076 —1.657 0.098
North-South 1.421 1.564 —0.243 0.808
Central-South 1.076 1.564 —1.765 0.078

Agricultural Placement

North-Central 0 0.667 —1.523 0.128
North-South 0 0.056 —1.432 0.152
Central-South 0.667 0.056 —0.161 0.872

General Agricultural Science

North-Central 0.536 0.207 —2.525 0.012
North-South 0.536 0.479 —0.081 0.935
Central-South 0.207 —2.502 0.012

Agriculture Construction

North-Central 0.25 0.314 —0.28 0.78
North-South 0.25 0.445 —0.572 0.567
Central-South 0.314 0.445 —0.18 0.857

Power Mechanics

North-Central 0.007 0 —1.162 0.245
North-South 0.007 0.006 —0.533 0.594
Central-South 0 0.006 —1.661 0.097

Animal Systems

North-Central 0.005 0.028 —1.146 0.252
North-South 0.005 0.022 —0.651 0.515
Central-South 0.028 0.022 —0.445 0.656

Plant Systems

North-Central 0.091 0.147 —0.215 0.83
North-South 0.091 0.208 —0.726 0.468
Central-South 0.147 0.208 —0.574 0.566

Agriculture Business

North-Central 0.152 0.035 —2.348 0.019
North-South 0.152 0.09 —1.513 0.13
Central-South 0.035 0.09 —0.482 0.63

Environmental and Natural Resource Systems

North-Central 0.037 0.075 —0.609 0.543
North-South 0.037 0.002 —1.459 0.144
Central-South 0.075 0.002 —-1.972 0.049
Aquaculture

North-Central 0 0.004 —1.236 0.219
North-South 0 0.015 —1.432 0.152

Central-South 0.004 0.015 —0.311 0.756
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The average number of high schools per 10,000 inhabitants with courses in Agricultural Science
in counties in the Northern region (0.343) is higher compared to the Central region counties (0.199),
with a p-value of 0.030 < 0.05 on the Mann-Whitney test Z-statistics.

The average number of high schools per 10,000 inhabitants with General Agricultural Science
studies in counties in the North (0.536) is higher compared to counties in the Central region (0.207).

The average number of high schools per 10,000 inhabitants with Agribusiness Systems courses in
counties in the North (0.152) is higher compared with counties in the Central region (0.035).

5. Conclusions

The analysis of agriculture-related courses offered in Alabama’s high schools reveals certain
spatial differences. The first group of differences relate to Alabama’s regions. The results of
this analysis indicate that course offerings agricultural science, general agriculture-related science,
and agricultural business systems are more concentrated in the Northern region compared to the
Central region. No significant differences were found for pairwise comparisons of Central-South and
South-North regions.

It was found that agriculture business system is more often offered in high schools in the North
than in the Central and Southern regions. Plant Systems is studied in the South more often than in the
North. Environmental and Natural Resources Systems is offered in more high schools in the Central
region compared to the South.

The second group of differences is related to Alabama’s Black Belt area. The results of this analysis
indicate that the general agricultural science course is less concentrated in Alabama’s Black Belt area
compared to the rest of Alabama. Agriculture construction-related courses are offered more often in
high schools located in Alabama’s Black Belt area compared to high schools elsewhere in the State.

There are a few limitations to this analysis, however. The study has relied largely on the
quantitative methodology of data collection and analysis. This method should be supplemented
with qualitative methodology of data collection and analysis in future to provide a broader
and more comprehensive perspective on the overall impact and effectiveness of the teaching of
agricultural-related courses in Alabama’s high schools. For instance, in the future research design could
employ case study methodology or content analysis to provide a holistic picture of the given subject.
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